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National Regulatory Conference 2018
In Search of Grid Resilience: What does it mean and how is it Priced?
1. Recent regulatory actions addressing grid resilience
o On September 29, 2017, the Department of Energy (“DOE”) exercised its authority
under Section 403 of the Department of Energy Organization Act (“Section 403”) to
initiate a rulemaking proceeding at the Federal Energy Regulatory Commission
(“Commission”) concerning “grid resiliency pricing.”


The DOE directed the Commission to take immediate action on a DOE-drafted
Notice of Proposed Rulemaking (NOPR) meant to remedy defects in the way that
Independent System Operator (ISO) and Regional Transmission Organization
(RTO) markets value the grid resiliency, reliability, and other benefits ostensibly
provided by “eligible reliability and resiliency resources.” The DOE defined
“eligible reliability and resiliency resources” as those that: (i) are located in an
ISO/RTO with an energy and capacity market, (ii) are able to provide essential
reliability services, and (iii) have a 90-day fuel supply on-site. In practice, the
resources most likely to qualify as eligible reliability and resiliency resources
were coal and nuclear facilities.



The DOE directed the Commission to either adopt its NOPR as an interim final
rule subject to later modification after consideration of public comments or to take
final action within 60 days. On December 8, 2017, the DOE granted an extension
for Commission action until January 10, 2018.



The DOE’s action under Section 403 was noteworthy as it has rarely invoked its
power under Section 403. In addition, the DOE proposed that FERC act rapidly
to make major changes with potentially far-reaching consequences for FERCjurisdictional markets. The DOE’s proposal also sought to establish an aggressive
timeline for compliance by ISOs/RTOs.

o On January 8, 2018, the Commission, by a 5-0 vote, terminated the DOE-initiated
proceeding. Grid Resilience in Regional Transmission Organizations and
Independent System Operators, 162 FERC ¶ 61,012 (2018).


The Commission stated that it was required to terminate the proceeding because
the proposed rule did not satisfy the statutory standards of Section 206 of the
Federal Power Act, which had to be met for the Commission to require ISO/RTOs
to make the proposed tariff changes. Specifically, the Commission stated that: (i)
the proposed rule and the record in the proceeding did not demonstrate that the
existing ISO/RTO tariffs are unjust and unreasonable, and (ii) the proposed
remedy of allowing all eligible reliability and resiliency resources to receive a
cost-of-service rate, regardless of need or cost to the system, was not shown to be
just and reasonable and may be unduly discriminatory or preferential.
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o At the same time, the Commission initiated a separate proceeding in Docket No.
AD18-7-000 to evaluate the resilience of the bulk power system in regions operated
by ISOs/RTOs. The Commission directed ISO/RTOs to submit information within
60 days addressing specific questions within three broad topics: (i) the Commission’s
proposed definition of “resilience” of the bulk power system, for purposes of
developing a common understanding of the term; (ii) how each ISO/RTO currently
evaluates the resilience of the system; and (iii) how each ISO/RTO evaluates options
to mitigate any risks to grid resilience.


The Commission proposed to define “resilience” as “[t]]he ability to withstand
and reduce the magnitude and/or duration of disruptive events, which includes the
capability to anticipate, absorb, adapt to, and/or rapidly recover from such an
event.” Grid Resilience in Regional Transmission Organizations and Independent
System Operators, 162 FERC ¶ 61,012 at P 23.



ISO/RTOs submitted their comments to the Commission on March 9, 2018.
Interested parties were initially given 30 days to provide reply comments, which
period was extended until May 9, 2018. The Commission noted that this is a
critical issue and emphasized that it wants to base the next steps on the best
available information with input from a wide range of stakeholders.

o Emergency Order Sought at DOE


On March 29, 2018, FirstEnergy Solution Corp asked DOE to use its authority to
issue emergency orders under Section 202(c) of the Federal Power Act (“Section
202”) to direct certain existing nuclear and coal-fired power plants to enter into
contracts with PJM under cost-based rates. FirstEnergy argued that DOE’s
“authority and discretion under Section 202(c) is quite broad and is not limited to
emergencies caused by war or limited in duration” but may also be invoked under
such market conditions as FirstEnergy asserts are present in PJM. The DOE has
previously acted under Section 202 in times of energy crisis, natural disaster, and,
more recently, to ensure reliability by authorizing the operation of specific
facilities. The DOE is currently accepting comments on potential Section 202
actions outside of the formal comment process at an email provided for
stakeholder input. In addition, Energy Secretary Perry has indicated that the
Trump administration is examining various options beyond the Section 202(c)
request to address the resilience issue.



Comments may be submitted to DOE at AskOE@hq.doe.gov.

2. RTO perspective on regulatory actions addressing grid resilience
•

Need to define grid resilience
o In its broadest sense, resilience involves preparing for, operating through and
recovering from events that impose operational risk, including but not limited
to high-impact, low-frequency events.
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•

RTOs to have an affirmative role in planning for resilience
o The FERC should affirm that resilience is an extension of the required
planning characteristics of an RTO/ISO and that resilience is an extension of
reliability.
o PJM’s role in the resilience effort is a partnership that involves interaction and
coordination with member transmission owners, load-serving entities, end-use
customers, the FERC, other federal and state agencies, and regulatory
commissions and other stakeholders.
o PJM’s independence and expertise uniquely positions it to perform the highimpact, low-frequency risk assessment and qualitative analyses for its region.
PJM is well positioned to identify both regional vulnerabilities and mitigating
solutions as well as to assess the effectiveness/impact and feasibility of those
solutions. PJM requests additional federal guidance on the identification of the
risks to be mitigated.
o PJM requests that the FERC establish a process to allow RTOs/ISOs to
receive verification of vulnerability and threat assessments based on
information available to the FERC but not available to the RTOs/ISOs
because of national security issues. Those assessments, once verified, could
form the basis for RTO/ISO actions under their own planning or operations
authority consistent with their tariffs.
o The FERC, coordinating with other federal agencies such as the departments
of Defense, Energy and Homeland Security and the North American
Electricity Reliability Corporation, needs to provide intelligence and metrics
to apply to resilience threat analyses that can guide and anchor subsequent
RTO/ISO planning, market or operations directives.
o The FERC should direct each RTO/ISO to submit additional filings, setting
forth any necessary changes to its tariff to address resilience planning,
including providing information regarding any criteria changes and any
related processes/rules

•

Resilience of Wholesale Supply Is Best Addressed through RTO/ISO Markets
o The first principle of ensuring reliability and resilience is ensuring that the
markets are sending the correct price signals.
o The second principle is compensating suppliers based upon the desired
operational attributes necessary to support reliability and resilience. PJM has
identified resource reliability attributes in its paper, PJM's Evolving Resource
Mix and System Reliability. The preservation of these attributes in future
resource portfolios is a resilience risk mitigation.
o The FERC should request that all RTOs/ISOs - as well as reliability
coordinators and transmission operators in non- RTO/ISO regions - submit a
subsequent filing, including any necessary proposed tariff amendments, for
3

any proposed market reforms and related compensation mechanisms to
address resilience concerns.
o PJM, through its stakeholder process, is already actively evaluating such
potential reforms that advance operational characteristics that support
reliability and resilience. They include:


Improved shortage pricing, fast-start pricing and Operating Reserves
market rules



Improvements to its Black Start requirements



Improved energy price formation that properly values resources based
upon their reliability and resilience attributes



Integration of distributed energy resources, storage and other emerging
technologies

o Markets need to get price formation correct for the resilience of both the grid
itself and of the markets. That relies on getting the price signals correct and as
transparent and inclusive as possible.
3. End-use customer perspective on regulatory actions addressing grid resilience
•

Resilience is not new!
o Resilience should not be treated as a fee or surcharge
o Have utilities/RTOs failed customers on this issue?
o Consumers do appreciate the (additional) accountability and transparency of
these discussions
o There will always be new security concerns for the grid

•



With new technology and new resources there will be new concerns



With new technology and new resources there will be new concerns

How to address "new" concerns about resilience
o Any concerns should be evaluated on a regional basis
o The lack of agreement on definition and metrics is a problem (for customers)
o A cost-benefit analysis approach needs to be utilized

•



Current compensation scheme should be utilized



PJM is in the best spot to develop and evaluate the cost-benefit value



Risks need to be appropriately assigned



Metrics need to be developed

Generation and Market changes do not equate to resilience concerns
o The PJM market is reliable with an extremely diverse make-up of generation
resources
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o Low costs for customers and abundant generation in the region are not
problems we need to solve!
o Attributes of a more resilient market are always an important aspect to
consider
4. Electric generator to regulatory actions addressing grid resilience
•

Fuel security is a growing resilience threat that RTOs should not ignore
o ISO-NE – Operational Fuel-Security Analysis, at p. 50 (January 17, 2018) –


ISO-NE takes serious possible fuel security threats, studies them and
concludes that “[f]or New England the foremost risk to current and
future power system reliability revolves around fuel security – the
ability of power plants to get the fuel they need to run, when they need
it.”



ISO-NE plans to work with stakeholders to develop solutions to
concerns uncovered in its robust fuel security study

o Other RTOs – In particular, PJM, do not currently consider resilience and fuel
security issues:




Firm-fueled resources, particularly nuclear are leaving the markets in
droves. The problem in PJM is considerable:
•

announced nuclear retirements include Oyster, TMI, DavisBesse, Perry, Beaver Valley (over 4000 MW); Salem and Hope
Creek stopped investing capital;

•

other nuclear units are under financial pressure; Quad Cities
was preserved through state action, potential for same outcome
for NJ plants;

•

if state support is undermined through mitigation mechanisms
financial pressure will only increase;

•

significant environmental set back if nuclear is replaced with
fossil generation;

•

retiring nuclear is being replaced largely with increased coal
dispatch and gas resources, and in several regions in PJM, gas
supply may be limited during weather or man-made events.

Transmission system resilience is also not considered in RTO
planning.

o Conclusion


increased firm fuel resource retirements and increased reliance on
natural gas increases potential resilience risk (putting aside
environmental concerns);
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•

RTOs should conduct a robust fuel security and resilience assessment
similar to New England’s, so they know their weakness and know
what to solve for.

RTOs need resilience threat input as they conduct their studies
o Current RTO analysis wherewithal


RTO’s can analyze predictable weather events;



RTO’s are less adept at analyzing unpredictable extremes like
manmade events; PJM proposed to run threats by FERC for sign off.

o Expertise on manmade threats needs to be incorporated into the studies


FERC, DOD, DOE and others have national security information that
RTOs should be able to consider in their studies; it makes better sense
for those who have the information to develop the risk assessment and
provide necessary threat information to RTOs for consideration in
their studies
•



For example – how many pipeline outages and for what
duration should the RTO consider in its study and how should
back-up fuel and resupply thereof be considered?

Lots of existing work can be leveraged – e.g., NERC has already
conducted foundational studies of manmade threats; but more is
needed

o FERC should work with these agencies to develop a design basis threat to
guide the RTOs in their studies.
•

Market designs must consider resilience – once the risks have been studied and
understood, solutions should be designed and implemented by the RTOs
o Solutions should be market based – however, there may be some limited
situations where cost based solutions are more cost-effective for customers or
the only solution possible in the timeframe.
o Transmission resilience – should also be included in RTO transmission
planning.
o PJM recognizes it is not currently obligated to consider resilience and asks
FERC to articulate its role in planning for resilience – Exelon supports this
request.
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Denise R. Foster
Vice President, State and Member Services
Denise R. Foster, vice president– State and Member Services, is responsible for providing leadership
to PJM’s state regulatory and legislative activities, as well as managing member relationships through
focused customer support, stakeholder process and meeting support, and training.
Ms. Foster also is on the Board of PJM
Settlements, Inc., a non-profit corporation that
provides billing payment and
settlements
functions, acts as a counterparty to market
transactions, and provides credit management
and other market settlements related services.

Ms. Foster began her career in the energy
industry as an assistant consumer advocate
with the Pennsylvania Office of Consumer
Advocate focusing on retail and wholesale
electricity matters affecting Pennsylvania
consumers.

Prior to joining PJM, Ms. Foster was a director in
the Exelon Generation government, legal &
regulatory affairs department focusing on policy
development. She supported state legislative
efforts in Pennsylvania, Illinois, Maryland and
Connecticut and the general advocacy of
competitive markets and reasonable market
design in the various market regions in which
Exelon has a presence. Previously, Ms. Foster
had been a regulatory manager with Exelon
Power Team representing Exelon in marketsrelated committees and working groups in PJM
and NEPOOL.

Ms. Foster received a bachelor of arts in
political science from Hood College in
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counsel in the law department at PJM. She
represented PJM before state and federal
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matters involving the Mid-Atlantic state
regulatory commissions and the interplay
between the retail market and the wholesale
market.

PJM Interconnection, founded in 1927, ensures
the reliability of the high-voltage electric power
system serving 54 million people in all or parts
of Delaware, Illinois, Indiana, Kentucky,
Maryland, Michigan, New Jersey, North
Carolina, Ohio, Pennsylvania, Tennessee,
Virginia, West Virginia and the District of
Columbia. PJM coordinates and directs the
operation of the region’s transmission grid,
which includes 6,038 substations and 56,500
miles of transmission lines; administers a
competitive wholesale electricity market; and
plans
regional
transmission
expansion
improvements to maintain grid reliability and
relieve congestion.

Gregory J. Poulos, Executive Director
Consumer Advocates of the PJM States, Inc.

Greg Poulos is the executive director for the Consumer Advocates of the PJM States, Inc. (CAPS).
Established in 2013, CAPS is a nonprofit organization whose members include state advocate offices in
the 13 PJM states and the District of Columbia. As a whole, the CAPS members represent over 62million consumers throughout the PJM footprint. As the executive director of CAPS, Greg coordinates
the efforts of the member offices, stays active in the PJM stakeholder process, and monitors relevant
proceedings at the Federal Energy Regulatory Commission to ensure that the prices consumers pay for
reliable, wholesale electric service are reasonable.
Prior to joining CAPS, Greg spent over six years at EnerNOC as a member of the Regulatory Affairs team.
While at EnerNOC, Greg regularly represented the company at public utility commissions throughout the
Midwest. He also interacted with many regional transmission organizations including PJM, Inc., the
Midcontinent Independent System Operator (MISO) and the Alberta Electric System Operator (AESO).
Greg earned his undergraduate degree in Political Science from Miami University in Oxford, Ohio. He
received his Juris Doctorate with from the Ohio State University Moritz College of Law.

Christopher Wilson
Chris Wilson has been the Director of Federal Regulatory Affairs at
Exelon since 2012. Before that he served for seven years as an
Associate General Counsel at the Federal Energy Regulatory
Commission where he focused his attention on CAISO markets, western
U.S. regulatory matters and numerous special projects. He also worked
as an Assistant General Counsel at PG&E’s unregulated affiliate, the
National Energy Group, and as an attorney with Dickstein, Shapiro prior
to that. He holds a J.D. from The Catholic University of America and BS
and BA degrees from Lehigh University.
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Secretary of Energy's Direction that the Federal Energy Regulatory Commission Issue
Grid Resiliency Rules Pursuant to the Secretary's Authority Under Section 403 of the
Department of Energy Organization Act

Dear Ms. Bose:
Pursuant to section 403 of the Department of Energy Organization Act (DOE Act), the
Secretary of Energy (Secretary) is proposing a rule for final action by the Federal Energy
Regulatory Commission (Commission or FERC). To that end, the Secretary intends to submit to
the Federal Register a Notice of Proposed Rulemaking (NOPR).

Enclosed with this cover letter are three original letters from the Secretary to Chairman
Chatterjee and Commissioners LaFleur and Powelson explaining the NOPR and a copy of the
NOPR. An additional original and copy of the letter and the NOPR are provided for your files.
The Department of Energy (DOE) submitted the attached letter from the Secretary and
the NOPR via the Commission's e-filing as a rulemaking comment in Docket No. RM17-3-000.
(A copy of the e-receipt is included with this cover letter). DOE understands that the decision
whether this or another docket is the appropriate place for the proposed rule to be addressed will
be decided by the Commission.

Please register the filing of these documents as appropriate. If you have any questions,
please contact me at (202) 586-6732. Thank you for your assistance in this matter.

Sincerely,

ernard L. McNamee II
Deputy General Counsel for Energy Policy

Enc.
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The Secretary of Energy
Washington,

DC 20585

September 28, 2017

Neil Chatterjee, Chairman
Cheryl A. LaFleur, Commissioner
Robert F. Powelson, Commissioner
Federal Energy Regulatory Commission
888 First Street, NE
Washington, DC 20426

Re:

Secretary ofEnergy's Direction that the Federal Energy Regulatory Commission Issue
Grid Resiliency Rules Pursuant to the Secretary 's Authority Under Section 403 of the
Department of Energy Organization Act

Dear Mr. Chairman and Commissioners:

America's greatness depends on a reliable, resilient electric grid powered by an "all of
the above" mix of generation resources. This diverse mix of resources must include traditional
baseload generation with on-site fuel storage that can withstand major fuel supply disruptions
caused by natural and man-made disasters. But the resiliency of the electric grid is threatened by
the premature retirements of these fuel-secure traditional baseload resources.

As the agency responsible for regulation of the organized power markets operated by the
Commission-approved
regional transmission organizations (RTOs) and independent system
operators (ISOs), it is time for the Federal Energy Regulatory Commission ("Commission" or
"FERC")to issue rules to protect the American people from the threat of energy outages that
could result from the loss of traditional baseload capacity. In the wake of the devastation
wrought by the Polar Vortex, Superstorm Sandy, and Hurricanes Harvey, Irma, and Maria, much
more work needs to be done to preserve these fuel-secure generation resources that have the
essential reliability and resiliency attributes needed to keep the lights on for all Americans in
times of crisis including on-site fuel supplies and the ability to provide voltage support,
Irequency services, operating reserves, and reactive power. As a first step, it is especially urgent
to prevent premature retirements of the resources that have these critical attributes.

—

To this end, pursuant to section 403 of the Department of Energy Organization Act, I am
making the enclosed rulemaking proposal for consideration and final action by the Commission
pursuant to its authority under sections 205 and 206 of the Federal Power Act. Distorted price
organized markets have resulted in under-valuation of grid
signals in the Commission-approved
reliability and resiliency benefits provided by traditional baseload resources, such as coal and
nuclear. The rule will ensure that each eligible reliability and resiliency resource will recover its
fully allocated costs and thereby continue to provide the energy security on which our nation
relies. The Commission is required to take final action on this proposal in an expeditious manner
in accordance with the reasonable time limits specified in the enclosed Notice of Proposed
Rulemaking (NOPR).
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The Resiliency of the Electric Grid

—and Onr National

Security

—is In Jeopardy

Ensuring that American families and their businesses have access to reliable, resilient and
afFordable electricity is vital to the economy, national security and quality of life. From heating
homes in the winter to cooling them in the summer, providing lighted streets so people can walk
safely at night, powering machines and technology that create jobs, and connecting us through
electricity is a key driver of America's economic prosperity and
smart phones and the internet
necessities
Our
basic
of
life.
economy, government and national defense all depend on
the
electricity. Therefore, ensuring a reliable and resilient electric supply and corresponding supply
chain are vital to national security.

—

There Have Been Significant Retirements of Traditional Baseload Generation
Market changes are resulting in a significant loss of traditional baseload generation.
According to the Department of Energy's January 2017 Quadrennial Energy Review (January

2017 QER):
Currently, the changing electricity sector is causing the closure of many coal and
nuclear plants in a shift from recent trends. From 2000 through 2009, power plant
retirements were dominated by natural gas steam turbines. Over the past 6 years
(2010—
2015), power plant retirements were dominated by coal plants (37 GW),
which accounted for over 52 percent of recently retired power plant capacity.
Over the next 5 years (between 2016 and 2020), 34.4 G W of summer capacity is
planned to be retired, and 79 percent of this planned retirement capacity are coal
and natural gas plants (49 percent and 30 percent, respectively). The next largest
set of planned retirements are nuclear plants (15
percent).'he

Department of Energy's Sta+Reftort to the Secretary on Electricity Markets
and Reliability (DOE StafF Report) also discusses the large number of traditional
baseload units that have retired or are scheduled to retire:
~
~
~

Between 2002 and 2016, 531 coal generating units representing approximately
59,000 MW of generation capacity retired from the U.S. generation fleet.
EIA reported that coal-fired power plants made up more than 80 percent of the
18,000 MW of electric generating capacity that retired in 2015.4
It is anticipated that approximately 12,700 MW of coal will retire through 2020.'

Transforming

the Nation 's Electricity Qstemt the Second Installment

of the

Quadrennial

Energy Review, January

6, 2017 (2017 QER), at 3-73.

i U.S. Department of Energy, Sta+Report to the Secretory on Electricity Markets and Reliability, August 2017
(DOE Stag Report).
'OE Stuff Report at 22.
4
DOE Stag Report at 22, citing U.S. Energy Information Administration, Today in Energy, March 8, 2016. More
recent EIA data shows an overall larger amount of 2015 generation capacity retirements (25,400 MW), of which
coal-fired power plants made up 72%. EIA, Monthly Update to the Annual Electric Generator Report, Form EIA$60m, March 2017.

'.S.Energy Information

Administration

(EIA), Mottthiy Updote to the Annual Electric Generator Report, Form

EIA-860m, June 2017, hitps://www.eia.gov/electricity/data/eia860m/.
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~
~

Between 2002 and 2016, 4,666 MW of nuclear generating capacity was
announced for retirement, or approximately 4.7 percent of the U.S. total.
Eight reactors representing 7,167 MW of nuclear capacity (7.2 percent of U.S.
nuclear capacity and 0.6 percent of total U.S. generating capacity) have
announced retirement plans since 2016. This does not include seven reactors that
averted early retirement through state action.i

The 2014 Polar Vortex Exposed Problems With the Resiliency of the Electric Grid
In early 2014, the Polar Vortex (a band of very cold weather spread across much of the
eastern United States) created record-high winter peak electric demand for heating and equally
high demand for natural gas for residential heating. During the Polar Vortex, PJM
Interconnection ("PJM") struggled to meet demand for electricity because a significant amount
of generation was not available to run. The loss of generation capacity could have been
catastrophic, but a number of coal plants that were scheduled for retirement were dispatched to
meet the need for electricity:
American Electric Power reported that it deployed $9 percent of its coal units
scheduled for retirement in 2014 to meet demand during the Polar Vortex, and
Southern Company reported using 75 percent of its coal units scheduled for
closure. Using these retiring units enabled utilities to meet customer demand
during a period when already limited natural gas resources were diverted from
electricity production to meet residential heating needs. Once retired, however,
these units will not be available for the next unseasonably cold winter.

Likewise, nuclear power plants "performed extremely well during the Polar Vortex, with
an average capacity factor of 95 percent."
million people within the PJM footprint could have been affected if these
traditional baseload units were not available. The 2014 Polar Vortex was a warning that the
current and scheduled retirements of these fuel-secure units could threaten the reliability and
resiliency of the electric grid."
'ixty-five

Regulated Wholesale Power Markets Are Not Adequately Pricing Resiliency Attributes of
Baseload Power
There is a growing recognition that Commission-approved organized markets do not
necessarily pay generators for all the attributes that they provide to the grid, including resiliency.
Because wholesale pricing in those markets does not adequately consider or accurately value
those benefits, generation units that provide the benefits are often not fully compensated for
them.
DOE Sta+Reporr at 29.

'OE Sta+Report at 30.
'IM Interconnection is the regional

transmission organization ("RTO") serving thirteen states and the District
Columbia
v DOE
St~Report at 98 (internal citations omitted).
SteJf Report at 95 (internal citations omitted).
DOE Sta+Reporl at 98-99, I I 8.

'OE

"

of
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The January 2017 QER summarizes the problem of how Commission-approved
wholesale markets are not adequately pricing resiliency attributes of traditional baseload
geiieratlon:
Reliability investments are typically incorporated into ratemaking processes for
all electric utilities. Supplementary investments for recovery from outage events
also are handled through established ratemaking processes. Resilience
requirements tend to be valued as contributions to reliability and incorporated as
part of ratemaking processes. These processes are more easily executed in
structures that are traditional end-to-end, vertically integrated electricity delivery
services; other market structures complicate reliability and resilience investment
decision-making. Short-run markets mav not nrovide adeuuate nrice siunals to
ensure Iontt-term investments in annronriatelv confiaured canacitv. Also. resource
valuations tend not to incoroorate sunemrdinate network and/or social values such
investment decision makinu. The
as enhancina resilience into resource
increased imnortance of svstem resilience to overall arid reliabilitv mav reauire
adiustments to market mechanisms that enable better valuation.'

or...

recent study by IHS Markit amplifies the same point: "the increasing cost of ensuring
power system resilience is exposing the pmblem that some current wholesale market
price formation rules do not fully compensate generating resources for providing the
desired power system supply
resiliency."'et

adequately compensating generating resources for ensuring a resilient grid
and our national security does not mean that the costs of maintaining our grid will
necessarily increase. In fact, as the IHS Markit study also concludes, preservation of
traditional baseload resources benefits consumers: "The current diversified US electric
supply portfolio lowers the cost of electricity production by about $ 114 billion per year
and lowers the average retail price of electricity by 27%" compared with a "less e6icient
diversity case" involving "no meaningful contributions from coal or nuclear
this rule will ensure both a resilient grid and affordable electricity to drive
economic prosperity.
resources."'hus,

NERC Warns That Premature Retirements Of Fuel-Secure Generation Threaten
the Reliability and Resiliency of the Bulk Power System
The North American Electric Reliability Corporation (NERC) (the FERC-designated
Electric Reliability Organization), whose mission is to assure the reliability and security of the
bulk power system in North America, states:
Efficient

The North American electric power system is undergoing a rapid and significant
transformation with ongoing retirements of fossil-fired and nuclear capacity, as

'017 QER, at 4-41 (emphasis

added).
Ensuring Resilient and
Supply Portfolio, at 8.
'4 Id. at 4-5.

'HS Markit,

Electricity Generation: The Value

of the

Current Diverse US power
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well as growth in natural gas, wind, and solar resources. This shift is caused by
several drivers, such as federal, state, and provincial policies, low natural gas
prices, electricity market forces, and integration of both distributed and utilityscale renewable resources. The chanuina resource mix is alterina the oneratina
characteristics of the bulk nower svstem (BPS). These chanmna characteristics
must be well understood and nronerlv manaaed in order to assure continued
reliabilitv and ensure
resiliencv.'pecifically,

NERC explains, "Coal-fired and nuclear generation have the added benefits of high
availability rate, low forced outages, and secured on-site fuel. Many months of on-site fuel allow
these units to operate in a manner independent of supply chain
disruptions."'s

a consequence, NERC warns, "Premature retirements of fuel secure baseload
generating stations reduces resilience to fuel supply
disruptions."'he

DOE Staff Report Made Clear the Challenges to the Grid and That Resiliency Must
Be Addressed
The DOE Staff Report confirms these observations and exposes the potential challenges
and threats to the reliability and resiliency of the electric grid, as well as the economic hardship
faced by some of the most resilient types of generation. Among other things, the DOE Staff
Report warns that premature retirements of fuel-secure resources impose serious risks:
Ultimately, the continued closure of traditional baseload power plants calls for a
comprehensive strategy for long-term reliability and resilience. States and regions
are accepting increased risks that could affect the future reliability and resilience
of electricity delivery for consumers in their regions. Hydropower, nuclear, coal,
and natural gas power plants provide ERS ["essential reliability services"] and
fuel assurance critical to system resilience. A continual comprehensive regional
and national review is needed to determine how a portfolio of domestic energy
resources can be developed to ensure grid reliability and
resilience.'he

DOE Staff Report also recognizes that "system fuel supply chain disruptions can
impact many generators during a single widespread fuel shortage event," and that
"[n]uclear and coal plants typically have advantages associated with onsite fuel
storage...."'n light of these facts, the DOE Staff Report calls for prompt action:
Markets need further study and reform to address future services essential to grid
reliability and resilience. System operators are working toward recognizing,

"NERC Letter to Secretary of Energy

Rick Peny, May 9, 2017, Attachment "Synopsis of NERC Reliability
Assessments" (Synopsis) at 1 (emphasis added).
Synopsis at 2.
"NERC, Synopsis at 3.
DOE Sic+Report at 14 (emphasis added).
w
DQE stn(fireporr. at 91. For example, "coal plants... maintain onsite coal stockpiles to accommodate both
normal variance in deliveries and the possibility of a major supply disruption. Coal stockpiles have recently been
slightly smaller than historical averages, while days of burn have increased slightly relative to historic averages from
the 70-80 range to the 85-100-day range." Id, at 95.

'ERC,

"
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defining, and compensating for resource attributes that enhance reliability and
resilience (on both the supply and demand side). However, further efforts should
reflect the ~ur ent need for clear definitions of reliability- and resilience-enhancing
attributes and should atdcklv establish the market means to value or the regulatory
means to provide them.

One of the DOE Staff Report's chief policy recommendations to protect the resiliency
the electric grid is to correct distortions in price formation in the organized markets:

of

FERC should expedite its efforts with states, RTO/ISOs, and other stakeholders to
impmve energy price formation in centrally-organized wholesale electricity
markets. After several years of fact finding and technical conferences, the record
now supports energy price formation reform, such as the proposals laid out by
PJM and others.zt

FERC is Aware Of the Problem and Must Take Action
As is well known, over the past several years, the Commission has developed an
extensive record on price formation in the Commission-approved
ISOs and RTOs. The
Commission has recognized that there are deficiencies in the way the regulated wholesale power
markets price power (i.e., energy, capacity, and ancillary services) and that these deficiencies are
undermining reliability and resiliency.
Beginning in 2013, the Commission recognized the changing mix of generation
resources, determined that the existing capacity markets were not pmviding a sufficiently
reliable supply of electricity, predicted the loss of traditional baseload generation, and sought
input from the public through proceedings on price formation in the organized markets. In a 2013
technical conference, FERC explained:

The purpose

of the technical conference is to consider

how current centralized capacity
market rules and structures are supporting the procurement and retention of resources
necessary to meet future reliability and operational needs. Since their establishment,
centralized capacity markets have continued to evolve. Meanwhile, the mix of resources
is also evolving in response to changing market conditions, including low natural gas
prices, state and federal policies encouraging the entry of renewable resources and other
specific technologies, and the retirement of aging generation resources. This changing
resource mix may result in future reliability and operational needs that are different than
those of the past.
Nevertheless, the fundamental challenge of maintaining a resilient electric grid has not
been sufficiently addressed by the Commission or the Commission-approved
ISOs and RTOs,
and the lack of a quorum at the Commission has undoubtedly thwarted the issuance of rules. But
the continued loss of baseload generation with on-site fuel supplies, such as coal and nuclear,

m

Id., at 10 (emphasis added).
" Id.,
st 26 (internal citations

"FERC,

omitted).
Ceniraiized Capacity Markets in Regional Transmission
Operators, Docket No. AD)3-7-000, nt l.
1

Organizations

and Independent System
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must be stopped. These generation resources are necessary to maintain the resiliency of the
electric grid. As FERC already regulates the organized wholesale power markets, it must adopt
rules requiring the Commission-approved
ISOs and RTOs to reduce the chronic distortion of
those markets threatening the resilience of the nation's electricity system.

of these

threats to grid reliability and resilience, it is the Commission's immediate
responsibility to take action to ensure that the reliability and resiliency attributes of generation
with on-site fuel supplies are fully valued and in particular to exercise its authority to develop
new market rules that will achieve this urgent objective.

In light

Failure to act expeditiously

would be unjust, unreasonable,

and contrary to the public

interest.

Proposed Rule To Protect the Resiliency Of the Electric Grid
Therefore, pursuant to my authority under section 403 of the Department of Energy
Organization Act to propose rules for adoption by the Commission, I am proposing the enclosed
rule, which will be published in the Federal Register.

The proposed rule requires the Commission-approved organized markets to develop and
implement market rules that accurately price generation resources necessary to maintain the
reliability and resiliency of our Nation's electric grid. Specifically, the rule allows for the
recovery of costs of fuel-secure generation units that make our grid reliable and resilient. Such
resources pmvide reliable capacity, resilient generation, frequency and voltage support, on-site
in addition to providing power for our basic needs, quality of life, and robust
fuel inventory
economy. The rule allows the full recovery of costs of certain eligible units physically located
within the Commission-approved
organized markets. Eligible units must also be able to provide
essential energy and ancillary reliability services and have a 90-day fuel supply on site in the
event of supply disruptions caused by emergencies, extreme weather, or natural or man-made
disasters. These resources must be compliant with all applicable environmental regulations and
are not subject to cost-of-service rate regulation by any State or local authority. The rule requires
the organized markets to establish just and reasonable rate tariffs for the full recovery of costs
and a fair rate of return.

—

Now that a quorum has been restored at the Commission, I am confident that the
Commission will act in an expeditious manner to address this urgent issue. To that end, in the
enclosed NOPR, I direct the Commission to consider and complete final action on the rule
proposed therein within 60 days from the date of the publication of the NOPR in the Federal
Register. As an alternative, I urge the Commission to issue the proposed rule as an interim final
rule, effective immediately, with provision for later modifications after consideration of public
comments. Further, I am directing that any final rule adopting this proposal take effect within 30
days of publication of such final rule in the Federal Register, and I am proposing that each
RTO and ISO submit a compliance filing within 15 days of the effective
Commission-approved
date of the rule.
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Conclusion
It is the policy of this Administration to support an "all of the above" approach to energy
development and use. We need to properly recognize the value of each resource, being mindful
of its role in our national defense, economic security, and pursuit of environmental outcomes. In
particular, we must account for the value of on-site fuel storage capability. Moreover, because of
the long lead time to secure and maintain these resources, we must also ensure that the technical
expertise and materials are readily available. If, for example, we lose our educated workforce or
no longer have the ability to build and operate our baseload plants because of short-sighted
policies, it will not only weaken our workforce, but will threaten our energy dominance and
national security.
On behalf of the American people, I look forward to your immediate action on the
pressing issue of protecting the resiliency of the electric grid.

Sincerely,

~/a+
Rick Perry

Q~p
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DEPARTMENT OF ENERGY
18 CFR Part 35
Docket No. RM17-3-000

Grid Resiliency Pricing Rule
AGENCY: Department of Energy.
ACTION: Notice

of Proposed

Rulemaking.

SUMMARY: Pursuant to section 403 of the Department of Energy Organization Act (DOE Act),
the Secretary of Energy (Secretary) is proposing a rule for final action by the Federal Energy
Regulatory Commission (Commission or FERC). The Secretary is proposing the Commission
exercise its authority under sections 205 and 206 of the Federal Power Act (FPA), to establish
just and reasonable rates for wholesale electricity sales. Under the proposal, the Commission will
independent system operators (ISOs) and regional
impose rules on Commission-approved
transmission organizations (RTOs) to ensure that certain reliability and resilience attributes of
electric generation resources are fully valued. The Secretary is directing the Commission to take
final action on this proposal within 60 days of publication of this notice in the Federal Register
or, in the alternative, to issue the rule as an interim final rule immediately, with provision for
later modifications after consideration of public comments. The Secretary further directs that any
final rule adopting this proposal take effect within 30 days of publication of such final rule in the
Federal Register and proposes that each ISO and RTO subject to the rule shall submit a
compliance filing within 15 days of the effective date of such final rule.

DATES: The Commission is directed either to take final action by [DATE 60 days from
publication of this Notice] or to issue the proposed rule as an interim final rule. Public comment
is due either [DATE 45 days from publication of this Notice] or according to a schedule to be
published by the Commission.

ADDRESSES: Comments, identified by docket number, may be filed in the following ways:
~

~

Electronic Filing through htto://www.fere.aov. Documents created electronically using
word processing software should be filed in native applications or print-to-PDF format
and not in a scanned format.
Mail/Hand Delivery: Those unable to file electronically may mail or hand-deliver
comments to: Federal Energy Regulatory Commission, Secretary of the Commission, 888
First Street, NE, Washington, DC 20426.

Instructions: For detailed instructions on submitting comments and additional information
rulemaking process, see the Comment Procedures Section of this document.

on the

FOR FURTHER INFORMATION CONTACT: U.S. Department of Energy, 1000 Independence
DC 20585.

Avenue SW, Washington,
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SUPPLEMENTARY INFORMATION:

Table of Contents

[To be inserted by Federal Register]

L

Statutorv Backuround

Section 403 of the DOE Act authorizes the Secretary of Energy to propose rules for
Commission action regarding certain Commission functions, including its electricity rate-related
functions under sections 205 and 206 of the Federal Power Act, and to set reasonable time limits
for Commission completion of the proposed action. Section 403(a) provides for the initiation of
rulemaking proceedings by either the Secretary or the Commission. In the exercise of this
authority, the Commission proposes rules by publishing Notices of Proposed Rulemaking
(NOPR) in the Federal Register. The Secretary has likewise exercised his section 403 authority
by publishing NOPRs in the Federal Register. This authority was first exercised by the Secretary
in 1979 by publication of a NOPR ("Transportation Certificates for Natural Gas," 44 Fed. Reg.
17644, March 22, 1979). The Secretary has subsequently acted under section 403 on several
occasions by publication of a NOPR in the Federal Register. By proposing a rule in this manner,
the Secretary enables the Commission to proceed directly to the consideration of, and final action
on, the proposal and eliminates the need for the Commission to order or publish its own separate
rulemaking proposal.
Independent of the Secretary's action under section 403(a), FERC has full authority to
establish the rules set forth in this notice. Specifically, FERC has authority to establish just and
reasonable rates, terms, and conditions for wholesale electricity sales under sections 205 and 206
of the Federal Power Act, and FERC has discretion to do so by means of a rulemaking pursuant
to section 403(c), which authorizes FERC to use rulemaking procedures to conduct its Federal
Power Act functions relating to rates and charges. Transmission Access Policy Study Group v.

F E R.C., 225 F.3d 667, 688 (D.C. Cir. 2000), aff d 535 U.S. 1 (2002). FERC has on numerous
occasions imposed market rules on ISOs and RTOs. See 18 CFR part 35.
Furthermore, section 403(b) requires that FERC "shall consider and take final action on
any proposal made by the Secretary [under subsection (a)] in an expeditious manner in
accordance with such reasonable time limits as may be set by the Secretary for the completion of
action by the Cominission on any such proposal." The Secretary is therefore authorized to direct
the Commission to consider and take final action within the reasonable time limits the Secretary
establishes in this Notice. Given the extensive record the Commission has already developed on
the subject matter of this Notice, the time limit for final action provided herein allows adequate
time for the Commission to receive and consider public comments.

II.

Discussion of the Pronosed Rule

The resiliency of the nation's electric grid is threatened by the premature retirements of
power plants that can withstand major fuel supply disruptions caused by natural or man-made
disasters and, in those critical times, continue to provide electric energy, capacity, and essential
grid reliability services. These fuel-secure resources are indispensable for the reliability and
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—

resiliency of our electric grid and therefore indispensable for our economic and national
security. It is time for the Commission to issue rules to protect the American people &om energy
outages expected to result from the loss of this fuel-secure generation capacity.

A. Affordable, Reliable and Resilient Electricity is Vital to the Economic and National
Security of the United States and its People
Ensuring that American families and businesses have access to reliable, resilient and
affordable electricity is vital to the economy, national security, and quality of life. From heating
homes in the winter to cooling them in the summer, providing lighted streets so people can walk
safely at night, powering machines and technology that create jobs, and connecting us through
smart phones and the internet
electricity is a key driver of America's economic prosperity and
the basic necessities of life. The American economy, government and national defense all
depend on electricity. Therefore, ensuring a reliable and resilient electric supply and
corresponding supply chain are also vital to national security.

—

The sheer size and impact of the electricity market on our economy cannot be overstated.
According to the Department of Energy's January 2017 Quadrennial Energy Review (January

2017 QER):
In the United States, there are around 7,700 operating power plants that generate
electricity from a variety of primary energy sources; 707,000 miles of highvoltage transmission lines; more than 1 million rooftop solar installations; 55,800
substations; 6.5 million miles of local distribution lines; and 3,354 distribution
utilities delivering electricity to 148.6 million customers. The total amount of
money paid by end users for electricity in 2015 was about $400 billion. This
drives an $ 18.6 trillion U.S. gross domestic product and significantly influences
global economic activity totaling roughly $ 80
trillion.'.

There Have Been Significant Retirements of Fuel-Secure Generation
Market changes are resulting in a significant loss
the January 2017 QER:

of fuel-secure generation. According to

Currently, the changing electricity sector is causing the closure of many coal and
nuclear plants in a shift from recent trends. From 2000 through 2009, power plant
retirements were dominated by natural gas steam turbines. Over the past 6 years
(2010—
2015), power plant retirements were dominated by coal plants (37 GW),
which accounted for over 52 percent of recently retired power plant capacity.
Over the next 5 years (between 2016 and 2020), 34.4 GW of summer capacity is
planned to be retired, and 79 percent of this planned retirement capacity are coal
and natural gas plants (49 percent and 30 percent, respectively). The next largest
set of planned retirements are nuclear plants (15 percent).
'ransforming the Nation 's Electricity Systemt the Second Installment of the Quadrennial Energy Review, January
6, 2017 (January 2017 QER).
'anuary 2017 QER at 3-73.
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The "Staff Report to the Secretary on Electricity Markets and Reliability" ("DOE
Staff Report")3 also discusses the large number of fuel-secure plants that have retired or
are scheduled to retire:
~
~
~
~
~

Between 2002 and 2016, 531 coal generating units representing approximately
59,000 MW of generation capacity retired from the U.S. generation fleet.
EIA reported that coal-fired power plants made up more than 80 percent of the
1$,000 MW of electric generating capacity that retired in 2015.s
It is anticipated that approximately 12,700 MW of coal generation will retire
through 2020 s

Between 2002 and 2016, 4,666 MW of nuclear generating capacity was
announced for retirement, or approximately 4.7 percent of the U.S. total.t
Eight reactors representing 7,167 MW of nuclear capacity (7.2 percent of U.S.
nuclear capacity and 0.6 percent of total U.S. generating capacity) have
announced retirement plans since 2016. This does not include seven reactors that
averted early retirement through state action.

C. The 2014 Polar Vortex Exposed Problems With the Resiliency of the Electric Grid
In early 2014, the Polar Vortex (a band of very cold weather spread across much of the
eastern and central United States) created record-high winter peak electric demand for heating
and equally high demand for natural gas for residential heating. During the Polar Vortex, PJM
Interconnection ("PJM")9 struggled to meet demand for electricity because a significant amount
of generation was not available to run. According to the DOE Staff Report, the loss of generation
capacity could have been catastrophic, but a number of fuel-secure plants that were scheduled for
retirement were called upon to meet the need for electricity.
American Electric Power reported that it deployed 89 percent of its coal units
scheduled for retirement in 2014 to meet demand during the Polar Vortex, and
Southern Company reported using 75 percent of its coal units scheduled for
closure. Using these retiring units enabled utilities to meet customer demand
during a period when already limited natural gas resources were diverted from

'.S.

Department of Energy, Sta+Report io the Secretary on Electricity /r/ar/tais and Reliability, August 2017
(DOE Sla+Report).
4
DOE Sta+Repor/ at 22.
s DOE Sta+Report at
22, citing U.S. Energy Information Administration, Today in Energy, March 8, 2016. More
recent EIA data shows an overall larger amount of 2015 generation capacity retirements (25,400 MW), of which
coal-fired power plants made up 72%. EIA Monthly Update io the Annual Electric Genera/or Report, Form EIA-

860m, March 2017.
s U.S. Energy Information Administration (EIA), Monthly Update io the Annual Electric Generator Repori, Form
EIA-860m, June 2017, https://www.eta.gov/electricity/data/eta860m/.

t DOE S/a+Report at 29.
'OE Sta+Repor/ at 30.
v

PJM Interconnection
Columbia.

is the regional transmission

organization

("RTO") serving thirteen states and the District of
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electricity production to meet residential heating needs. Once retired, however,
these units will not be available for the next unseasonably cold
winter.'ikewise,

the DOE Staff Report notes that "overall nuclear generators performed extremely well
the
Polar Vortex, with an average capacity factor of 95 percent.""
during

Sixty-five million people within the PJM footprint could have been affected if these units
were not available. The 2014 Polar Vortex was a warning that the current and scheduled
retirements of fuel-secure plants could threaten the reliability and resiliency of the electric
grid.'.

Regulated Wholesale Power Markets Are Not Adequately Pricing Resiliency
Attributes of Fuel-Secure Power
There is a growing recognition that organized markets do not necessarily pay generators
for all the attributes that they provide to the grid, including resiliency. Because wholesale pricing
in those markets does not adequately consider or accurately value those benefits, fuel-secure
generation resources are often not compensated for those benefits.

The January 2017 QER summarizes the problem of how regulated wholesale
markets are not adequately pricing resiliency attributes of fuel-secure generation.
Reliability investments are typically incorporated into ratemaking processes for
all electric utilities. Supplementary investments for recovery from outage events
also are handled through established ratemaking processes. Resilience
requirements tend to be valued as contributions to reliability and incorporated as
part of ratemaking processe. These processes are more easily executed in
structures that are traditional end-to-end, vertically integrated electricity delivery
services; other market structures complicate reliability and resilience investment
decision-making. Short-run markets mav not nrovide adeouate nrice sianals to
ensure iona-term investments in annronriatelv confiaured canacitv. Also. resource
valuations tend not to incoroorate sunerordinate network and/or social values such
as enhancina resilience into resource or
investment decision makina. The
increased imnortance of svstem resilience to overall arid reliabilitv mav reouire
adiustments to market mechanisms that enable better valuation.'

...

recent study by IHS Markit amplifies the same point: "the increasing cost of ensuring
power system resilience is exposing the problem that some current wholesale market
price formation rules do not fully compensate generating resources for providing the
desired power system supply resiliency."'4

'OE StaJf Repott, at 98 (internal citations
95 (internal citations omitted).
'OE Sta+Report, at 98-99, 118.

"January

omitted).

20 1 7 QER, at 4-41 (emphasis added).

'4 1HS Markit, "Ensuring Resilient and EAicient Electricity Generation: The Value

supply portfolio" at

8.

of the

current diverse US power
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E. The Preservation of Generation

Diversity Will Benefit Consumers

The IHS Markit study also concludes that preservation of generation diversity
provided by fuel-secure resources benefits consumers: "The current diversified US
electric supply portfolio lowers the cost of electricity production by about $ 114 billion
per year and lowers the average retail price of electricity by 27%" compared with a "less
eflicient diversity case" involving "no meaningful contributions from coal or nuclear

resources.""

F. NERC Warns That Premature Retirements of Fuel-Secure Generation
Threaten the Reliability and Resiliency of the Bulk Power System
The North American Electric Reliability Corporation (NERC) (the FERC-designated
Electric Reliability Organization), whose mission is to assure the reliability and security of the
bulk power system in North America, states:
The North American electric power system is undergoing a rapid and significant
transformation with ongoing retirements of fossil-fired and nuclear capacity, as
well as growth in natural gas, wind, and solar resources. This shift is caused by
several drivers, such as federal, state, and provincial policies, low natural gas
prices, electricity market forces, and integration of both distributed and utilityscale renewable resources. The chanaina resource mix is aiterinu the oneratina
characteristics of the bulk nower svstem (BPS't. These chanrdna characteristics
must be well understood and nronerlv manaaed in order to assure continued
reliabilitv and ensure
resiliencv.'pecifically,

"Coal-fired and nuclear generation have the added benefits of high availability rate,
low forced outages, and secured on-site fuel. Many months of on-site fuel allow these units to
operated in a manner independent

of supply

chain

disruptions."'s

a consequence, NERC warns, "Premature retirements
generating stations reduces resilience to fuel supply

of fuel secure baseload

disruptions."'.

The DOE Staff Report Made Clear the Challenges to the Grid and That Resiliency
Must Be Addressed
The DOE Staff Report confirms these observations.and exposes the potential challenges
and threats to the reliability and resiliency of the electric grid, as well as the economic hardship
faced by some of the most resilient types of generation. Among other things, the DOE Staff
Report wams that premature retirements of fuel-secure resources impose serious risks:

"ld. at 4-5.
'ERC

Letter to Secretary
Assessments" (Synopsis) at
"NERC, Synopsis at 2.
NERC, Synopsis at 3.

"

of Energy Rick

l.

Perry, May 9, 2017, Attachment "Synopsis

of NERC

Reliability
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Ultimately, the continued closure of traditional baseload power plants calls for a
comprehensive strategy for long-term reliability and resilience. States and regions
are accepting increased risks that could affect the future reliability and resilience
of electricity delivery for consumers in their regions. Hydropower, nuclear, coal,
and natural gas power plants provide ERS [("essential reliability services")] and
fuel assurance critical to system resilience. A continual comprehensive regional
and national review is needed to determine how a portfolio of domestic energy
resources can be developed to ensure grid reliability and
resilience.'he

DOE Staff Report also recognizes that "system fuel supply chain disruptions can
impact many generators during a single widespread fuel shortage event," and that
"Nuclear and coal plants typically have advantages associated with onsite fuel
storage...." In light of these facts, the DOE Staff Report calls for prompt action:
Markets need further study and reform to address future services essential to grid
reliability and resilience. System operators are working toward recognizing,
defining, and compensating for resource attributes that enhance reliability and
resilience (on both the supply and demand side). However, further efforts should
reflect the ~ur enr need for clear definitions of reliability- and resilience-enhancing
attributes and should ttuicklv establish the market means to value or the regulatory
means to provide them.
'he

DOE Staff Report's first recommendation for protecting the resiliency of the electric
grid is to correct distortions in price formation in the organized markets:

FERC should expedite its efforts with states, RTO/ISOs, and other stakeholders to
improve energy price formation in centrally-organized wholesale electricity
markets. After several years of fact finding and technical conferences, the record
now supports energy price formation reform, such as the proposals laid out by
PJM and others.

H. Congress is Concerned About the Potential Loss of Valuable Generation Resources
In July 2015, the chairmen of the Senate Committee on Energy and Natural Resources,
the House Committee on Energy and Commerce, and the House Subcommittee on Energy and
Power, sent correspondence to the Commission about challenges in the Commission-approved
The chairmen expressed their concern that "[v]aluable baseload
organized electricity markets.

""StaffReport

to the Secretary on Electricity Markets and Reliability," U.S. Department of Energy, August 2017 at
14 (emphasis added).
~ DOE Sta+Reporg at 91. For example, "coal plants... maintain onsite coal stockpiles to accommodate both
normal variance in deliveries and the possibility of a major supply disruption. Coal stockpiles have recently been
slightly smaller than historical averages, while days of burn have increased slightly relative to historic averages from
the 70-80 range to the 85-100-day range." Id., at 95.
Id., at 10 (emphasis added).
~ Id., at 126 (internal citations omitted).
Letter from Fred Upton, Lisa Murkowski, and Ed Whitfield, U.S. Congress, to Norman Bay, Chairman, FERC
(July 8, 2015).

"
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power plants in these markets, including reliable nuclear and coal-[fired] plants, are facing
premature retirement."

More specifically, the Chairmen's letter stated: "There are growing indications that
owners and operators of major baseload power plants are facing imminent decisions regarding
"broad scale premature retirements of otherwise
their continued economic viability"
performing baseload units because of market rules rather than market forces would represent
failure of regulation."
The letter made clear that electricity market prices for energy and
capacity should reflect the "true marginal cost of supply, promote necessary investment, and
produce meaningful price signals that clearly indicate where new supply and investment are

'nd

—

—

needed.... n'

The FERC is Cognizant of the Problem and Has the Necessary Information On
Which to Act Expeditiously
Over the past several years, the Commission has developed an extensive record on price
formation in the Commission-approved
ISOs and RTOs. The Commission has recognized that
there are deficiencies in the way the regulated wholesale power markets price power (i.e.,
energy, capacity, and ancillary services) and that these deficiencies are undermining reliability
and resiliency.
Beginning in June 2013, the Commission recognized the changing mix of generation
resources, determined that existing capacity markets were not providing a sufficiently reliable
supply of electricity, predicted the loss of fuel-secure generation, and sought input from the
public through proceedings on price formation in the organized markets. In a 2013 technical
conference, FERC explained:

The purpose

of the technical conference is to consider

how current centralized capacity
market rules and structures are supporting the procurement and retention of resources
necessary to meet future reliability and operational needs. Since their establishment,
centralized capacity markets have continued to evolve. Meanwhile, the mix of resources
is also evolving in response to changing market conditions, including low natural gas
prices, state and federal policies encouraging the entry of renewable resources and other
specific technologies, and the retirement of aging generation resources. This changing
resource mix may result in future reliability and operational needs that are different than
those of the past."
In December 2014, P JM requested that the Commission issue an order approving P JM's
revisions to its capacity market rules to require resources participating in the capacity market to

24

Id.

n Id.
24
Id
22

Id.
FERC, Centralized Capacity Markets in Regional Transmission Organizations and Independent System Operators,
Docket No. AD13-7-000, p. l.
24
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honor contractual commitments to deliver electricity at any time of the year.zs The Commission
determined that the existing capacity market was not providing a sufficiently reliable supply of
electricity and, to remedy this urgent shortfall, accepted PJM's proposed market rule changes.
FERC's order was recently upheld by the D.C. Circuit in Advanced Energy Management
Alliance v. FERC, D.C. Cir. (June 30, 2017).

A year after its initial 2013 proceeding, the Commission initiated a proceeding in June
2014, entitled "Price Formation in Energy and Ancillary Services Markets in Regional
Transmission Organizations and Independent System Operators" ("Price Formation Proceeding"
to evaluate issues regarding price formation in the energy and ancillary services markets
operated by RTOs and ISOs. In a December 2014 staff analysis for this proceeding, the FERC
Staff observes that "All RTOs and ISOs have identified a class of reliability and operational
issues that are incorporated into the day-ahead and real-time market processes but which are not
reflected in day-ahead and real-time energy and ancillary services prices."
'he

Price Formation Proceeding resulted in a number of additional proceedings and
rulemakings, some of which are described below:
~

In November 2016, under Order No. 825, "Settlement Intervals and Shortage Pricing in
Markets Operated by Regional Transmission Organizations and Independent System
Operators," the Commission directed reforms to settlement intervals and shortage pricing
to more accurately compensate resources based on the value they provide the system.sz

~

In November 2016, pursuant to a NOPR entitled "Essential Reliability Services and the
Evolving Bulk-Power System
Primary Frequency Response," the Commission
proposed a rule to require all newly interconnecting large and small generating facilities,
both synchronous and non-synchronous, to install and enable primary frequency response
capability as a condition of interconnection.

~

In December 2016, under Order 831, "Offer Caps in Markets Operated by Regional
Transmission Organizations and Independent System Operators," the Commission raised
existing caps on energy market offers and allowed those higher-price offers to set market
clearing prices.ss

—

~ 151 FERC g 61 208, "PJM interconnection,

L L C.,Order on Proposed Tariff Revisions" (2015); rehearing
denied, PJM Interconnection, L.L.C., Order on Rehearing and Compliance, 155 FERC $ 61,157 (2016).
"Price Formation in Energy and Ancillary Services Markets in Regional Transmission Organizations and
Independent System Operators", Docket No. AD14-14-000, June 2014.
"Staff Analysis of Operator-Initiated Commitments in RTO and ISO Markets", Price Formation in Organized
Wholesale Electricity Markets, [Docket No. AD14-14-000], December 2014 at 5.
ts 155 FERC 61,276; 18 CFR Part 35 [Docket No. RM15-24-000, Order No. 825] Settlement Intervals and
1[
Shortage Pricing in Markets Operated by Regional Transmission Organizations and Independent System Operators
(Issued June 16, 2016).
157 FERC I 61,122, Essential Reliability Services and the Evolving Bulk-Power System Primary Frequency
Response, Notice of Proposed Rulemaking (November 17, 2016).
~ 157 FERC 1[61,115,18 CFR Part 35 [Docket No. RM16-5-000; Order No. 831] Offer Caps in Markets Operated
by Regional Transmission Organizations and Independent System Operators (November 17, 2016).

"

"

"

—

)
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~

In December 2016, pursuant to a NOPR entitled "Fast-Start Pricing in Markets Operated
by Regional Transmission Organizations and Independent System Operators," the
Commission proposed revising its regulations to require RTOs and ISOs to incorporate
market rules that properly price fast-start resources." As stated in the NOPR, the
proposed Fast-Start Pricing "should lead to prices that more transparently reflect the
marginal cost of serving load, which will reduce uplift costs and thereby improve price
signals to support efficient investments."

~

In January 2017, the Commission issued a NOPR entitled "Uplift Cost Allocation and
Transparency in Markets Operated by Regional Transmission Organizations and
Independent System Operators." Among other things, this proposed rule would require
that "each regional transmission organization (RTO) and independent system operator
(ISO) that currently allocates the costs of real-time up[i[I due to deviations should
allocate such real-time uplift costs only to those market participants whose transactions
are reasonably expected to have caused the real-time uplift costs." This NOPR
establishes that the goals of the price formation in the proceeding are to:
market surplus for consumers and suppliers;
correct
incentives for market participants to follow commitment and dispatch
(2) provide
instructions, make efficient investments in facilities and equipment, and maintain

(1) maximize

reliability;
(3) provide transparency so that market participants understand how prices reflect the
actual marginal cost of serving load and the operational constraints of reliably
operating the system; and
(4) ensure that all suppliers have an opportunity to recover their costs.
Through these proceedings, the Commission has developed an extensive record on price
formation in the Commission approved ISOs and RTOs. Nevertheless, the fundamental
challenge of maintaining a resilient electric grid has not been sufflcient[y addressed by the
Commission or the ISOs and RTOs. The continued loss of fuel-secure generation must be
stopped. These generation resources are necessary to maintain the resiliency of the electric grid.
FERC must adopt rules requiring the Commission-approved ISOs and RTOs to reduce the
chronic distortion of the markets that is threatening the resilience of the Nation's electricity
system.

"157 FERC $ 61,213, 18 CFR

Part 35 [Docket No. RM17-3-000] Fast-Start Pricing in Markets Operated by
Organizations and Independent System Operators (December 15, 2016).
rs 157 FERC 61,213, 18 CFR Part 35 [Docket No. RM 17-3-000] Fast-Start Pricing in Markets Operated
by
$
Regional Transmission Organizations and Independent System Operators (December 15, 2016), at l.
158 FERC 5 61,047 Federal Energy Regulatory Commission, 18 CFR Part 35 [Docket No. RM17-2-000] Uplift
Cost Allocation and Transparency in Markets Operated by Regional Transmission Organizations and Independent
System Operators (January 19, 2017).
Id. at 1.
158 FERC $ 61,047 Federal Energy Regulatory Commission, 8 CFR Part 35 [Docket No. RM17-2-000] Uplin
Cost Allocation and Transparency in Markets Operated by Regional Transmission Organizations and Independent
System Operators (January 19, 2017) at 5, para 6.
Regional Transmission

"

"

!
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III.

Pronosal

In light of these threats to grid reliability and resilience, it is the Commission's immediate
responsibility to take action to ensure that the reliability and resiliency attributes of generation
with on-site fuel supplies are fully valued and in particular to exercise its authority to develop
new market rules that will achieve this urgent objective.

The recent Polar Vortex, as well as the devastation from Superstorm Sandy and
Hurricanes Harvey, Irma, and Maria, reinforces the urgency that the Commission must act now.
Moreover, the Commission should take action before the winter heating season begins so as to
as almost
prevent the potential failure of the grid from the loss of fuel-secure generation
happened during the 2014 Polar Vortex.

—

As outlined above, the Commission has developed a vast record of comments, hearings,
and technical conferences on price formation matters, but has not done enough to address the
crisis at hand. Immediate action is necessary to ensure fair compensation in order to stop the
imminent loss of generators with on-site fuel supplies, and thereby preserve the benefits of
generation diversity and avoid the severe consequences that additional shut-downs would have
on the electric grid.
Over the past few years, the Commission has been considering various aspects of
accurate price formation within Commission-approved
organized markets in its ongoing price
formation docket. Throughout these proceedings the Commission has declared that a key goal of
price formation is to "ensure that all suppliers have an opportunity to recover their costs.'" The
Commission has conducted technical conferences, sought and received significant stakeholder
and public input, and issued and approved several market rule changes to accomplish these goals.

Today, pursuant to the Secretary's authority under Section 403 of the Department of
Energy Organization Act (42 USC 7173), the Secretary is directing the Commission to issue a
final rule requiring its organized markets to develop and implement market rules that accurately
price generation resources necessary to maintain the reliability and resiliency of our Nation's
bulk power system.

The proposed rule allows for the recovery of costs of fuel-secure generation units
frequently relied upon to make our grid reliable and resilient. Such resources provide reliable
in addition
capacity, resilient generation, frequency and voltage support, on-site fuel inventory
to providing power for our basic needs, quality of life, and robust economy. The rule allows the
full recovery of costs of certain eligible units physically located within the Commissionapproved organized markets. Eligible units must also be able to provide essential energy and
ancillary reliability services and have a 90-day fuel supply on site in the event of supply
disruptions caused by emergencies, extreme weather, or natural or man-made disasters. These
resources must be compliant with all applicable environmental regulations and are not subject to

—

~ FERC's Price

Formation in Energy and Ancillary Services Markets Operated by Regional Transmission
and Independent System Operators; Docket No. AD14-14-000; NOTICE INVITING POSTTECHNICAL WORKSHOP COMMENTS (January I 6, 2015), Post-Technical Conference Questions for Comment
at l.
Organizations
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cost-of-service rate regulation by any State or local authority. The rule requires the organized
markets to establish just and reasonable rate tariffs for the recovery of costs and a fair rate of
return.

IV.

Procedures for Comnletion of Final Action

a. Deadlines
Pursuant to section 403(b) of the DOE Act, the Secretary is requiring the Commission to
consider and take final action on the proposed rule herein within 60 days from the date of the
publication of this NOPR in the Federal Register. As an alternative, the Secretary urges the
Commission to issue the rule proposed herein as an interim final rule, effective immediately,
with provision for later modifications after consideration of public comments. The Secretary
further directs that any final rule adopting this proposal take effect within 30 days of publication
of such final rule in the Federal Register.

b. Comment Procedures
To ensure that the Commission completes final action on this proposed rule within the
deadline provided, it will be necessary to provide for the solicitation and review of public
comments prior to the Commission's final action. To facilitate such comment process, the
Commission is invited to issue a notice providing for such process within two business days of
the publication of this notice in the Federal Register. If the Commission does not do so, the
following comment process will take effect:
Interested persons are invited to submit comments on the matters and issues proposed in
this notice to be adopted. Comments are due [INSERT DATE 45 days after publication in the
FEDERAL REGISTER]. Comments must refer to Commission Docket No. RM17-3-000, and
must include the commenter's name, the organization they represent, if applicable, and their
address in their comments.

It is encouraged that comments be filed electronically via the eFiling link on the
Commission's web site at http: //www.fere.gov. The Commission accepts most standard word
processing formats. Documents created electronically using word processing sofiware should be
filed in native applications or print-to-PDF format and not in a scanned format. Commenters
filing electronically do not need to make a paper filing.
Commenters that are not able to file comments electronically must send an original of
their comments to: Federal Energy Regulatory Commission, Secretary of the Commission, 888
First Street NE, Washington, DC 20426.
All comments will be placed in the Commission's public files and may be viewed,
printed, or downloaded remotely as described in the Document Availability section below.
Commenters on this proposal are not required to serve copies of their comments on other
commenters.
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c. Compliance Filings
The Secretary further proposes that any final rule issued by the Commission pursuant to
RTO and ISO shall submit a
this notice shall provide that each Commission-approved
compliance filing, including a revised tariff pursuant to section 205 of the Federal Power Act,
within 15 days of the effective date of the final rule to demonstrate that it meets the proposed
requirements set forth in any Final Rule. This compliance deadline is for each RTO and ISO to
submit proposed tariff changes or otherwise demonstrate compliance with any Final Rule.
Implementing the reforms required by any Final Rule in this proceeding may be a complex
endeavor. However, implementation of these reforms is important to ensure rates remain just and
reasonable. Therefore, it is proposed that tariff changes filed in response to a Final Rule in this
proceeding must become effective no more than 15 days after compliance filings are due.

To the extent that any RTO or ISO believes that it already complies with the reforms
proposed in this NOPR, the RTO or ISO would be required to demonstrate how it complies in
the compliance filing required 15 days afier the effective date of any Final Rule in this
proceeding. To the extent that any RTO or ISO seeks to argue on compliance that its existing
market rules are consistent with or superior to the reforms adopted in any Final Rule, the
Commission has the ability entertain such arguments at that

time.4'.

Statutorv and Reuulatorv Review
Section 403(a) of the DOE Act authorizes the Secretary of Energy to propose rules with
respect to any function within the jurisdiction of the Commission. Section 403(b) of that Act
pmvides that the Commission shall have exclusive jurisdiction over such proposals.
Accordingly, although the proposal is that of the Secretary of Energy, the Commission is the
agency which will take final action on this proposed rulemaking. Therefore, the Commission is
the appropriate agency to comply with the statutory, regulatory or Executive Order requirements
which arise in connection with this rulemaking. To the extent a statute, regulation, or Executive
Order requires action before the issuance of a final rule, the Commission should take such action
in sufficient time to permit adoption of a final rule within the deadline for final action set forth
above.

To the extent that a NOPR
include certain information,

—in the event the Commission

were to issue one

—
would

included below are the following:

Information Collection Statement
The Paperwork Reduction Act (PRA) requires each federal agency to seek and obtain
Office of Management and Budget (OMB) approval before undertaking a collection of

o See, e.g., Order

No. 825, FERC Stats. dt Regs. $ 31,384 at P 72; Demand Response Compensation in Organized
Wholesale Energy Markets, Order No. 745, FERC Stats. dt Regs. I 31,322, at P 4 dt n.7, order on reh'g and
clarification, Order No. 745-A, 137 FERC $ 61,215 (2011), reh'g denied, Order No. 745-8, 138 FERC g 61,148
(2012), vacated snb nom. Elec. Power Supply Ass 'n v. FERC, 753 F.3d 216 (D.C. Cir. 2014), rev'd dt remanded sob
nom. FERCv. Elec. Power Supply Ass'n, 136 S. Ct. 760 (2016).

4'4 U.S.C. I 3507(d).

13

20171002-0006 FERC PDF (Unofficial) 09/29/2017

information directed to ten or more persons or contained in a rule of general applicability. OMB
regulations
require approval of certain information collection requirements imposed by agency
rules. Upon approval of a collection of information, OMB will assign an OMB control number
and an expiration date. Respondents subject to the filing requirements of an agency rule will not
be penalized for failing to respond to the collection of information unless the collection of
information displays a valid OMB control number.

Similar to other recently issued rules in its price formation docket, the reforms proposed
in this NOPR would amend the Commission's regulations to improve the operation of organized
wholesale electric power markets operated by RTOs and ISOs. The reforms proposed in this
NOPR would require each RTO and ISO to implement market rules that meet certain
requirements for pricing resiliency resources. The reforms proposed in this NOPR would require
one-time filings of tariffs with the Commission and potential software upgrades to implement the
reforms proposed in this NOPR. DOE anticipates the reforms proposed in this NOPR, once
implemented, would not significantly change currently existing burdens on an ongoing basis.
With regard to those RTOs and ISOs that believe that they already comply with the reforms
proposed in this NOPR, they could demonstrate their compliance in the compliance filing
required 15 days after the effective date of any Final Rule in this proceeding. The Commission
will submit the proposed reporting requirements to OMB for its review and approval under
section 3507(d) of the Paperwork Reduction Act.~
While the DOE expects the adoption of the reforms proposed in this NOPR to provide
significant benefits, the DOE understands implementation can be a complex endeavor.
Comments are sought on the accuracy of provided burden and cost estimates and any suggested
methods for minimizing the respondents'urdens,
including the use of automated information
techniques. Specifically, detailed comments are sought on the potential cost and time necessary
to implement aspects of the reforms proposed in this NOPR, including (I) hardware, sofiware,
and business processes changes; and (2) processes for RTOs/ISOs to vet proposed changes
amongst their stakeholders.
Burden Estimate s: The DOE believes that the burden estimates below are representative of the
average burden on respondents, including necessary communications with stakeholders. The
estimated burden and cost for the requirements contained in this NOPR follow.
4'

~ 44 U.S.C.I J 3507(d) (2012).
C.F.R. 1320.

re Burden
means the total time, effort,

or financial resources expended by persons to generate, maintain, retain,
disclose, or provide information to or for a federal agency, including:
(ii) Developing, acquiring, installing, and
utilizing technology and systems for the purpose of collecting, validating, and verifying information; (iii)
Developing, acquiring, installing, and utilizing technology and systems for the purpose of processing and
maintaining information; (iv) Developing, acquiring, installing, and utilizing technology and systems for the purpose
of disclosing and providing information...." 5 C.F.R. I 1320.3(b)(l) (2016). The time, effort, and financial
resources necessary to comply with a collection of information that would be incurred by persons in the normal
course of their activities (e.g., in compiling and maintaining business records) will be excluded from the "burden" if
the agency demonstmtes that the reporting, recordkeeping, or disclosure activities needed to comply are usual and
customary.
~ This estimate is based on the Commission's estimate used by the Commission in 157 FERC $ 61,213, 18 CFR
Part 35 [Docket No. RM17-3-000] Fast-Start Pricing in Markets Operated by Regional Transmission Organizations
and Independent System Operators (December 15, 2016)]. For this information collection, the Commission staff

"...
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Number of
Respondents

Annual
Number

(I)

Responses
per
Respondent

Total

of

Number of
Responses

(I) (2)=(3)

(2)

Total

Cost per

Annual

Respondent

Cost Per
Response

Burden
Hours db
Total

($)
(5)-:(I)

(4)

Annual

Average
Burden
Hours db

Cost

(3)'(4)
Tariff filing
costs

6

Implementation

6

costs

TOTAL (onetime in Year I)

$0 hours,
$5,920
3,$53

=(5)
480 hours,
$35,520
23,118

hours,

hours,

$285,122 $ 1,710,732
23,598
3,933
$291,042
hours,

hours,

$291,042

$ 1,746,252

Cost to Comnlv: The DOE has projected the total cost of compliance, all within six months of a
Final Rule plus initial implementation, to be $ 1,746,252. After Year I, the reforms proposed in
this NOPR, once implemented, would not significantly change existing burdens on an ongoing
basis.
Title: FERC- . NOPR in RM17-3-000
Action: Proposed revisions to an information collection.
OMB Control No.: [TBD].
Respondents for this Ruletnairing: RTOs and ISOs.

Frequency of Information: One-time during year one.
Necessity ofInformation: The DOE proposes this rule to improve competitive wholesale electric
markets in the RTO and ISO regions.
Internal Review: The DOE has reviewed the proposed changes and has determined that the
changes are necessary. These requirements conform to the Commission's need for efficient
information collection, communication, and management within the energy industry. This
estimate is based on the Commission's estimate in the NOPR for "Fast-Start Pricing in Markets
Operated by Regional Transmission Organizations and Independent System Operators'~7 and
DOE believes that the proposed NOPR is similar and would impose similar burden associated
with the information collection requirements.

estimates that industry is similarly situated in terms of hourly cost (wages plus benefits). Based on the
Commission's average cost (wages plus benefits) for 2016, the Commission is using $74.50/hour.
w 157 FERC 61,213, 18 CFR Part 35 [Docket No. RM17-3-000], Fast-Start Pricing in Markets Operated
by
Il
Regional Transmission Organizations and independent System Operators (December 15, 2016).
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Interested persons may obtain information on the reporting requirements by contacting the
following: Federal Energy Regulatory Commission, 888 First Street, NE, Washington, DC
20426,
Office of the Executive Director, email: DataClearancefere.gov,
. fax:
Phone:
.Comments on the collection of information and the associated burden
estimate in the proposed rule should be sent to the Commission in this docket and may also be
sent to the Office of Information and Regulatory Affairs, Office of Management and Budget, 725
17th Street, NW, Washington, DC 20503 [Attention: Desk Officer for the Federal Energy
Regulatory Commission], at the following e-mail address: oira submissionlomb.eop.gov.
Please refer to Docket No.: RM17-3,
OMB Control No.
in your
submission.

Attention:,

FERC-,

Environmental

Analysis

Though the Commission is required to prepare an Environmental Assessment or an
Environmental Impact Statement for any action that may have a significant adverse effect on the
human environment,
the Commission has previously concluded
that neither an Environmental
Assessment nor an Environmental Impact Statement is required for a NOPR under section
380.4(a)(15) of the Commission's regulations, which provides a categorical exemption for
approval of actions under sections 205 and 206 of the FPA relating to the filing of schedules
containing all rates and charges for the transmission or sale of electric energy subject to the
Commission's jurisdiction, plus the classification, practices, contracts and regulations that affect
rates, charges, classifications, and services. This NOPR would require an exercise of the
Commission's authority under sections 205 and 206 of the FPA.

Regulatory Flexibility Act
The Regulatory Flexibility Act of 1980 (RFA) 'enerally requires a description and
analysis of proposed rules that will have significant economic impact on a substantial number of
small entities. The RFA does not mandate any particular outcome in a rulemaking. It only
requires consideration of alternatives that are less burdensome to small entities and an agency
explanation of why alternatives were rejected. The Small Business Administration's (SBA)
Office of Size Standards develops the numerical definition of a small business. These standards
are provided on the SBA website.

The SBA classifies an entity as an electric utility if it is primarily engaged in the
generation and/or distribution of electric energy for sale. Under this definition, the
six RTOs/ISOs are considered electric utilities, specifically focused on electric bulk power and

transmission,

ra Regulations

Implementing the National Environmental Policy Act of 1969, Order No. 486, FERC Stats. k. Regs. 5
30,783 (1987).
157 FERC $ 61,213, 18 CFR Part 35 [Docket No. RM17-3-000] Fast-Start Pricing in Markets Operated by
Regional Transmission Organizations and Independent System Operators (December 15, 2016)] at para. 73.
ss 18 C.F.R. 380.4(a)(15).

i' U.S.C. 601-12.
ss 13 C.F.R. 121.101.

ii U.S. Small Business Administration,

Table of Small Business Size Standards Matched to North American
Industry Classification System Codes (effective Feb. 26, 2016),
https://www.sba.gov/sites/default/files/files/Size
Standards Table.pdf.
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control. The size criterion for a small electric utility is 500 or fewer employees.s
RTO/ISO has more than 500 employees, none are considered small entities.

Since every

Furthermore, because of their pivotal roles in wholesale electric power markets in their
regions, none of the RTOs/ISOs meet the last criterion of the two-part RFA definition of a small
entity: "not dominant in its field of operation." As a result, we certify that the reforms required
by this NOPR would not have a significant economic impact on a substantial number of small
entities.

Document Availability
In addition to publishing the full text of this document in the Federal Register, the
Commission provides all interested persons an opportunity to view and/or print the contents of
this document via the Internet through the Commission's Home Page (http: //www.fere.gov) and
in the Commission's Public Reference Room during normal business hours (8:30 a.m. to 5:00
p.m. Eastern time) at 888 First Street NE, Room 2A, Washington, DC 20426.
From the Commission's Home Page on the Internet, this information is available on
eLibrary. The full text of this document is available on eLibrary in PDF and Microsoft Word
format for viewing, printing, and/or downloading. To access this document in eLibrary, type the
docket number excluding the last three digits of this document in the docket number field.
83. User assistance is available for eLibrary and the Commission's website during normal
business hours from the Commission's Online Support at (202) 502-6652 (toll free at 1-866-2083676) or email at ferconlinesupport@ferc.gov, or the Public Reference Room at (202) 502-8371,
TTY (202) 502-8659. E-mail the Public Reference Room at public.referenceroomfere.gov.

VI.

Annroval of the Office of the Secretarv

The Secretary

of Energy

has approved the publication

of this

proposed rule.

List of Subjects in 10 CFR Part 35
Electric power rates, Electric utilities.

Issued in Washington,

DC, on September 28, 2017

Rick Perry
Secretary

of Energy

'" 13 CFR 121.201 (Sector 22, Utilities).

"

The RFA definition of "small entity" refers to the definition provided in the Small Business Act, which defines a
"small business concern" as a business that is independently owned and operated and that is not dominant in its field
of operation. The Small Business Administration's regulations at 13 CFR 121.201 define the threshold for a small
Electric Bulk Power Transmission and Control entity (NAICS code 221121) to be 500 employees. See 5 U.S.C.
601(3) (citing to section 3 of the Small Business Act, 15 U.S.C. 632).
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For the reasons stated in the preamble, DOE proposes that FERC amend part 35, chapter I of
title 18, subchapter B, Code of Federal Regulations as set forth below:

35.2$ Non-discriminatory

Amend Section

s

e

open access transmission

tariff.

\II

PART 35 —FILING OF RATE SCHEDULES AND TARIFFS

1. The

authority citation for part 35 continues to read as follows:

Authority:

2. Amend

16 U.S.C. 791a-825r; 2601-2645; 31 U.S.C. 9701; 42 U.S.C. 7101-7352.

f 35.28 as follows:

Add a new paragraph
tj

35.28 Non-discriminatory

(g)(10).
open access transmission

(g) Tariffs and operations of Commission-approved
transmission

tariff.

independent

system operators and regional

organizations.

(12) Pricing eligible grid reliability and resiliency resources.
(i) Deftnition of eligible grid reliability and resiliency resources. An eligible grid reliability and
resiliency resource is any resource that:

(A) is an electric generation resource physically located within a Commission-approved
independent system operator or regional transmission organization;

(B) is able to provide essential energy and ancillary reliability services, including but not limited
to voltage support, frequency services, operating reserves, and reactive power;
(C) has a 90-day fuel supply on site enabling it to operate during an emergency, extreme weather
conditions, or a natural or man-made disaster;
(D) is compliant with all applicable federal, state, and local environmental
regulations;

laws, rules, and

and

(E) is not subject to cost of service rate regulation by any state or local regulatory authority.
The requirements of this rule shall apply to Commission-approved
independent system operators or regional transmission organizations with a day-ahead and a realtime market or the functional equivalent. The application of this rule must be consistent between
the day-ahead and real-time markets.

(ii) Scope

of application.
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(iii) Reliability and resiliency rate. Each Commission-approved independent system operator or
regional transmission organization shall establish a tariff that provides a just and reasonable rate
for the (A) purchase of electric energy from an eligible reliability and resiliency resource and (B)
recovery of costs and a return on equity for such resource dispatched during grid operations. The
just and reasonable rate shall include pricing to ensure that each eligible resource is fully
compensated for the benefits and services it provides to grid operations, including reliability,
resiliency, and on-site fuel assurance, and that each eligible resource recovers its fully allocated
costs and a fair return on equity.
(iv) Reliability and resiliency costs. Compensable costs shall include, but not be limited to,
operating and fuel expenses, costs of capital and debt, and a fair return on equity and investment.
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162 FERC ¶ 61,012
UNITED STATES OF AMERICA
FEDERAL ENERGY REGULATORY COMMISSION
Before Commissioners: Kevin J. McIntyre, Chairman;
Cheryl A. LaFleur, Neil Chatterjee,
Robert F. Powelson, and Richard Glick.
Grid Reliability and Resilience Pricing
Grid Resilience in Regional Transmission Organizations
and Independent System Operators

Docket Nos. RM18-1-000
AD18-7-000

ORDER TERMINATING RULEMAKING PROCEEDING,
INITIATING NEW PROCEEDING,
AND ESTABLISHING ADDITIONAL PROCEDURES
(Issued January 8, 2018)
1.
The Commission previously has taken steps with regard to reliability and other
matters that have helped to address the resilience of the bulk power system. The
Commission recognizes that we must remain vigilant with respect to resilience
challenges, because affordable and reliable electricity is vital to the country’s economic
and national security. As explained below, we are terminating the proceeding we
initiated in Docket No. RM18-1-000 to address the Proposed Rule on Grid Reliability and
Resilience Pricing (Proposed Rule) submitted to the Commission by the Secretary of
Energy. 1 Nonetheless, we appreciate the Secretary reinforcing the resilience of the bulk
power system as an important issue that warrants further attention. To that end, we are
initiating a new proceeding in Docket No. AD18-7-000 to specifically evaluate the
resilience of the bulk power system in the regions operated by regional transmission
organizations (RTO) and independent system operators (ISO). In this order, we direct
each RTO and ISO to submit information to the Commission on certain resilience issues
and concerns identified herein to enable us to examine holistically the resilience of the
bulk power system. The resilience of the bulk power system will remain a priority of this
Commission. We expect to review the additional material and promptly decide whether
additional Commission action is warranted to address grid resilience.

1

Grid Resiliency Pricing Rule, 82 Fed. Reg. 46,940 (Oct. 10, 2017).

Docket Nos. RM18-1-000 and AD18-7-000
I.

-2-

Proposed Rule

2.
On September 29, 2017, the Secretary submitted the Proposed Rule pursuant to
section 403 of the Department of Energy (DOE) Organization Act. The Proposed Rule
directed the Commission to consider requiring certain RTOs and ISOs to establish a tariff
mechanism providing for: (1) the purchase of energy from an eligible “reliability and
resilience resource;” and (2) the recovery of costs and a return on equity for such
resources (i.e., a “resilience rate”). The Proposed Rule stated that eligible reliability and
resilience resources must be: (1) located in an RTO/ISO with an energy and capacity
market; (2) be able to provide essential reliability services; 2 and (3) have a 90-day fuel
supply on-site.
3.
As the basis for these requirements, the Proposed Rule cited: (1) significant
retirements of baseload generation, particularly coal and nuclear resources; (2) the 2014
Polar Vortex, which the Proposed Rule states exposed problems with the resilience of the
grid; and (3) a growing recognition that organized markets do not compensate resources
for all of the attributes they contribute to the grid, including resilience.
4.
The Secretary directed the Commission to consider and take final action on the
Proposed Rule within 60 days of the date of publication in the Federal Register, or,
alternatively, to issue the DOE’s proposed rule as an interim final rule immediately, with
provision for later modification after consideration of public comments.
5.
The Commission initiated Docket No. RM18-1-000 to consider the Proposed Rule.
The Commission issued a Notice Inviting Comments on the Proposed Rule on October 2,
2017, with initial comments due on October 23, 2017, and reply comments due on
November 7, 2017. 3 In addition, on October 4, 2017, the Director of the Commission’s
Office of Energy Policy and Innovation issued a request for information seeking
responses and comment on a number of specific questions raised by the Proposed Rule. 4
The Commission received extensive comments and reply comments in response to the
Proposed Rule and the Staff Request for Information from a wide variety of interested
stakeholders, including utilities, generators, federal and state legislators, state regulatory

The essential reliability services were to include, but not be limited to: voltage
support, frequency services, operating reserves, and reactive power. Proposed Rule at 18.
2

3

Grid Reliability and Resilience Pricing, Notice Inviting Comments (Oct. 2,

4

Grid Reliability and Resilience Pricing, Staff Request for Information (Oct. 4,

2017).
2017).
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agencies and state attorneys general, industrial customers, environmental organizations,
mining companies, other industries, and individuals.
6.
On December 7, 2017, the Chairman of the Commission proposed to the
Secretary of Energy that a 30-day extension be granted to address the Proposed Rule.
On December 8, 2017, the Secretary of Energy responded, granting the extension and
thereby giving the Commission until January 10, 2018, to address the Proposed Rule.
II.

Discussion
A.

Background
1.

Evolution of the Electric Power Industry

7.
To more fully understand the context in which the Proposed Rule was issued and
the actions we are taking here, it is important to recount briefly the structural and
operational origins and evolution of the electric power industry. Historically, vertically
integrated utilities generally built and owned the generation, transmission, and
distribution facilities needed to serve load within their respective defined service
territories. Utilities constructed generation facilities that they determined were best
suited to meet that load. Utility rates were historically regulated by federal and state
regulators on a cost-of-service basis; the utilities charged for electric generation at rates
calculated to compensate them for their actual costs plus a fair rate of return. In other
words, during this early period, there was no market structure as we understand it in
today’s electric power industry. 5
8.
Beginning in the 1970s, statutory and regulatory developments at the federal and
state level encouraged the development of competitive electricity markets, including
encouraging the growth of non-utility generators. 6 In 1996, this Commission issued its
The Commission’s Order No. 888, discussed below, recounts the historical
landscape following enactment of the Federal Power Act (FPA) in 1935. See Promoting
Wholesale Competition Through Open Access Non-Discriminatory Transmission
Services by Public Utilities; Recovery of Stranded Costs by Public Utilities and
Transmitting Utilities, Order No. 888, FERC Stats. & Regs. ¶ 31,036, at 31,639-31,645
(1996).
5

For instance, the Public Utility Regulatory Policies Act of 1978 and the Energy
Policy Act of 1992 helped spur competition in the electric power industry. Additionally,
the Commission began authorizing entities to make electric power sales at market-based
rates starting in the late 1980s. The market-based rate program continues to be a critical
part of the Commission’s electric regulatory responsibilities.
6
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landmark Order No. 888, 7 which required public utility transmission providers to provide
open access transmission service and developed principles for the concept of ISOs and
RTOs, and in 1999 the Commission issued Order No. 2000, 8 which expressly encouraged
the development of such regional entities with the intent of using such entities to foster
competitive power markets. Meanwhile, starting in the 1990s, a number of states
restructured their retail electricity markets to allow for more competition in the
generation sector, which further contributed to development of bulk power markets and
increased reliance on independent regional bodies for operation of the grid.
9.
The traditional vertically integrated model was significantly affected by these
developments, particularly in regions of the country where RTOs and ISOs manage the
transmission grid. Notably, subject to Commission approval, RTOs/ISOs have developed
organized markets for electric energy and ancillary services, and a number of them have
also established centralized capacity markets. Thus, for more than two decades now,
support for markets and market-based solutions has been a core tenet of Commission
policy. A result of this approach has been that in regions with organized markets, the
Commission has largely adopted a pro-market regulatory model, wherein the
Commission relies on competition in approving market rules and procedures that, in turn,
determine the prices for the energy, ancillary services, and capacity products (where
applicable). Under this pro-competition, market-driven system, owners of generating
facilities that are unable to remain economic in the market may take steps to retire or
mothball their facilities.
10.
A continually evolving phenomenon that has affected the development and
evolution of electric markets is innovation in the energy sector and the change in the
energy resource mix. As part of its ongoing oversight of wholesale electric markets, the
Commission continues to evaluate its current rules and has issued several orders to ensure
that our rates in our markets remain just and reasonable and not unduly discriminatory or
Promoting Wholesale Competition Through Open Access Non-Discriminatory
Transmission Services by Public Utilities; Recovery of Stranded Costs by Public Utilities
and Transmitting Utilities, Order No. 888, FERC Stats. & Regs. ¶ 31,036 (1996), order
on reh’g, Order No. 888-A, FERC Stats. & Regs. ¶ 31,048, order on reh’g, Order No.
888-B, 81 FERC ¶ 61,248 (1997), order on reh’g, Order No. 888-C, 82 FERC ¶ 61,046
(1998), aff’d in relevant part sub nom. Transmission Access Policy Study Group v.
FERC, 225 F.3d 667 (D.C. Cir. 2000), aff’d sub nom. New York v. FERC, 535 U.S. 1
(2002).
7

Regional Transmission Organizations, Order No. 2000, FERC Stats. & Regs.
¶ 31,089 (1999), order on reh’g, Order No. 2000-A, FERC Stats. & Regs. ¶ 31,092
(2000), aff’d sub nom. Pub. Util. Dist. No. 1 v. FERC, 272 F.3d 607 (D.C. Cir. 2001).
8
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preferential. For example, the Commission has acted to remove barriers to the
integration and participation of variable energy 9 and demand response resources, 10 as
well as revising or expanding compensation opportunities for various grid services, such
as frequency regulation. 11
11.
The Commission’s support of competitive wholesale electricity markets has been
grounded in the substantial and well-documented economic benefits that these markets
provide to consumers. In Order No. 890, for example, the Commission cited a DOE
study that found that competition had reduced consumers’ bills by billions of dollars a
year, even as it found that additional savings could be achieved by removing congestion
bottlenecks. 12 In Order No. 719, the Commission explained that effective wholesale
competition protects consumers by “providing more supply options, encouraging new
entry and innovation, spurring deployment of new technologies, promoting demand
response and energy efficiency, improving operating performance, exerting downward
pressure on costs, and shifting risk away from consumers.” 13 At the same time, however,
the Commission has continued to ensure that reliability is at the forefront of its
responsibilities. The Commission’s endorsement of markets does not conflict with its
oversight of reliability, and the Commission has been able to focus on both without
compromising its commitment to either. 14

Integration of Variable Energy Resources, Order No. 764, FERC Stats. & Regs.
¶ 31,331 (cross-referenced at 139 FERC ¶ 61,246) (2012).
9

Demand Response Compensation in Organized Wholesale Energy Markets,
Order No. 745, FERC Stats. & Regs. 31,322 (cross-referenced at 134 FERC ¶ 61,187)
(2011).
10

Frequency Regulation Compensation in the Organized Wholesale Power
Markets, Order No. 755, FERC Stats. & Regs. 31,324 (cross-referenced at 137 FERC
¶ 61,064) (2011).
11

Preventing Undue Discrimination and Preference in Transmission Service,
Order No. 890, FERC Stats. & Regs. ¶ 31,241, at P 60 (2007) (citing DOE, National
Transmission Grid Study (May 2002)).
12

Wholesale Competition in Regions with Organized Electric Markets, Order
No. 719, FERC Stats. & Regs. ¶ 31,281, at P 1 (2008).
13

For example, the Commission has held that out-of-market actions may be
warranted in certain instances to address demonstrated reliability concerns. The
Commission has approved these actions, however, on a limited basis, only as a last resort,
and only after there has been a specific showing of an immediate reliability need. See,
14

Docket Nos. RM18-1-000 and AD18-7-000
2.

-6-

The Commission’s Efforts to Help Ensure Bulk Power System
Resilience

12.
The Commission has taken action to address reliability and other issues with
regard to the bulk power system that have helped with the bulk power system’s
resilience, even though we may not have used that particular term. For example, in
response to the increasing use of natural gas for electric generation, the Commission
conducted a multi-year effort to evaluate the coordination of wholesale natural gas and
electricity market scheduling, resulting in significant improvements to those scheduling
and coordination processes. 15 The Commission has also specifically examined the grid’s
response to the events of the 2014 Polar Vortex, 16 and how each RTO/ISO addresses fuel
assurance. 17 Critically, the Commission has also approved significant capacity market
reforms in ISO New England, Inc. (ISO-NE) and PJM Interconnection, L.L.C. (PJM) that
are designed to bolster performance from capacity resources and to help address fuel
supply issues during periods of system stress. 18 Those market reforms created financial
e.g., New York Independent System Operator, Inc., 150 FERC ¶ 61,116, at P 11 (2015)
(“This last requirement reflects our belief that RMR filings should be made only to
temporarily address the need to retain certain generation until more permanent solutions
are in place and that all alternatives should be considered to ensure that designating a
generator for RMR service is a last resort option for meeting immediate reliability
needs”). See also Cal Indep. Sys. Operator Corp., 87 FERC ¶ 61,250, at 61,968 (1999)
(approving partial settlement concerning RMR agreements and stating that the
Commission “in its promotion of efficient competitive markets, wishes to ensure that
RMR operations under the settlement do not result in any unforeseen market
distortions.”).
See Coordination of the Scheduling Processes of Interstate Natural Gas
Pipelines and Public Utilities, Order No. 809, FERC Stats. & Regs. ¶31,368 (crossreferenced at 151 FERC ¶ 61,049) (2015).
15

Centralized Capacity Markets in Regional Transmission Organizations and
Independent System Operators, 149 FERC ¶ 61,145 (2014) (order addressing technical
conferences on, among other things, the 2014 Polar Vortex).
16

17

Id.

See ISO New England Inc. and New England Power Pool, 147 FERC ¶ 61,172
(2014), reh’g denied, 153 FERC ¶ 61,223 (2015), appeal pending sub nom. New England
Power Generators Ass’n v. FERC, No. 16-1023 (D.C. Cir. filed Jan. 19, 2016). See also
18
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incentives to enhance reliability during extreme operating conditions. While none of the
Commission’s efforts described above were specifically targeted at “resilience” by name,
they were directed at elements of resilience, in that they sought to ensure the
uninterrupted supply of electricity in the face of fuel disruptions or extreme weather
threats. Further, the Commission has conducted significant work to address bulk power
system reliability through the North American Electric Reliability Corporation (NERC)
reliability standards, including its continued work on Critical Infrastructure Protection
standards to protect the system against cybersecurity and physical security threats, 19 as
well as geomagnetic disturbances. 20
13.
Notwithstanding these and other Commission efforts to address the resilience of
the bulk power system, we conclude that resilience remains an important issue that
warrants the Commission’s continued attention, including through the development of a
clear understanding of what each RTO/ISO currently does with respect to the assurance
or strengthening of resilience and what more the RTOs/ISOs and the Commission could
be doing on this issue. Accordingly, although we terminate the Proposed Rule
proceeding as discussed below, we are not ending our work on the issue of resilience. To
the contrary, we are initiating a new proceeding to address resilience in a broader context
and are directing the RTOs/ISOs to provide information – followed by an opportunity for
comment by any other interested entity – that will inform us as to whether additional
actions by the Commission and the ISOs/RTOs are warranted with regard to resilience
issues.

PJM Interconnection, L.L.C., 151 FERC ¶ 61,208 (2015), reh’g denied, 155 FERC
¶ 61,157 (2016), aff’d sub nom. Advanced Energy Mgmt. All. v. FERC, 860 F.3d 656
(D.C. Cir. 2017).
See Physical Security Reliability Standard, Order No. 802, 149 FERC ¶ 61,140
(2014); Revised Critical Infrastructure Protection Reliability Standards, Order No. 822,
154 FERC ¶ 61,037 (2016), reh’g denied, Order No. 822-A, 156 FERC ¶ 61,052 (2016);
Revised Critical Infrastructure Protection Reliability Standards, Order No. 829,
156 FERC ¶ 61,050 (2016); Cyber Systems in Control Centers, Notice of Inquiry,
FERC Stats. & Regs. ¶ 35,557 (2016); Revised Critical Infrastructure Protection
Reliability Standards CIP-003-7 – Cyber Security – Security Management Controls,
Notice of Proposed Rulemaking, 161 FERC ¶ 61,047 (2017).
19

See Reliability Standard for Transmission System Planned Performance for
Geomagnetic Disturbance Events, Order No. 830, 156 FERC ¶ 61,215 (2016).
20
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Termination of Docket No. RM18-1-000

14.
Having considered the Proposed Rule and the comments received in Docket
No. RM18-1-000, we terminate the proceeding in Docket No. RM18-1-000. The FPA
is clear: in order to require RTOs/ISOs to implement tariff changes as contemplated by
the Proposed Rule, there must be a demonstration that the specific statutory standards of
section 206 of the FPA are satisfied. Thus, there must first be a showing that the existing
RTO/ISO tariffs are unjust, unreasonable, unduly discriminatory or preferential. 21 Then,
any remedy proposed under FPA section 206 must be shown to be just, reasonable, and
not unduly discriminatory or preferential. 22 For the reasons discussed below, the
Proposed Rule did not satisfy those clear and fundamental legal requirements under
section 206 of the FPA. Given those legal requirements, we have no choice but to
terminate Docket No. RM18-1-000.
15.
Neither the Proposed Rule nor the record in this proceeding has satisfied the
threshold statutory requirement of demonstrating that the RTO/ISO tariffs are unjust and
unreasonable. While some commenters allege grid resilience or reliability issues due to
potential retirements of particular resources, 23 we find that these assertions do not
demonstrate the unjustness or unreasonableness of the existing RTO/ISO tariffs. In
addition, the extensive comments submitted by the RTOs/ISOs do not point to any past or
planned generator retirements that may be a threat to grid resilience. 24 We also disagree

16 U.S.C. § 824e(a) (2012). See also, e.g., Emera Maine v. FERC, 854 F.3d 9,
25 (D.C. Cir. 2017) (“Without a showing that the existing rate is unlawful, FERC has no
authority to impose a new rate.”); FirstEnergy Serv. Co. v. FERC, 758 F.3d 346, 353
(D.C. Cir. 2014) (“Regardless of whether it is charged with completing step two,
proposing new just and reasonable rates, [petitioner] still must complete step one,
demonstrating that PJM’s existing rates are unjust and unreasonable.”).
21

22

16 U.S.C. § 824e(a) (2012).

See, e.g., PSEG Companies Initial Comments at 5-6; Exelon Corporation Initial
Comments at 1, 25-26; FirstEnergy Service Company and its named affiliates
(FirstEnergy) Initial Comments at 32-34.
23

See New York Independent System Operator, Inc. Initial Comments at 4-5; PJM
Initial Comments at 15; ISO-NE Initial Comments at 1-3; Midcontinent Independent
System Operator, Inc. (MISO) Initial Comments at 5-11.
24
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with assertions that an adequate record exists through the Commission’s price formation
efforts to support the Proposed Rule’s action regarding bulk power system resilience. 25
16.
Turning to the second prong of the section 206 analysis, we note that the Proposed
Rule would allow all eligible resources to receive a cost-of-service rate regardless of need
or cost to the system. 26 The record, however, does not demonstrate that such an outcome
would be just and reasonable. 27 It also has not been shown that the remedy in the
Proposed Rule would not be unduly discriminatory or preferential. 28 For example, the
Proposed Rule’s on-site 90-day fuel supply requirement would appear to permit only
The goals of the price formation proceeding center largely on facilitating
competition and ensuring that market prices reflect the marginal cost of production so
that prices accurately reflect system conditions and operational constraints. See Price
Formation in Energy and Ancillary Services Markets Operated by Regional Transmission
Organizations and Independent System Operators, Notice Inviting Post-Technical
Workshop Comments, Docket No. AD14-14-000, at 1 (Jan. 16, 2015) (Notice Inviting
Comments); Price Formation in Energy and Ancillary Services Markets Operated by
Regional Transmission Organizations and Independent System Operators, Notice,
Docket No. AD14-14-000 (June 19, 2014) (Price Formation Notice). Thus, that
proceeding does not include even an attempted nexus to bulk power system resilience,
whereas in the Proposed Rule and in the proceeding we are newly establishing here,
the resilience of the bulk power system is the principal focus. In addition, there is no
evidence in other Commission proceedings indicating that any RTO/ISO tariffs are unjust
and unreasonable because they do not adequately account for resilience.
25

As noted above, the Commission typically has approved as just and reasonable
cost-of-service rates through out-of-market arrangements in very limited circumstances
and when there is a demonstrated reliability need. See note 14, supra.
26

For example, the Proposed Rule proposes that RTOs/ISOs pay a cost-of-service
rate to a resource that has a 90-day fuel supply on site to enable it to operate during an
emergency, extreme weather conditions, or a natural or man-made disaster. However,
neither the Proposed Rule nor the record demonstrate why the existence of an on-site
90-day fuel supply is a reasonable basis to find that rate to be just and reasonable and not
unduly discriminatory or preferential. In addition, the Proposed Rule does not address
the concern that an eligible resource located in a constrained area may not assist with the
resilience of the bulk power system to warrant that rate.
27

To be clear, notwithstanding our ruling under section 206 with regard to the
Proposed Rule, if an RTO/ISO were to identify a specific threat to the resilience of its
system, we would promptly consider an appropriate proposal from the RTO/ISO to
address the issue.
28
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certain resources to be eligible for the rate, thereby excluding other resources that may
have resilience attributes.
C.

Initiating a New Proceeding and Establishing Additional Procedures
on Resilience

17.
Even though we are terminating Docket No. RM18-1-000, the Commission
concluded that it must remain vigilant with respect to resilience challenges. Although the
Proposed Rule failed to satisfy the fundamental legal requirements of section 206 of the
FPA, the Proposed Rule and the record developed to date have shed additional light on
resilience more generally and on the need for further examination by the Commission and
market participants of the risks that the bulk power system faces and possible ways to
address those risks in the changing electric markets. As the DOE Grid Study
documented, we have seen a variety of economic, environmental, and policy drivers that
are changing the way electricity is procured and used. 29 These changes present new
opportunities and challenges regarding the reliability, affordability, and environmental
profile of each region’s electric system. These changes may impact the resilience of the
bulk power system. As we navigate these changes, the Commission’s markets,
transmission planning rules, and reliability standards should evolve as needed to address
the bulk power system’s continued reliability and resilience. 30
18.
Therefore, we are initiating a new proceeding, Docket No. AD18-7-000, to
take additional steps to explore resilience issues in the RTOs/ISOs. The goal of this
proceeding is: (1) to develop a common understanding among the Commission,
industry, and others of what resilience of the bulk power system means and requires;
(2) to understand how each RTO and ISO assesses resilience in its geographic footprint;
and (3) to use this information to evaluate whether additional Commission action
regarding resilience is appropriate at this time. This examination of the resilience of the
bulk power system will be a priority of the Commission. Therefore, as described below,
we direct each RTO and ISO to submit specific information regarding the resilience of its
respective region within 60 days.

Staff Report to the Secretary on Electricity Markets and Reliability,
United States Department of Energy (Aug. 2017), available at
https://energy.gov/sites/prod/files/2017/08/f36/Staff%20Report%20on%20Electricity%2
0Markets%20and%20Reliability_0.pdf.
29

On December 14, 2017, NERC issued its 2017 Long-term Reliability
Assessment. That assessment reinforces the continuing need for the Commission to be
vigilant and to make the resilience of the bulk power system a priority of the
Commission.
30
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19.
We recognize that the RTOs/ISOs are well-suited to understand the needs of their
respective regions and initially assess how to address resilience given their individual
geographic needs. Although the Proposed Rule focuses on one possible aspect of grid
resilience – secure onsite fuel – we conclude that a proper evaluation of grid resilience
should not be limited to that single issue, and should instead encompass a broader
consideration of resilience issues, including wholesale electric market rules, planning and
coordination, and NERC standards. Indeed, the efforts of RTOs and ISOs on grid
resilience encompass a range of activities, including wholesale electric market design,
transmission planning, mandatory reliability standards, emergency action plan
development, inventory management, and routine system maintenance. However, many
of these activities are not unique to RTOs/ISOs and are performed by transmission
providers in areas that do not have centralized wholesale electricity markets. Similarly,
NERC and the regional entities tasked with implementation of mandatory reliability
standards have a critical role to play in this area. Although hearing from the RTOs/ISOs
on this topic is an appropriate place to begin, we will provide interested entities an
opportunity to submit reply comments on the RTO/ISO submissions within 30 days of
the due date of those submissions. 31
20.
We anticipate that the RTO/ISO submissions will explain how they currently
address resilience of the bulk power system within their footprints, and will highlight any
specific or unique resilience challenges faced by the regions. The submissions also will
give the RTOs/ISOs the opportunity to discuss potential paths forward for addressing any
identified gaps or exposure on the resilience of the bulk power system.
1.

A Common Understanding of Resilience

21.
In order to appropriately study the resilience of the bulk power system in the
RTO/ISO regions, we think it is appropriate to first achieve a common understanding of
what resilience is in the context of the bulk power system.

Our focus on the RTOs/ISOs should not be understood to mean that we believe
that those systems are less resilient that non-RTO/ISO regions. Rather, we conclude that
a targeted proceeding focused on those regions is a prudent next step in our consideration
of resilience of the bulk power system. We also note that the concept of resilience
necessarily involves issues, topics, and questions that extend beyond the Commission’s
jurisdiction, such as distribution system reliability and modernization. The Commission
encourages RTOs/ISOs and other interested entities to engage with state regulators and
other stakeholders through Regional State Committees or other venues to address
resilience at the distribution level.
31
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22.
According to comments on the Proposed Rule, there seems to be a general
consensus that grid reliability and grid resilience are related but separate concepts, with
the elements of grid reliability being better understood and defined. It also is evident that
there is currently no uniform definition of resilience used across the electric industry. For
example, the Proposed Rule states that certain natural and man-made disasters threaten
the resilience of the grid, but does not set forth a clear definition for resilience.
Commenters have cited various definitions of resilience, including from the National
Infrastructure Advisory Council, 32 the National Academy of Sciences, 33 Argonne
National Laboratory, 34 PJM, 35 and Presidential Policy Directive 21. 36 The Commission
notes that commenters generally defined resilience similarly (i.e., as the ability of the
bulk power system to withstand or recover from disruptive events). 37
23.
To help guide consideration of issues related to resilience of the bulk power
system, the Commission understands resilience to mean:

National Infrastructure Advisory Council, A Framework for Establishing
Critical Infrastructure Resilience Goals: Final Report and Recommendations by the
Council at 15 (Oct. 2010).
32

National Academy of Sciences, Enhancing the Resilience of the Nation’s
Electricity System, Washington, DC: National Academies Press (Sept. 2017), available at
https://www.nap.edu/catalog/24836/enhancing-the-resilience-of-the-nations-electricitysystem.
33

Department of Energy, Argonne National Laboratory, Front-Line Resilience
Perspectives: The Electric Grid, Executive Summary at xiii (Nov. 2016), available at
https://energy.gov/sites/prod/files/2017/01/f34/FrontLine%20Resilience%20Perspectives%20The%20Electric%20Grid.pdf.
34

PJM Interconnection, L.L.C., PJM’s Evolving Resource Mix and System
Reliability n.16 (March 30, 2017), available at
http://www.pjm/com/~/media/library/reports-notices/special-reports/20170330-pjmsevolving-resource-mix-and-system-reliability.ashx.
35

Michael Moore, Independent Consultant, Comments at 2; Nuclear Energy
Institute Comments at 19 (citing Nat’l Archives, Archived Obama White House Website,
Presidential Policy Directive 21: Critical Infrastructure Security and Resilience (PPD-21)
(Feb. 12, 2013)).
36

See, e.g., Comments of Utility Workers Union of America, AFL-CIO (UWUA)
at 5-6 (citing PJM’s Evolving Resource Mix and System Reliability); FirstEnergy Initial
Comments at 17.
37

Docket Nos. RM18-1-000 and AD18-7-000

- 13 -

The ability to withstand and reduce the magnitude and/or
duration of disruptive events, which includes the capability to
anticipate, absorb, adapt to, and/or rapidly recover from such
an event. 38
We seek comment from the RTOs and ISOs on our understanding of resilience as
described above. We also ask for comments on whether any of the terms used above
require further elaboration to ensure a common understanding (e.g., identification of the
particular types of disruptive events).
24.
Resilience could encompass a range of attributes, characteristics, and services that
allow the grid to withstand, adapt to, and recover from both naturally occurring and manmade disruptive events. At the most basic level, ensuring resilience requires that we both
(1) determine which risks to the grid we are going to protect against, and (2) identify the
steps, if any, needed to ensure those risks are addressed.
2.

How RTOs/ISOs Assess Threats to Resilience

25.
Next, the Commission seeks comment on how each RTO/ISO currently evaluates
the resilience of its system. The Commission recognizes regional differences among the
RTOs/ISOs, and appreciates that those differences likely impact how each RTO/ISO
approaches resilience in its region. The Commission directs the RTOs/ISOs to address
the following questions on this issue and, as needed, to highlight any unique resilience
challenges that exist in their respective regions. 39
(a)
What are the primary risks to resilience in your region from both naturally
occurring and man-made threats? How do you identify them? Are they short-,
mid-, or long-term challenges?
(b)

How do you assess the impact and likelihood of resilience risks?

(c)
Please explain how you identify and plan for risks associated with
high-impact, low-frequency events (e.g., physical and cyber attacks, accidents,
extended fuel supply disruptions, or extreme weather events). Please discuss the
challenges you face in trying to assess the impact and likelihood of high-impact,
low-frequency risks. In addition, please describe what additional information, if
any, would be helpful in assessing the impact and likelihood of such risks.
Generally based on the National Infrastructure Advisory Council’s Critical
Infrastructure Resilience Final Report and Recommendations at 8 (Sept. 8, 2009).
38

The RTOs/ISOs should not include Critical Energy/Electric Infrastructure
Information (CEII) in their submissions.
39
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(d)
Should each RTO/ISO be required to identify resilience needs by assessing
its portfolio of resources against contingencies that could result in the loss or
unavailability of key infrastructure and systems? For example, should RTOs/ISOs
identify as a resilience threat the potential for multiple outages that are correlated
with each other, such as if a group of generators share a common mode of failure
(e.g., , a correlated generator outage event, such as a wide-scale disruption to fuel
supply that could result in outages of a greater number of generating facilities)?
The RTOs/ISOs should also discuss resilience threats other than through a
correlated outage approach. Do RTOs/ISOs currently consider these types of
possibilities, and if so, how is this information used?
(e)
Identify any studies that have been conducted, are currently in progress, or
are planned to be performed in the future to identify the ability of the bulk power
system to withstand a high-impact, low-frequency event (e.g., physical and cyberattacks, accidents, extended fuel supply disruptions, or extreme weather events).
Please describe whether any such studies are conducted as part of a periodic
review process or conducted on an as-needed basis. 40
(f)
In these studies, what specific events and contingencies are selected,
modeled, and assessed? How are these events and contingencies selected?
(g)
What criteria (e.g., load loss (MW)), duration of load loss, vulnerability of
generator outages, duration of generator outages, etc.) are used in these studies to
determine if the bulk power system will reasonably be able to withstand a highimpact, low-frequency event? Are the studies based on probabilistic analyses or
deterministic analyses?
(h)
Do any studies that you have conducted indicate whether the bulk power
system is able to reasonably withstand a high-impact, low frequency event? If so,
please describe any actions you have taken or are planning as mitigation, and
whether additional actions are needed.
(i)
How do you determine whether the threats from severe disturbances, such
as those from low probability, high impact events require mitigation? Please
describe any approaches or criteria you currently use or otherwise believe are
useful in determining whether certain threats require mitigation.

The Commission is not directing that these studies be included in the RTO/ISO
submissions filed in response to this order. Instead, the RTOs/ISOs are required to
identify and describe such studies in their submissions.
40
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(j)
How do you evaluate whether further steps are needed to ensure that the
system is capable of withstanding or reducing the magnitude of these high-impact,
low frequency events?
(k)
What attributes of the bulk power system contribute to resilience? How do
you evaluate whether specific components of the bulk power system contribute to
system resilience? What component-level characteristic, such as useful life or
emergency ratings, support resilience at the system level?
(l)
If applicable, how do you determine the quantity and type of bulk power
system physical asset attributes needed to support resilience? Please include, if
applicable, what engineering and design requirements, and equipment standards
you currently have in place to support resilience? Are those engineering and
design requirements designed to address high-impact, low-frequency events? Do
these requirements change by location or other factors?
(m) To what extent do you consider whether specific challenges to resilience,
such as extreme weather, drought, and physical or cyber threats, affect various
generation technologies differently? If applicable, please explain how the
different generation technologies used in your system perform in the face of these
challenges.
(n)
To what extent are the challenges to the resilience of the bulk power system
associated with the transmission system or distribution systems, rather than
electric generation, and what could be done to further protect the transmission
system from these challenges?
(o)
Over what time horizon should the resilience assessments discussed above
be conducted, and how frequently should RTOs/ISOs conduct such an analysis?
How could these studies inform planning or operations?
(p)
How do you coordinate with other RTOs/ISOs, Planning Coordinators, and
other relevant stakeholders to identify potential resilience threats and mitigation
needs?
(q)
Are there obstacles to obtaining the information necessary to assess threats
to resilience? Is there a role for the Commission in addressing those obstacles?
(r)
Have you performed after-the-fact analyses of any high-impact, lowfrequency events experienced in the past on your system? If so, please describe
any recommendations in your analyses and whether they have or have not been
implemented.
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(s)
Please provide any other information that you believe the Commission
would find helpful in its evaluation of the resilience of the RTO/ISO systems.
3.

How RTOs/ISOs Mitigate Threats to Resilience

26.
Once an RTO/ISO identifies a particular need or threat to resilience, there could be
various ways to mitigate such risk. For example, RTO and ISO resource adequacy
programs require reserve margins necessary to ensure adequate generation capacity to
meet peak load conditions throughout the year. Further, RTO and ISO day-ahead and
real-time markets generally secure and operate the transmission system assuming the loss
of the largest vulnerable element at any given time. RTOs/ISOs may take additional
actions to address concerns beyond the largest vulnerable element, such as procuring
additional operating reserves. In 2014, for example, PJM implemented shortage pricing
for operating reserves procured to respond to risks that could reasonably materialize and
for which PJM’s normal reserve procurement processes would not otherwise account. 41
Further, all RTOs/ISOs have a residual unit commitment process to address regionally
identified reliability considerations. 42 Finally, resources that provide ancillary services,
such as those with black-start capability, help ensure recovery from power-loss events
without the need for auxiliary power from the grid.
27.
In the submissions, we seek comment on how RTOs/ISOs evaluate options to
mitigate any risks to grid resilience. We direct the RTOs/ISOs to answer the following
questions on this topic:
(a)
Describe any existing operational policies or procedures you have in place
to address specific identified threats to bulk power system resilience within your
region. Identify each resilience threat (e.g., the potential for correlated generator
outage events) and any operational policies and procedures to address the threat.
Describe how these policies or procedures were developed in order to ensure their
effectiveness in mitigating the identified risks and also describe any historical
circumstances where you implemented these policies or procedures.
(b)
How do existing market-based mechanisms (e.g., capacity markets, scarcity
pricing, or ancillary services) currently address these risks and support resilience?

41

PJM Interconnection, L.L.C., 151 FERC ¶ 61,017 (2014).

Staff Analysis of Operator-Initiated Commitments in RTO and ISO Markets,
Docket No. AD14-14-000 at 10-14 (Dec. 2014), available at
https://www.ferc.gov/legal/staff-reports/2014/AD14-14-operator-actions.pdf.
42
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(c)
Are there other generation or transmission services that support resilience?
If yes, please describe the service, how it supports resilience, and how it is
procured.
(d)
How do existing operating procedures, reliability standards (e.g., N-1
NERC TPL contingencies), and RTO/ISO planning processes (e.g., resource
adequacy programs or regional transmission planning) currently consider and
address resilience?
(e)
Are there any market-based constructs, operating procedures, NERC
reliability standards, or planning processes that should be modified to better
address resilience? If so, please describe the potential modifications.
D.

Conclusion

28.
Promoting the resilience of the bulk power system is an important issue for the
Commission. Each RTO/ISO should take a proactive stance on addressing and ensuring
resilience. We are encouraged by efforts underway in PJM 43 and ISO-NE 44 to better
understand vulnerabilities in their systems, and support similar efforts in other regions
where analyses of potential resilience issues could be helpful. We also are encouraged by
the ongoing work in MISO 45 to develop a long-term plan to address changing system
needs in light of an evolving resource mix. At the heart of each of these initiatives is
collaboration between RTOs/ISOs and their stakeholders, and we look forward to
receiving stakeholder input on the submissions. As noted above, the topic of the new
proceeding - resilience of the bulk power system - will remain a priority of the
Commission and we expect to review the additional material and promptly decide
whether additional Commission action on this issue is warranted.

43

See PJM’s Evolving Resource Mix and System Reliability supra note 35.

See ISO-NE Initial Comments at 7 (“[T]he ISO has an upcoming process
planned to quantify risks related to fuel security.”).
44

See MISO Initial Comments at 8 (“MISO values discrete reliability attributes for
generation resources through proven market-based mechanisms and continues to work
with stakeholders on further market-based reliability improvements. Through its Market
Roadmap, MISO is exploring several such initiatives…”).
45
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The Commission orders:
(A) The RTOs/ISOs are hereby directed to provide responses to the
Commission, as discussed in the body of this order, within 60 days of the date of this
order. Interested entities may submit reply comments within 30 days of the due date of
the RTO/ISO submissions.
(B) The proceeding in Docket No. RM18-1-000 is hereby terminated, as
discussed in the body of this order.
By the Commission. Commissioners LaFleur, Chatterjee, and Glick are concurring with
separate statements attached.
(SEAL)

Kimberly D. Bose,
Secretary.
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LaFLEUR, Commissioner concurring:
Since I have been at the Commission, the reliability of the nation’s electric system
in serving customers has been my top priority. In my view, resilience — the ability to
withstand or recover from disruptive events and keep serving customers — is
unquestionably an element of reliability. Indeed, I believe it has already informed much
of the Commission’s work on both market rules and reliability standards. 1 As part of our
continued work in this area, I support the Commission’s action today to start a focused
proceeding to explore how the RTOs/ISOs address the resilience of the grid in their
respective regions, and whether there are additional steps the Commission should take to
support resilience.
I also strongly support the decision not to adopt the rule proposed by the Secretary
of Energy. 2 As explained below, as well as in Commissioner Glick’s separate statement,
I do not think the record demonstrates the need for the Proposed Rule to support
resilience. Further, even had a resilience issue been demonstrated, I have serious
concerns about the nature of the proposed remedy, which would address the issue not
through market rules but through out-of-market payments to certain designated resources.
I write separately to expand on the larger context surrounding the issues in this
docket, and how I believe the Commission should approach them going forward.
While the challenge of providing reliable energy is constant, the nature of the
challenge has necessarily changed as the resources, infrastructure, and commercial and
regulatory structures relied upon to meet that challenge have evolved. Even before the
harnessing of electricity, the history of energy in this country has been one of continual
1

See Grid Reliability and Resilience Pricing, 162 FERC ¶ 61,012, at P 12 (2018).

Proposed Rule on Grid Reliability and Resilience Pricing, Docket No. RM18-1000 (2017) (Proposed Rule). The full text of the Proposed Rule can be found at:
https://energy.gov/downloads/notice-proposed-rulemaking-grid-resiliency-pricing-rule.
2
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change and progress. We have moved from reliance on wood and local waterworks in
the 19th century to the development of coal-fired steam generators and large-scale hydro
in the first half of the 20th century. The mid-20th century saw the commercialization of
nuclear generation, followed later in the century by the large-scale introduction of
combined cycle gas generation and early-stage non-hydro renewables.
None of these changes in where the nation gets its energy were driven by this
Commission or its predecessors. However, the Commission has played a role in adapting
to technological change, ensuring that rates remained just and reasonable and customers
were served reliably through successive generations and technological changes. Thus, in
the late 20th century, responding to customer demands for access to new technologies and
new generation choices, FERC oversaw the introduction of competitive wholesale power
markets, which have continued to spread over the past 20 years to cover more than twothirds of the nation’s population. I am a strong supporter of competitive markets, which
benefit customers by reducing costs, improving efficiency and innovation, and
strengthening reliability by deploying resources over a broader footprint.
In the 21st century, against the backdrop of wholesale markets, the pace of
technological change in energy has accelerated, resulting in a rapid transformation of the
nation’s resource mix. This has been driven by (1) the growth in the availability and
affordability of domestic natural gas and its increased use for electric generation, (2) the
rapid development and deployment of wind, solar, storage, and demand-side
technologies, both central and distributed, and (3) a changing understanding of the
environmental consequences of energy use, especially climate change, driving state and
federal policy and customer choices.
With these new technologies have come changes in the location and operation of
energy resources, their cost patterns, and the way grid operators plan their systems and
deploy resources to keep the lights on. As with all transitions, there have been market
winners and losers as new technologies have brought competitive pressures to bear on
existing resources. Resource turnover is a natural consequence of markets, and the
reduced prices that result from greater competition are a benefit to customers, not a
problem to solve, unless reliability is compromised. Keeping up with these changes by
ensuring that market tariffs and reliability standards sustain both reliability and just and
reasonable rates in a time of changing resources has been a major focus of the
Commission, and must continue to be.
As the recent Department of Energy grid study 3 and numerous analyses by
Staff Report to the Secretary on Electricity Markets and Reliability, United States
Department of Energy (August 2017), available at
https://energy.gov/sites/prod/files/2017/08/f36/Staff%20Report%20on%20Electricity%2
3
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NERC 4 have noted, the transformation of the resource mix to date has been accomplished
without compromising reliability. 5 However, ensuring that this continues to be the case
requires continued diligence, and the inquiry we begin in this docket will support that
ongoing effort.
Where the Commission has seen evidence of the need for greater system resilience
in a changing resource mix, it has acted to ensure that such resilience was provided. It
has generally done so by overseeing changes to market design (defining needed resource
performance, and using competition to obtain it), 6 interconnection agreements or other
tariffs (requiring that certain essential reliability services be provided), 7 or mandatory
reliability standards. 8 In each case, the Commission has recognized a customer need,
0Markets%20and%20Reliability_0.pdf.
E.g., 2017 Long-term Reliability Assessment, North American Electric
Reliability Corporation (December 2017), available at
http://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC_LTRA_121
32017_Final.pdf.
4

Indeed, as Commissioner Glick correctly notes in his concurrence, new resource
additions have in some ways strengthened the resilience of the power system. For
example, notwithstanding alleged concerns by some about the loss of fuel diversity, the
resource mix in many regions of the country (such as that served by PJM Interconnection,
L.L.C.) is more diverse than ever before as new technologies and resources are
introduced.
5

E.g., PJM Interconnection, L.L.C., 151 FERC ¶ 61,208 (2015), reh’g denied, 155
FERC ¶ 61,157 (2016), aff’d sub nom. Advanced Energy Mgmt. All. v. FERC, 860 F.3d
656 (D.C. Cir. 2017) (approving market changes to compensate performance at times of
system stress); ISO New England Inc. and New England Pwr. Pool, 147 FERC ¶ 61,172
(2014), reh’g denied, 153 FERC ¶ 61,223 (2015), appeal pending sub nom. New England
Power Generators Ass’n v. FERC, No. 16-1023 (D.C. Cir. filed Jan. 19, 2016) (same);
Cal. Indep. Sys. Operator Corp., 156 FERC ¶ 61,226 (2016) (approving ramping
products to complement increased variability and uncertainty); Midcontinent Indep. Sys.
Operator, Inc., 149 FERC ¶ 61,095 (2014) (same).
6

E.g., Reactive Power Requirements for Non-Synchronous Generation, Order No.
827, 81 Fed. Reg. 40,793 (June 23, 2016), FERC Stats. & Regs. ¶ 31,385 (2016);
Requirements for Frequency and Voltage Ride Through Capability of Small Generating
Facilities, Order No. 828, 81 Fed. Reg. 50,290 (Aug. 1, 2016), 156 FERC ¶ 61,062
(2016).
7

8

E.g., Frequency Response and Frequency Bias Setting Reliability Standard,
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relied upon evidence to define it in a fuel-neutral way, and either allowed the market to
transparently price it or established broad requirements to ensure that a needed service is
provided. If the record that develops in this docket similarly demonstrates unmet
resilience needs, I believe that the Commission should take a comparable approach.
Indeed, this preferred approach highlights one of my key objections to the
Proposed Rule, which did not make a factual showing of a defined resilience need or
allow a market or standards-based solution to solve that need. Rather, it presumed a
resilience need and proposed a far-reaching out-of-market approach to “solve” it. This
proposed remedy, which simply designated resources for support rather than determining
what services needed to be provided, would be highly damaging to the ability of the
market to meet customer needs—including any demonstrated resilience needs—fairly,
efficiently, and transparently. In effect, it sought to freeze yesterday’s resources in place
indefinitely, rather than adapting resilience to the resources that the market is selecting
today or toward which it is trending in the future.
I believe the Commission should continue to focus its efforts not on slowing the
transition from the past but on easing the transition to the future. We must continue to
guide grid operators in sustaining reliability and resilience within a system that is likely
to be cleaner, more dynamic, in some instances more distributed, and deployed by an
efficient market for the benefit of customers. In this way, we can help the grid adapt to
the transformations of the present, and best position the grid for the unknown future
transformations that the history of our industry suggests are inevitable.
For these reasons, I respectfully concur.
________________________
Cheryl A. LaFleur
Commissioner

Order No. 794, 146 FERC ¶ 61,024 (2014).
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CHATTERJEE, Commissioner, concurring:
I concur in this order with the expectation that it is only the first step in a more
systematic effort by the Commission, over both the near and long term, to ensure the
resilience of the nation’s bulk power system. The success of this effort will require the
Commission’s continued vigilance and willingness to take, within the bounds of its
statutory authority, prompt, proactive, and decisive measures to safeguard resilience.
I applaud Secretary Perry’s bold leadership in jump-starting a national
conversation on this urgent challenge. Given the importance of the bulk power system to
our nation’s security, economic stability, and public health and safety, we must ensure its
resilience amidst tremendous changes in our generation resource mix. My goal
throughout this proceeding has been to ensure that we do not later come to regret failing
to ask the difficult questions. I believe that the order we are issuing today is a positive
step toward that goal. I look forward to receiving responses to the questions posed to the
RTOs/ISOs, and comments from interested entities.
Nevertheless, I must voice my concerns regarding bulk power system resilience in
the interim period prior to the conclusion of the proceeding we initiate today. Major
regulatory reform efforts often can take several years to complete. But I believe that the
record compiled in this proceeding speaks to the prudence of considering, as soon as
practicable, whether interim measures may be needed to avoid near-term bulk power
system resilience challenges that could result from the rapid, unprecedented changes in
our generation resource mix.
The scale and pace of those changes are staggering. Between 2014 and 2015
alone, the U.S. added approximately 15,800 megawatts (MW) of natural gas, 13,000 MW
of wind, 6,200 MW of utility scale solar photovoltaic, and 3,600 MW of distributed solar
photovoltaic generating capacity. 1 Meanwhile, nearly 42,000 MW of synchronous
1

U.S. Energy Information Administration, Electricity, available at
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generating capacity (e.g., coal, nuclear, and natural gas) retired between 2011 and 2014,
with an additional seven nuclear units (representing 10,500 MW of nameplate capacity)
planning retirement by 2025. 2 Commenters express an expectation that those trends will
continue in the years ahead, with many nuclear and coal units particularly at risk of
economic retirement despite their significant contribution to bulk power system
resilience. 3
The changing generation resource mix underscores the need to consider whether
near-term measures are warranted notwithstanding the actions the Commission has taken
in recent years that are outlined in today’s order. Specifically, current RTO/ISO market
design mechanisms are intended to incent generation resource owners to manage the fuel
supply risks they can control -- not the spectrum of fuel supply risks beyond their
control. 4 The record clearly suggests that the latter class of risks are increasingly
significant due to shifts in the generation mix and the fast-evolving national security
threat environment. 5 Neither current RTO/ISO tariffs nor the NERC Reliability
https://www.eia.gov/electricity/annual/backissues.html.
2

Id.; NERC Comments, Docket No. RM18-1-000, at 4-5 (filed Oct. 23, 2017).

See, e.g., Reply Comments of Peabody Energy Corporation, Docket No. RM181-000, at 10 (filed Nov. 7, 2017); Reply Comments of the Nuclear Energy Institute,
Docket No. RM18-1-000, at 6-11 (filed Nov. 7, 2017); see also NERC Comments at 4-6
(noting the resilience contributions of coal and nuclear generation’s dependable capacity,
inertia and voltage control services, and fuel security).
3

The Commission has approved market constructs providing financial incentives
for resource owners to procure firm fuel arrangements either through firm pipeline
capacity or dual fuel capability. See, e.g., ISO New England Inc., 147 FERC ¶ 61,172, at
P 36 (2014) (endorsing pay-for-performance program); PJM Interconnection, L.L.C., 151
FERC ¶ 61,208, at P 22 (2015) (approving PJM’s capacity performance construct). See
also Wholesale Competition in Regions with Organized Electric Markets, Order No.
719, FERC Stats. & Regs. ¶ 31,281 (2008), order on reh’g, Order No. 719-A, FERC
Stats. & Regs. ¶ 31,292 (2009), order on reh’g, Order No. 719-B, 129 FERC ¶ 61,252
(2009) (requiring RTO/ISO scarcity pricing that incents firm fuel arrangements). But
generation resource owners relying on fuels delivered “just-in-time” from offsite supplies
are not capable of managing risks to (1) the infrastructure that transports these fuels (e.g.,
pipelines); and (2) the infrastructure that supplies these fuels (e.g., natural gas wellheads).
4

See, e.g., Exelon Corporation Comments, Docket No. RM18-1-000, Stockton
Test. at 5-6, 13 (filed Oct. 23, 2017); see also Congressional Research Service, Pipeline
Cybersecurity: Federal Policy (Apr. 19, 2016).
5
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Standards require RTOs/ISOs to assess these fuel supply risks or other significant
resilience risks and mitigate their potentially significant impact on the bulk-power
system. This suggests that existing RTO/ISO tariffs may be unjust and unreasonable
insofar as they may not adequately compensate resources for their contributions to bulk
power system resilience.
Consequently, I believe it would have been prudent, in addition to establishing the
proceeding in Docket No. AD18-7-000, for the Commission to issue an order to show
cause pursuant to section 206 of the Federal Power Act directing each RTO/ISO to either
(1) submit tariff revisions to provide interim compensation for existing generation
resources that may provide necessary resilience attributes and are at risk of retirement
before the conclusion of the proceeding established today or (2) show cause why it
should not be required to do so.
Given the nascence of the Commission’s effort to more systematically examine
resilience, I believe that it would have been appropriate to provide the RTOs/ISOs with
latitude in determining the implementation of any interim measures needed. In particular,
I would have allowed RTOs/ISOs to define which resources provide necessary resilience
attributes and are at risk of retirement before the conclusion of the proceeding initiated in
Docket No. AD18-7-000. Because of their detailed knowledge of their own systems, the
RTOs/ISOs are well-positioned to understand the specific resilience risks in their
footprints, to identify the resilience attributes that would most effectively mitigate those
risks, and to tailor appropriate tariff mechanisms to meet their needs. Such an approach
would have struck an appropriate balance to remedy any potentially unjust and
unreasonable compensation practices while minimizing the impact on consumers and
markets as the Commission considered longer-term reforms. In addition, such an
approach also would have reduced the probability of retirement of resources which
subsequently were determined to be the most cost-effective means of providing necessary
resilience attributes.
The Commission previously has stressed its preference for market-based
mechanisms as a means to ensure just and reasonable rates in jurisdictional organized
markets. I share this preference for market-based solutions and would have urged
RTOs/ISOs to identify market mechanisms to address these concerns. However, the
Commission also has recognized that interim, out-of-market solutions might be
appropriate in certain circumstances. 6 Accordingly, I would have required that tariff
See ISO New England Inc., 144 FERC ¶ 61,204 at P 21 (accepting ISO-NE tariff
provisions to provide for short-term out-of-market payments to resources to ensure
reliability in the 2013-2014 winter period); see also N.Y. Indep. Sys. Operator, Inc., 150
FERC ¶ 61,116 at P 2 (“While the Commission has repeatedly stated that our
jurisdictional markets should utilize market mechanisms to ensure that the resulting rates
are just and reasonable, the Commission has also recognized that short-term remedies,
6
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revisions proposed by the RTOs/ISOs endeavor to minimize the effect on the wholesale
markets (in particular the energy markets). To this end, I would have stated an
expectation that each RTO/ISO develop any out-of-market mechanisms only as a last
resort.
As I explained consistently over the past few months, it was my goal that any
effort with respect to an interim step would be legally defensible, would not distort
markets, and would address the issues Secretary Perry raised. I believe an order as
discussed above would have met that goal. And while I would have preferred such an
order, I am nevertheless encouraged by today’s order, which represents a positive step
forward in addressing these critical issues.
For these reasons, I respectfully concur.

___________________________
Neil Chatterjee, Commissioner

such as RMR agreements, may be appropriate in certain circumstances to address an
immediate problem at hand.”).
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GLICK, Commissioner, concurring:
I fully support the Commission’s action today to initiate a new proceeding
examining the resilience of the bulk power system. I commend the Chairman for his
leadership in guiding the Commission as it addresses this difficult, but important issue. I
also support the Commission’s decision to terminate Docket No. RM18-1-000, which
addressed the Proposed Rule on Grid Reliability and Resilience Pricing (Proposed Rule)
submitted to the Commission by the Secretary of the Department of Energy. The
Proposed Rule had little, if anything, to do with resilience, and was instead aimed at
subsidizing certain uncompetitive electric generation technologies. As my colleague
Commissioner LaFleur explains, it is important to consider the resilience of the bulk
power system in a larger context that accounts for the changing electricity industry rather
than seeking to preserve the status quo.
I write separately to explain my rationale for concluding that the Proposed Rule is
inconsistent with the Commission’s statutory responsibilities. Although the Department
had the authority under Section 403 of the Department of Energy Organization Act 1 to
submit the Proposed Rule, the Commission could adopt the proposal only if it met the
requirements of section 206 2 of the Federal Power Act. The Proposed Rule fails to meet
that standard.
As today’s order recognizes, the record in this proceeding—as well as the other
proceedings referenced by the Department 3—does not support the Department’s
1

42 U.S.C. § 7173 (2012).

2

16 U.S.C. § 824e (2012).

3

Grid Resiliency Pricing Rule, 82 Fed. Reg. 46,940, 46,944-45 (2017).
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contention that the tariffs of certain RTOs and ISOs are unjust and unreasonable or
unduly discriminatory or preferential. The Department’s own staff Grid Study concluded
that changes in the generation mix, including the retirement of coal and nuclear
generators, have not diminished the grid’s reliability or otherwise posed a significant and
immediate threat to the resilience of the electric grid. 4 To the contrary, the addition of a
diverse array of generation resources, including natural gas, solar, wind, and geothermal,
as well as maturing technologies, such as energy storage, distributed generation, and
demand response, have in many respects contributed to the resilience of the bulk power
system. The record in this proceeding does not demonstrate any need for the
Commission to interfere with the continued evolution of the bulk power system.
Nor does the record support the Department’s proposed remedy: A multi-billion
dollar bailout targeted at coal and nuclear generating facilities. 5 There is no evidence in
the record to suggest that temporarily delaying the retirement of uncompetitive coal and
nuclear generators would meaningfully improve the resilience of the grid. Rather, the
record demonstrates that, if a threat to grid resilience exists, the threat lies mostly with
the transmission and distribution systems, where virtually all significant disruptions
occur. 6 It is, after all, those systems that have faced the most significant challenges
during extreme weather events.
Staff Report to the Secretary on Electricity Markets and Reliability, United States
Department of Energy at 63, 100 (Aug. 2017), available at https://energy.gov/sites/prod/
files/2017/08/f36/Staff%20Report%20on%20Electricity%20Markets%20and%20Reliabil
ity_0.pdf (Department of Energy Grid Study).
4

See, e.g., PJM Independent Market Monitor Comments at 5 (estimating that the
Proposed Rule would have cost consumers in PJM an additional $30 billion in 2015 and
$32 billion in 2016); Joint Industry Commenters, Attachment A at 2, 32 (Battle Group
report estimating that the Proposed Rule would result in $3.7 billion to $11.2 billion in
out-of-market payments annually in PJM, ISO-NE, and NYISO); see also Electricity
Consumers Resource Council Reply Comments at 11-15 (summarizing cost estimates
submitted to the record, all of which estimated that the Proposed Rule would cost
consumers billions of dollars).
5

See Joint Industry Commenters at 3 (citing a Rhodium Group study showing that
“0.00007% of customer-hours lost to outage were caused by fuel supply emergencies
between 2012-2016,” a period that included the 2014 Polar Vortex); Department of
Energy, Quadrennial Energy Review, Second Installment at 4-2 (2017) available at
https://energy.gov/sites/prod/files/2017/02/f34/Chapter%20IV-Ensuring%20Electricity%20System%20Reliability%2C%20Security%2C%20and%20Re
silience.pdf (“Electricity outages disproportionately stem from disruptions on the
6
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In addition, coal and nuclear generators face resilience challenges of their own.
As has been well-documented, many coal and nuclear plants with significant on-site fuel
supplies have failed to function during extreme weather events because those fuel
supplies froze, flooded, or were otherwise unavailable. 7 In fact, initial reports indicate
that coal-fired facilities accounted for nearly half of all forced outages in PJM during last
week’s period of extreme temperatures. Similarly, during the same period, the Pilgrim
Nuclear Power Station was manually removed from service complicating efforts to serve
load within ISO-NE. And, even when fully operational, many coal and nuclear
generators are incapable of providing all the NERC-defined essential reliability services. 8
It is perhaps for that reason that the Department’s Grid Study recommended pursuing
“wholesale market and product designs that recognize and complement resource diversity
by compensating providers for the value of [essential reliability services] on a
technology-neutral basis.” 9
Finally, I am sympathetic to the plight of coal miners, who have been
disproportionately affected as coal’s share of the generation mix has declined. These
men and women went to work every day, at considerable risk to their health and safety, to
supply coal when it was needed most. Many of those same considerations extend to
individuals employed at recently or soon-to-be decommissioned nuclear power plants.
distribution system (over 90 percent of electric power interruptions), both in terms of the
duration and frequency of outages. . . . Damage to the transmission system, while
infrequent, can result in more widespread major power outages that affect large numbers
of customers with significant economic consequences.”).
For example, more than 15 gigawatts of coal and nuclear capacity were forced
offline during the 2014 Polar Vortex as temperatures fell below those plants’ operating
thresholds. Electric Power Supply Association Comments, Attachment A at 17.
Similarly, nuclear facilities lying in the path of hurricanes are routinely taken offline as a
precaution and not returned to service until after the threat has passed.
7

Department of Energy Grid Study at 71-72 (citing Joseph H. Eto et al., Lawrence
Berkeley National Laboratory, Use of Frequency Response Metrics to Assess the
Planning and Operating Requirements for Reliable Integration of Variable Renewable
Generation (2010), available at https://www.ferc.gov/industries/electric/indusact/reliability/ frequencyresponsemetrics-report.pdf). The cited report explains that when
nuclear plants and large coal plants are operated at maximum output, as they frequently
are, they will be incapable of providing primary frequency response, one of the essential
reliability services identified by NERC.
8

9

Department of Energy Grid Study at 100 (emphasis added).
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We have a history in this country of helping those who, through no fault of their own,
have been adversely affected by technological and market change. But that is the
responsibility of Congress and the state legislatures. It is not a role that the Federal
Power Act provides to the Commission.
*

*

*

I agree with the Commission’s decision to initiate a comprehensive examination of
the resilience of the bulk power system in the form of today’s order. Utilities face
diverse challenges, including the threat of cyber or physical attacks and natural disasters,
such as the extreme weather events that are occurring more frequently as a result of
climate change. It is not without irony that the Department’s Proposed Rule would
exacerbate the intensity and frequency of these extreme weather events by helping to
forestall the retirement of coal-fired generators, which emit significant quantities of
greenhouse gases that contribute to anthropogenic climate change. 10 I encourage the
RTOs and ISOs to use this opportunity to undertake a serious review of these challenges
along with other concerns regarding the resilience of their system.
In addition, RTOs and ISOs should consider how best to mitigate these challenges
within their markets and without prejudging what technology or fuel-type provides the
best solution. In particular, I urge them to consider carefully the Commission’s questions
regarding how different generation technologies—both traditional technologies and
newer, less widespread technologies—perform when faced with extreme weather,
including droughts. I also believe that it is important to consider the advantages that
newer technologies, such as distributed energy resources, energy storage, and microgrids, may offer in addressing resilience challenges to the bulk power system. Similarly,
I urge the RTOs and ISOs to consider carefully the Commission’s question regarding the
extent to which resilience challenges are associated with the transmission system or
distribution systems, rather than electric generation. As I noted, the transmission and
distribution systems have historically been the principal cause of virtually all significant
disruptions and are, therefore, an important element of any examination into the
resilience of the bulk power system. Finally, I agree with the Commission that is
important to explore the concept of correlated outages and, in particular, the extent to
A research paper submitted to the record by Resources for the Future estimates
that adopting the Proposed Rule would result in an additional 53 million tons of CO2
emissions by 2045. Resources for the Future also estimates that the Proposed Rule would
cause 27,000 premature deaths by 2045 by increasing the emissions of other air pollutants
(NOx and SOx). See Daniel Shawhan and Paul Picciano, Resources for the Future, Costs
and Benefits of Saving Unprofitable Generators: A Simulation Case Study for US Coal
and Nuclear Power Plants at 11 (Nov. 2017).
10
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which the cyber and physical security of natural gas pipelines threatens the resilience of
the bulk power system and how the Commission should address this issue.
In conclusion, I am confident that the Commission will approach this new
examination into the resilience of the bulk power system in the same manner it considers
all other matters—with a non-partisan perspective and with a view solely on what the
facts provide and the law requires. If the RTOs and ISOs demonstrate that the resilience
of the bulk power system is threatened we should act. If not, we should move on.
For these reasons, I respectfully concur.
_______________________
Richard Glick
Commissioner

Backgrounder
PJM’s Response to FERC Resilience Docket
March 9, 2018
Introduction
This document highlights and summarizes elements in PJM Interconnection’s filed response to the Federal Energy
Regulatory Commission administrative proceeding (AD18-07) to examine resilience on the bulk electric system
through regional transmission operators and independent system operators.
Through its response, PJM outlines the considerable steps it and its stakeholders have undertaken (or are actively
developing) to enhance the resilience of the PJM bulk electric system. The comments detail specific actions that the
FERC (in some areas working with other federal and state agencies) could undertake to enhance the overall
resilience of the bulk electric system, not just in the PJM region but also potentially across the nation.

Key Themes of PJM’s Response
• PJM asks the FERC to refine its proposed definition of resilience and to continue to focus on efforts that
address planning for and mitigating potentially disruptive high-impact, low-frequency events. PJM will have a
leadership role in identifying potential risks to the resilience of the regional electric system and in planning for
and mitigating (including enhanced restoration activities) the effects of such disruptive events.
o

PJM asks the FERC for a process to verify and authenticate PJM’s vulnerability and threat
assessments based on information available to the federal government, but which cannot
necessarily be disclosed given national security concerns.

o

PJM asks the FERC to clarify that resilience can drive planning upgrades under regional
transmission organization/independent system operator (RTO/ISO) planning processes and to
provide additional processes for improving resilience through changes to transmission planning,
emergency operations, and market design.

o

PJM is looking for a period of stakeholder engagement to develop new criteria and a timeline to
submit these changes to the FERC.

• While there has been progress in gas-electric coordination, there is still room for improvement in increasing
communication and coordination. For example, greater cooperation in real-time modeling of the impact of
disruptions would be beneficial, as well as greater coordination in planning for restoration.
• The resilience of wholesale electricity supply is best addressed through markets.

Definition of Resilience
In its broadest sense, resilience involves preparing for, operating through and recovering from events that impose
operational risk, including but not limited to high-impact, low-frequency events.
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The likelihood of high-impact, low-frequency events is generally unknown or extremely difficult to quantify. In addition,
the consequences or impacts of high-impact, low-frequency events – although assumed to be intolerably high in
terms of both human and economic costs – are difficult to quantify. Prudent resilience efforts to address verifiable
vulnerabilities and threats are still worthwhile despite the uncertainty and can be effectively and efficiently managed
through a range of complementary analyses and strategies.

RTOs/ISOs Should Have an Affirmative Role in Planning for Resilience
Key Takeaway:
• The FERC should affirm that resilience is an extension of the required planning characteristics of an
RTO/ISO and that resilience is an extension of reliability.
PJM’s role in the resilience effort is a partnership that involves interaction and coordination with member transmission
owners, load-serving entities, end-use customers, the FERC, other federal and state agencies, and regulatory
commissions and other stakeholders.
PJM’s independence and expertise uniquely positions it to perform the high-impact, low-frequency risk assessment
and qualitative analyses for its region. PJM is well positioned to identify both regional vulnerabilities and mitigating
solutions as well as to assess the effectiveness/impact and feasibility of those solutions. PJM requests additional
federal guidance on the identification of the risks to be mitigated.
PJM requests that the FERC establish a process to allow RTOs/ISOs to receive verification of vulnerability and threat
assessments based on information available to the FERC but not available to the RTOs/ISOs because of national
security issues. Those assessments, once verified, could form the basis for RTO/ISO actions under their own
planning or operations authority consistent with their tariffs.
The FERC, coordinating with other federal agencies such as the departments of Defense, Energy and Homeland
Security and the North American Electricity Reliability Corporation, needs to provide intelligence and metrics to apply
to resilience threat analyses that can guide and anchor subsequent RTO/ISO planning, market or operations
directives.
The FERC should direct each RTO/ISO to submit additional filings, setting forth any necessary changes to its tariff to
address resilience planning, including providing information regarding any criteria changes and any related
processes/rules.

RTO/ISO Authority during Extended Periods of Degraded Operations and/or
Unanticipated Restoration Scenarios Should Be Clarified
Key Takeaway:
• Although PJM has broad emergency powers under its governing documents, some of PJM’s rules regarding
out-of-market actions that system operators are able to take assume that a market is functioning. Additional
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clarity is needed regarding the right to engage in non-market operations, the right to direct generator
operations, and cost-based compensation to generators for following PJM’s direction in an emergency.
PJM is moving forward on requiring dual-fuel capability for all Black Start units, but urges, as the next step,
nationwide coordination of a consistent means to determine critical loads, and development of criteria to assure dualfuel capability to such loads.

Additional Federal Leadership to Improve Communication and Coordination with
Interdependent Infrastructure Systems Is Needed
Key Takeaway:
• RTOs/ISOs need better information from interdependent systems – principally, interstate gas pipelines, local
gas distribution companies and telecommunications providers, and water utilities. A functioning
telecommunications system to transmit data and instructions is essential to operating and restoring the grid.
PJM requests FERC to establish means to improve coordination and communication requirements between
RTOs/ISOs and commission-jurisdictional natural gas pipelines to address resilience as it relates to natural gas-fired
generation located in RTO/ISO footprints.
Natural gas pipeline coordination improvements can provide real-time communication of disruptions and anticipated
gas flow restrictions, as well as identify and communicate system contingencies, vulnerabilities and resilience plans.
RTOs/ISOs, as part of their restoration efforts, should be asked to demonstrate the steps they are taking to improve
coordination with other critical interdependent infrastructure systems. Similar coordination between the FERC, the
Federal Communications Commission and the Department of Homeland Security would provide additional regulatory
support behind such efforts.
PJM stands ready to work with the FERC and its stakeholders on each of these potential initiatives and appreciates
the FERC’s leadership in this important area.

Resilience of Wholesale Supply Is Best Addressed through RTO/ISO Markets
Key Takeaways:
• The first principle of ensuring reliability and resilience is ensuring that the markets are sending the correct
price signals.
• The second principle is compensating suppliers based upon the desired operational attributes necessary to
support reliability and resilience. PJM has identified resource reliability attributes in its paper, PJM’s Evolving
Resource Mix and System Reliability, the preservation of these attributes in future resource portfolios is a
resilience risk mitigation.
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The FERC should request that all RTOs/ISOs – as well as reliability coordinators and transmission operators in nonRTO/ISO regions – submit a subsequent filing, including any necessary proposed tariff amendments, for any
proposed market reforms and related compensation mechanisms to address resilience concerns.
PJM, through its stakeholder process, is already actively evaluating such potential reforms that advance operational
characteristics that support reliability and resilience. They include:
• Improved shortage pricing, fast-start pricing and Operating Reserves market rules
• Improvements to its Black Start requirements
• Improved energy price formation that properly values resources based upon their reliability and resilience
attributes
• Integration of distributed energy resources, storage and other emerging technologies
Markets need to get price formation correct for the resilience of both the grid itself and of the markets. That relies on
getting the price signals correct and as transparent and inclusive as possible.
###
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Understanding grid resilience implications for
market design: Beyond the NETL study
The changing composition of electricity supply – and how wholesale energy
and capacity markets should adapt to these changes – has been on the minds
of those involved in the energy policy arena. Concerns over bulk power system
resilience, in particular, are permeating these discussions. Reductions in natural
gas prices, as well as increased deployment of wind and solar, are helping
reduce wholesale prices of electric energy and capacity. These, in turn, are
driving retirements of existing coal and nuclear plants – the major sources of
electricity supply for decades in much of the country. Lower natural gas prices
are also affecting the ﬁnancial health of generating companies, as suggested
by the recent bankruptcy ﬁling by FirstEnergy Solutions.
In response to these changes, as well as potential threats to bulk electric
system reliability (including extreme weather events), FERC initiated a
rulemaking on Grid Resilience in Regional Transmission Organizations and
Independent System Operators in January. The agency sought input from
RTOs/ISOs and other stakeholders on how to deﬁne resilience, what the
biggest threats to resilience are, and how to address those threats.
The National Energy Technology Laboratory (NETL) recently released
a study on those subjects. The study focuses on the “Bomb Cyclone” storm
http://www.rstreet.org/2018/04/25/understanding-grid-resilience-implications-for-market-design-beyond-the-netl-study/
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that occurred earlier this winter, which led to a surge in demand for electricity
and natural gas for home heating and electricity supply. The study shows that
coal-ﬁred generators increased their generation more so than other generator
types in six U.S. RTO/ISO territories during this weather event. Based on this
increase, the study concludes that coal-ﬁred generators contribute more to
resilience than do other types of generators, particularly those fueled by gas.
The study raises some important questions. However, most of the information
provided is either incomplete or off-point for a discussion of resilience.
Weaknesses in the NETL analysis of coal

The NETL analysis has two parts. The ﬁrst part is a short-run analysis of
changes in system dispatch by fuel type in response to the Bomb Cyclone with
a limited comparison to similar data from the “Polar Vortex” event in 2014. The
second part draws on prior studies that show how aging diminishes coal plant
performance and raises cost, and uses this information to cast doubt on
current EIA projections of coal plant survival and overall coal capacity over the
next few decades.
Both parts of the analysis suffer from major weaknesses and a lack of
transparency, which makes it difﬁcult to assess key methods and assumptions
that form the basis for their conclusions. (For example, the analysis uses
different days for different comparisons and does not explain how or why the
different days were chosen.)
Nonetheless, we can say with certainty that resilience is not about
generation output per se, and thus the primary metric used in this study –

change in generation by fuel type during one extreme weather event – is not
http://www.rstreet.org/2018/04/25/understanding-grid-resilience-implications-for-market-design-beyond-the-netl-study/
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an appropriate measure. Instead, system reliability and resilience are about
the availability of resources to deliver electricity in changing circumstances,
such as demand spikes or fuel supply interruptions.
Unlike the assessments of these extreme weather events conducted by the
RTOs themselves, the NETL study offers only a cursory discussion of generator
availability (the converse of generator outage rates) and does so only for the
2014 Polar Vortex event, not the Bomb Cyclone. Furthermore, it fails to note
major market-design changes in ISO-NE and PJM after the Polar Vortex that
incented and achieved greater cold-weather fuel assurance by gas-ﬁred
generators. It is also important to recognize that availability is not
homogeneous within fuel types, as a fuel-focused analysis might suggest, but
instead can vary importantly with plant location, condition and maintenance
measures, weatherization status, fuel arrangements and other factors.

Rather than dig into indicators of availability, such as forced outage rates and
maximum economic offers, the NETL study focuses on generation output. As
such, the increases in coal-ﬁred generation that NETL identiﬁes during the
storm are not a signal of disproportionate contribution to system resilience,
but rather are an outcome of power generation economics and how
energy markets favor the lowest-cost resources available to meet demand.
As NETL itself points out, large increases in natural gas demand for a
combination of home heating and electricity production caused natural gas
prices to spike during the Bomb Cyclone. This spike, in turn, contributed to a
price inversion in short-term electricity markets, making coal- and oil-ﬁred
generation temporarily more economic than gas-ﬁred generation. At the same
http://www.rstreet.org/2018/04/25/understanding-grid-resilience-implications-for-market-design-beyond-the-netl-study/
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time, electricity demand surged, which further contributed to increased
dispatch of both coal-ﬁred and oil-ﬁred generation – the latter of which
occurred largely at dual-fueled facilities.
After the ﬁrst part of the NETL report concludes that coal is a cold-weather
resilient fuel source, the second part raises questions about the projections of
future coal-ﬁred capacity published by the Energy Information Administration
(EIA) in its Annual Energy Outlook. The NETL report asserts that age-related
thermal efﬁciency reductions at coal-ﬁred generators will cause more of them
to retire than projected in the Annual Energy Outlook. Though this type of
analysis is worthwhile, the report does not provide sufﬁcient explanation to
assess the methods and assumptions upon which the study relied.
The report’s analysis of the future evolution of aggregate generation capacity,
and its comparison with EIA projections, raise the specter of inadequate new
capacity to replace retirements. Any projection of future capacity must
account for the mechanisms determining resource entry and exit, which neither
part of the report acknowledges.
The three regions the report examines most heavily all use capacity markets,
where resources only retire if the system no longer needs as much capacity or if
more competitive new capacity drives existing plants out of the market. Thus,
the basis for the NETL claim of a capacity gap and associated negative reserve
margins is inconsistent with market operations.
Recent history provides some insights into the market causes of and responses
to coal retirements. Since 2011, over 20 GW of coal capacity has retired in PJM.
http://www.rstreet.org/2018/04/25/understanding-grid-resilience-implications-for-market-design-beyond-the-netl-study/
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If one were to go back eight years and accurately predict coal retirements
without accounting for new capacity entry, he or she would have falsely
concluded that PJM would have a capacity shortfall today. However, such a
shortfall has not occurred because new generators have been built. In fact,
PJM’s latest capacity auction achieved a reserve margin nearly 7 percent above

its target, which has contributed to low capacity prices.
Current markets will likely need to evolve to accommodate expected changes
in the composition of the generation ﬂeet. With greater introduction of
variable resources, there may be a need for dedicated procurement of
additional essential reliability services, including ramping and voltage support.
Ensuring markets provide proper incentives for these services will be important
in the future and likely inﬂuence the types of generators coming on board.
Weaknesses in the NETL analysis of other fuels

Evaluating whether proper incentives for grid services exist requires an
examination of how well markets treat differing resource types as substitutes.
The NETL study draws incorrect conclusions based on incomplete information
and faulty reasoning about the ability of other fuels to substitute for coal
retirements as reliable sources of electricity supply.
For natural gas, the study asserts that gas supply to the Northeast is ﬁxed by
aggregate pipeline throughput. Yet although the region has faced extensive
obstacles to new pipeline development, often a quicker and more economical
alternative is to add capacity to existing pipelines. Such options include adding
or upgrading compressor stations and “looping” with parallel pipes, all of which
could increase peak gas delivery to the region.
http://www.rstreet.org/2018/04/25/understanding-grid-resilience-implications-for-market-design-beyond-the-netl-study/
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The study also asserts that ﬁrm contracts for gas pipeline capacity are
necessary for gas units to be reliable/resilient sources of electricity supply. For
some gas units, however, ﬁrm pipeline service is not worth its cost. Generators
on interruptible pipeline contracts rarely face fuel curtailments on pipelines
without chronic winter congestion. Thus, in many areas outside the constrained
Northeast corridors and a subset of eastern PJM, the beneﬁt of ﬁrm pipeline
service does not outweigh the cost, as the pipeline system has sufﬁcient slack.
Even for pipelines with chronic congestion, ﬁrm capacity contracts are often
expensive and a poor ﬁt for short duration pipeline constraints. Various physical
and ﬁnancial options are available to ﬁrm fuel supplies for natural gas
generators without contracting for ﬁrm pipeline capacity, and the approach
that makes the most economic and practical sense can vary by situation.
For example, dual fuel capability is an option for some generators, while others
may elect to invest in natural gas storage or contract for liqueﬁed natural gas
injections behind a pipeline constraint. Another alternative is to purchase a
physical call option from gas pipeline marketers. A great case study for this
option is PJM, where generators commonly used marketers as the most

economical route to ﬁrm gas supplies following stronger performance
incentives enacted in PJM’s capacity market.
The study also mischaracterizes the potential for renewables to replace retiring
coal as a reliable energy source. As a byproduct of its focus on generation
output alone, the study suggests that wind generation introduces a resilience
penalty because its highest hourly generation in the period of Dec. 27 to Jan. 2
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was higher than its generation in the highest-load hour of the Bomb Cyclone
event.
The study also contends that to substitute for dispatchable generation, wind
and solar generators must be backed up by storage or gas with ﬁrm pipeline
contracts. Yet in fact, many forms of wind and solar generation are
dispatchable – such as MISO’s Dispatchable Intermittent Resources – and do

not require full back-up generation, which can be provided by resources other
than storage or gas plants with ﬁrm pipeline contracts.
If there is excess generation capacity, as in most of the United States, no
backup for wind and solar is needed until these sources reach a high enough
share of generation capacity. Beyond that share, wind and solar can substitute
for fuel-burning generators, just not at a 1-to-1 ratio. The relevant
consideration is the availability of generators at times of system scarcity.
In domestic capacity markets, resources typically receive credit on the basis of
their expected availability during summer peak demand. Thermal resources
commonly receive 85-98 percent credit of their nameplate capacity to
account for their expected forced outages.
The variable nature of wind and solar greatly reduces their capacity-value
relative to conventional plants. For example, in the recent PJM capacity auction
for 2020/2021, wind received credit for approximately 13 percent of its
installed capacity and solar for approximately 38 percent, with the percentages
varying from installation to installation. As a result, PJM counts on wind and
solar together for only about 1500 MW of power at times of scarcity, whereas
http://www.rstreet.org/2018/04/25/understanding-grid-resilience-implications-for-market-design-beyond-the-netl-study/

7/10

4/29/2018

Understanding grid resilience implications for market design: Beyond the NETL study | R Street

wind supplied 3100 MW of power during the highest-load hour of the Bomb
Cyclone.
During some other scarcity events, wind has supplied less than its capacity
credit. This variation highlights the need to potentially revise methods that
determine capacity credits based on statistical probability of very low regionwide resource availability at times of extremely high power-scarcity.
Both wind and solar availability differ across seasons. The availability of gas
plants may also vary between winter and summer based on pipeline conditions
and fuel arrangements, but this is very context-speciﬁc. Accounting for these
differences will be important in improving the calculation of capacity credits,
especially as winter scarcity becomes more important. Current annual
constructs do not typically recognize these seasonal differences, but this may
soon change, as FERC recently ordered a technical conference to evaluate

proposed moves to seasonally-differentiated capacity crediting in the context
of PJM’s capacity markets.
Implications for markets going forward

An overarching challenge for any evaluation of power system resilience is the
lack of agreement on a deﬁnition and on appropriate metrics. Helping move
the community toward an agreed-upon deﬁnition is part of what FERC is trying
to do with its current rulemaking on resilience, but these conversations are
arguably in their early stages.
This lack of consensus does not mean that we must wait for consensus to
emerge to do analysis, but any analysis needs to be transparent about
methods, assumptions and data sources and employ appropriate market
http://www.rstreet.org/2018/04/25/understanding-grid-resilience-implications-for-market-design-beyond-the-netl-study/
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performance metrics in order to contribute to the evolving discussion of
electric supply resilience in a useful and durable way. The NETL study is lacking
in several of these respects. Moreover, the study fails to analyze market
incentives, which provide the basis for evaluating prospective market
conditions and informing market design changes.
Markets can facilitate rapid platform change when supply-and-demand
fundamentals shift abruptly. This ﬂexibility encourages innovation and
accelerates deployment of low-cost entrants. Yet such turnover in the
generation ﬂeet can expose market design ﬂaws. This possibility calls for
thorough analysis of market performance, especially by examining the
suitability of the incentive structure as the generation ﬂeet evolves.
Determining past and projecting future market performance begins with an
analysis of whether market design provides proper incentives for the efﬁcient,
reliable and resilient operation of the electric system. Ensuring such incentive
compatibility among market participants is necessary for investment and
operating decisions that maximize the efﬁciency of generator investment,
operation and retirement.
Some fuel-speciﬁc analyses, like the NETL study, have made hypothetical
projections of the composition and performance of the future generation mix
irrespective of the underlying incentive structure that will drive actual behavior.
This approach not only leads to false conclusions, it also fuels consideration
of subsidizing uneconomic generators of particular types to keep them from

retiring.
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Well-designed, fuel-neutral markets provide an efﬁcient method of procuring
services for a reliable and resilient grid. Healthy markets provide the right
incentives for power suppliers to determine the means of providing these
services. In contrast, prescribing the means to provide such services would be
less efﬁcient.
A hallmark of electricity market design is to deﬁne products around discrete
reliability services. If the set of product markets is not sufﬁcient to compensate
for the full suite of reliability services, then that set of markets may
undervalue any resource that provides the inadequately rewarded reliability
services, not just coal-ﬁred generators. NERC has identiﬁed potential shortfalls
of essential reliability services like ramp and primary frequency response, which
may justify dedicated market mechanisms to procure them that FERC and the

RTOs have already begun acting upon. Going forward, it is critical that the
conversation on grid reliability and resilience evaluates markets with
appropriate economic techniques and pursues market design enhancements
that comport with incentive compatibility.

Image credit: Lumppini
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COMMENTS AND RESPONSES OF PJM INTERCONNECTION, L.L.C.
PJM Interconnection, L.L.C. (“PJM”) hereby submits its comments and responses
(“Comments”) to the resilience issues and inquiries identified in the Federal Energy Regulatory
Commission’s (“Commission”) Order Terminating Rulemaking Proceeding, Initiating New
Proceeding, and Establishing Additional Procedures issued on January 8, 2018.1 Through these
Comments, PJM:


outlines the considerable steps PJM and its stakeholders have undertaken, or have
actively underway, to enhance the resilience of the portion of the Bulk Electric
System2 (“BES”) operated by PJM, and

1

Grid Resilience in Regional Transmission Organizations and Independent System Operators, 162 FERC ¶ 61,012
(2018) (“Grid Resilience Order”). In the Grid Resilience Order the Commission (1) terminated the proceeding
regarding the proposed rule on Grid Reliability and Resilience Pricing submitted to the Commission by the
Secretary of the United States Department of Energy (“DOE”) that was focused on providing cost-of-service
compensation to generators with on-site fuel capability, and (2) initiated the above-captioned proceeding on Grid
Resilience in Regional Transmission Organizations and Independent System Operators. The Grid Resilience Order
directed each Regional Transmission Organization (“RTO”) and Independent System Operator (“ISO”), including
PJM, to submit initial comments and responses to the Commission on resilience in order to enable the Commission
to holistically examine the resilience of the bulk power system. Hereinafter, RTOs and ISOs are referred to
collectively as RTOs.
2

In its questions, the Commission referenced the resilience of the bulk power system. In its responses, PJM is
addressing resilience as it relates to the Bulk Electric System. The North American Electric Reliability Corporation
(“NERC”) defines Bulk Power System as: (A) facilities and control systems necessary for operating an
interconnected electric energy transmission network (or any portion thereof); and (B) electric energy from
generation facilities needed to maintain transmission system reliability. The term does not include facilities used in
the local distribution of electric energy. NERC defines Bulk Electric System as: “Unless modified by the lists
shown below, all Transmission Elements operated at 100 kV or higher and Real Power and Reactive Power
resources connected at 100 kV or higher. This does not include facilities used in the local distribution of electric
energy…” (the detailed list of systems modifying the definition are not provided herein). See Glossary of Terms
2



details specific action steps the Commission (in some areas working with other
federal and state agencies) could undertake to enhance overall resilience of the
BES not just in the PJM Region but potentially across the nation.

Just as with so many issues before the Commission, enhancing grid resilience requires a
careful balancing of many competing interests. Ultimately, the goal is to ensure that the BES can
continue, into the future, to meet the needs of customers for the reliable and secure delivery of
electricity at a price which remains just and reasonable. PJM has approached these Comments
by striving to balance those different concerns and interests.
I.

INTRODUCTION
There are a number of important initiatives that are underway and others that should be

enhanced and made part of the Commission’s focus with respect to system resilience. Defining
resilience is an important first step as outlined below. Addressing the issues raised in the
Commission’s inquiries to the RTOs is an important second step.3
As a multi-state RTO, PJM has visibility into interstate and inter-system resilience
vulnerabilities and restoration challenges. PJM’s role in the resilience effort is not an exclusive
role, but a partnership role that involves interaction and coordination with member Transmission
Owners,4 Load Serving Entities, end-use customers, the Commission, other federal and state
agencies and regulatory commissions, and other stakeholders. But given the interconnected
nature of the electric power grid, there is an important federal interest that must be recognized
and advanced in addressing resilience. As a result, as proposed herein, the Commission should
Used in NERC Reliability Standards, North American Electric Reliability Corporation (Jan. 31, 2018) (“NERC
Glossary”), www.nerc.com/files/glossary_of_terms.pdf.
3

Although PJM is supportive of this docket starting with an inquiry to the RTOs, grid resilience issues are not
limited to RTOs. If anything, because of their scale and scope, RTOs are best able to evaluate overall grid resilience
issues of the BES in their footprints. But the scope of the Commission’s effort should in no way be limited to RTOs
since many if not most BES grid resilience issues are truly national in scope.
4

All capitalized terms that are not otherwise defined herein have the meaning as defined in the PJM Open Access
Transmission Tariff (“Tariff”), Amended and Restated Operating Agreement of PJM Interconnection, L.L.C.
(“Operating Agreement”), and Reliability Assurance Agreement Among Load Serving Entities in the PJM Region.
3

advance additional processes that could help with additional coordinated identification,
authentication and mitigation of future grid resilience challenges, and authentication and
mitigation of the vulnerabilities that currently exist.
To be clear, the PJM BES is safe and reliable today – it has been designed and is operated
to meet all applicable reliability standards. However, improvements can and should be made to
make the BES more resilient against known and potential vulnerabilities and threats. In many
cases, resilience actions are anchored in, but go beyond what is strictly required for compliance
with, the existing reliability standards.

As a result, PJM has identified a number of

recommended initiatives.
II.

EXECUTIVE SUMMARY
In its broadest sense, resilience involves preparing for, operating through, and recovering

from events that impose operational risk, including but not limited to high-impact, low-frequency
events. However, resilience is not only about high-impact, low-frequency events. Rather,
resilience also involves addressing vulnerabilities that evolved over time and threaten the safe
and reliable operation of the BES (or timely restoration), but are not yet adequately addressed
through existing RTO planning processes or market design. Many of the actions, policies,
procedures, and market structures designed to improve system resilience are scalable and
applicable to a wide range of potential risks and impacts. The challenge lies in the nature of
high-impact, low-frequency events, because they are not amenable to quantitative, probabilitybased analyses commonly used for risk management5 due to the difficulty of predicting the
timing and impact of their occurrence. Probabilities of high-impact, low frequency events are
generally unknown or extremely difficult to quantify, and the consequences or impacts of high-

5

See e.g. Kaplan, S. and Garrick, B.J. (1981). On the Quantitative Definition of Risk. Risk Analysis 1(1).
4

impact, low-frequency events - although assumed to be intolerably high in terms of both human
and economic costs - are difficult to quantify. Prudent resilience efforts to address verifiable
vulnerabilities and threats are worthwhile despite the uncertainty, and can be effectively and
efficiently managed through the use of a range of complementary analyses and strategies.
Accordingly, PJM requests that the Commission take the following actions to enhance
resilience of the grid and interrelated systems that depend on the BES.

6



Finalize through this proceeding a working definition and common understanding
of grid resilience, clarifying that resilience resides within the Commission’s
existing authority with respect to the establishment of just and reasonable rates,
terms and conditions of service under the Federal Power Act (“FPA”).6



Establish a Commission process, either informally through one or more of the
Commission’s existing offices, or formally through a filing process, that would
allow an RTO to receive verification as to the reasonableness of its assessments of
vulnerabilities and threats, including Commission utilization of information that
may be available to it, but not available to the RTO because of national security
issues. Those assessments, once verified, could then form the basis for RTO
actions under its planning or operations authority consistent with its tariffs.
Simply put, in coordination with other federal agencies such as the United States
Department of Defense (“DOD”), DOE, United States Department of Homeland
Security (“DHS”), as well as NERC, the Commission needs to provide
intelligence and metrics to apply to resilience vulnerability and threat analyses
that can then guide and anchor subsequent RTO planning, market design, and/or
operations directives.7



Articulate in this docket that the regional planning responsibilities of RTOs
currently mandated under 18 CFR § 35.34(k)(7), and the NERC TPL standards
(which among other things require RTOs to plan to provide reliable transmission
service and assess Extreme Events to the BES), includes an obligation to assess
resilience. The Commission should consider, after confirming that resilience is a
component of such planning, initiating appropriate rulemakings or other
proceedings to further articulate the RTO role in resilience planning including

See, e.g., Section 215, 16 U.S.C. §824o.

7

Through this process, PJM would be seeking verification that its vulnerability identification or threat assessment is
consistent with information (including classified information not necessarily available to PJM) held by the federal
government and thus should be used to guide future actions. The verification would be solely of the identified
vulnerability or assessed threat and would not preclude challenges in the context of a rate proceeding or otherwise as
to the cost efficiency of addressing the vulnerability or threat.
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affirmative obligations and standards to plan, prepare, mitigate, etc. As part of
this effort, the Commission should reconcile its continued interest in transparency
in planning processes under Order Nos. 890 and 1000 with the challenges of
public disclosure of significant grid resilience vulnerabilities. Working with
stakeholders, PJM has begun this process to include existing standards like NERC
CIP-14 critical facilities and urges the Commission to provide assistance to ensure
that the goals of transparency and information to end users do not become a
means to disclose grid vulnerabilities that can be exploited by those with bad
intent.


Require that all RTOs (and jurisdictional transmission providers in non-RTO
regions) submit a subsequent filing, including any necessary proposed tariff
amendments, to implement resilience planning criteria, and develop processes for
the identification of vulnerabilities, threat assessment and mitigation, restoration
planning, and related process or procedures needed to advance resilience
planning.



Request that all RTOs (and jurisdictional transmission providers in non-RTO
regions) submit a subsequent filing, including any necessary proposed tariff
amendments, for any proposed market reforms and related compensation
mechanisms to address resilience concerns within nine to twelve months from the
issuance of a Final Order in this docket. PJM, together with its stakeholders, is
already actively evaluating such potential reforms that advance operational
characteristics that support reliability and resilience, including (i) improvements
to its Operating Reserve market rules and to shortage pricing, (ii) improvements
to its Black Start requirements, (iii) improvements to energy price formation that
properly values resources based upon their reliability and resilience attributes, and
(iv) integration of distributed energy resources (“DERs”), storage, and other
emerging technologies. A deadline for submission of market rule reforms that the
RTO feels would assist with its resilience efforts would help ensure focus on
these issues in the stakeholder process.



Request that PJM submit a subsequent filing, including any necessary proposed
tariff amendments, to permit non-market operations during emergencies, extended
periods of degraded operations, or unanticipated restoration scenarios. Such
filings could including provisions for cost-based compensation when the markets
are not operational or when a wholesale supplier is directed to take certain
emergency actions by PJM for which there is not an existing compensation
mechanism.8



Establish improved coordination and communication requirements between RTOs
and Commission-jurisdictional natural gas pipelines to address resilience as it
relates to natural gas-fired generation located in RTO footprints. With respect to
interstate pipelines, PJM respectfully requests that the Commission launch

8

Any such RTO procedures would be limited, and would not interfere with DOE emergency actions under FPA,
sections 202(c) or 215A. 16 U.S.C. §§ 824a(c), 824o-1.
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additional initiatives addressing the interaction between RTOs and interstate
natural gas pipelines as follows:


PJM supports additional reforms to Order No. 787 to avoid the variable
levels of information sharing provided by different pipelines in the PJM
Region that resulted from the strictly voluntary nature of Order No. 787.



PJM requests additional efforts by the Commission to encourage sharing
of pipelines’ prospective identification of vulnerabilities and threats on
their systems and, sharing on a confidential basis in real-time, the
pipeline’s modeling of such contingencies and communication of recovery
plans. This would ensure that the RTO has the best information in realtime to make a determination whether to increase Operating Reserves or
take other emergency actions in response to a pipeline break or other
contingencies occurring on the pipeline system. Although a degree of
effective coordination and communication with the pipelines serving the
PJM Region has been achieved, more of a focus on real time coordination
of modeling of contingencies and real-time communication of same would
ensure greater consistency in coordination and information and can bring
gas/electric coordination, to the next level to face the next generation of
resilience issues. Accordingly, PJM recommends a more holistic
regulatory framework for identifying and coordination of modeling of (1)
pipeline contingencies in RTO planning and (2) real-time impacts of
adverse pipeline events on BES operations.



PJM requests an increased focus on restoration planning coordination
between RTOs and pipelines as each entity has valuable information that
can affect the other’s timely restoration.



PJM urges the Commission to encourage the development of additional
pipeline services tailored to the flexibility needs of natural gas-fired
generation so as to encourage appropriate tailoring and pricing of services
beyond today’s traditional firm/interruptible paradigm.



PJM believes that much can be done both in the Commission’s exercise of
jurisdiction over RTOs as well as interstate pipelines to improve
generation interconnection coordination with pipelines in order to better
align interconnection activities and timelines and minimize potential
issues associated with generation facilities located in areas on pipeline
systems where reliability or resilience benefits may be sub-optimal.



Finally, PJM believes that more action is needed to support the
harmonization of cyber and physical security standards between the
electric sector and the natural gas pipeline system. PJM recognizes that
this matter spans beyond the Commission but also involves the
Transportation Security Administration (“TSA”) and Pipeline and
Hazardous Materials Safety Administration (“PHMSA”), but believes that
through greater inter-agency coordination, a base level of resilience to

7

physical and cyber-attacks can be achieved even while still respecting the
different regulatory authorities of each agency.


In addition, greater communication and coordination is needed with the local
distribution companies (“LDCs”) that supply wholesale generation, and the
Commission should support such efforts including evaluating whether
communication and coordination obligations should be imposed on LDCs that
supply jurisdictional wholesale generation.9



As noted below, PJM is moving forward on requiring dual fuel capability at all
Black Start Units but urges, as the next step, coordination across the nation of a
consistent means to determine Critical Restoration Units and the development of
criteria to assure fuel capability to such Critical Restoration Units.10



RTOs, as part of their restoration role, should be asked to demonstrate steps they
are taking to improve coordination with other critical interdependent
infrastructure systems (e.g., telecommunications, water utilities) that (i) could be
impacted through events of type discussed herein, or (ii) are themselves
vulnerabilities that could contribute to, or amplify the impact of such events.
Coordination between the Commission, the Federal Communications Commission
(“FCC”) and DHS would provide additional federal support for such efforts.

PJM stands ready to work with the Commission and its stakeholders on each of these
potential initiatives, and appreciates the Commission’s leadership in this important area.
III.

COMMENTS
As the Commission indicated, at the most basic level, ensuring resilience requires

determining which risks to the BES to protect against, and identifying the steps that are needed
to ensure those risks are addressed.11 The Grid Resilience Order, inter alia, asks three broad
questions. First, how should resilience be defined?12 Second, how do RTOs assess threats to
resilience?13 Third, how do RTOs mitigate threats to resilience?14 PJM’s responses to the

9

One possible manner of imposing obligations on LDCs might be as customers of interstate pipeline tariffs.

10

PJM is focusing efforts on the second tier of generation used in restoration, commonly referred to as critical load
units, and referred to herein as Critical Restoration Units.
11

Grid Resilience Order at P 24.

12

Id. at P 23.

13

Id. at P 25.

14

Id. at P 27.
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Commission’s questions are based on its independent evaluations and expertise, as well as input
received in response to PJM’s solicitation of comments from its stakeholders.15
1.

Common Understanding of Resilience

The Commission proposed to define resilience as:
The ability to withstand and reduce the magnitude and/or duration
of disruptive events, which includes the capability to anticipate,
absorb, adapt to, and/or rapidly recover from such an event.16
The Commission requested that RTOs comment on the proposed definition, and whether any of
the terms used to describe its understanding of resilience “require further elaboration to ensure a
common understanding.”17
The Commission’s definition of resilience is consistent with general industry concepts
concerning resilience, and is similar to the definition of infrastructure resilience utilized by
NERC –
The ability to reduce the magnitude and/or duration of disruptive
events. The effectiveness of a resilient infrastructure or enterprise
depends upon its ability to anticipate, absorb, adapt to, and/or
rapidly recover from a potentially disruptive event.18
While the Commission’s definition of resilience is acceptable, PJM respectfully suggests
further refinement is needed to ensure the definition (i) accurately reflects what RTOs are
capable of doing to protect the BES from vulnerabilities and threats, and (ii) does not impose
upon RTOs additional liabilities and the imposition of a new duty and standard of care to which

15

See Comments posted with the meeting materials for the February 23, 2018 special meeting of the PJM Markets
and Reliability Committee, at http://www.pjm.com/committees-and-groups/committees/mrc.aspx.
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Grid Resilience Order at P 23.

17

Id.

18

NERC, Severe Impact Resilience: Considerations and Recommendations, 12 (Board Accepted May 9, 2012,
http://www.nerc.com/comm/OC/SIRTF%20Related%20Files%20DL/SIRTF_Final_May_9_2012-Board_Accepted
.pdf.
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they are obligated to comply. PJM proposes the following definition, which has commonality of
intent with the Commission’s definition, though the specific language differs for the reasons
indicated herein:
The ability to withstand and or reduce the magnitude and/or
duration of disruptive events, which includes the capability to
anticipate, identify vulnerabilities and threats, and plan for, prepare
for, mitigate, absorb, adapt to, and/or rapidly timely recover from
such an event.19
The refinements PJM proposes are intended to ensure the definition is realistic and requirements
on RTOs are achievable.
In this regard, first, requiring the BES to “withstand” a disruptive event is concerning
because RTOs should not be required to plan and design the BES to be invulnerable to a broad
spectrum of hazards and corresponding impacts - regardless of the cost to do so or the
incremental value that may be achieved in making such improvements for a contingency that will
rarely, if ever, occur. For that reason, the word “and” should be changed to “or” in PJM’s
proposed definition to allow an RTO to make a rationale determination of the cost benefit of
making certain system improvements.
Second, the word “anticipate” should not be included in the definition of resilience
because RTOs cannot perfectly anticipate all potential risks, vulnerabilities or threats to the BES.
Instead, it is more appropriate for RTOs “to identify vulnerabilities and threats.”
Third, once such vulnerabilities and threats are identified, in addition to absorbing,
adapting to and recovering from a disruptive event, RTOs also need to plan for and prepare for
such an event, and mitigate against the identified vulnerabilities and threats, in order to develop
mechanisms to prevent the BES from being disrupted.
19

The redlines reflect changes PJM is proposing to the Commission definition of resilience. An underline reflects
words PJM proposes to add to the definition, while a strike-through reflects words PJM proposes to delete from the
definition.
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Finally, the word “rapidly” should be replaced with the word “timely” in the definition of
resilience because any recovery must be reasonably timely under the circumstances. The word
“rapidly” could impose an unreasonable expectation depending on the circumstances or the
event. Furthermore, including “rapidly” in a federal definition could engender unnecessary
disputes and litigation after a successful timely restoration.
And with regard to the Commission’s inquiry whether any of the terms it used to describe
its understanding of resilience requires further elaboration, for the purpose of clarification and to
ensure a common understanding, PJM understands the terms “absorb” and “adapt” to mean the
ability of asset-owners and operators on the BES to manage incidents as they are unfolding to
minimize the initial impact in a prudent manner – not the ability to absorb a threat unscathed.
In issuing a definition of resilience, the Commission should clarify that resilience is
included in its existing statutory authority. The FPA defines “reliable operation” as “operating
the elements of the bulk-power system within equipment and electric system thermal, voltage,
and stability limits so that instability, uncontrolled separation, or cascading failures of such
system will not occur as a result of a sudden disturbance, including a cybersecurity incident, or
unanticipated failure of system elements,”20 articulating resilience concepts.

In addition,

resilience efforts will require changes to transmission and infrastructure planning, operation
rules, and market rules, as well as to recovery and restoration processes. All of these efforts
implicate jurisdictional tariffs and rates and thus are within the Commission’s existing authority
with respect to the establishment of just and reasonable rates under the FPA.
Therefore, PJM asks the Commission to clarify in this proceeding that resilience is
anchored in the Congressional definition of reliable operations as set forth in FPA, section 215,

20

FPA, section 215, 16 U.S. Code § 824o(a)(4) (emphasis added).
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but also is supported by the requirement for just and reasonable rates, terms and conditions of
service and the requirement that the planning and expansion of the BES meet the needs of load
serving entities.21 By clarifying that resilience of the BES is within the Commission’s authority,
the Commission and PJM will be well positioned to advance resilience efforts within their
respective processes and avoid jurisdictional challenges being raised in individual proceedings at
the very time that timely action may need to be taken.
2.

How RTOs/ISOs Assess Threats to Resilience

The second issue for which the Commission sought to gain a better understanding was
“how each RTO/ISO currently evaluates the resilience of its system.”22

The Commission

directed the RTOs to address a series of questions on that “issue and, as needed, to highlight any
unique resilience challenges that exist in their respective regions.”23 PJM responds to each
Commission question below.
(a)
What are the primary risks to resilience in your region from both naturally
occurring and man-made threats? How do you identify them? Are they short-,
mid-, or long-term challenges?
In the resilience context, the term “risk” is comprised of several interrelated components:
(i) potential loss or “vulnerability,” (ii) cause or “threat,” (iii) possibility or probability of
occurrence, and (iv) impact. PJM interprets this question as seeking information regarding the
primary resilience vulnerabilities. The primary vulnerabilities to the BES in PJM’s footprint,
resulting from both naturally occurring events and man-made threats, are:
(i)
(ii)

significant loss or disruption of infrastructure, including but not limited to
critical transmission facilities or other significant BES assets;
significant loss or disruption of control systems, such as Industrial Control
Systems or Supervisory Control and Data Acquisition (SCADA), and their
supporting Information Technology (“IT”) networks;

21

FPA, section 217, 16 U.S. Code § 824q(b)(3)(B)(4).

22

Grid Resilience Order at P 25.

23

Id.
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(iii)

(iv)
(v)

significant loss or disruption of interdependent systems (i.e., natural gas
pipelines or delivery systems, communication networks, and water utilities
supplying generation);
degraded capability to execute restoration or Black Start; and
significant loss of wholesale supply that exceeds current planning/
operating criteria.24

The degree of risk from each of these events differs by region. For example, the PJM Region,
with its rich supply of Marcellus and Utica shale and the availability of multiple pipelines and
natural gas storage facilities, does not face the same degree of vulnerability as would a region
with more limited natural gas infrastructure such as New England. Nevertheless, a number of
the threats listed above are common to all RTOs.
At its core, resilience involves identifying and addressing vulnerabilities that could
jeopardize the safe and reliable operation of the BES, or BES restoration, and that are not
currently addressed through existing RTO planning processes or market design. While some
efforts will be tailored specifically to one particular threat, the focus should be on mitigation
actions that are hazard agnostic and mitigate against multiple threats.
Categories of high-impact, low-frequency naturally occurring events and man-made
threats are discussed in further detail in the response to question 2(c), and include:
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)

cyber-attack;
physical attack;
electromagnetic pulse (“EMP”);
loss of interdependent systems;
severe terrestrial weather;
earthquake; and,
geomagnetic disturbance (“GMD”).

24

Although obvious, it is worth noting that the overwhelming impact to customers from many of these events and,
in particular, weather-related events arises from performance of the distribution system.
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PJM identifies resilience vulnerabilities both independently and based on information
available to it from its member companies, industry groups, and governmental entities.
Specifically, PJM’s independence and operational expertise, as the NERC-registered Balancing
Authority, Planning Authority, Reliability Coordinator, Resource Planner, Transmission
Operator, Transmission Planner and Transmission Service Provider25 for a region that spans
across all or part of thirteen states and the District of Columbia, position PJM with authority to
perform regional-scale risk assessments and qualitative analyses to identify regional
vulnerabilities based upon an examination of numerous potential scenarios. But there is more
that RTOs such as PJM could do to identify and mitigate such regional vulnerabilities, even if
addressing those vulnerabilities is not necessary for day-to-day safe and reliable operation.
As the Transmission Operator for its Transmission Operator Area,26 PJM has engaged in
both discourse-based and precaution-based strategies to advance resilience.27 A discourse-based
strategy denotes raising awareness, sharing information regarding vulnerabilities, and initiating
collective institutional efforts.

A precaution-based strategy involves an examination of

vulnerabilities, often employing industry or technology best practices to take precautionary steps
to mitigate the vulnerability.
For example, since March 2017 PJM’s Security and Resilience Advisory Committee
(“SRAC”) serves as the primary forum to advance the dialogue on resilience and identify priority

25

See NERC Glossary.

26

The NERC Glossary defines Transmission Operator as: “The entity responsible for the reliability of its “local”
transmission system, and that operates or directs the operations of the transmission Facilities.” Transmission
Operator Area is defined as: “The collection of Transmission assets over which the Transmission Operator is
responsible for operating.”
27

See e.g. Klinke, A. and Renn, O. (2002). A New Approach to Risk Evaluation and Management: Risk-Based,
Precaution-Based, and Discourse-Based Strategies. Risk Analysis 22(6).
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initiatives for the PJM stakeholder community.28 Meeting topics include reports on recent cyber
intrusions and trends in the electricity industry, engagement in multi-sector exercises dedicated
to resilience-driven objectives and outcomes, and aligning ongoing industry research and policy
development on resilience topics to ensure relevant outcomes.

Issues raised in this forum

produced an industry emergency communications research project to maintain critical
functionality in a high-impact, low-frequency event, new frameworks for enhanced Black Start
planning, partnerships for the integration of National Guard cyber assets for joint cyber response,
and stakeholder participation in a newly formed, multi-sector exercise for a high-impact, lowfrequency event.
Moreover, in 2017 PJM organized and sponsored two well-attended Grid 20/20 events,
one on fuel diversity and resilience29 and the other on grid security and resilience.30 The April
2017 Grid 20/20 event facilitated a stakeholder discussion on fuel mix diversity and security
issues and their intersection with resilience. The September 2017 Grid 20/20 event served as an
effective venue in which PJM and its stakeholders, including representatives of state regulatory
agencies, discussed grid resilience at the transmission and distribution levels.31
In an example of a precaution-based strategy, PJM focused particular attention on
techniques to identify and mitigate natural gas infrastructure vulnerabilities.

To advance

28

Detailed information about the SRAC, including meeting minutes and meeting materials, is available at
http://www.pjm.com/committees-and-groups/committees/srac.aspx.
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See Grid 20/20: Focus on Resilience (Fuel Mix Diversity & Security), April 19, 2017 (“April 2017 Grid 20/20”),
http://www.pjm.com/committees-and-groups/stakeholder-meetings/symposiums-forums/grid-2020-focus-onresilience-part-1-fuel-mix-diversity-and-security.aspx.
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See Grid 20/20: Focus on Security & Resilience, September 19, 2017 (“September 2017 Grid 20/20”),
http://www.pjm.com/committees-and-groups/stakeholder-meetings/symposiums-forums/grid-2020-focus-onsecurity-and-resilience.aspx.
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See Grid Resilience Order at n.31 (“We also note that the concept of resilience necessarily involves issues, topics,
and questions that extend beyond the Commission’s jurisdiction, such as distribution system reliability and
modernization. The Commission encourages RTOs/ISOs and other interested entities to engage with state regulators
and other stakeholders through Regional State Committees or other venues to address resilience at the distribution
level.”).
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resilience, PJM developed operating procedures that will define specific processes to evaluate
the risk on the BES of natural gas infrastructure vulnerabilities, with a clear understanding of
natural gas infrastructure redundancy including generator dual-fuel capabilities.

Those

procedures also will operationalize gas pipeline contingencies under normal operations and
external threat conditions, such as cyber and physical threats. In support of these efforts, PJM
has entered into specific information-sharing protocols with nine interstate natural gas pipelines
and five LDCs serving customers in the PJM Region. Further, PJM has created a gas operations
function that supports the PJM control room. PJM employees in the control room monitor
natural gas pipeline conditions, and stay in regular communication with pipelines regarding
changes to those conditions. While much has been accomplished with gas-electric coordination,
much more can and should be undertaken in this area to promote resilience, with Commission
support.
On the supply side, PJM’s risk assessments focus on the reliability and resilience
attributes of wholesale generation and other supply. These metrics are rooted in existing criteria
used for PJM’s market such as ramp time, run time, and operational flexibility to determine what
generation types are best suited to perform in adverse conditions with varying system
constraints.32 PJM’s current generation fuel mix is diverse, as reflected in the illustration below
which depicts the fuel mix of the energy produced in the PJM Region as of December 31, 2017.

32

PJM, PJM’s Evolving Resource Mix and System Reliability (March 30, 2017), http://www.pjm.com//media/library/reports-notices/special-reports/20170330-pjms-evolving-resource-mix-and-system-reliability.Ashx
?la=en (“Fuel Report”); PJM, Appendix to PJM’s Evolving Resource Mix and System Reliability (March 30, 2017),
http://www.pjm.com/-/media/library/reports-notices/special-reports/20170330-appendix-to-pjms-evolving-resourcemix-and-system-reliability.ashx?la=en.
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PJM is traditionally made aware of Transmission Owner determinations of critical
transmission substations through the NERC Standard CIP-014-1 physical security process, and
PJM performs the validation outlined in Requirement R2.33 As a NERC-registered Transmission
Operator, PJM also reviews all PJM Transmission Owner restoration plans for Black Start and
Critical Restoration Units located in each of its twenty transmission zones within the PJM
Region. PJM also participates in numerous electricity industry associations and consortia that
work to identify vulnerabilities on the BES based on joint areas of interest including the Edison
Electric Institute, Electric Subsector Coordinating Council (“ESSC”),34 the North American
Transmission Forum (“NATF”) and the Electric Infrastructure Security Council. These entities
all possess track records of great progress identifying and addressing resilience challenges within
their respective scopes and memberships, adding to the resources brought to bear in this
collective effort.

33

See NERC Reliability Standard CIP-014-2 – Physical Security, Eff. Oct. 2, 2015, http://www.nerc.com/pa/Stand/
Reliability %20Standards/CIP-014-2.pdf.
34

PJM’s Chief Executive Officer and President, Andrew Ott, represents the ISO RTO Council (“IRC”) on the
ESSC.
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Finally, PJM obtains important information from governmental agencies at the local,
state and federal level that have identified additional risks for consideration, including but not
limited to the DHS Regional Resilience Assessment Program for Critical Infrastructure and Key
Resource identification and interdependency analysis, the Federal Emergency Management
Agency (“FEMA”) Power Outage Incident Annex (“POIA”) which provides an annex to the
National Response Plan dedicated to response coordination for large black outs, and the statelevel emergency operations plans and energy assurance plans.
With regard to the Commission’s question whether the referenced risks to resilience in
the PJM Region are short-, mid-, or long-term challenges, there is no question that we must build
on the work already done on resilience to identify the activities that are best suited to mitigate
resilience risk on all three time horizons. Significant effort should be expended to develop
criteria and analytical tools for determining whether a risk requires mitigation, resilience plans,
changing planning and operating procedures, as well as market mechanisms. Some of these
challenges can be addressed quickly, while others will require a longer time frame to address.
PJM respectfully requests that the Commission establish a process that would allow an
RTO to receive verification as to the reasonableness of its vulnerability and threat assessments to
the BES based upon information submitted by the RTO and, importantly, also upon information
that may be available to the Commission, but not available to the RTO because of national
security issues. Those assessments, once verified, could then form the basis for RTO actions
under its planning or operations authority consistent with its tariffs.

18

(b)

How do you assess the impact and likelihood of resilience risks?
1.

Impact of resilience risks

The loss of a BES facility is currently assessed using power system models to determine
the potential for instability, uncontrolled separation or cascading outages. These models form
the foundation for how resilience risks can be assessed, but the specific risks to be analyzed and
the measuring criteria need to be further developed and specified. While these models do not
assist in determining the likelihood of a particular risk occurring, they do demonstrate the
potential impacts of their occurrence. PJM also performs other deterministic analyses and ad
hoc analyses to assess certain resilience risks. In addition, as discussed further herein, PJM also
utilizes NERC CIP-014 assessments performed by Transmission Owners and assesses “Extreme
Events” to the BES in accordance with existing NERC TPL standards. There is additional work
to be done with regard to the evaluation of contingencies from a resilience perspective in order to
address these risks beyond what is needed for meeting existing reliability standards.
The impact of resilience risks related to the physical and cyber security of RTO
operations is analyzed through the use of an ongoing corporate risk assessment informed by
lessons learned and intelligence acquired from prior internal and external security events. The
impact of data feed losses, data corruption, and dispatcher tool functionality, is assessed through
a grid simulator and business continuity training and exercises to develop and refine recovery
practices and identify potential vulnerabilities. A similar methodology is employed for risks
posed to physical infrastructure to determine the appropriate level of site redundancy and
business continuity needed to sustain critical grid operations.
PJM’s authority to assess the impact and likelihood of resilience risks would be
strengthened if the Commission affirmatively that the regional planning responsibilities of RTOs

19

currently mandated under 18 CFR § 35.34(k)(7) include planning for resilience.

The

Commission should consider, after confirming that resilience is a component of such planning,
initiating appropriate rulemakings or other proceedings to further articulate the RTO role in
resilience planning including affirmative obligations and standards to assess the impact and
likelihood of resilience risks, and to plan, prepare for, and mitigate such risks.
2.

Likelihood of Resilience Risks

The assessment of the likelihood of certain naturally occurring events for resilience risks
can be statistically quantified. For example, PJM uses a 1-in-100 year storm as a benchmark to
address the risk posed by GMD for system planning and conservative operations. In addition,
PJM can model various levels of natural gas availability/curtailments during projected cold
weather events (i.e., events similar to the Polar Vortex in 2014 (“2014 Polar Vortex”) and the
bomb cyclone event in 2018) in order to assess projected outages of generation due to fuel
availability, as well as related operating constraints of generation facilities in extreme
temperatures.
Compared to naturally occurring events, the likelihood of a man-made threat is more
difficult to quantify because they don’t adhere to cyclical weather patterns and cannot be
accurately forecasted or projected. Additionally, their effects are discriminate, likely targeting
the most critical infrastructure as opposed to the indiscriminate and more random effects
associated with naturally occurring hazards. PJM performs an internal annual security risk
assessment based on the most current and actionable information available, obtained from
classified and unclassified briefings provided by various governmental entities and industry
information sharing resources such as the Electricity Information Sharing and Analysis Center
(“E-ISAC”). Impact estimates are derived from cyber penetration testing, security exercises,
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business continuity recovery exercises (e.g., GridEx), and other exercise partnerships. These
assessments are limited to PJM physical assets and supporting infrastructure. Additional NERC
CIP-014 analysis performed by transmission owners and PJM considers additional issues such as
the loss of a critical substation on real-time operations.
(c)
Please explain how you identify and plan for risks associated with highimpact, low-frequency events (e.g., physical and cyber attacks, accidents, extended
fuel supply disruptions, or extreme weather events). Please discuss the challenges
you face in trying to assess the impact and likelihood of high-impact, low-frequency
risks. In addition, please describe what additional information, if any, would be
helpful in assessing the impact and likelihood of such risks.
Given the inherent reliance of the BES on the functionality of interdependent
infrastructure systems such as commercial communications and natural gas pipelines, resilience
risks must be evaluated with a multi-sector lens. Thus, the resilience threats PJM identifies are
limited to those capable of creating widely distributed damage to physical or cyber
infrastructures that result in long-duration outages over large geographic footprints. As indicated
above, PJM has identified the following seven categories of high-impact, low-frequency
naturally occurring events and man-made threats to the BES – (i) cyber-attack; (ii) physical
attack; (iii) EMP; (iv) loss of interdependent systems; (v) severe terrestrial weather; (vi)
earthquakes; and, (vii) GMD.
PJM plans for risks in a variety of ways, sometimes based on the specific type of risk at
issue. The challenges faced in assessing the likelihood and impact of the risks also differs based
on the type of risk, as discussed below.
1.

Cyber-attack

Cyber-attacks typically come from nation states, terrorists and un-attributable threats. To
plan for and counteract cyber threats, PJM conducts penetration testing for cyber intrusion
detection and remediation, and has commenced the planning for “Red Team/Blue Team”
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exercises to test and validate the ability of cyber security personnel to execute the cyber kill
chain model to remediate cyber risk in accordance with the National Institute of Standards and
Technology cyber framework. Best practices and policy development around a coordinated
response to large-scale, regional impacts between government and the private sector and between
industries are captured through the exercise programs at FEMA’s National Exercise Division and
the National Level Exercise, the DOE ClearPath exercise program, state-level exercises and the
NERC-led Grid Ex series. PJM also organizes and executes an annual grid security drill during
the off-years of Grid Ex to address lessons learned and evaluate the ability of the transmission
and generation owners in the PJM Region to respond to high-impact, low-frequency events.
The challenge with trying to assess high-impact, low-frequency cyber-attacks is that
many nation states have increased capability and interest to perform cyber-attacks. The motives
behind attacks by nation states vary through a wide spectrum including intentional disruption of
business operations, reconnaissance to potentially plan future attacks, theft of intellectual
property, financial theft and political grandstanding. Given the number and breadth of potential
cyber threats, it elevates the need for continued and enhanced intelligence sharing from the
federal government as the primary source of human and signals intelligence on foreign and
domestic actors. When considering the comparative risk of the different cyber threats, the large
resources and more robust capabilities of nation state actors, they are considered to be the highest
risk cyber threat to the electricity industry. Certain actors have expressed their intentions, in
recruitment videos or otherwise, to attack the U.S. power grid to damage and disrupt the power
grid to effect the general population and create fear. At this time, the cyber-attack capabilities of
such groups are not fully known to the electricity industry, making the assessment by an RTO of
the likelihood of a cyber-attack and its anticipated impacts more difficult. The challenge with

22

un-attributable threats is that they are targeted attacks that cannot be attributed to a specific threat
actor, often perpetrated by cyber criminals looking for financial gain. This category represents
the most common form of attacks detected on the industry systems in the form of routine
reconnaissance by likely cyber criminals searching for software vulnerabilities to exploit.
2.

Physical Attack

With regard to physical attacks, PJM does not own the transmission or generation assets
that comprise the BES. However, the member companies that do own and operate those BES
assets have increased physical security at the BES sites significantly in the past few years.
Specific measures which most member companies are now using for physical protection of the
BES assets include specialized fencing, security cameras and restricted and electronic access.
PJM Transmission Owners have updated their engineering standards to include enhanced
measures for physical security of the BES assets. As for threats to PJM’s dispatch and
operations facilities, physical security drills are routinely conducted to ensure integration with
local, state, and federal law enforcement entities and proper handling by PJM staff. PJM has
also enhanced physical and electronic security around the dispatch and operations facilities.
Physical attacks can come from a variety of threats. To plan for and counteract physical
threats, PJM conducts penetration testing for physical intrusion detection and response to test and
validate the ability of security personnel and employees to detect and respond to suspicious
events and intrusion attempts. PJM also conducts annual active shooter planning and exercises
with federal, state and local law enforcement & public safety personnel with a strong focus on
partnerships, prevention, preparedness, response, mitigation and recovery activities.
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PJM also utilizes the DHS Office of Infrastructure Protection Assist Visits to:


establish and enhance relationships;



educate DHS and other federal, state and local law enforcement on how PJM
fits into its specific critical infrastructure sector;



identify the Office of Infrastructure Protection resources available to PJM to
enhance security and resilience;



reinforce the need for continued vigilance;



focus on coordination, outreach, training, and education; and



conduct security surveys which:
o

identify and document the overall security and resilience of the facility;
and

o

identify PJM’s physical security, security forces, security management,
information sharing, protective measures, and dependencies related to
preparedness, mitigation, response, resilience, and recovery.

As discussed further above, FEMA’s National Exercise Division and the National Level
Exercise, the DOE ClearPath exercise program, state-level exercises, and the NERC-led Grid Ex
all also contribute to physical security best practices. Despite these efforts, however, PJM would
benefit from additional coordination with federal agencies such as DOD, DOE, DHS, and other
security/intelligence agencies with respect to the identification and warnings of specific threats.
3.

Electromagnetic Pulse

PJM recognizes that EMP is a risk to the BES based on general industry knowledge and
ongoing research. However, predicting and planning for EMP is problematic, because the
potential effects of such an attack are not fully understood. Generally speaking, the best way to
plan for this risk is to adequately protect the infrastructure most likely to be the target of an EMP
attack, thereby mitigating the potential impacts and reducing the grid’s value as a target. The
challenges of hardening manifest in two ways—effectiveness and cost. At present, the effects of
EMP on modern power system components are not adequately researched, making impact
modeling inaccurate and ineffective in quantifying risk, particularly because the most detailed
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information regarding impacts and hardening techniques is in the possession of the federal
government and is not available to RTOs. As a result, it is difficult to not only understand and
predict what component failures should be expected in an EMP event, but what protective
measures would be most effective for hardening grid components. Without access to this type of
data, articulating the scope of damage and outages, identifying the most essential replacements
parts for repairs, and determining the potential cost of hardening is challenging at best. If
identifying and planning for EMP risk is of importance to the Commission, the Commission
should clarify for the RTOs what steps it would like the RTOs to take in terms of mitigation for
EMP, such as investigating shielding and any other measures.
4.

Loss of Interdependent Systems

The assessment of risk with respect to interdependent infrastructure systems involves
analyzing the impact of the loss of third-party infrastructure systems, and further takes into
account shared vulnerabilities or interdependencies. To assess such risks, PJM depends on
information provided by government and industry organizations that identify possible
vulnerabilities and threats to infrastructure systems. The probability of such risks is largely
informed by past events, since they are likely to reoccur if they have not been fully mitigated.
Additionally, improvements in communication and coordination with such systems are intended
to improve PJM’s ability to anticipate future threats and their implications. Examples of such
interdependent infrastructure systems include communication providers, interstate gas pipelines,
LDCs, and water utilities. Other fuel delivery networks such as coal and oil could also be
examples of interdependencies under certain circumstances. The challenge associated with the
loss of interdependent infrastructure systems is that operation of the BES is heavily dependent on
such systems and PJM doesn’t have any control and only limited transparency into such systems.
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Additional information is needed from the infrastructure systems with which the BES has the
highest

degrees

of

interdependency,

specifically

natural

gas

systems,

commercial

telecommunication networks and systems, and water delivery systems.
i.

Natural Gas Pipelines

As the proportion of natural gas generation has increased in the PJM footprint, PJM’s
dependence on the natural gas pipeline infrastructure has grown significantly. In Order No.
787,35 the Commission clarified that an exception exists to the Commission’s rules on limitations
of sharing of pipeline information by enabling voluntary sharing of information between
pipelines and RTOs. Specifically, it revised its “regulations to provide explicit authority to
interstate natural gas pipelines and public utilities that own, operate, or control facilities used for
the transmission of electric energy in interstate commerce to share non-public, operational
information with each other for the purpose of promoting reliable service or operational planning
on either the public utility’s or pipeline’s system.”36 The purpose of the revisions was to “help
maintain the reliability of pipeline and public utility transmission service by permitting
transmission operators to share information with each other that they deem necessary to promote
the reliability and integrity of their systems.”37

Although this was a helpful step, PJM’s

experience has shown that the implementation of Order No. 787 has varied markedly among the
pipelines. The level of information sharing and communication differs notably among the
pipelines with some simply providing information contemporaneous with that information being
publicly posted while others provide the RTO, as the entity with real-time reliability
responsibilities, with a more informative “look forward” as to the state of the pipeline system
35

Communication of Operational Information Between Natural Gas Pipelines and Electric Transmission Operators,
145 FERC ¶ 61,134 (2013) (“Order No. 787”).
36

Order No. 787 at P 1.

37

Id.
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both day-ahead and in real-time so that PJM operators can best consider whether PJM itself
needs to proactively move into conservative operations. By the same token, despite Order No.
787’s blessing, some pipelines still contend that information that is specific to individual
customers cannot be shared with system operators on a confidential basis, even for reliability
reasons without requiring a circuitous process of obtaining end use customer consent. And other
pipelines still believe that the Commission is somehow legally constraining them from providing
information to PJM earlier than it provides it to the general public for fear of charges of
discriminatory treatment. This is not to say that great progress has not been made. PJM
appreciates the efforts that pipelines have made, in individual cases, to work with PJM. On the
other hand, the inconsistency in the level and content of information shared is an obvious
tangible limitation that stems from the voluntary nature of Order No. 787’s requirements.
The Commission could help address these issues by opening a new docket to review
progress under Order No. 787 and inquire whether further clarification and directives in this area
are needed.

In PJM’s view, confidential information sharing should be both uniform and

mandatory when the information is identified as needed to enhance the reliability of the BES as
well as the pipeline system. The goal of this new level of coordination should be analogous to
the equivalent level of coordination responsibility that the Commission through NERC has
assigned Reliability Coordinators in the NERC standards for example IRO-014-3.38

This

standard outlines obligations for coordination and data sharing between entities responsible for
infrastructure reliability and provides a good template for the level of coordination which should
be similarly consistent and effective as between gas and electric operating entities.39
38

See NERC Reliability Standard IRO-014-3 - Coordination Among Reliability Coordinators, Eff. Apr. 1, 2017,
available at http://www.nerc.com/pa/Stand/Reliability%20Standards/IRO-014-3.pdf.
39

To be clear, there is additional work to be done with respect to analysis of supply and transportation disruptions
for coal and oil as well, but the criticality of such disruptions tends to be less by comparison to those for natural gas.
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In addition, greater communication and coordination is needed with the LDCs that supply
wholesale generation, and the Commission should support such efforts including evaluating
whether communication and coordination obligations should be imposed on LDCs that supply
jurisdictional wholesale generation. The Commission should examine whether such cooperation
and coordination requirements could be imposed on LDCs, if not directly than perhaps indirectly
as shippers under Commission-jurisdictional tariffs.

Additional concerns regarding the

interaction between electric and gas sectors are discussed in response to Question 2(s).
ii.

Commercial Telecommunication Networks and Systems

The challenge of achieving reasonable levels of cooperation and coordination is just as
great, if not greater, in the communications sector, where legal and regulatory prohibitions on
information exchange affects the ability to identify areas of mutual concern. The industry is in
need of inter-agency review of this issue as between the FCC, state regulatory commissions, and
the Commission with the goal of improving coordination with other critical interdependent
infrastructure systems over which the Commission has no direct authority (e.g.,
telecommunications, water utilities) that (i) could be impacted through events of type discussed
herein, or (ii) are themselves vulnerabilities that could contribute to, or amplify the impact of
such events. Therefore, PJM urges the Commission to work to further the development of
federal mechanisms to allow and encourage targeted cross-sector information sharing, in
coordination with the Commission, DHS, FEMA and the FCC, would greatly increase the ability
to develop a more accurate and comprehensive risk assessment.
The proliferation of automation technology at all levels of grid operation has resulted in a
growing dependence on uninterrupted data and voice connectivity between unmanned facilities
and grid operators throughout the country to perform real-time load balancing and reliability
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functions. PJM has invested in redundant data centers and telecommunication providers as well
as private lines and satellite communications, so as to avoid being solely dependent on the public
switched network. While this provides PJM with resilient capability, there are still significant
dependencies on commercial communications infrastructure that are beyond the purview of PJM
and other PJM electricity industry participants. An improved understanding of comparable
“common mode” failures in other industries is vital to ensuring more comprehensive risk
assessments. The greatest challenge to assessing the impacts of these risks is accurate modeling
of interdependent systems to better understand the breadth and depth of their impact on the BES.
5.

Severe Terrestrial Weather

Severe terrestrial weather threats include common events such as hurricanes, wind
storms, ice/snow storms and related occurrences such as storm surge flooding. From a resilience
perspective, the frequency and magnitude of these events is decidedly on the rise and the
resilience threat is the extreme storms that destroy infrastructure such that service cannot be
restored. Recent hurricane events in Puerto Rico and the U.S. Virgin Islands highlight the
potential impacts of such an extreme storm, and the duration of outages in both territories
extended far beyond any events experienced in the continental United States.
PJM currently prepares for weather events by delaying outages, returning equipment
being maintained to service, and entering into conservative operations to increase operational
awareness and responsiveness. PJM has a staff meteorologist who analyzes weather conditions
and terrestrial hazards, and works closely with system operators to inform system operations
decisions.
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6.

Earthquake

The PJM footprint overlaps with three seismic zones, but it is largely outside of the
nation’s areas of the highest risk for the direct impact of an earthquake. However, the impacts
associated with an earthquake could have significant effects on the functionality and
survivability of the BES system. PJM does not currently plan for earthquakes because of the low
regional risk. This is an area where Commission or NERC guidance on the appropriate risk
assessment, risk tolerance level, and mitigation plan would be valuable. A significant challenge
to assessing the risk of an earthquake is the unknown impact on interdependent systems.
Guidance from the Commission or NERC standards to address this risk would be welcomed.
7.

Geomagnetic Disturbance

The distinctive characteristic of GMDs, when compared to other Earth weather
phenomena, is its wide-area of impact. A geomagnetic disturbance could engulf the entire PJM
footprint. There are two NERC standards that mitigate the risk posed by GMDs – EOP-010 and
TPL-007-1.40
PJM has implemented operating procedures to address the requirements of NERC
Standard EOP-010.41 These procedures are detailed in PJM’s Emergency Operations Manual42
and include monitoring early warnings provided by the National Oceanic and Atmospheric
Administration and real-time field measurements, and taking conservative measures to mitigate
the impacts of a GMD. PJM is currently working on the vulnerability assessment required by

40

See NERC Reliability Standard TPL-007-1 - Transmission System Planned Performance for Geomagnetic
Disturbance Events, Eff. July 1, 2017, available at http://www.nerc.com/pa/Stand/Reliability%20Standards/TPL007-1.pdf.
41

See NERC Reliability Standard EOP-010-1, Geomagnetic Disturbance Operations, Eff. Apr. 1, 2015, available at
http://www.nerc.com/pa/Stand/Reliability%20Standards/EOP-010-1.pdf.

42

PJM, Manual 13: Emergency Operations, §§ 2, 3, 4 (rev. 65, Jan. 1, 2018), http://www.pjm.com/-/media
/documents/manuals/m13.ashx.
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NERC Standard TPL-007-1. The likelihood of this high-impact, low-frequency event is defined
by the standard as a 1-in-100 year benchmark storm. This standard requires a corrective action
plan to prevent instability, uncontrolled separation, or cascading.
8.

Generally

In addition to the above, PJM plans for risks associated with high-impact, low-frequency
events by conducting business continuity recovery exercises and grid operator training,
participating in industry and government functional and table-top exercises, and conducting a
recurring business impact analysis to identify new internal vulnerabilities and corresponding
mitigation activities to reduce risk. These activities influence the development and improvement
of operating procedures for PJM’s Incident Response Team, Cybersecurity Incident Response
Team and Operation Incident Response Team. PJM created these teams to respond during
significant events, including high-impact, low-frequency events, and to coordinate internal and
external activities related to response and recovery activities.
9.

Challenges

Generally, the primary challenge to assessing the impact of a high-impact, low-frequency
event is that it is impossible to anticipate or account for every situation. Moreover, evaluating
high-impact, low-frequency events is uniquely difficult for events for which there is very little
data available due to the infrequent occurrence of events of such magnitude. As a result, it is
impossible to develop precise quantitative metrics for the measurement of resilience risks. To
address this challenge, PJM uses information from external events to address the probability and
impact of it occurring within PJM’s footprint.
PJM has generally addressed the challenges to such risk assessments in its response
above. Simply put, RTOs need to be expressly empowered to lead on resilience. In addition,
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addition Commission leadership is needed on these issues, including setting forth work streams.
As discussed in response to Question 2(a), there needs to a process for vulnerability threat
verification. The Commission needs to provide intelligence and metrics to apply to resilience
vulnerability and threat analyses, such that they can then guide and anchor subsequent RTO
planning, market design, and/or operations directives.

Overall there needs to be better

information made available to the RTOs on the above-identified risks to enable the RTOs to
assess the risks. This information could be supplied from a wide range of federal agencies and
interdependent systems.
(d)
Should each RTO/ISO be required to identify resilience needs by assessing its
portfolio of resources against contingencies that could result in the loss or
unavailability of key infrastructure and systems? For example, should RTOs/ISOs
identify as a resilience threat the potential for multiple outages that are correlated
with each other, such as if a group of generators share a common mode of failure
(e.g., a correlated generator outage event, such as a wide-scale disruption to fuel
supply that could result in outages of a greater number of generating facilities)?
The RTOs/ISOs should also discuss resilience threats other than through a
correlated outage approach. Do RTOs/ISOs currently consider these types of
possibilities, and if so, how is this information used?
RTOs should have leadership role in planning for resilience, including being required to
identify resilience needs for contingencies that could result in the loss or unavailability of key
BES infrastructure and systems. The RTOs should also identify and assess resilience threats
using a correlated outage approach where there is potential for common mode failures as may be
the case with fuel disruption scenarios. Historically, the BES has been assessed in accordance
with NERC standards such as the TPL-001-4 standard.43 The standard requires an assessment of
the loss of facilities due to equipment failures as well as the loss of multiple facilities that may
result from extreme weather conditions such as tornados. In addition to assessing the impact of
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See NERC Reliability Standard TPL-001-4 - Transmission System Planning Performance Requirements, Eff. Jan.
1, 2015, available at http://www.nerc.com/pa/Stand/Reliability%20Standards/TPL-001-4.pdf.
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random equipment failures and extreme weather, it is important to assess the system for the
impact of man-made threats such as the loss of an entire substation or other key transmission
infrastructure, as well the loss of interdependent infrastructure.
The NERC CIP-014 standard requires Transmission Owner assessments to identify
critical facilities that if rendered inoperable would result in instability, uncontrolled separation,
or cascading outages. RTOs should be required to assess the impact of the loss of such critical
facilities, including facilities that the RTO itself may identify as critical on a regional basis based
upon existing NERC criterial or other criteria that is developed by the RTO. PJM is actively
evaluating how to incorporate resilience into the planning process, including discussions
regarding (a) making sure that system changes done as part of the Regional Transmission
Expansion Plan (“RTEP”) do not make the BES less resilient, (b) developing procedures to
compare solution alternatives and ensure selection of the alternative that enhances resilience,44
and (c) developing resilience criteria where the system has vulnerabilities that require mitigation.
The Commission should require that all RTOs (and transmission providers in non-RTO regions)
submit a subsequent filing, including any necessary proposed tariff amendments, to implement
resilience planning criteria, including processes for the identification of vulnerabilities, threat
assessment and mitigation, regional restoration planning, and related process or procedures
needed to advance resilience planning. To be clear, RTO resilience planning not only includes
traditional transmission planning, but also an enhanced role in guiding regional restoration
planning efforts.
In order to give RTOs an affirmative role in planning for resilience, they must have
clearly articulated authority to do so. This can easily be accomplished by the Commission
44

Ideally, such analyses would also include an assessment of generation, energy storage, distributed resource
alternatives, and technology alternatives.
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articulating in an order concluding that the regional planning responsibilities of RTOs currently
mandated under 18 CFR § 35.34(k)(7), which among other things, require RTOs to plan, direct
and arrange needed transmission expansions, additions and upgrades to enable it to provide
efficient, reliable and non-discriminatory transmission service, also include an obligation for
RTOs to plan for and address resilience, pursuant to FPA, section 217 which requires the
Commission to exercise its authority “under this chapter in a manner that facilitates the planning
and expansion of transmission facilities to meet the reasonable needs of load-serving entities to
satisfy the service obligations of the load-serving entities.”45 Further, after confirming that
resilience is a component of such planning as set forth in the regulations, the Commission should
initiate a new rulemaking or other appropriate proceedings to further articulate the RTO role in
resilience planning.
(e)
Identify any studies that have been conducted, are currently in progress, or
are planned to be performed in the future to identify the ability of the bulk power
system to withstand a high-impact, low-frequency event (e.g., physical and cyberattacks, accidents, extended fuel supply as part of a periodic review process or
conducted on an as-needed basis.
PJM conducts independent studies and participates in industry studies to identify the
ability of the BES to withstand high-impact, low-frequency events.

Independent studies

conducted by PJM include:

45



Semi-annual Operations Analysis Task Force Seasonal Assessments, which
include sensitivity analysis of Maximum Credible Disturbance and gas pipeline
contingencies;



Cascading Tree analyses46 to assess the ability of the BES to withstand various
extreme contingencies. These “extreme contingencies” include multiple facilities,
such as the loss of an entire substations, loss of all transmission on a common
right-of-way, loss of all generation at a single location and common-mode failures

FPA, section 217, 16 U.S. Code § 824q(b)(3)(B)(4).
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A Cascading Tree analysis is an analysis PJM developed to model power flows through current or proposed
transmission infrastructure to determine the likelihood of a cascading outage.
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such as the loss of generators supplied by a common section of the gas pipeline
system; and


Extreme contingency assessments associated with the NERC Standard TPL-0014.

The industry studies in which PJM has participated, which were intended to identify the ability of the
BES to withstand a high-impact, low-frequency event, are:


Cyber risk studies at the BES scale, which were limited to exercises such as Grid
Ex, and are designed to test response policies and capabilities, but which do not
generate a model or study related to the anticipated effects of a cyber event on
interconnected systems. These exercises led to greatly improved coordinated,
cross-sector and public/private cyber response capabilities as a means to speed
recovery times, but additional study is needed to better understand the expected
impacts of a large-scale cyber-attack; and



GMD studies centered around the NERC Standard TPL-007-1 which outline the
transmission system planned performance for GMD events. The standard
provides information on the anticipated effects of ground induced current and
direction for GMD vulnerability assessments.
Also included are
recommendations for system posturing and conservative operations intended to
limit the anticipated effects of a GMD. Additional study is needed to better
understand what physical infrastructure hardening is most operationally and cost
effective to implement. PJM has participated in the EMP studies, including the
Electric Power Research Institute (“EPRI”) project with more than 50 industry
participant organizations in a three-year study on the E1 and E3 pulse associated
with a high-altitude nuclear detonation and their effects on the BES. This
includes the testing of transmission and distribution critical components such as
relays, breakers, insulators, and other low-voltage electronics to determine their
survivability following an event. The study will help determine the probability of
component failure and the potential for corresponding system impacts for the
purpose of identifying and validating the most effective physical and operational
mitigation measures. Once completed, additional research will be needed to
aggregate the results to develop enhanced modeling of system survivability and
cost-benefit analysis of mitigation strategies. At present, very little mitigation is
in place for EMP due to the lack of information regarding the anticipated effects
of EMP or the relative effectiveness of hardening techniques and operating
procedures.

Despite these efforts, industry studies on cyber and physical attacks are currently limited
to exercises designed to test response procedures following an event and are very limited in their
assessment of the BES at large. The PJM studies that have been conducted to date have focused
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on identifying specific vulnerabilities such as the loss of a substation or common mode outages
such as the loss of generation fed from common gas infrastructure, but have not taken into
consideration the effects associated with the loss of multiple substations or critical system
components as could be contemplated in a coordinated physical attack. More work is needed in
this area.
(f)
In these studies, what specific events and contingencies are selected, modeled,
and assessed? How are these events and contingencies selected?
The events that PJM selects, models and assesses are based on threats previously
experienced in the PJM Region, and are typically weather related such as the 2014 Polar Vortex
and Hurricane Sandy in 2012. They are selected because PJM can use them to simulate what
occurs when there is a loss of transmission and generation facilities. PJM selects these events
using a vulnerabilities-based approach to create the circumstances needed to test grid operators
on procedures ranging from targeted load shedding to Black Start. The extent of the impacts
modeled is based on what is needed to test the survivability of the system and the ability of our
grid operators to respond and remediate outages.
The contingencies selected, modeled and assessed to test operational limits by PJM are
largely based on what PJM calls Maximum Credible Disturbance (“MCD”) criteria. A MCD is
defined as an event having a reasonable possibility of occurring (being credible), that is outside
the normal N-1 contingency criteria regarding the anticipated impact on the system,47 and
involves forced outages of multiple facilities. These assessments are completed when or for
elevated DHS security levels, elevated PJM security levels, solar magnetic disturbance forecasts,
imminent severe weather, significant political events (Presidential Inaugural), any other
phenomena that increases exposure of grid facilities (sabotage of BES facilities). While the
47

PJM Manual 38, Revision 11, Dated Feb. 1, 2018, Attachment A, section A.5.
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MCD contingency is not normally monitored because the likelihood of their occurrence under
normal operating conditions is extremely low, under certain extreme conditions it may become
prudent to consider these potential risks in PJM’s daily system analysis, and modify operational
philosophy to determine what effort may be required to enable the system to survive their
potential occurrence. For example, it is not likely that a transmission tower carrying multiple
lines will fail under normal weather conditions, however, if there is a tornado watch in the area,
the likelihood increases and it is then prudent for PJM to consider that risk in its system analysis.
Additionally, PJM has established processes to model potential natural gas contingencies
across the PJM footprint. Under certain system conditions or events affecting either the electric
or gas infrastructure, PJM will operate to reflect the impact of gas infrastructure contingencies
(pipeline ruptures, compressor station failures) on the PJM Region due to their potential impact
on multiple natural gas generators. PJM staff has created procedures to ensure operators have a
clearly defined process to address gas pipeline impacts the BES and required generation reserves.
(g)
What criteria (e.g., load loss (MW)), duration of load loss, vulnerability of
generator outages, duration of generator outages, etc.) are used in these studies to
determine if the bulk power system will reasonably be able to withstand a highimpact, low-frequency event? Are the studies based on probabilistic analyses or
deterministic analyses?
Because PJM does not have formal resilience criteria, PJM adapts existing analyses, such
as the aforementioned NERCD CIP-14, MCDs, and Cascading Trees analyses, to derive
conclusions about the ability of the PJM BES to withstand a high-impact, low-frequency event,
and is working with stakeholders to determine how best to incorporate resilience into PJM’s
planning process and what criteria should be used.48 If the Commission is concerned about the
ability of PJM and its stakeholders to come to agreement on appropriate planning criteria to be
48

PJM, Resilience in System Planning, Aug. 10, 2017), http://www.pjm.com/-/media/committees-groups/
committees/pc/20170810/20170810-item-07-grid-resilience-in-system-planning.ashx.
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utilized to address resilience, PJM requests that the Commission direct PJM to submit a filing
proposing any necessary Tariff revisions required to implement resilience planning criteria, and
develop processes for the identification of vulnerabilities, threat assessment and mitigation,
restoration planning, and any related process or procedures needed to advance resilience
planning, including any related procedures that PJM proposes to utilize in order to provide the
proper level of transparency while also maintaining the security of the critical infrastructure
together with any mitigation plan. As the stakeholder process responds best to deadlines, PJM
would ask that the Commission provide for a filing by RTOs on these matters within nine to
twelve months after the issuance of Commission direction to RTOs on this issue.
Generally, PJM uses deterministic studies and methods to determine if the BES will
reasonably be able to withstand a high-impact, low-frequency event, focus on the loss of
generation, loss of load, probability of cascading outages and voltage collapse. PJM typically
uses probabilistic analysis based on the likelihood of weather conditions or corresponding load
and generation unavailability given those system constraints are largely employed in the
operations timeframe as input into the timing of declaring conservative operating procedures.49
As noted above, however, there are other ways of conducting the relevant analyses other than
probabilistic studies or deterministic studies.
(h)
Do any studies that you have conducted indicate whether the bulk power
system is able to reasonably withstand a high-impact, low frequency event? If so,
please describe any actions you have taken or are planning as mitigation, and
whether additional actions are needed.
While PJM has not conducted any studies that definitively address whether the BES as a
whole is able to withstand a high-impact, low-frequency event, PJM has incorporated into its
planning process and operating procedures improvements based upon its participation in multiple
49

See PJM Manual 13.
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industry studies which address the impacts of such events, and its own internal studies on
specific segments or elements of the BES within its footprint.
That being said, mitigation efforts are needed to address the vulnerabilities to the BES
that PJM has identified, and should be incorporated in the development of PJM’s RTEP process.
For that reason, as indicated above, PJM has commenced discussions with its stakeholders to
incorporate resilience into its planning process. In July of 2017 PJM introduced the topic of
incorporating resilience into the planning process with stakeholders.50 These discussions are
expected to continue through 2018.

PJM is also working to develop analytical tools and

procedures to assess the impact of proposed upgrades to ensure their implementation doesn’t
compromise the resilience of the BES.
Operating procedures can also mitigate the risk associated with high-impact, lowfrequency events. However, neither the Tariff nor the Operating Agreement allow PJM to
suspend market operations and pay generation providers based on their costs to operate at PJM’s
direction even if doing so is outside of the market. The ability of PJM to adapt in real-time in
order to mitigate the risk is intrinsically associated with its authority to operate the system.
Given that there are no current, explicit requirements to reinforce the BES to withstand or reduce
the magnitude of high-impact, low-frequency events, whenever a contingency that is identified
that would result in a violation to PJM planning or operating criteria for a high-impact, lowfrequency event, PJM would have to establish conservative operating procedures to provide
operators with instructions on how to respond to such threats. PJM would also need authority
from the Commission, under such extreme circumstances, to suspend market operations,
implement cost-based compensation, and direct operation of generation. Accordingly, if the
50
PJM, Resilience in System Planning, posted for PJM’s July 2017 Planning Committee meeting at
http://www.pjm.com/-/media/committees-groups/committees/pc/20170713/20170713-item-08-grid-resilience-insystem-planning.ashx.
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Commission believes PJM should have such authority in support of resilience, the Commission
should require that PJM conduct a stakeholder process and submit a filing proposing
amendments to the Tariff and/or Operating Agreement to permit PJM to direct resources to
commence non-market operations during emergencies, extended periods of degraded operations,
or unanticipated restoration scenarios, including provisions for cost-based compensation when
the markets are not operational or when a wholesale supplier is directed to take certain
emergency actions by PJM for which there is not an existing compensation mechanism.51
(i)
How do you determine whether the threats from severe disturbances, such as
those from low probability, high impact events require mitigation? Please describe
any approaches or criteria you currently use or otherwise believe are useful in
determining whether certain threats require mitigation.
PJM participates in industry groups that discuss threat identification and planning for
reliability and resilience risk mitigation. In addition, PJM completes analyses as described in
response to Question 2(e) to identify potential vulnerabilities to the BES. However, while PJM
does take steps to address or mitigate certain vulnerabilities that could be implicated by a broad
range of causes or threats, at present no explicit determinations are made regarding whether
identified threats require mitigation because no formal criteria or approaches (hereinafter
collectively referred to as “criteria”) have been established to analyze whether threats from highimpact, low frequency events can or should be mitigated for system resilience.
In order for RTOs to make determinations regarding whether threats from high-impact,
low-frequency events should be mitigated, criteria need to be developed and the Commission
should direct the RTOs and transmission owners to develop such criteria and establish the
verification process outlined below. These additional criteria can, and should, be anchored in the

51

Any such RTO procedures would be limited, and would not interfere with DOE emergency actions under FPA,
sections 202(c) or 215A. 16 U.S.C. §§ 824a(c), 824o-1.
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conditions described in NERC Standard CIP-014-2. Specifically, threats may require mitigation
if they affect vulnerabilities or create disturbances so severe they lead to (1) instability, (2)
uncontrolled separation, and (3) cascading outages beyond current reliability criteria. Threats
could be prioritized for mitigation based upon their comparative impact resulting from such a
deterministic analysis. Once a risk for instability, uncontrolled separation, or cascading outages
is identified, it could be mitigated through enhanced resilience criteria as part of an RTO’s
existing regional transmission plan.
An important consideration to keep in mind when establishing criteria is that it is not
economically efficient to protect the BES from every conceivable risk.

Therefore, any

mitigation strategy must be prioritized in terms of having the most risk reduction across multiple
threats and risk reduction benefits. As discussed above, the Commission should not require
RTOs to strictly depend on quantitative analyses given the difficulties of assigning probabilities
to various threats. An RTO’s independence and regional expertise make it well-positioned to
identify the vulnerabilities and mitigating solutions, and assess the efficiency, effectiveness,
impact and feasibility of mitigation strategies. However, the verification process which PJM
requests the Commission develop would significantly assist in ensuring that the RTO
identification of threats and vulnerabilities is consistent with classified information available to
the Commission and other federal agencies but not necessarily to RTO system planners.
(j)
How do you evaluate whether further steps are needed to ensure that the
system is capable of withstanding or reducing the magnitude of these high-impact,
low frequency events?
PJM can evaluate whether additional actions are needed to enhance the system’s ability
to withstand or reduce the magnitude of high-impact, low frequency events by employing power
system impact models for losses of infrastructure or systems that lead to instability, separation,
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or cascading outages. When an assessment results in system instability, separation, or cascading
outages, it is indicative of a resilience vulnerability that needs to be further examined for
mitigation. This does not imply the system is not reliable, but that more analysis and modeling is
needed to determine the relative importance and severity of any potential resilience
vulnerabilities that could be impacted by high-impact, low frequency events.

With such

modeling, assessments of the relative severity of potential vulnerabilities can be performed in a
way that can focus system design and enhancement on the most reliable and economically
efficient projects first. To do so in a more efficient and effective manner, enhanced modeling is
needed which captures multiple modes of failure over wider geographic areas incorporating
multiple infrastructure systems to account for interdependencies.
Additionally, resilience analyses can also be performed for restoration scenarios, which
currently generally assume that a significant amount of the infrastructure and resources are
available. However, power flow analysis tools are needed to conduct real-time assessments
based on impacts from events as they are unfolding in order to accurately identify the activities
likely to have the maximum positive effect on system restoration. RTOs and transmission
owners are capable of modeling such scenarios based upon vulnerabilities or losses of
infrastructure and assessing whether additional actions should be taken to mitigate risks. PJM
has developed a Resilience Roadmap52 and engaged its stakeholders through the Security and
Resilience Subcommittee and other stakeholder committees to review existing processes,
procedures and criteria to determine what enhancements can be made to move beyond reliability
toward resilience.

However, significant challenges still remain such as identifying the

52

See PJM, Draft Resilience Roadmap, at http://www.pjm.com/-/media/committeesgroups/committees/oc/20170606 /20170606-item-18-resilience-roadmap.ashx.
42

appropriate threat scenarios for which the BES should be reinforced, while at the same time
balancing probability, risk and economic efficiency.
(k)
What attributes of the bulk power system contribute to resilience? How do
you evaluate whether specific components of the bulk power system contribute to
system resilience? What component-level characteristic, such as useful life or
emergency ratings, support resilience at the system level?
From a system planning perspective, the attributes of the BES that contribute to resilience
are transmission design (robust and electrically dense versus sparse networks), proximity of
generation to load centers, geographic dispersity of load and generation resources, margins on
BES facility thermal and voltage limit loadings (i.e., the difference between normal flow and
emergency capability), generator megawatt and megavar reserves, dynamic megavar reserves on
transmission elements, level and availability of resource reliability attributes, the effectiveness of
the system restoration plan including the proximity of Black Start Units to the next tier of
Critical Restoration Units, the fuel security of both Black Start Units and Critical Restoration
Units, and the redundancy of cranking paths used in restoration.53
PJM evaluates components of the BES to determine whether they contribute to system
resilience by using regional expertise, operating experience and deterministic analyses.
Specifically, PJM can perform power flow studies that simulate extreme contingencies. PJM can
also evaluate and discuss lessons learned and perform after-the-fact simulations of actual events
to ensure models, operating protocols, reserve calculations, incentives for performance and
penalties for non-performance, for example, are accurate and appropriate.54

53
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See PJM, Technical Analysis of Operational Events and Market Impacts During the September 2013 Heat Wave
(Dec. 23, 2013), http://www.pjm.com/-/media/library/reports-notices/weather-related/20131223-technical-analysisof-operational-events-and-market-impacts-during-the-september-2013-heat-wave.ashx?la=en (“2013 Hot Weather
Report”); PJM, Analysis of Operational Events and Market Impacts During the January 2014 Cold Weather Events
(May 8, 2014), available at http://www.pjm.com/~/media/library/reports-notices/weather-related/20140509-analysisof-operational-events-and-market-impacts-during-the-jan-2014-cold-weather-events.ashx (“2014 Cold Weather
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The component-level characteristics that support reliability and resilience at the system
level include dynamic megavar and megawatt reserves, short-term equipment ratings, and the
proper maintenance of generation and transmission assets. As noted in previous responses, PJM
has conducted ad hoc assessments of the resilience of the system by simulating various highimpact, low-frequency events and other extreme events. In addition to capturing metrics such as
the probability of cascading outages and amount of load loss or generation loss, PJM also
captures facilities with a higher likelihood of contributing to a cascading outage. Studies have
shown that some facilities are more likely to contribute to a cascade for multiple high-impact,
low probability events. The design of these facilities can be reviewed to identify componentlevel limitations that are contributing to the likelihood of cascade. This concept can be extended
to evaluation of system enhancements to determine the amount of “head-room” that they may
create to promote the overall resilience of the BES.
In addition to these efforts, PJM performs a probability risk assessment on the 500/230kV
transformer fleet based upon the historical failure rates of such transformers (not in response to
specific threats) because the failure of one of these transformers may have a significant impact
on the efficient operation of the BES for an extended period given the time to repair or replace
the equipment. The probabilistic risk assessment, which includes production cost simulations
and a condition assessment of the transformers, is used to make recommendations on the number
and location of spare transformers. To establish the risk of a transformer failure, PJM reviews a
condition assessment of the transformer provided by the asset owner and makes a determination
regarding both the probability of failure and the consequences of the failure. The results of the
probabilistic risk assessment are shared with the Transmission Owners to determine the
Report”); PJM, 2015 Winter Report (May 13, 2015), available at http://www.pjm.com/-/media/library/reportsnotices/weather-related/20150513-2015-winter-report.ashx?la=en (“2015 Winter Report”).
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probability of a transformer failure event in which no spare transformer or mitigating action is
available. If a spare transformer is needed to mitigate the risk of a transformer failure to the
system, a transformer will be purchased by the Transmission Owner. PJM is considering
extending this work to other critical components on the BES. Moreover, the PJM Transmission
and Substation Subcommittee and the PJM Relay subcommittee have developed design
standards which include various levels of redundancy such as relay protection and controls and
station service batteries, and robust substation and equipment configurations that promote
resilience.55
Spare equipment sharing models that provide utilities with access to spare transmission
equipment for a fee do exist and should be further developed to enhance the ability to be
resilient. A regional approach to a spare equipment sharing model to purchase and maintain
spare transmission equipment with preplanned transportation and logistics support in the event of
normal failures or a catastrophic event is a cost effective methodology that should also be further
explored.
(l)
If applicable, how do you determine the quantity and type of bulk power
system physical asset attributes needed to support resilience? Please include, if
applicable, what engineering and design requirements, and equipment standards
you currently have in place to support resilience? Are those engineering and design
requirements designed to address high-impact, low-frequency events? Do these
requirements change by location or other factors?
As a Commission-approved definition of resilience has not been finalized, and PJM’s
request to the Commission to use resilience as a planning driver is still under stakeholder
consideration, the question seeking the “quantity and type of bulk power system physical asset
attributes needed to support resilience” is difficult to respond to in a broad fashion. Today, with
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PJM, Protective Relaying Philosophy and Design Guidelines (Aug. 15, 2013), http://www.pjm.com/~/media/
committees-groups/subcommittees/rs/postings/protective-relaying-philosphy-and-design-guidelines.ashx.
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the exception of its Black Start program, reserves and other generation/supply attributes procured
by PJM, PJM does not explicitly identify the quantity and type of BES physical asset attributes
needed to support resilience. However, as described above, PJM assesses the overall system
performance primarily with respect to reliability, and is capable of doing so under certain
extreme scenarios caused by certain threats. For example, mitigating critical facilities would
materially advance resilience without necessarily determining a quantity and type of bulk power
system physical asset attributes. In other cases, like Black Start, operating reserves, and load
following, PJM is currently assessing whether it is procuring the right amounts of these services
in the right manner through various analyses of system operations and efficiencies.
Further, PJM has developed design, engineering and construction guidelines for
transmission facilities within the PJM Region to ensure the operability and reliability of the BES
within the PJM Region. While the guidelines were not developed with the expressed intent to
address resilience to high-impact, low frequency events, they do in fact support resilience
because they make the system more robust and increase redundancy.56
PJM has also analyzed reliability attributes supplied through generation and other
resources.57 While these essential attributes support reliability, the maintenance or assurance of
these attributes into the future are important to resilience mitigation. PJM will need to continue
to conduct analysis of the anticipated future availability of these attributes so that it can
proactively address the maintenance of these attributes through the markets. PJM will also
consider the operational lessons learned from other RTOs in regard to resource mix and essential
resource attributes to continue to analyze future trends in resource mix and their impacts on both
reliability and resilience.

This includes the high penetration of renewables in California
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The guidelines are posted on the PJM website at http://www.pjm.com/planning/design-engineering.aspx.

57

Fuel Report at 3-6, 8, 11, 14-20.
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Independent System Operator, Southwest Power Pool and Electric Reliability Council of Texas,
Inc. (“ERCOT”), as well as the natural gas dependency in ISO-New England Inc.
(m)
To what extent do you consider whether specific challenges to resilience, such
as extreme weather, drought, and physical or cyber threats, affect various
generation technologies differently? If applicable, please explain how the different
generation technologies used in your system perform in the face of these challenges.
Generation within PJM is both geographically and fuel diverse, which provides an
inherent level of resilience by avoiding circumstances in which a single weather event can affect
a disproportionate number of assets or a dependence on a single fuel source can create a single
point of failure. With regard to the extent to which PJM considers whether specific challenges to
resilience affect various technologies differently, PJM does not focus on particular fuel types but
instead identifies attributes that are needed from all resources and uses those attributes to create
performance requirements.

For example, the PJM Ancillary Service and capacity markets

require resource adherence to such specific attributes. This model allows the generating unit
owner to align the generating unit’s operating capabilities, including fuel requirements and
performance metrics, as necessary to meet the attributes established in the market.

The

Reliability Pricing Model (“RPM”) three-year forward capacity market has technology-neutral
performance requirements that identify operational attributes of generation assets without regard
to fuel type.58 In the same vein, PJM has minimum requirements for its Regulation market, some
of which are pending before the Commission.59 These market mechanisms and processes create
the means to set operating capabilities to minimize unplanned outages of generation assets of
types, regardless of fuel source.
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Tariff, Attachment DD, section 8.
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Tariff, Attachment K-Appendix, section 3.2.2; Operating Agreement, Schedule 1, section 3.2.2; see PJM
Interconnection, L.L.C., Revisions to OATT and OA Re: Reg D Performance and Compensation, Docket No. ER1887-000.
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During periods of extreme weather and similar periods of enhanced operational
awareness (such as the solar eclipse), PJM uses conservative operating procedures to address
potential operational challenges in order to maintain system reliability.60 In short, PJM takes
steps to minimize operational risks to the system and affirmatively takes actions to dispatch
generation out of merit (at its minimum load) in order have to it available. After the fact, PJM
conducts event-specific analysis to determine future operator actions for similar circumstances.
(n)
To what extent are the challenges to the resilience of the bulk power system
associated with the transmission system or distribution systems, rather than electric
generation, and what could be done to further protect the transmission system from
these challenges?
1. Extent of Challenges to BES Associated with Transmission and Distribution Systems
The BES is an integrated system of electric generation, transmission and lower voltage
distribution facilities and as such, resilience challenges can be initiated in any of these three
areas. Nevertheless, the challenges to the resilience of the BES are primarily associated with the
transmission and distribution systems.61 The impact of resilience challenges to distribution
facilities are typically local in nature whereas resilience challenges to transmission and
generation may have a much broader and more significant impact in terms of load effected and
duration of the event. This is a byproduct of several factors, including the availability of the
personnel and material needed to conduct distribution repairs compared to generation or
transmission. Replacement towers and wire for high-voltage transmission, EHV transformers
60

PJM, Manual 13.
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Rhodium Group, The Real Electricity Reliability Crisis (October 2017), http://rhg.com/notes/the-real-electricityreliability-crisis; U.S. Dep’t Of Energy, Transforming The Nation’s Electricity Sector: The Second Installment Of
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the transmission system, while infrequent, can result in more widespread major power outages that affect large
numbers of customers with significant economic consequences.”).
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and the corresponding personnel needed to complete these repairs on the transmission system are
less readily available than their distribution system peers. Furthermore, the larger geographic
footprints and greater dependence on automation means the BES is more impacted by
interdependent infrastructure, such as natural gas pipeline and third party telecommunication
systems.
2. Protecting Transmission System from Resilience Challenges
The transmission system can be further protected from resilience challenges by
leveraging existing emergency procedures, initiating conservative operations for known threats
to the resilience of the system (such as periods of high GMD and by maintaining robust reserve
levels), utilizing shared reserve agreements and having a pool of spare equipment. In addition,
enhanced dispatcher tools, such as oscillation detection informed by phasor measurement units
and PJM’s Dispatch Interactive Map Application, which is a geographic information system
(GIS) based visualization tool, can be utilized to promote situational awareness of evolving
system challenges. Training including participation in drills that simulate resilience threats will
help ensure dispatchers take appropriate actions in response to actual events in real-time.
Robust long-term planning, including developing and incorporating resilience criteria
into the RTEP, can also help to protect the transmission system from threats to resilience. The
PJM planning process should not add new critical facilities nor make existing critical facilities
even more critical. Proper criteria could ensure that the system is not made less resilient as a
result of new facilities required for other drivers. For example, it may not be advisable from a
resilience perspective to run another transmission line to an existing substation if so doing makes
that substation more critical. System resilience should be a consideration in the evaluation of
planning solution alternatives so that PJM can select solutions that enhance the resilience of the
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system and address other system needs.

Furthermore, resilience vulnerabilities that are

significant enough to warrant a transmission system enhancement designed specifically to
mitigate the resilience vulnerability could be designed and integrated into the RTEP. Examples
of this can include building redundancy into Black Start cranking paths, reducing the criticality
of substations through transmission line siting, and power flow diversity for areas with load
congestion or high concentrations of Critical Restoration Units. In addition to developing the
specific resilience criteria, RTEP process changes would also be required.
Finally, emerging technologies such as microgrids, advanced storage and DER could also
help to mitigate resilience challenges on the BES. Based on the NERC Distributed Energy
Resource Task Force recommendations, there are several ways DER and microgrids can be
better integrated with transmission systems to gain a resilience benefit, including:


Requiring data sharing across the transmission-distribution interface;



Requiring DER owners to provide real-time data for modeling;



Coordination between distribution and transmission providers for DER
capabilities such as inverter settings; and



Improved ability to model DER in system planning studies.

However, the penetration of these technologies is not significant enough today to have any
meaningful impact on system resilience. As these technologies continue to be deployed, PJM
may be able to utilize them to enhance resilience, provided they are observable and able to be
controlled on a regional scale similar to existing transmission and generation infrastructure, and
coordinate with distribution system operators to leverage these technologies to enhance the
overall resilience of the integrated system.
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(o)
Over what time horizon should the resilience assessments discussed above be
conducted, and how frequently should RTOs/ISOs conduct such an analysis? How
could these studies inform planning or operations?
With respect to the BES in the PJM Region, the resilience assessments discussed above
should be conducted annually with a five year planning horizon, to align with the near term
analyses performed as part of PJM RTEP processes to ensure strong local transmission owner
involvement and a consistency of approach across the PJM footprint. Additional resilience
studies can be performed as part of PJM’s Black Start review process, or as other major events
require based on the current geo-political environment, evolving threat vectors to the electricity
sector or other risks including extreme weather. These studies could inform planning as an input
to PJM’s RTEP process or assist in refining existing conservative operating procedures.
RTOs should also review their resilience plans on a more frequent basis to the extent
there are lessons learned from major events that may need to be addressed on a timeframe that is
shorter than the proposed five year period. But to be clear, a significant amount of work needs to
be done to further define the vulnerabilities, threats and related resilience criteria as well as the
details of any such resilience assessments. There are vulnerabilities and issues that need to be
addressed today, and Commission leadership is needed to ensure that these are dealt with in a
timely manner.
(p)
How do you coordinate with other RTOs/ISOs, Planning Coordinators, and
other relevant stakeholders to identify potential resilience threats and mitigation
needs?
PJM recognizes the benefit to coordination and sharing. Today, in PJM’s role as a
NERC-registered Planning Authority and Reliability Coordinator, PJM coordinates with other
RTOs, Planning Authorities and Reliability Coordinators for reliability as required by NERC.
PJM’s operating responsibilities include coordination and communications during emergencies
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with its neighbors, the Midwest Independent System Operator, Inc., Tennessee Valley Authority,
New York Independent System Operator, Inc., and the VACAR companies through joint
operating agreements. PJM’s planning responsibilities include providing study inputs and results
to adjacent Reliability Coordinator Areas.62
For cyber security, PJM coordinates with other RTOs through several forums including
the IRC Security Working Group which discusses current threats, mitigation approaches and
lessons learned. In addition, PJM participates in the ESCC Cyber Mutual Assistance program
which enables coordination of resource sharing through established agreements and defined
activation processes for approximately 130 electricity utilities.
PJM also participates in various industry groups that discuss resilience-related matters
from time to time such as the NATF Spare-tire Project to identify best practices for operating
procedures following an Energy Management System (EMS) outage, and the EPRI Black Sky
Communications Project to explore critical communications capabilities following a resiliencescale event.
(q)
Are there obstacles to obtaining the information necessary to assess threats
to resilience? Is there a role for the Commission in addressing those obstacles?
There are obstacles to obtaining information necessary to assess cyber security threats
because RTOs can only base their threat assessments on open source information and certain
classified intelligence, but the information from classified sources is limited and does not provide
a full and complete understanding needed to detect and respond to cyber-attacks. In addition,
RTOs lack access to all relevant information about supply chain threats which pose a significant
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risk to the electric industry. Without this information, the electric industry is unable to help to
mitigate certain risks that may be associated with such threats.
The ESCC and the E-ISAC continue to play a very positive influential role in removing
obstacles in information sharing within the electric industry and across other sectors. Additional
coordination and information sharing will be beneficial between the electric sector and local,
state and federal government (FCC, FERC, DOE, DOD, DHS, and the Federal Bureau of
Investigation), the telecommunications industry, natural gas pipeline industry and water utilities
regarding critical infrastructure.

Expanded participation in these information sharing

partnerships is essential in improving the quality, relevance and timeliness of intelligence
sharing.
(r)
Have you performed after-the-fact analyses of any high-impact, lowfrequency events experienced in the past on your system? If so, please describe any
recommendations in your analyses and whether they have or have not been
implemented.
PJM has performed post-event analyses including contributions to NERC analyses, PJM
root cause analyses and PJM lessons learned on a number of extreme events on the BES in the
PJM Region, including the events below, which vary in magnitude and impact to the PJM
system, and are key events over the last 25 years:


1994 Deep Freeze (January 1994);



1999 Low Voltage Event due to insufficient reactive reserves (July 1999);



2003 Northeast Blackout (August 2003);



2012 Hurricane Sandy (October 2012)63;



2013 Hot Weather Event (September 2013)64;



2014 Polar Vortex (January 2014)65;
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RTO Insider, Lessons from Hurricane Sandy: Dispersed Staffing, Generator Cuts (June 11, 2013), available at
https://www.rtoinsider.com/lessons-from-hurricane-sandy-dispersed-staffing-generator-cuts/.
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2013 Hot Weather Report.
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2015 Cold Weather Events (January - February 2015)66;



2015 DC Low Voltage Disturbance Event (April 2015); and



2017/2018 Cold Weather Events (December 28, 2017-January 7, 2018) (“Cold
Snap”)67.

Based on the results of these analyses, PJM has made numerous recommendations and
changes to its rules regarding operations and planning, increased staffing, enhanced power flow
models, implemented new tools and technologies, created generator preparedness checklists,
updated its formula for resource adequacy and made market rules changes including Capacity
Performance. PJM’s recommendations are outlined in its published reports,68 and PJM regularly
discusses with stakeholders its recommendations at various stakeholder meetings.69
As a part of its standard business practice, PJM also reviews NERC lessons learned from
high-impact, low frequency events that occurred outside of the PJM Region, as well as lessons
learned and recommendations from other events, when the impacts result from unique
circumstances that can be applied to PJM’s system, and has modified PJM procedures, processes
and tools as appropriate.70
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(s)
Please provide any other information that you believe the Commission would
find helpful in its evaluation of the resilience of the RTO/ISO systems.
As discussed above, loss of an interdependent system is both a significant vulnerability
and threat to the BES. With the increase of natural gas generation on the PJM system, PJM has
commenced significant efforts to better understand and prepare for this risk. But there are
material areas of communication and coordination that need improvement and assistance from
the Commission regarding the interdependencies between the gas and electric systems.
1. Gas/Electric Coordination
Considerable progress has been made on gas/electric coordination since the issue was
debated and discussed at the series of roundtable meetings sponsored by then-Commissioner
Phillip Moeller.71 Since those meetings and the Commission’s issuance of Order No. 787, PJM
has entered into a Memorandum of Understanding (“MOU”) with nine interstate natural gas
pipelines from across the PJM footprint. The purpose of the MOU was to identify the specific
types of information which would be shared and the communication and coordination
procedures.

The nine pipelines are Texas Eastern, Williams Transco, Columbia Gas

Transmission, Dominion Gas Transmission, Dominion Cove Point, National Fuel Gas,
Tennessee Pipeline, Natural Gas Pipeline of America, and Texas Gas. In addition, PJM has
entered into similar data sharing agreements with the following LDCs: Dominion Energy Ohio,
UGI Utilities, Virginia Natural Gas, Columbia Gas of Virginia and NICOR Gas.
The pipeline MOU and the LDC data sharing agreements provide for the sharing of
reliability-based information wherein PJM can receive information on potential operational flow
orders, expected pipeline system conditions, generator interruptions and estimates of restoration
times in the case of line breaks or other system disturbances. By the same token, PJM shares
71
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with the above pipelines (on a confidential basis subject to agreed-upon non-disclosure
agreements), its day-ahead commitment so that the pipelines can have better information going
into the gas day as to what they can expect in terms of generator nominations and other demands
on the pipeline system. PJM and the pipelines also engage in routine review of outage planning
to ensure that best efforts are employed to schedule outages with the least impact on generation
and transmission, particularly during potential high demand periods. During the winter months,
PJM conducts individual weekly calls with interstate pipeline gas control representatives to
review current and forecasted operating conditions for greater situational awareness. In addition,
PJM has staffed a gas/electric coordination operations function, which supports the control room,
that monitors gas pipeline conditions and is in communication with pipelines in response to those
conditions.
Finally, PJM has encouraged pipelines to offer more flexible services for generators.
Specifically, PJM has advocated for pipeline offerings that are reflective of and can better
respond to the variable demand generators can place on the pipeline system. These efforts are
designed to move beyond the binary 365 day a year firm product versus a fully interruptible
product that has traditionally dominated the policy discussions to date. Rather, more flexible
services would potentially enable more flexible but effective remedies to address constrained
pipeline conditions than the more traditional remedies, such as the ordering of ratable takes and
other remedial actions that are not well matched to a generator’s variable demands on the
pipeline system.72 To date, the results of PJM’s efforts on these issues have been far more mixed
with the exception of some notable efforts such as the Texas Eastern Enhanced Electric
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Reliability Project Open Season Notice for Firm Service issued in July of 2017.73 It should be
noted that all of these efforts were enabled by the Commission’s Order No. 787 and the attention
that the Commission placed on effective gas/electric coordination dating back to its earliest
efforts in this area.
Nevertheless, the time has come to move gas/electric coordination to the next level.
Many of the next steps in gas/electric coordination are beyond the authority of any one RTO (or
any one pipeline) to effectuate in any kind of uniform manner. As a result, through this
submittal, PJM urges the Commission to drive further coordination through the exercise of its
authority over both natural gas pipelines and the electric industry. Specifically, PJM urges the
Commission to undertake the following initiatives, in addition to the Order No. 787 reforms
discussed in PJM’s answer to Question 2(c) above.74
2.

Gas Pipelines Providing Services Tailored to Generation Needs

As noted above, the traditional world of long term contracts for pipeline transportation
capacity and relatively predictable and steady demands placed by LDCs on the pipeline system
throughout an entire season is rapidly changing as we see increased interconnection by gas-fired
electric generation on the pipeline system. Through its Capacity Performance initiatives, PJM
has sought to send a powerful message to the generation community should it simply “roll the
dice” and assume that adequate transportation will be available on an interruptible basis during a
day of particularly stressed conditions on the PJM system. Although PJM was hoping that the
Capacity Performance changes would spur a corresponding array of new service offerings by
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pipelines (and generators seeking such options), at least on the public record such new pipeline
services have not been offered as new open season requests (with the notable exception of the
Texas Eastern open season). This is not to say that generators have not found ways to “firm up”
their gas supplies.

The significant reduction in outages associated with gas supply and

transportation during the Cold Snap is a notable indication that more has been done. But such
new flexible services, to the extent they have been offered, appear to have been confined to the
secondary market in which available gas from LDCs or industrial customers is made available,
for a price, on the non-transparent bilateral secondary market. Although this is an effective short
term strategy to “move around” available capacity and take advantage of diversity in demand, it
cannot, in the long run, serve as the sole means to meet the ever-growing demand for gas
transportation by the generation sector.
The pipeline industry has noted some of the difficulties in achieving sufficient “precedent
agreements” of a twenty-year length to support their pipeline certificate applications. The
Commission has raised concern with the number of affiliate arrangements while others have
raised concerns with potential market power issues associated with this capacity owned by a few
predominant producers. Rather than continuing down a path of diminishing returns, now is the
right time for the Commission to inquire of both the generator and pipeline industry what tariff
reforms are needed so that pipeline tariffs reflect the needs of all of the pipeline’s customers,
including its generation customers, in a time when we are seeing record growth in new gas-fired
generation. One such alternative could be the development of a gas generation specific tariff
which would tailor specific rates and services to the generation fleet directly connected to the
interstate pipelines. Such tariff reforms are not in lieu of the need for new infrastructure in
specific locations. But the Commission should make sure that it is first ensuring that existing
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pipelines are being utilized most efficiently and in a manner which meets the needs not only of
its seasonal load customers, such as LDCs, but also the needs of more short term and variable
needs of the generation community. PJM would suggest an examination of these issues, on an
individual pipeline basis, through targeted proceedings at the Commission so as to reflect the
very different circumstances realized by different pipelines and different regions of the nation on
this issue.
3.

Planning and Operations Reforms
a.

Interconnection Coordination

The processes for generation interconnection to the gas pipeline system and the BES are
very different both substantively and from a timing viewpoint. Each process operates largely
unaware of the other’s processes and timelines. More can be done to coordinate each of the
interconnection processes so that the pipelines are better aware of the interconnection requests
coming from gas-fired generators and vice versa. Through the RTO generation interconnection
processes, information is provided as to the relative merits or demerits of locating one’s facilities
at a given location on the transmission system. The pipeline interconnection process provides
much of the same information to the generator as to optimal locations on the pipeline. But
without more coordination between the transmission system and pipeline system interconnection
processes, interconnecting generators cannot efficiently make the optimal location decision.
The Commission should direct each pipeline to work with the RTOs to better synchronize
their interconnection processes and sharing of analyses and results and report their efforts to the
Commission within a one-year period. Interconnection coordination would provide a small, but
meaningful, step on the front end of coordination that could later avoid many of the problems
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associated with generation located in areas on either the pipeline or transmission system where
reliability or resilience benefits may be sub-optimal.
b.

Identification of Contingencies for RTO Planning

In accordance with the applicable NERC standard, PJM has modeled contingencies on
the pipelines associated with the loss of one or more pipeline systems. Modeling the loss of an
entire pipeline is ultraconservative as the nature of the pipeline system and the relatively slow
speed of the movement of gas would argue that more limited disturbances should be modeled.
PJM has begun those discussions with certain pipelines. However, this process lacks an overall
national regulatory framework as well as the regulatory support to ensure that there is
cooperation in identification of vulnerabilities and threats on the gas pipelines, modeling efforts
and the sharing of system topology so as to make the modeling of contingencies accurate and
meaningful. The Commission should direct cooperation on modeling in this area so that each
RTO can appropriately carry out its responsibilities under the NERC Standard TPL-001-4.75
c.

Modeling of Impact of Adverse Events and Their Impact on the
Generation System in Real Time

RTOs have 24 x 7 capability to model the impacts of loss of generation or transmission
lines in real-time so that operators can make informed decisions on appropriate actions to take in
response. It is not clear that the same real-time modeling capability, let alone real-time sharing
of this information, is available in the gas pipeline system and communicated, in real-time, to
RTO system operators.

Although pipeline operators do respond to system breaks, loss of

compressor motors and other situations in real-time, and do, in many cases, communicate the
specifics of those breaks to PJM, the modeling of the impact in terms of when downstream
generators on that pipeline may experience an unacceptable pressure drop and for how long is
75

See NERC Standard TPL-001-4.
60

not always available and communicated in real-time to the RTO system operators. By the same
token, the RTO has little information as to the availability of automatic valves on the gas
pipeline system that could isolate that break and allow for a back-feed of gas rapidly so that
generation at a particular unit can be maintained.
Using its authority over the terms and conditions of gas pipeline tariffs and its reliability
authority over the BES, the Commission should investigate the degree of real-time modeling
capability available in each gas pipeline and the robustness of the systems in place to
communicate information as to the effects of such a break on downstream generators to RTO
system operators. This could be done, for starters, through a confidential Commission staff data
request process working with RTOs and pipeline operators to ensure that state-of-the-art systems
are both in place and properly staffed on a 24 x 7 basis.
Additional analyses are also needed with respect to disruptions to the supply or
transportation of fuel oil and coal. Generating units in the PJM Region consumed significant
amounts of oil during the recent Cold Snap, which stressed some on-site supplies. Nevertheless,
while there is additional work to be done with respect to the impact of such supply and
transportation disruptions on the BES, the need for this additional analysis is not as critical as
that needed for natural gas pipeline disruptions.
d.

Coordination of Restoration Plans

Although improvements have been made in coordination on planning and operations
between PJM and the pipelines serving our footprint, the coordination of restoration plans to
ensure alignment and interoperability following an event has been less successful due to several
reasons. For one, the pipeline’s obligation is to restore all firm service customers on a nondiscriminatory basis consistent with the capabilities of the system. By contrast, RTOs focus on
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service to Critical Restoration Units, with a focus on particular facilities (such as restoration of
service to nuclear power plants for safety reasons) as well as certain key generators needed to
serve key Critical Restoration Units. The RTOs’ focus on Critical Restoration Units is supported
by individual LDC obligations to their retail customers through restoration plans approved by the
state commissions. To further complicate the potential mismatch, LDCs have unique obligations
to “human needs” customers which supersede any claims of discrimination between different
otherwise similarly situated firm customers.
Further work is needed by the Commission to better identify and harmonize the specific
restoration priorities of the transmission providers relative to pipeline operators. This could be
addressed through a generic Commission proceeding which would first analyze the various
policy directives on the books governing restoration priorities for each industry and then look at
how those priorities, to the extent they may be inconsistent, can be better harmonized.
Additionally, the Commission should consider working with state regulators to ensure there is a
comprehensive way to coordinate on the issue of system restoration across the natural gas
pipeline system, transmission system and LDC system.
e.

Cyber and Physical Security Standards

The standards governing cyber and physical security are markedly different between the
two industries. For the BES, detailed cyber and physical security standards (and penalties for
non-compliance with these standards) are promulgated by NERC and approved by the
Commission. Pipeline cyber standards and physical security standards (beyond specific pipeline
standards promulgated by PHMSA) are overseen by TSA and largely voluntary in nature.
Although legislation would be needed to change this disparate paradigm, there is little reason
why the approach by TSA and FERC to these cross-industry topics needs to be so diverse.
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PJM suggests, at the outset, that a matrix be issued illustrating areas of common approach
and areas of divergence for each of the topical areas governed by the NERC standards, the
PHMSA standards and the TSA guidelines.

The industry could then comment on the

justification for the divergent approaches for each topical area so that the discussion of this issue
can get beyond mere surface comparisons and contrasts and instead analyze in depth whether the
particular topic area is adequately covered and coordinated between these two regulatory regimes
aimed at the common topics of physical and cyber security.
3.

How RTOs/ISOs Mitigate Threats to Resilience

Finally, the Commission requested that after the RTOs identify the particular needs or
threats to resilience, that they provide information regarding the ways to mitigate those risks.76
Specifically, the Commission sought “comment on how RTOs/ISOs evaluate options to mitigate
any risks to grid resilience,” and directed the RTOs to answer the questions set forth below.77
(a)
Describe any existing operational policies or procedures you have in place to
address specific identified threats to bulk power system resilience within your
region. Identify each resilience threat (e.g., the potential for correlated generator
outage events) and any operational policies and procedures to address the threat.
Describe how these policies or procedures were developed in order to ensure their
effectiveness in mitigating the identified risks and also describe any historical
circumstances where you implemented these policies or procedures.
PJM’s emergency operations procedures are described in PJM Manual 13.78

The

operating procedures addressing the following identified threats to BES resilience in the PJM
Region - extreme weather and environmental emergencies such as extreme temperatures,
thunderstorms, tornados and GMD, loss of natural gas infrastructure, sabotage and terrorism - are
described in detail in Manual 13, sections 3 and 4.79 During these identified events, the manual
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indicates that PJM will operate the BES more conservatively to reflect conservative transfer limit
values, selected double-contingencies, and/or Maximum Credible Disturbances. During these
periods, PJM will recall or cancel non-critical generation and transmission maintenance outages
or take other actions, such as cost assignments to increase reserves and reduce power flows on
selected facilities.
These operations procedures were developed, implemented and revised over the past
twenty-one years based on real world operational experience, stakeholder feedback, PJM Region
event review and lessons learned implementation, NERC lessons learned from areas outside the
PJM Region, and emerging threat identification through industry and government
communication channels. Operating procedures will continue to be developed to address any
specific threat and will be documented for use by the PJM system operators.
In addition, as a result of the increased proportion of natural gas-fired generation in the
PJM Region, PJM recently developed a process described in PJM Manual 3 to operationalize
natural gas contingencies across the PJM Region.80 This process specifies how PJM will prepare
for and operate through degraded operations caused by gas supply issues, consistent with
concerns raised by similar industry initiatives such as the 2018 ERO Reliability Risk Priorities
reports.81
In June 2017, PJM commenced stakeholder discussions regarding the need to address
natural gas pipeline contingencies and their impact on the BES.82 PJM members have actively
engaged in the stakeholder process, the outcome of which was the creation of new procedures to
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ensure operators have a clearly defined process to address gas pipeline impacts on generator
availability, which have been incorporated into PJM Manuals 3 and 13 to provide additional
details on preparing and operating through a gas pipeline or LDC failure and its’ impact on the
electric system.83 Under this new process PJM will operate the BES to reflect the impact of gas
infrastructure contingencies (pipeline ruptures, compressor station failures) on PJM natural gasfired generators during certain system conditions, including severe temperatures/weather,
pipeline outages (maintenance, force majeure events) and external cyber/physical security
threats.84 These new procedures were tested during the recent Cold Snap that occurred in late
December 2017 through early January 2018 and proved to be successful in anticipating the
potential impacts of gas pipeline contingencies. PJM further believes that these procedures will
be effective as additional, natural gas-fired generation resources are added to the PJM system in
the coming years.
Nevertheless, there is more to be done in planning, developing market mechanisms,
coordination with interdependent systems, and restoration activities which is why, as noted
above and below, PJM has outlined specific proposals for the Commission in this area. These
proposals include:

83



proposed market reforms and related compensation mechanisms to address
resilience concerns and advance operational characteristics that support reliability
and resilience, including (i) improved shortage pricing, and Operating Reserves
market rules, (ii) improvements to its Black Start requirements, (iii) improved
energy price formation that properly values resources based upon their reliability
and resilience attributes, and (iv) integration of DER, storage, and other emerging
technologies;



proposed tariff amendments to permit non-market operations during emergencies,
extended periods of degraded operations, or unanticipated restoration scenarios,

Manual 3 at § 5; Manual 13 at §§ 3.8.
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including provisions for cost-based compensation when the markets are not
operational or when a wholesale supplier is directed to take certain emergency
actions by PJM for which there is not an existing compensation mechanism;


improved coordination and communication requirements between RTOs and
Commission-jurisdictional natural gas pipelines to address resilience as it relates
to natural gas-fired generation located in RTO footprints;



greater communication and coordination with the LDCs that supply wholesale
generation, including imposing communication and coordination obligations on
LDCs that supply jurisdictional wholesale generation;



requiring dual fuel capability at all Black Start Units and coordination across the
nation of a consistent means to determine Critical Restoration Units and
development of criteria to assure dual fuel capability to such units; and



improve coordination with other critical interdependent infrastructure systems
(e.g., telecommunications, water utilities) that (i) could be impacted through
events of type discussed herein, or (ii) are themselves vulnerabilities that could
contribute to, or amplify the impact of such events; and similar coordination
between the Commission and the FCC and DHS to provide additional regulatory
support behind such efforts.

Commission directives to respond within a specified period of time is extremely helpful
in focusing stakeholder efforts and leading the appropriate level of cross-industry cooperation
resulting in meaningful RTO improvements. PJM suggests a time period of nine to twelve
months after the issuance of any Commission order will be needed to file any rule changes
proposed to improve cross-industry coordination, planning, restoration activities and market
mechanisms. This timeframe affords a reasonable amount of time for RTOs (and jurisdictional
transmission providers in non-RTO regions) to work with stakeholders to formalize the process,
work through the scope, and present process solutions by mid to late 2019.
(b)
How do existing market-based mechanisms (e.g., capacity markets, scarcity
pricing, or ancillary services) currently address these risks and support resilience?
RTO wholesale electricity, Ancillary Service markets, capacity markets, and shortage
pricing mechanisms were not originally designed specifically with resilience in mind. The
primary driver in the development of these markets and mechanisms was to efficiently procure
capacity and Ancillary Services to ensure that system reliability is maintained at the lowest
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reasonable cost to the consumer. However, the existing markets were designed with key features
that work to ensure a more resilient BES. Two such examples are provided below.
PJM’s RPM capacity market procures capacity for the PJM Region three years ahead of
the Delivery Year for which the energy is needed.85 The RPM market is solely focused on
ensuring the availability of adequate supply and demand curtailment capacity to meet load and
reserve needs in the future. A critical design component of RPM is a downward-sloping demand
curve that values capacity as a function of the Installed Reserve Margin (“IRM”).86 As cleared
capacity falls short of the IRM, capacity prices increase. As cleared capacity exceeds the IRM,
capacity prices decrease. A critical function of this demand curve is that it values capacity in
excess of the IRM (i.e. more capacity than is needed to meet the standard loss of load 1-in-10
criteria) when doing so reduces the loss-of-load-expectation commensurate with the cost of the
additionally procured capacity. The valuing of this capacity helps to meet the power grid’s needs
by allowing PJM to withstand more severe operational conditions than it could if resources were
procured only up to the IRM requirement. This indirectly addresses some resilience objectives
by increasing PJM’s operating capacity and reserve margins.
Similarly, PJM’s Ancillary Service markets and shortage pricing mechanism (PJM’s
version of scarcity pricing) also address resilience risks to some degree, though they were not
specifically designed with that objective in mind. The ten-minute Synchronized and NonSynchronized Reserve markets clear every five-minutes and Regulation market clears on an
hourly basis.87 In the reserve markets, demand curves are used to articulate the requirements for

85

Tariff, Attachment DD. section 5.4(a).

86

Tariff, Attachment DD. section 5.10(a).

87

Tariff, Attachment K-Appendix, sections 3.2.2(c), 3.2.3A(d), and 3.2.3A.001(c); Operating Agreement, Schedule
1, sections 3.2.2(c), 3.2.3A(d), and 3.2.3A.001(c).
67

the products. Currently, the demand curves allow for the procurement of reserves beyond the
largest system contingency when it can be done inexpensively.
Shortage pricing is an additional market function implemented when the system cannot
simultaneously meet energy and reserve needs. In these scenarios, prices for energy and reserves
are escalated based on the aforementioned demand curves to incentivize non-capacity resources
to provide energy during system shortages. This function is targeted more towards maintaining
short-term reliability rather than addressing resilience objectives.

Similarly, while PJM’s

shortage pricing mechanism was not specifically designed to address resilience, it does indirectly
address resilience in that it gives resource owners an incentive to act in a manner that promotes
reliability (by incentivizing them to generate and loads to curtail) during extreme events.
Assuming that resilience requirements can be clearly articulated, meeting them through
market-based solutions that allow resources to compete to meet those requirements is the
preferred way to ensure that these objectives are met at the lowest cost to consumers. The
markets exist to ensure the most cost-effective resource mix to provide the long-term reliability
and resilience of the power grid. As described more fully below in answer to Question 3(e), PJM
believes that there are reforms that could be undertaken by all RTOs (and jurisdictional
transmission providers in non-RTO regions) that would incentivize operational characteristics
that support reliability and resilience, including (i) improved Operating Reserves market rules
which would result in improved shortage pricing, (ii) changes to the criteria for Black Start
Units and related performance requirements, including any additional rules for Critical
Restoration Units, (iii) improved energy price formation that, in a resource-neutral manner,
properly values resources based upon their reliability and resilience attributes, and (iv)
integration of DER, storage, and other emerging technologies.
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(c)
Are there other generation or transmission services that support resilience?
If yes, please describe the service, how it supports resilience, and how it is procured.
PJM plans the system to ensure an adequate level of reliable transmission services. To
specifically address resilience and implement procedures that might require more to be done than
that which is required under the applicable NERC standards, the Commission could provide
assistance to RTOs by requiring them to plan for and address resilience, and confirm that
resilience is a component of regional transmission system planning.

PJM’s responses to

Question 2(k) discuss the component level characteristics (“transmission services”) that support
resilience at the system level.
On the other hand, there are generation services available in the PJM Region today that
support resilience which include Black Start service, Reactive service, frequency response
service, Day-ahead Scheduling Reserves (“DASR”), Synchronized Reserves, Non-Synchronized
Reserves (collectively referred to hereinafter as “Generator Reserves”), and PJM’s RPM forward
capacity market. Based on existing rules, PJM has the ability to increase the day-ahead and/or
real-time requirements for these services and it is not uncommon that PJM will increase reserves
or Reactive requirements under stressed or conservative operations to support system reliability,
and now resilience, as further discussed below.
Black Start service can be provided by designated generating units that are able to start
without an outside electrical supply or the demonstrated ability of a unit with a high operating
factor (subject to PJM approval) to remain operating, at reduced levels, when automatically
disconnected from the grid. In PJM, this service is procured as part of a five-year Black Start
request for proposal process and compensation is based on the Black Start Service cost formula
detailed in Tariff, Schedule 6A.88 Black Start Service supports reliability by designating specific
88
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generators whose location and capabilities are required to quickly re-energize the transmission
system after a blackout. PJM is initiating efforts to further improve the provision of Black Start
Service so that it supports resilience, and such efforts may include, for example, the
implementation of requirements for fuel security, consideration of the next tier of Critical
Restoration Units, and Black Start capability for all new fossil generation.
Reactive service provides the ability to maintain proper voltages, which prevent
equipment damage such as overheating of generators and motors, support the transfer of
megawatts over transmission system from generators to load, and reduce transmission losses.
It is procured as part of the RTEP when studies indicate known deficiencies and through the
interconnection of new generators, which have an obligation to satisfy minimum power factor
requirements. Suppliers are compensated for reactive capability through cost of service rates
established under Tariff, Schedule 2. Reactive service supports reliability and resilience by
maintaining the ability of the system to withstand and prevent voltage collapse. Reactive
service contributes to PJM’s reactive reserves and supports the system currently under NERC
reliability criteria.

Voltage collapse is more likely to occur as a result of extreme

contingencies where multiple events can contribute to voltage collapse conditions. Voltage
collapse typically occurs very quickly and does not permit time to implement operator actions
in order to mitigate voltage violations. Having additional reactive reserves on the system –
over and above the current reserves – would contribute to resilience mitigation.
In its March 2017 Fuel Report,89 PJM identified generator reliability attributes which
are essential for reliability, as reflected in the table below which is reproduced from that report,.
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The preservation of these attributes, spread among the resource mix, for future years is a key
component of resilience mitigation.

Frequency response service supports resilience by maintaining an interconnection
frequency near 60 hertz, which is essential during a system restoration event.
Generator Reserves provides the additional capacity above the expected load and
supports resilience by protecting the power system against the uncertain occurrence of future
operating events, including the loss of capacity or load forecasting errors. DASR (thirty-minute
reserves) is scheduled in advance. Additionally, Synchronized Reserves and Non-Synchronized
Reserves (ten-minute reserves) are procured in real-time through the use of the Ancillary Service
Optimizer. PJM system operators monitor and adjust reserves based on the forecasted operating
conditions so reserve requirements as a percentage of anticipated load are maintained even

71

during adverse circumstances. PJM system operators schedule additional reserves both dayahead and in real-time under conservative operations scenarios to ensure the BES is resilient in
response to high-impact, low-frequency events.
As indicated in PJM’s response to Question 3(b), RPM supports resilience by valuing
reserves beyond the IRM through acquisitions of capacity per a sloped demand curve in the RPM
model. This allows PJM to withstand high-impact, low-frequency events because the reserve
margin is higher and the loss-of-load-expectation is lower.

RPM, through a “pay-for-

performance” model, requires resources to deliver energy on demand during system emergencies
or the market participant will be required to pay a significant penalty for non-performance.90
Additionally, this model deploys a Variable Resource Requirement Curve, which is the demand
formula used to set the price paid to market participants for capacity and the amount of capacity,
permitting the commitment of additional resources above reserve requirements based on relative
resource bid prices.91
(d)
How do existing operating procedures, reliability standards (e.g., N-1 NERC
TPL contingencies), and RTO/ISO planning processes (e.g., resource adequacy
programs or regional transmission planning) currently consider and address
resilience?
NERC has established standards to address specific threats to BES physical infrastructure
such as NERC Standards CIP-014, CIP-009, EOP-010, TPL-001 and TPL-007. In that regard,
NERC Standard CIP-01492 requires entities to identify and protect transmission stations and
substations and their primary control centers that, if rendered inoperable or damaged, could
result in instability, uncontrolled separation, and cascading outages within an interconnection.
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NERC Standard CIP-00993 requires certain recovery and reliability functions for some of the
control systems used to manage the BES. Similarly, NERC Standards EOP-01094 and TPL-00795
require the assessment of GMD events and institution of plans to mitigate the effects of GMD
events. Finally, NERC Standard TPL-00196 specifies that transmission planners must establish
system planning performance requirements that will result in reliable operations over a broad
spectrum of system conditions and probable contingencies.
Notwithstanding the foregoing, updated and/or additional standards may eventually be
needed to address the mitigation of critical facilities, in addition to vulnerability assessment and
mitigation to address the gaps that currently exist in the regulatory regime. Consideration should
also be given to whether NERC should implement new standards for minimum capabilities and
requirements for new and updated equipment that address resilience risks, substation design,
coordinated physical attacks on the BES and weather events.
With regard to how existing operating procedures currently consider and address
resilience, please refer to PJM’s response to Question 2(m) above. As PJM indicated in its
responses to Questions 2(d), (g) and (h), PJM is in discussions with its stakeholders and other
industry leaders to identify ways to incorporate resilience into its planning functions and what
criteria should be used. Accordingly, PJM requests that the Commission direct PJM to submit in
a timely manner such proposals for Commission consideration so that the need for more
infrastructure-focused resilience reforms otherwise being considered in this docket are both
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analyzed concurrently and are informed by the impact these particular market reforms have on
retaining and attracting resources with attributes needed to ensure grid resilience.
(e)
Are there any market-based constructs, operating procedures, NERC
reliability standards, or planning processes that should be modified to better
address resilience? If so, please describe the potential modifications.
Focusing on physical infrastructure is clearly important for the reasons addressed earlier
in PJM’s responses, but without a compensation mechanism that properly values the attributes
that any particular resource brings to the grid; we will inevitably frustrate many of the initiatives
seeking to integrate emerging technologies such as microgrids, advanced storage and DER to
mitigate resilience challenges on the BES. Further, without a proper compensation mechanism,
we will fail to properly attract the funding this capital-intensive industry needs to make some of
these critical investments, particularly those needed to ensure a resilient generation fleet. That
being the case, resilience efforts warrant a review and refinement market-based constructs,
operating procedures, industry collaboration and planning processes.

PJM has addressed

revisions to its operating procedures in its response to Questions 2(m), 3(a) and 3(d), industry
collaboration in its response to Question 2(p), and planning processes in response to Questions
2(c), 2(d), 2(g) and 2(h).
As stated in response to Question 3(b), there are several market-based constructs that
indirectly address resilience such as the RPM and Ancillary Service markets. The primary goal
of these markets when they were implemented was to efficiently procure capacity and Ancillary
Services to ensure that reliability is maintained at the lowest reasonable cost. Today we operate
under a set of rules, written in a vastly different time, that limit the ability of certain generating
units operating at the direction of the system operator to contribute to efficient and transparent
prices. These units are still compensated for their costs to operate, but because they are not able
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to set clearing prices, those clearing prices are artificially lower than they should be. This has a
price-suppressive effect on all generating units, including nuclear, coal, natural gas-fired and
renewable generation. PJM believes that modifications to these market constructs could and
should be made to align with current reliability needs and resilience objectives. Price formation
reforms, along with reforms to pricing during certain times when we are approaching temporary
shortage conditions, would, in our view, go a long way to properly compensating all generation
needed to serve the demand for electricity. Specifically, the modifications would address PJM’s
reserve markets, shortage pricing market rules, and price formation. Accordingly, PJM requests
that the Commission direct PJM to submit in a timely manner proposals for Commission
consideration that improve retaining and attracting resources with attributes needed to ensure
grid resilience, as discussed further herein.
1.

Reserve Markets

PJM’s current market design for reserves is based on the short-term reliability needs of
the BES. PJM currently utilizes a thirty-minute DASR market that is cleared simultaneously
with energy in the Day-ahead Energy Market, and real-time Synchronized Reserve, NonSynchronized Reserve and Regulation markets. While these markets have served PJM well since
their implementation, they can be enhanced to better value resources relied upon to meet
reliability and resilience objectives.97
The current requirement for the DASR product is based on the average load forecast error
and average forced outage rate and is only applied day-ahead. While these requirements are
generally sufficient for most days, they do not address high-impact, low-frequency occurrences
97

Tariff, Attachment K-Appendix, sections 1.11.4A and 3.2.3A (Synchronized Reserve), sections 1.11.4B and
3.2.3A.001 (Non-Synchronized Reserve), section 3.2.3A.01 (Day-ahead Scheduling Reserves), and sections 1.7.18
and 1.11.4 (Regulation); Operating Agreement, Schedule 1, sections 1.11.4A and 3.2.3A (Synchronized Reserve),
sections 1.11.4B and 3.2.3A.001 (Non-Synchronized Reserve), section 3.2.3A.01 (Day-ahead Scheduling
Reserves), and sections 1.7.18 and 1.11.4 (Regulation).
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where the load forecast error or forced outage rate may be far above the mean, or, other known
system threats potentially require the scheduling of additional reserves. Additionally, the DASR
market only procures thirty-minute Operating Reserves in the Day-ahead Energy Market but
there is no corollary in real-time to ensure that reserve amount is maintained.
PJM believes that a real-time, thirty-minute Operating Reserve market should be
implemented that is based on a probabilistic representation of load forecast and generator
performance uncertainty rather than based upon the means (or averages) of these variables. For
example, during severe weather events, load is typically very uncertain. This uncertainty may
occur due to the lack of similar historical days to use for load forecasting or due to potential load
fluctuations resulting from storm damage to the transmission and distribution systems. It is in
these cases that more reserves are needed on the system to manage the uncertainty.
Like load, generator performance tends to be less certain during severe weather, typically
cold weather and storms, than on a normal day. As shown in PJM’s 2014 Cold Weather Report
and subsequent cold weather event reports, the forced outage rate of generation in severe cold
can be triple the average.98 This adds to reserve needs on these days. By determining the needed
level of reserves based upon a probabilistic representation reflecting the uncertainty rather than
averages, an efficient market should procure the optimal level of needed reserves to manage
severe operating events and clearly reflect the value of those reserves in a market price. All of
this should decrease the need for PJM operators to take out-of-market action. An Operating
Reserve market would provide substantial operational benefit to PJM as it would clearly reflect
the value of resources that can start quickly to perform functions such as backfilling
Synchronized Reserve once it is deployed, respond to greater than average load forecast error,
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2014 Cold Weather Report at 4, 9.
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and be used to replace natural gas generation connected to a pipeline that has experienced a
failure.
In addition to the thirty-minute reserve market changes, PJM also believes that designing
the real-time Synchronized Reserve and Primary Reserve demand curves based upon on the
actual uncertainty rather than the traditional “largest system contingency” will likewise improve
the ability of the PJM system to respond to severe or stressed operating conditions and enable the
markets to better articulate that value of such products. The implementation of these new curves
would still respect the requirements used today, but would better reflect the value of additional
reserves in reducing the probability of shedding load.
Another market enhancement that would help meet reliability and resilience objectives
would be to explicitly model the Synchronized Reserve and Primary Reserve products in PJM’s
Day-ahead Energy Market. Today, the only reserve product that PJM schedules in the Dayahead Energy Market is the thirty-minute DASR product. Modeling all reserve requirements
needed in real-time in the Day-ahead Energy Market will ensure that all of these products are
accounted for in the scheduling of the system.
Finally, PJM needs to further improve the locational aspects of reserve products. These
market reforms are critically necessary to the continued reliability and resilience of the PJM
system as it is experiencing a significant number of retirements and changing power flows.
Resilience of the wholesale supply portfolio is dependent on having the right resources, with the
right attributes, in the right location to respond to the threat – and that should be driven by
markets sending the correct price signals where possible.
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2.

Shortage Pricing

The changes to the demand curves for the reserve products that PJM discusses above
would also help improve shortage pricing by incentivizing non-capacity supply resources to
respond to system emergencies earlier than they would otherwise. Under today’s market design,
PJM implements shortage pricing upon the shortage of ten-minute reserves.99 This is a very
severe operating condition and could be too late to incentivize the response needed to avoid more
severe procedures such as load-shedding. Implementing a thirty-minute Operating Reserve
market and enhancing the demand curves for all reserve products would result in clearer market
signals prior to emergency conditions to avoid more severe emergencies and service disruptions,
all of which would improve the ability of the PJM system to absorb a disruption such as a highimpact, low-frequency event.
3.

Price Formation

A significant initiative that is currently underway in PJM is reviewing and enhancing
price formation. PJM’s current Locational Marginal Price (“LMP”) formulation does permit all
needed resources to compete to set the LMP which results in price suppression and consequently
distorted market signals. PJM has proposed reforms to its pricing method in a paper published in
November 2017 that describes its proposed changes.100 Generally, PJM seeks to allow all PJMscheduled resources to compete to set the LMP and include start-up and no-load costs in the
LMP where applicable. PJM believes these changes will result in prices that better reflect
actions taken by system operators and more appropriately value all resources providing energy.
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Tariff, Attachment K-Appendix, sections 2.2 and 2.5; Operating Agreement, Schedule 1, sections 2.2 and 2.5.
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PJM, Proposed Enhancements to Energy Price Formation (Nov. 15, 2017), at http://www.pjm.com/-/media
/library/reports-notices/special-reports/20171115-proposed-enhancements-to-energy-price-formation.ashx.
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The first principle of ensuring reliability and resilience with respect to supply portfolio is
ensuring that the wholesale markets are sending the correct price signals. The second principle is
compensating suppliers based upon the operational attributes necessary to support reliability and
resilience. We must examine whether the PJM markets are meeting these core principles.
During the Cold Snap, the peak load reached 137,522 megawatts, which is the sixth highest
overall winter peak demand in the PJM Region. The grid and the generation fleet generally
performed well. However, as noted in PJM’s 2017-2018 Cold Snap Report, and as reflected in
the table below which is reproduced from that report, there was a significant increase in uplift,
even as compared to prior winters.101

This spike in uplift charges during the Cold Snap illustrates the need to reform pricing for
energy and reserves in order to ensure that there is a reliable and resilient grid. Uplift is paid to
generators when the LMPs do not cover the costs of a generating unit, and thus the generating
unit does not respond to the price signal. PJM operators then have to take an out-of-market
101

2017-2018 Cold Snap Report, Figure 29, at 28.
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action to bring the generating unit online. The generating unit is paid its costs outside of the
market even though it is needed to provide locational Operating Reserves or to serve load, and
thus should be contributing to price formation. PJM must enhance market pricing so that prices
accurately reflect the cost of serving load.
PJM believes that two particular market reforms would further the goals of this docket to
thoroughly address and enhance BES resilience, specifically (a) reforms to the Operating
Reserve market, and (b) reforms to appropriately value all resources that are needed to meet load
and respond to PJM operator directions. Although market reforms for Operating Reserves and
energy pricing are being considered independently of this docket, they do have important cause
and effect relationship on maintaining a diverse supply portfolio and ensuring that the right
resources with the right operational attributes are in the right locations. These market reforms
are an important and inter-related component of ensuring grid resilience, together with reforms in
other areas such as transmission planning and system restoration.
Accordingly, PJM requests that the Commission direct PJM to submit in a timely manner
such proposals for Commission consideration so that the need for more infrastructure-focused
resilience reforms otherwise being considered in this docket are both analyzed concurrently and
are informed by the impact these particular market reforms may have on retaining and attracting
resources with attributes needed to ensure grid resilience. Although PJM is proceeding on price
formation market reforms in its stakeholder process in any event with the plan for a filing later in
2018 with the Commission, this early-on expression of desire by the Commission to align the
timing of these efforts will be helpful to ensuring that the Commission considers both sets of
reforms informed by the impact one may have on the other. A deadline for the submission of
any relevant market reform filings by PJM would assist significantly in that goal.
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4.

Resilience Planning Process

PJM recommends the Commission establish a process, either informally through one or
more of the Commission’s existing offices, or formally through a filing process, that would allow
an RTO to receive verification as to the reasonableness of vulnerability and threat assessments
based on information that may be available to the Commission but not available to the RTOs
because of national security issues. Those assessments, once verified, could then form the basis
for RTO actions under its own planning or operations authority consistent with its tariffs. In
coordination with other federal agencies the Commission needs to provide intelligence and
metrics to apply to resilience threat analyses that can then guide and anchor subsequent RTO
planning, market or operations directives.
Further, the Commission should articulate in this docket that the regional planning
responsibilities of RTOs include an obligation to assess resilience.

After confirming that

resilience is a component of such planning, the Commission should also consider initiating
appropriate rulemakings or other proceedings to further articulate the role of RTOs in resilience
planning to include, among other things, thresholds to mitigate and build.
As part of this effort, the Commission should reconcile its continued interest in
transparency in planning processes under Order Nos. 890 and 1000 with the challenges of public
disclosure of significant grid resilience vulnerabilities. Today, the procedures and decision
making used by RTOs to develop their transmission planning are required to be open and
transparent. However, a balance needs to be struck between having an open and transparent
planning process, for example, addressing the need for particular grid improvements and
understanding the sensitivity and confidentiality of critical infrastructure information so that we
do not inadvertently publicly release highly sensitive information about vulnerabilities on the
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grid. To date, the regulators and RTOs have addressed this issue through labeling information as
Critical Electric Infrastructure Information (“CEII”).

But the CEII rules utilized by the

Commission and at the state level are designed around a “right to know approach with some
verification of the bona fides of the requestor. Yet, the federal government doesn’t approach
classified information this way. Rather that system is based on the provision of access based on
a demonstrated “need to know.” There needs to be an appropriate balance between customer
rights and safeguarding system information. PJM believes that an appropriate balance can be
maintained which respects customers rights and provides an opportunity for customers to
examine (and potentially challenge) the costs of any such upgrades but also safeguards the
vulnerability and mitigation effort. But for this balance to be workable, additional direction from
the Commission – as much of its regulatory regime to date has, understandably, been driven by
moving toward greater transparency in the planning process without the corresponding focus on
tightening rules around CEII.
Working with stakeholders, PJM has begun this process to include existing standards like
NERC CIP-14 critical facilities and urges the Commission to provide assistance to ensure that
the goals of transparency and information to end users not become a means to make public
significant grid vulnerabilities that can be exploited by those with bad intent. The Commission
should require that all RTOs (and reliability coordinators and transmission providers in non-RTO
regions) submit a subsequent filing, including any necessary proposed tariff amendments, to
implement resilience planning criteria, including processes for the identification of
vulnerabilities, threat assessment and mitigation, restoration planning, and related process or
procedures needed to advance resilience planning.102
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The Commission is authorized to provide the relief requested. In a Statement of Policy issued on September 14,
2001, a few days after “9/11,” the Commission indicated that it “views the reliability of our Nation's energy
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IV.

CONCLUSION
Ensuring the resilience of the BES requires a careful balancing of many competing

interests. PJM appreciates the Commission giving RTOs the opportunity to address this very
important issue, and is committed to working with the Commission, and other stakeholders, to
develop criteria and processes needed to address resilience concerns and ensure that the BES can
continue, into the future, to meet the needs of customers for the reliable and secure delivery of
electricity at a price which remains just and reasonable.
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transportation systems and energy supply infrastructure as critical to meeting the energy requirements essential to
the American people.” See Extraordinary Expenditures Necessary to Safeguard National Energy Supplies, 96
FERC ¶ 61,299 (2011), at 1. It also made clear that it has the authority to “approve applications to recover prudently
incurred costs necessary to further safeguard the reliability and security of our energy supply infrastructure in
response to the heightened state of alert.” Id. Therefore, PJM respectfully requests that the Commission establish a
process for an RTO to report to the Commission the risks that it identifies (on a confidential basis) and that it intends
to mitigate, and to receive Commission staff verification of those risks, similar to NERC CIP-014 with Commission
staff verifying.
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COMMENTS OF EXELON CORPORATION
Exelon welcomes the opportunity to comment on this important proposed rule. During the
last seven years, we have cautioned that failure to evolve wholesale markets to ensure that they
value the reliable, clean and affordable energy produced by the nation’s nuclear fleet would lead
to premature retirements of the most cost-effective fuel-secure and emissions-free generation on
the system. Regrettably, that has occurred. Between 2002 and 2016, 4,666 MW of nuclear
generating capacity announced retirement, approximately 4.7 percent of the U.S. total.1 Another
eight nuclear reactors with 7,167 MW of capacity have announced retirement plans since 2016.2
According to Bloomberg, more than half of the nation’s nuclear power plants are losing money.3
The retirement of nuclear units—the most resilient and reliable generators on the system—and
their replacement by resources that are neither fuel secure nor emissions-free will have a strongly
negative impact on the grid’s resilience, not to mention the environment.
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United States Department of Energy, Staff Report to the Secretary on Electricity Markets and
Reliability
29
(August
2017),
available
at
https://energy.gov/sites/prod/files/2017/08/f36/Staff%20Report%20on%20Electricity%20Market
s%20and%20Reliability_0.pdf (“DOE Staff Report”).
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Id. at 30.
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Jim Polson, More Than Half of America’s Nuclear Reactors Are Losing Money, Bloomberg, June
15, 2017, available at https://www.bloomberg.com/news/articles/2017-06-14/half-of-america-snuclear-power-plants-seen-as-money-losers.
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The Commission has not yet taken sufficient action to ensure the resiliency of the grid
against threats that are increasingly salient. While the Commission has permitted two RTOs to
impose material performance-based penalties on capacity resources, it has not been presented with
a reform that would require wholesale markets to select resources based on a demonstrated ability
to insulate customers from fuel security risks (or from the impacts of carbon and air emissions).
Through his proposed rule, the Secretary of Energy has begun to do just that. He is asking whether
wholesale markets in PJM, NYISO, and ISO-NE—which are designed to ensure we have enough
megawatts to serve load—should also be designed to ensure we have the right megawatts to serve
load: those that have a stable source of fuel that will enable the system to withstand interruptions
that could dramatically interfere with the ability of the system to power our economy and society.
We have begun to address the implications of risks from spare transformer shortages, EMP and
GMD events, and physical and cyberattacks on the transmission system. But as stakeholders, we
have been slow to appreciate and address the increasing risk profile of interruptions to and attacks
on to the fuel delivery system behind the megawatts we are using to power our economy. The
Commission should use this proceeding to change that.
Against the backdrop of this increasing risk profile, the supply of electricity is shifting
quickly toward natural gas fired generators that lack on-site fuel. In the PJM region, 90 percent of
the new installed generation over the last five years has been gas-fueled, and more than 90 percent
of planned generation in the interconnection queue is as well.4 New nuclear plants are no longer
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For the PJM RPM auctions from 2015/16 through 2020/21, 90% of new cleared installed capacity
has been either natural gas-fired combustion turbines or combined-cycle generators
(approximately 32.4 out of 36.2 total GW of new build, reactivated, or uprated capacity). See PJM
Interconnection L.L.C., 2020/21 RPM Base Residual Auction Results, Table 8,
http://www.pjm.com/-/media/markets-ops/rpm/rpm-auction-info/2020-2021-base-residualauction-report.ashx?la=en.
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being built in market regions (where, other than renewable portfolio standards, there is little
resource planning). So, with each retirement, the system irretrievably will lose the fuel security it
enjoys today. This has exposed the American public to a new and grave danger—the potential for
multistate blackouts lasting weeks or months resulting from natural gas supply disruptions.5
Natural gas generators rely on a pipeline network that can be disrupted by natural or human
forces.6 A study by PJM Interconnection, L.L.C. (“PJM”) has revealed that a single gas pipeline
in that region serves more than 11,000 MW of generation powering our Nation’s most populated
areas.7 A disruption to that amount of generation could, in turn, further disrupt the gas pipeline
network, leading to the potential of even more widespread generation outages. A prolonged outage
(especially one where more than one pipeline is disrupted) would be catastrophic, leading to
widespread loss of life and severe economic harm.8 Water treatment plants, the food distribution
system, the medical system, and communications networks all depend on a working electric grid,
and these systems are not designed to withstand prolonged outages.9

Moreover, as the

transportation sector shifts its fuel source from gasoline to electricity, the cost of a widespread
blackout become even more severe.
These risks extend beyond the civilian sector. Because the nation’s military facilities
depend on the availability of power, long duration outages could pose serious risks for national
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Testimony of Paul Stockton, attached as Exhibit A, at 9 (“Stockton Testimony”).
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Id. at 12-14.
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Id. at 18; PJM Reliability Analysis Update (Sept. 14, 2017), available at http://pjm.com//media/committees-groups/committees/teac/20170914/20170914-reliability-analysisupdates.ashx, pp. 8-11.
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Stockton Testimony at 10-11.
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Id. at 10-11.
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security.10 As a result, the nation’s energy infrastructure is a target for hostile foreign powers and
terrorist organizations.11
The Department of Energy (“DOE”) should be commended for taking this risk seriously.
Fuel security is an essential aspect of grid resiliency, and action must be taken to prevent an
overreliance on a single type of generation resource vulnerable to fuel supply disruption. Some
have argued that there is a greater need than ever before for flexible resources because of increased
renewable penetration. The present demand for power, however, does not require that every
resource on the system be flexible. Even in the most low-demand hours, PJM demand does not
fall below about 60 GW (or about 40% of peak)12, indicating that there is substantial room to
accommodate resources that are optimized to produce low cost power at full output 24 hours per
day, seven days per week without ramping. When operated in this fashion, these firm-fuel
resources are low cost and provide the system with an important hedge against the possibility of
natural gas supply disruption. Put another way, there are diminishing returns to flexibility as more
flexible units are added to the system, and beyond this point of diminishing returns (about 60% of
peak load in PJM), the key determinants of the value provided by resources are found in baseload
operation and contribution to resiliency and system diversity. These firm-fuel resources provide
the system with a necessary hedge against the possibility of natural gas supply disruption. Yet
they increasingly face economic distress and are in danger of retirement.
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Id. at 6.
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Id. at 5.
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For calendar years 2015 and 2016, PJM load did not fall below 57 (2015) or 58 (2016) gigawatts
in any hour, or approximately 40% (2015) or 38% (2016) of peak demand in each respective year.
See PJM hourly metered load data at http://www.pjm.com/markets-and-operations/opsanalysis/historical-load-data.aspx
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This state of affairs is leading to rates that are not just and reasonable. The organized
markets were not designed to address resilience to fuel supply interruptions, and as a result
customers have been left exposed to catastrophic risks. As a result, the organized markets are no
longer producing just and reasonable market outcomes, and they need modification in order to
comply with the Federal Power Act. In particular, market rules undervalue the resilience benefits
that nuclear units provide to consumers.
Below, we outline short-term, medium-term, and longer-term steps the Commission can
take to address resilience in a way that appropriately balances its value to customers with the cost
of achieving it.
First, the Commission should act immediately under Section 206 to correct energy price
formation in PJM. Doing so will not by itself ensure that the generation mix in PJM remains
resilient, but flawed energy pricing is exacerbating the economic stress faced by resilient firm-fuel
units, and hastening their exit from the market. To summarize the problem: Resilient, firm-fuel
resources in PJM are providing generation needed to serve customers, yet they are not paid for
their cost of doing so. Resilient firm-fuel units operating at their economic minimum are not
permitted to set the locational marginal price, even when they are the marginal resource and their
output is needed to serve load. Consequently, in low-load conditions, energy prices often fall
below the marginal cost of operating these units. Indeed, energy prices can be negative for
extended periods of time, typically at night, even though resilient firm-fuel resources are serving
load during those times and incur costs to do so. In such situations, energy prices do not reflect
the true marginal cost of serving load. That is unjust and unreasonable, and is economically
untenable for these resources.
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The Commission can correct this problem now by acting under Section 206 of the Federal
Power Act. PJM has identified this problem in the record developed as part of the Commission’s
May 2017 technical conference on state policies and wholesale markets. DOE has endorsed
immediate action to move forward with energy price formation as a step toward improving the
resilience of the grid. Addressing energy price formation is an immediate-term action the
Commission can take to mitigate the economic distress faced by resilient units, while it evaluates
what must be done to ensure resiliency and how best to achieve it.
Second, the Commission should not take action that would imperil irreplaceable firm-fuel
resources, while it simultaneously considers how best to compensate the resilience they provide.
Accordingly, the Commission should issue a policy statement declaring that units benefitting from
state programs designed to preserve the operation of resilient nuclear resources by compensating
them for their emissions-free attributes—such as the New York and Illinois Zero Emissions Credit
programs—will not have their offers mitigated in FERC’s markets. Having recognized the value
of resilience and the significant contribution that nuclear plants make to achieving it, the mitigation
of state programs intended to preserve those units would be myopic and counterproductive.
Additionally, should a particular unit faced with imminent retirement be able to demonstrate its
contribution to resiliency, the Commission should consider, on a unit-specific basis, taking steps
that would allow that unit to continue operating, while the Commission considers more
comprehensive solutions.
Third, the Commission should direct the organized markets covered by DOE’s Notice of
Proposed Rulemaking (“NOPR”)13 to report on other market-based reforms that could help to
foster resiliency. For example, RTOs should examine the process for setting operating reserves
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Dep’t of Energy, Grid Resiliency Pricing Rule, 82 Fed. Reg. 46,940 (2017) (“DOE NOPR”).
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procurement quantities in light of the possibility of a major natural gas pipeline outage. To take
another example, NYISO is considering the inclusion of a carbon price in its energy market. Doing
so not only would appropriately price the negative externality associated with carbon-emitting
generation, but would also have the side benefit of providing support to resilient nuclear resources.
On the capacity side, interim improvements may also be possible. PJM and ISO-NE have
adopted pay-for-performance capacity regimes and should be encouraged to closely scrutinize
those market rules to ensure that the performance penalties are sufficiently rigorous. Additionally,
the Commission has previously approved as just and reasonable short-term reliability measures in
New England to ensure that units with on-site fuel receive incentives to maintain that capability in
the winter. RTOs should report on whether those market rules could be adapted to provide interim
support to resilient units while the Commission considers its options.
Finally, before adopting a final rule in this proceeding, the Commission should require the
RTOs covered by the NOPR to submit detailed information that can be used to develop a richer
understanding of where our grid’s vulnerabilities lie; how those vulnerabilities match up against
the intelligence community’s threat assessments; and what steps must be taken to ensure a
sufficient degree of resiliency to protect the nation from known and credible national security
threats. With that design basis threat analysis in hand, the Commission can then identify which
solutions will address the identified deficiencies in the most cost-effective manner.
Market-based solutions may certainly be developed to address this issue. The organized
markets established by the Commission remain an extraordinary success. They have ensured that
customers enjoy a plentiful supply of electricity at just and reasonable prices, but they have done
so with prescriptive requirements (such as reserve margins and administratively-set demand
curves) that mandate a physical expectation and use market forces to drive the most cost-effective
7

solution. Once we determine a design basis threat around which the system should be planned, it
may be possible to develop a fuel-neutral resiliency product that can place appropriate value on
fuel-secure resources so as to ensure the requisite level of grid resiliency. Exelon believes that
RTOs should be given the opportunity to propose such market reforms. But, given the urgency of
the problem, we need to “get it right” the first time. So the Commission should also consider the
efficacy of alternative remedies, including non-market approaches, particularly if those have the
potential to achieve the goal at a lower overall system cost. The safety and security of the
American people must remain the paramount concern, and the Nation should use whichever tools
best address that concern.
The Capacity Performance (“CP”) reforms in PJM are not a substitute for Commission
action addressing resiliency. First, CP was intended to incentivize unit-specific investments to
enhance reliable operations at the unit level. The resiliency challenges faced by the grid are
systemic—and CP does not and cannot address the possibility that multiple generators with firm
service on the same pipeline are simultaneously unable to perform. Second, the frequency and
duration of expected penalty hours used to calibrate the non-performance penalty and associated
penalty “caps” were focused on weather-related system stress, not intentional disruptions to fuel
supply that could last longer than 30 hours. Simply put, CP was not intended to address the
emerging national security threats discussed by Dr. Stockton in his testimony. Third, unlike
weather events, it may not be possible to probabilistically determine the likelihood of malicious
attacks or quantify the extent of the harm that would be caused. For example, what is the
probability of a cyber or physical attack by a rogue nation or terrorist? How do we quantify the
harm occasioned by the loss of military capability? Value of Lost Load (VLL) metrics may be
less helpful in establishing the appropriate design standard here than in the case of CP. In any
8

event, CP most certainly did not address these issues, and a more prescriptive approach may be
needed.
The Commission should proceed expeditiously with this work. Nuclear retirements are
irreversible; once customers lose the fuel security benefits these plants provide, those benefits are
gone forever. Moreover, unless market conditions change in unforeseen ways, the threat to these
units will persist. Low natural gas prices and slow load growth will continue to drive out resilient
nuclear resources unless the Commission modifies the markets to appropriately value the benefits
they provide.14 If the Commission does not act expeditiously, the loss of these units will increase
the risks to Americans’ physical security and economic well-being.
I.

The Commission Should Act under Section 206 to Correct Price Formation in PJM.
While the Commission considers the broader issues of resilience raised by the Notice of

Proposed Rulemaking, it should take immediate action to correct a flaw in the PJM market.
Currently, energy prices in PJM violate a fundamental principle of good market design – they do
not reflect the true cost of producing energy, particularly at night or in other low-load conditions.
Firm-fuel units are required to run at prices that do not cover their marginal costs. Because firmfuel units have long start-up times and are needed to provide power during peak hours, they must
also run during off-peak hours. Most of these firm-fuel units are also needed during off-peak
hours, but not all of them. So, during these off-peak hours, many of the units are required to run
at minimum load and PJM market rules do not permit these units to set energy market prices. Only
the dispatchable portion of units can set LMP. As a result, firm-fuel units must operate at a loss
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DOE Staff Report at 57 (“[U]nless natural gas prices or electricity demand rise significantly
faster than projected, the economic conditions of baseload generators are not projected to change
significantly in the near term.”).
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because their costs exceed the LMP.15 This flaw in energy price formation affects a significant
fraction of the generation in PJM, including the vast majority of firm-fuel units. In 2016, over
60% of PJM generation was self-scheduled primarily due to long start up times and was exposed
to the possibility that their revenues might not support their variable costs.16
The Commission can correct this problem today. PJM has clearly identified the problem
and it merits a conclusion under Section 206 that existing tariff provisions are not just and
reasonable. In the comments submitted as part of the May 2017 Technical Conference, a broad
group of stakeholders agreed on the need for energy market reforms to ensure proper price
formation.17 Moreover, PJM has already identified a just and reasonable solution that is consistent
with changes that the Commission already has largely accepted in MISO. Directing PJM to adopt
that solution is consistent with the Federal Power Act and principles of good market design, and
would provide immediate support to units that are needed for a resilient grid.
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This result is particularly harsh when prices become negative and these units have to pay money
to operate. Negative prices are now occurring in certain areas of PJM in as many as 10% of the
hours. “[N]uclear generation hubs located in Western Illinois have faced negative prices as much
as 10-11% of the hours during the year in 2015/16.” Maheen Bajwa and Joseph Cavicchi, Growing
Evidence of Increased Frequency of Negative Electricity Prices in U.S. Wholesale Electricity
Markets,
IAEE
Energy
Forum,
Fourth
Quarter
2017,
available
at
www.iaee.org/en/publications/newsletterdl.aspx?id=444.
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PJM Independent Market Monitor, 2016 State of the Market Report, at 194 (“[I]n 2016, 61.8
percent in day ahead and 60.6 percent in real time of the total generation was self-scheduled.”).
17
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Independent System Operator, Inc., and PJM Interconnection, L.L.C., Docket No. AD17-11-000,
Comments of Edison Electric Institute at 5-6; Comments of Electric Power Supply Association at
10-12; Comments of NRG Energy, Inc. at 15-17; Comments of Nuclear Energy Institute at 13-14;
Comments of PJM Interconnection, L.L.C. at 4-5; Comments of PSEG Companies at 12-14.
10

A.

PJM’s Tariff is Not Just and Reasonable Because Prices Do Not Support Unit
Commitment and Dispatch.

PJM’s energy pricing regime violates the Federal Power Act because prices do not support
unit commitment and dispatch when firm-fuel units operate at their economic minimum but are
nevertheless the marginal resources for serving load. Consider the following example reflecting
the operation, over the course of a day, of a typical coal unit in PJM with variable costs of
approximately $25/MWh.

Coal Costs and Energy Prices
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During the morning hours, energy prices fall below the unit’s variable cost and it operates at a loss.
However, it cannot reduce its output to zero. The unit will be needed later in the day when it will
11

be called to serve load during peak hours. This unit also does not have the flexibility to quickly
shut down and restart. If it shuts down, it will not be able to return to operation in time to ramp
up later in the day. Instead, it reduces its output to its economic minimum, the point at which it
will no longer be able to reduce output in response to dispatch instructions. RTO market rules do
not currently allow units operating at their economic minimum to set price.18 As a result, energy
prices fall below $25 and the generator does not cover its variable costs.
Worse still, units operating at their economic minimum cannot set price even at times they
are called to serve load, if only a portion of their output is needed. For example, consider a market
with two units: a baseload unit (shown in blue below) with a fixed output of 100 MW and variable
costs of $20/MWh, and a flexible unit (shown in red) which can vary its output between 1 and 100
MW with an offer price starting at $10 at 1 MW of output and increasing by $.05 for each
additional MW.

18

See Price Formation in Energy and Ancillary Services Markets Operated by Regional
Transmission Organizations and Independent System Operators, 153 FERC ¶ 61,221 at P 9-10
(2015) (“[Inflexible resources typically cannot set LMPs because the market pricing software does
not treat these resources as dispatchable or as able to meet the next increment of load. . . [O]nly
resources that can be dispatched up or down in response to changes in system conditions are
eligible to set LMPs”).
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In this example, the baseload unit will be needed to serve load once demand exceeds 100 MW.
Still, though, it will not be permitted to set the price—even when demand exceeds 100 MW—if
only a portion of its power output is needed. The more flexible resource is dispatched down to
make room, and under the current PJM rules, the energy price is set at the marginal cost of the unit
displaced.
For example, as shown in the chart below, the energy clearing price increases from
$10/MWh to $15/MWh as load increases, until demand exceeds 100 MW. At that point, the
baseload unit becomes marginal. The energy price should equal the baseload unit’s marginal costs
($20/MWh), since that is the cost needed to serve load. But instead, under current market rules,
the energy clearing price is based on the marginal cost of the flexible resource that is turned down.
Thus, if load increases from 100 MW to 101 MW, then the flexible resource is dispatched down
to 1 MW to make room for the baseload resource. When this occurs, and the energy price falls
13

from $15/MWh (the marginal cost of the flexible unit to generate 100 MW) to $10/MWh (the
marginal cost of the flexible unit to generate 1 MW)—even though the true marginal cost of
serving load has increased to $20/MWh (the marginal cost of the baseload unit).

That result is not just and reasonable. The energy clearing price falls as load increases, and
the marginal unit receives a price that is less than its marginal cost. Neither should occur in a wellfunctioning market. In effect, current market rules allow consumers to benefit from the energy
generated by firm-fuel units – not to mention the resiliency benefits these units provide – but do
not fully compensate those units for the costs they incur in providing those benefits. The locational
marginal price remains below the baseload unit’s marginal cost, and the unit loses money. The
clearing price in the market thus does not support the least-cost commitment and dispatch needed
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to serve load, because absent any other source of revenue the baseload unit would not seek to
participate.
A market rule “patch” to pay only the baseload unit an uplift payment to ensure it recovers
$20/MWH is not a solution. While in this example there are only two generators in the market, in
the real world, every generator in the market (except for the uplift generator) would be
undercompensated under the current price setting rules. This is clearly discriminatory and deprives
fuel secure resources of energy market revenues to which they are entitled.19
In sum, these market rules result in the chronic under-compensation of firm-fuel
generators. Plainly, it not sustainable for these generators to continue to operate at a loss. And
once they exit the market, they will largely be replaced by gas generation20 that may be more
flexible, but which would compound the resiliency vulnerabilities now facing the fleet.
The current market rules were originally well-intentioned. The energy markets operate in
a two-step process.

The markets first must determine the appropriate security-constrained

economic unit commitment and dispatch; next they must set prices based on that dispatch. The
Commission must create market rules to ensure that the prices it sets are consistent with the unit
commitment and dispatch. These prices must achieve two goals. Units must have the correct

19

The Commission has already recognized that the reliance on uplift payments creates market
distortions that can support acting under Section 206. See, e.g., Fast-Start Pricing in Markets
Offered by Regional Transmission Organizations and Independent System Operators, 157 FERC
¶ 61,213, at P 3 (2016) (finding RTO practices preliminarily not to be just and reasonable because
they “potentially creating unnecessary uplift payments”).
20

The overwhelming majority of generators in the PJM interconnection queue are new gas-fired
units. See Operationalizing Gas Pipeline Contingencies Normal and Conservative Operations,
PJM Operating Committee, October 10, 2017 at 4, available at http://www.pjm.com//media/committees-groups/committees/oc/20171010/20171010-item-16-gas-electriccontingencies-update.ashx
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incentives to adjust their output in response to those price signals and LMP must provide sufficient
compensation to cover the marginal cost of committed units.
When a baseload unit is marginal, however, the market design requires a trade-off. By
limiting price-setting eligibility to flexible units, PJM achieves the goal of ensuring that prices
send the correct dispatch signal to flexible units, but the energy price no longer reflects the
marginal cost of serving load. This trade-off historically has been masked in PJM.21 When
renewable generation was uncommon and gas prices were high, off-peak energy prices seldom fell
below the level necessary to cover the variable costs of firm-fuel units throughout the day.
However, increased penetration of renewables, low load growth, and historically low gas prices
have produced a combination of extremely low energy prices that are frequently below the variable
costs of firm-fuel units that are needed to serve load. This change in circumstances has made the
PJM energy market no longer just and reasonable: energy prices no longer reflect the marginal
cost of serving load.
B.

The Commission Already Has the Record Necessary to Find That the Current
Tariff Is Not Just and Reasonable.

The Commission already has the record necessary to act under Section 206 to fix this
market design flaw. As the DOE Notice of Proposed Rulemaking outlines, the Commission has
been considering price formation for some time.22 The particular problem discussed above has
been highlighted in the record of those proceedings. On June 15, 2017, PJM issued its white paper

21

See Comments of Andrew Ott, AD17-11-000, Transcript of May 1, 2017 Technical Conference
at 291-292 (May 1, 2017).

22

See Grid Resiliency Pricing Rule, Notice of Proposed Rulemaking, 82 Fed. Reg. 46,940, 46,944
(Oct. 10, 2017).
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on this subject and entered it into the record of the May 2017 technical conference.23 The white
paper clearly describes this problem and highlights the need to reform pricing rules to allow firmfuel units to set LMP. The DOE Staff Report endorses expediting price formation as a partial
solution to the threat to resiliency from the loss of firm-fuel resources.24 In fact, the DOE Staff
Report specifically identified this proposal from PJM as a reform for the Commission to consider.25
The record before the Commission establishes that the current market structure does not
produce just and reasonable rates for multiple reasons previously accepted by the Commission.
For one, a foundational principle of locational marginal pricing is ensuring that the energy price
“reflects the marginal cost of serving load at the specific location.”26 The Commission has
repeatedly recognized that energy prices are not just and reasonable if they do not reflect the true
marginal cost of production. The Commission has viewed the alignment of prices and marginal
cost as a priority in the recent price formation proceedings. “LMPs and market-clearing prices
used in energy and ancillary services markets ideally would reflect the true marginal cost of
production, taking into account all physical system constraints, and these prices would fully
compensate all resources for the variable cost of providing service.”27 The Commission has also
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Initial Post-Technical Conference Comments of PJM Interconnection, L.L.C., AD-17-11-000,
“Initiative 3” at PDF pages 32-37 (June 22, 2017) (“PJM White Paper”).

24

See DOE Staff Report at 126 (“FERC should expedite its efforts with states, RTO/ISOs, and
other stakeholders to improve energy price formation in centrally-organized wholesale electricity
markets.”)
25

Id. & n.467 (“After several years of fact finding and technical conferences, the record now
supports energy price formation reform, such as the proposals laid out by PJM.”) (citing PJM’s
June 15, 2017 white paper).

26

Federal Energy Regulatory Commission, Energy Primer: A Handbook of Energy Market Basics
60 (Nov. 2015).

27

Offer Caps in Markets Operated by Regional Transmission Organizations and Independent
System Operators, 157 FERC ¶ 61,115, at P 7 (2016) (internal quotations omitted)
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taken action under Section 206 on this basis. For example, the Commission relied on the failure
of energy prices to fully reflect marginal cost as a reason to exercise its Section 206 authority and
raise the offer caps in the organized markets.28
Additionally, the Commission has already recognized a version of this specific market flaw
as a basis to declare that RTO tariffs are not just and reasonable. In December 2016, the
Commission issued a Notice of Proposed Rulemaking on pricing of fast-start resources.29 That
Notice preliminarily concluded that pricing for fast-start resources is not just and reasonable
because they cannot set price when operated at their economic minimum. The Commission stated:
Fast-start resources are often required to be dispatched at their economic minimum
operating limit or are block-loaded. Because the system may need fewer megawatts
(MW) than the fast-start resource’s economic minimum operating limit to meet
load, other resources must be dispatched down. The resources that were dispatched
down become the most economic option to serve the next increment of load.
Therefore, despite the fact that a fast-start resource is essentially marginal, this
restriction prevents a fast-start resource dispatched at its economic minimum
operating limit from setting the LMP.30
The Commission preliminarily found that these market rules lead to pricing that is not just and
reasonable because market prices “fail to accurately reflect the marginal cost of serving load.”31
The same reasons support a comparable Section 206 conclusion here, but for units that are
operationally-constrained.

Just like fast-start resources, units operating at their economic

minimum “are inappropriately prevented from setting prices.”32 Even when they are the marginal

28

Id. at P 15 (concluding that offer caps are not just and reasonable).

29

Fast-Start Pricing in Markets Offered by Regional Transmission Organizations and
Independent System Operators, 157 FERC ¶ 61,213 (2016).
30

Id. at P 8 (emphasis added).

31

Id. at P 36.

32

Id. at P 37.
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unit, market prices do not reflect their marginal costs. Just as the fast-start rules require revision,
so too these market rules are no longer just and reasonable.
Like any flaw in price formation, the current flawed market design leads market
participants to make inefficient short and long-term decisions. In the short term, the wrong units
choose to participate in the market. Low-cost baseload units may decide not to participate in the
market because they will be forced to operate at a loss in low-load conditions. In their place, other
higher-cost units will be inefficiently dispatched. In the longer term, units that cannot even
consistently recover their variable costs (let alone their fixed costs) will exit the market.
Many commissioners, current and past, have recently reiterated their support for markets.
However, for markets to work, they must adhere to basic market principles such as marginal cost
pricing and appropriate compensation for all attributes. Markets that do not follow such rules are
markets in name only. The Commission has also recognized the need to adjust market rules when
technological and market changes reveal that rules predicated on particular operational
assumptions have grown outdated. For example, in Order 764, the Commission recognized the
need to change market rules designed for traditional generation in response to the increased
penetration of renewables. In response, it acted under Section 206 to adjust rules relating to
transmission scheduling and other practices to ensure rates remained just and reasonable.33
Similarly, in Order 719, the organized markets were required to adjust their rules to ensure that
demand response resources could participate in the markets and have the market rules recognize

33

Integration of Variable Energy Resources, Order No. 764, 77 FR 41,482 (July 13, 2012), order
on reh’g, Order No. 764-A, 141 FERC ¶ 61,232 (2012), order on reh’g, Order No. 764-B, 144
FERC ¶ 61,222 (2013).
19

their unique operational characteristics.34 More recently, the Commission issued a Notice of
Proposed Rulemaking relating to the participation of storage resources.35 This NOPR seeks to
adjust market rules to reflect the physical and operational characteristics of electric storage to
facilitate its participation in the market.36
All of these rulemakings rest on the same theory: Different technologies have different
physical and operational characteristics. Technological change thus places pressure on market
rules. Market rules that fail to adapt to technological changes or changes in other market inputs
can become unjust and unreasonable. The same flaw exists here. These market rules are a relic
of a different era. When energy prices were consistently high, the inability of these resources to
set LMP was irrelevant. The marginal cost of firm-fuel units rarely exceeded the energy revenues
that those units received throughout the day. Now, however, because tax-subsidized renewables
and low gas prices have driven down the energy prices in low-load conditions, the market flaw has
become apparent and the existing rules are no longer just and reasonable.
C.

PJM Has Proposed a Just and Reasonable Solution for Setting LMP.

When taking action under Section 206, the Commission must replace the invalid rules with
an alternative that is just and reasonable.37 Here, PJM has proposed a straightforward solution to
the pricing problem. It “would … allow the inflexible unit to set LMP, thereby transparently

34

Wholesale Competition in Regions with Organized Electric Markets, Order No. 719, FERC
Stats. & Regs. ¶ 31,281 (2008), order on reh’g, Order No. 719-A, FERC Stats. & Regs. ¶ 31,292
(2009), order on reh’g, Order No. 719-B, 129 FERC ¶ 61,252 (2009).
35

Electric Storage Participation in Markets Operated by Regional Transmission Organizations
and Independent System Operators, 157 FERC ¶ 61,121 (2016).
36

Id. at PP 9-10.
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City of Anaheim v. FERC, 558 F.3d 521, 523 (D.C. Cir. 2009) (“When the Commission finds a
rate unreasonable, it shall determine the just and reasonable rate to be thereafter observed and in
force.”) (internal quotations omitted).
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indicating the cost of the most expensive unit necessary to economically serve the load.”38 This
change is the natural resolution to the market flaw identified above. This pricing strategy allows
all units to set price regardless of the physical and operational characteristics, reduces or eliminates
the need for uplift, and ensures that the energy price reflects the true marginal cost of serving load.
This pricing strategy is also consistent with the goals that FERC has emphasized
throughout the price formation proceedings. The Commission has highlighted four objectives:
The goals of the price formation proceeding are to: (1) maximize market surplus
for consumers and suppliers; (2) provide correct incentives for market participants
to follow commitment and dispatch instructions, make efficient investments in
facilities and equipment, and maintain reliability; (3) provide transparency so that
market participants understand how prices reflect the actual marginal cost of
serving load and the operational constraints of reliably operating the system; and
(4) ensure that all suppliers have an opportunity to recover their costs.39
The proposal to let baseload units set LMP furthers all four of these goals. Total market surplus
is improved when market prices permit efficient unit dispatch and commitment and send accurate
entry and exit signals. This scheme sets prices transparently and reflects the true cost of serving
load, rather than disguising costs through uplift payments or ignoring the costs completely.
Finally, by allowing all resources to set price, market revenues will compensate resources
participating in the market for their marginal costs.
The Commission has already accepted a version of this proposal as just and reasonable. In
December 2011, MISO recognized that a similar flaw existed in its pricing algorithm and proposed
a very similar solution under Section 205. MISO faced the same issue that these units were unable
to set energy prices and, when those units operated at their economic minimum, the locational

38

PJM White Paper at 3.

39

Offer Caps in Markets Operated by Regional Transmission Organizations and Independent
System Operators, Final Rule, 157 FERC ¶ 61,115, at P 4 (2016).
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marginal price was below their marginal costs.40 The Commission recognized that this pricing
mechanism “may produce an inaccurate price signal.”41 It then accepted MISO’s proposed
solution to permit block-loaded fast-start resources to set the energy price.42 The same approach
should be adopted in PJM.
In selecting this market design, the Commission need not sacrifice the goal of ensuring that
market prices send the right signals to resources. The Commission should also direct PJM to report
on its efforts to ensure that this market change does not eliminate the incentives for flexible units
to follow dispatch instructions. As discussed above, the strongest argument for the current pricing
mechanism is that flexible units have the correct economic incentive to reduce output when a
baseload unit comes on-line. If energy prices rise to the variable cost of the marginal baseload
unit, inframarginal flexible units will see an energy price greater than their marginal cost and will
have an incentive to continue to run. To address that incentive, PJM has discussed proposing an
additional product that would compensate the flexible resource for turning down in response to the
dispatch signal. The price of that product must be at least equal in value to the difference between
the energy price and the flexible resource’s marginal cost for the megawatts where the baseload
unit is marginal and is setting the price. PJM should be encouraged to complete its discussions on
the design attributes of this product and to report its progress to the Commission as soon as
possible.43
40

See Midwest Indep. Transmission Sys. Operator, Inc., 140 FERC ¶ 61,067, at P 4 (2012) (noting
that MISO justified its filing on the grounds that block loaded resources cannot set LMP and the
energy price reflects the cost of the unit backed down instead).
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Id. at P 38.
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Id.
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Initiating a Section 206 action in PJM would not necessarily require changes to any other tariff.
While the record exists to take action in PJM, the evidence is less clear in the other RTOs. Each
RTO has different energy and capacity market structures as well as a different mix of policies
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II.

The Commission Should Take Other Interim Steps to Protect Resiliency in the
Markets.
While correcting the PJM energy market is important in the short term, the Commission

should take other interim steps as well to protect resources needed for resiliency, while the
Commission undergoes a longer-term process of developing more permanent compensation
mechanisms. First, while it considers next steps, the Commission should ensure that state
programs to support resilient nuclear units, including the New York and Illinois Zero Emission
Credit programs, are not impeded. The Commission should issue a policy statement clarifying
that these programs will not lead to mitigation. Second, the Commission should request RTOs to
report on various other reforms that help protect the resiliency of the grid, such as changes to the
operating reserves and capacity markets. While some efforts are underway, requiring the RTOs
to report on these efforts would provide a more complete understanding of the risk to resiliency
and current RTO efforts to protect the grid.
A.

Existing Nuclear Units Provide Unique Resiliency Benefits to the System.

The DOE Notice of Proposed Rulemaking describes a current threat to the resiliency of the
electric grid. While the Commission considers its longer-term options to respond to that threat, its
first priority should be to do no additional harm to the viability of the resilient units that remain in
the organized markets. In that regard, nuclear units in particular have proven their worth as
resilient and dependable generators, particularly in times of extreme system stress.

Their

performance relative to other types of resources during the 2014 Polar Vortex – a reliability event
DOE itself cited as an example of resiliency problems with the electricity grid – offers a good

providing support for resilient resources. To the extent that the Commission believes that pricing
in another RTO may raise similar concerns, the Commission could consider requiring that RTO to
report on the problem.
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example of the resiliency benefits nuclear units provide.44 As the chart below demonstrates, during
the critical evening of January 7, 2014, nuclear units had by far the least forced outages and were
only responsible for 3% of the total outages in PJM.45
Figure 17: Outages by Primary Fuel – January 7, 7:00 p.m.46
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See DOE NOPR, 82 Fed. Reg. at 46,942.
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The Polar Vortex is not the only time when the system relied on nuclear generation to keep the
lights on during extreme weather conditions. For example, in 1994, extreme cold weather led to
fuel supply disruptions in PJM, necessitating rolling blackouts. Subsequent analysis identified
frozen coal and coal handling equipment, fuel oil delivery problems, and the interruption of natural
gas supplies as prime causes. The stress placed on the system would have been all the more
extreme if nuclear generation had been replaced by gas generation. See NERC, Report on Electric
Utilities’ Response to the Cold Wave of January 1994 (Apr. 11, 1994), available at
http://www.nerc.com/pa/rrm/ea/February%202011%20Southwest%20Cold%20Weather%20Eve
nt/NERC%201994%20Cold%20Wave%20Report.pdf; NERC, Assessment of Previous Severe
Winter
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http://www.nerc.com/pa/rrm/ea/February%202011%20Southwest%20Cold%20Weather%20Eve
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2014),
available
at
http://www.pjm.com/~/media/library/reports-notices/weather-related/20140509-analysis-ofoperational-events-and-market-impacts-during-the-jan-2014-cold-weather-events.ashx, at 26.
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Moreover, of all generation, nuclear is alone in having a separate regulator – the Nuclear
Regulatory Commission – that imposes safety and cybersecurity standards and engages in constant
monitoring. Thus, from a resiliency perspective, the nuclear fleet is among the most “hardened”
and prepared for adverse events and is constantly engaged in safety and reliability enhancements.
Yet nuclear plants have not been compensated for the resiliency value they provide to the
system. As a result, many have retired prematurely—more than 10 GW of nuclear capacity has
either retired or announced retirement plans—and many other nuclear units are in economic
distress. Indeed, Bloomberg estimates that more than half of the nation’s nuclear units are losing
money.47 As shown below, throughout the country, merchant nuclear plants face a shortfall of
revenue relative to costs:
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Jim Polson, More Than Half of America’s Nuclear Reactors Are Losing Money, Bloomberg,
(June 15, 2017), available at https://www.bloomberg.com/news/articles/2017-06-14/half-ofamerica-s-nuclear-power-plants-seen-as-money-losers.
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Without corrections to the market and full compensation for the attributes offered by this vital
energy source, which produces over 60% of the nation’s zero emission energy, the nation will
suffer a massive wave of premature retirements. Yet ensuring the continued operation of nuclear
plants is the most cost-effective way to achieve resiliency while also reducing emissions:
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B.

The Commission Should Issue a Policy Statement Declaring That Nuclear
Facilities Receiving State Support Should Not Have Their Offers Mitigated on
Account of That Support.

Given the vital role nuclear energy plays in providing resiliency and emissions-free energy
for our customers, the failure of markets to adequately compensate nuclear generators for these
attributes, and the irreplaceability of nuclear resources if they retire, the Commission should
announce that it will not impede state efforts to support nuclear plants at risk of retirement. Both
New York and Illinois have adopted state Zero-Emission Credit programs to provide additional
revenue to nuclear units located within their boundaries. While the primary goal of these programs
was environmental, the programs have the additional benefit of preserving units needed for system
resiliency. These programs benefit nuclear units within the organized markets covered by the DOE
NOPR and are targeted at units that otherwise would permanently retire. Ensuring these units’
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viability by protecting these state-supported revenue streams is thus consistent with the goals of
the DOE proposal and the needs of a resilient electric grid.
Accordingly, the Commission should make clear that units receiving this type of support
should not have their capacity or energy offers subject to mitigation. Natural gas generators have
argued for mitigation of these state support programs to enhance their market position and to move
the grid toward greater reliance on natural gas units. FERC should be mindful that natural gas and
oil receive tens of billions of dollars annually in tax and other subsidies,48 and additionally enjoy
the benefit of using the atmosphere on a mostly unrestricted basis as a place to release carbon and
other pollutants. Indeed, those who complain most vigorously about the need to preserve “free
markets” are in fact the largest beneficiaries of tax and other subsidies. Some of the largest
subsidies are shown in the table below:49
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Dirty Energy Dominance: Dependent on Denial, Oil Change International (Oct. 3, 2017),
available at http://priceofoil.org/content/uploads/2017/10/OCI_US-Fossil-Fuel-Subs-201516_Final_Oct2017.pdf.

49

The table below is excerpted from id. at 24-26, “Appendix 1: Complete List of U.S. Federal
and State Fossil Fuel Production Subsidies.” In total, federal oil and gas subsidies amount to $11
billion annually—not counting the implied of subsidy of being allowed to pollute without paying
for the costs imposed on society.
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Accepting requests for mitigation from entities currently benefiting to this extent from fuelspecific subsidies would obviously be counterproductive as the Commission considers additional
ways to improve the resilience of the grid. To the extent that the states are already taking steps to
further the goals that DOE and FERC seek to accomplish, by preserving resilient and irreplaceable
nuclear resource, their work should continue unimpeded.
C.

FERC Should Direct the RTOs to Make A Filing Describing Other Measures
that They Can Take to Support Resilient Units.

While the Commission considers how to design a market-based resiliency product, it
should in the meantime direct the RTOs to consider other potential steps that would help to support
a resilient grid.
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For example, the RTOs should be encouraged to examine their method of procuring
operating reserves. They may be able to take action, consistent with their tariffs, to increase
operating reserves as needed to address the risk of disruption to the gas supply. Weather-related
threats to the gas supply can pose a significant risk of economic harm and loss of life.50 Similarly,
a major pipeline outage from natural or human causes could have significant consequences in both
the short and long-term.51 Procuring adequate operating reserves to plan for these contingencies
is a straightforward mechanism to reduce these risks as the Commission considers other
possibilities.
PJM has already begun the process of considering changes along these lines. On October
10, 2017, PJM made a presentation to the Operating Committee outlining a proposed approach.52
In brief, the RTO is considering changes to how it procures operating reserves to take in
consideration the location of natural gas generators and the sources of their gas supply. In certain
situations, the reserve market may choose not to dispatch certain units to avoid overreliance on
particular natural gas pipelines. The Commission should require the RTOs to report on these
efforts and to expedite their consideration.
The RTOs should also report on potential capacity market modifications. Certain markets
covered by the Notice of Proposed Rulemaking have already recognized the need for enhanced
capacity market designs to ensure that resources have an incentive to make investments to improve
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See Grid Resiliency Pricing Rule, 82 Fed. Reg. 46,940 at 46,945 (discussing the Polar Vortex
and Hurricanes Harvey, Irma, and Maria).
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Stockton Testimony at 10-11.
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See Operationalizing Gas Pipeline Contingencies Normal and Conservative Operations,
Presentation dated October 10, 2017, available at http://www.pjm.com/-/media/committeesgroups/committees/oc/20171010/20171010-item-16-gas-electric-contingencies-update.ashx.
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their level of performance. In 2014, ISO-NE adopted its pay-for-performance scheme.53 In 2015,
the Commission approved the implementation of capacity performance in PJM.54 Although these
reforms were aimed at reliability, not resiliency—a distinction discussed further below—these
reforms nevertheless help to support resilient units and therefore promote the goals set forth in the
DOE NOPR. In these markets, the RTOs should consider whether the current penalty structure
provides appropriate incentives to invest in performance.

For example, in the Capacity

Performance Order, FERC ordered PJM to revisit regularly the penalty rate and adjust it as needed
to ensure performance.55 The penalty rate was based on an assumption of 30 penalty hours per
year, an estimate that was based on expected extreme weather (not manmade threats) and in any
event appears to have been too high as recent years have had no penalty hours assessed. The
Commission should urge PJM to consider changes to these and other capacity market features to
protect the resilience of the electric grid.
RTOs can also explore tariff changes aimed at other problems—for example, carbon
emissions—that would have the side benefit of supporting resilient resources. For example, a
stakeholder process is underway in the NYISO market to discuss carbon pricing in that RTO’s
energy market.56 That solution would provide additional revenue to resilient nuclear units while
not disturbing the overall structure of that market.

53

See ISO New England Inc., 149 FERC ¶ 61,009 (2014); ISO New England Inc. and New England
Power Pool, 147 FERC ¶ 61,172 (2014).
54

See PJM Interconnection, L.L.C., 151 FERC ¶ 61,208 (2015).

55

Id. at 163.

56

See Pricing Carbon into NYISO’s Wholesale Energy Market to Support New York’s
Decarbonization
Goals,
August
10,
2017,
available
at
http://www.nyiso.com/public/webdocs/markets_operations/documents/Studies_and_Reports/Stu
dies/Market_Studies/Pricing_Carbon_into_NYISOs_Wholesale_Energy_Market.pdf.
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Organized markets have also adopted short-term structures in the past that have been used
to ensure the availability of resilient resources in times of extreme conditions. The winter
reliability programs in New England for oil and LNG storage have provided an adequate supply
of power in that region for several years.57 The Commission has approved those programs as just
and reasonable as a transitional measure to a more robust permanent market design. Similarly, the
Commission approved transitional auctions in PJM to move from a base capacity model to the
capacity performance framework. To the extent organized markets need to take interim steps to
retain resilient units while a broader process is underway, these programs can serve as a model of
narrowly tailored solutions the Commission has previously approved. The Commission should
direct the RTOs to report on whether programs such as these would be a just and reasonable interim
mechanism of protecting the resilience of the grid. Additionally, if faced with the imminent
retirement of a resource that can demonstrate its contribution to grid resiliency, the Commission
should consider taking steps, on a unit-specific basis, to enable that unit’s continued operation until
the Commission can adopt a more comprehensive solution to address resiliency.
III.

Before Determining the Solution, FERC Must Identify With Greater Specificity What
Problem It Is Trying to Solve.
In order to identify the best and most cost-effective way to ensure a resilient grid, the

Commission must first learn in greater detail what vulnerabilities the grid faces and, based on
intelligence community assessments, which threats are the most important to mitigate. Once a
Design Basis Threat analysis is complete,58 then the Commission can identify the steps that must

57

ISO New England Inc. and New England Power Pool Participants Committee, 152 FERC
¶ 61,190 (2015).
58

See
Nuclear
Regulatory
Commission
Glossary,
Design
Basis
Threat;
https://www.nrc.gov/reading-rm/basic-ref/glossary/design-basis-threat-dbt.html
(defining
a
design basis threat); 10 CFR § 73.1(a) (outlining particular threats).
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be taken to address the threat, and the best and most cost-effective means for carrying out those
steps. The rigorous analysis that must be the predicate for policy has not yet been done. As an
initial step, the Commission should require the markets covered by the NOPR—PJM, NYISO, and
ISO-NE—to expedite their planning efforts and report promptly on their readiness to respond to
different types of significant systemic failure.
A.

The Threat of A Black Sky Event Is Real and the Consequences Would Be
Disastrous.

In its NOPR, DOE correctly notes the serious threat posed to the nation’s electric grid by
generation units that are insufficiently resilient, whether due to a fuel supply vulnerable to
disruption, inability to operate in adverse weather conditions, or other factors that render units
unable to provide energy at times of critical system need.59 This threat is real, and it is immediate:
Dr. Stockton’s testimony outlines at length the critical danger to the bulk power system posed by
“growing interdependencies” between natural gas and electric utilities.60 These interdependencies
increase the risk of mutually-reinforcing failures of both systems, in which disruption of the natural
gas supply will interrupt the supply of electricity, which in turn will lead to further disruption in
the ability of pipelines to deliver natural gas, and so on.61 The result of such a combined failure—
which could occur either because of malicious human action (either physical or cyber) or because

59

See DOE NOPR, 82 Fed. Reg. at 46,941 (“The resiliency of the nation’s electric grid is
threatened by the premature retirements of power plants that can withstand major fuel supply
disruptions caused by natural or man-made disasters and, in those critical times, continue to
provide electric energy, capacity, and essential grid reliability services.”).
60

Stockton Testimony at 12.

61

Id. at 11-13.
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of a natural disaster—could lead to a “black sky” power outage, in which multiple regions
throughout the country could suffer a sustained loss of power lasting a month or more.62
The human and economic consequences of such an event would be devastating. As Dr.
Stockton notes, it would constitute an unprecedented natural emergency. America is not prepared
for such a sustained blackout:
Many critical infrastructure systems and facilities have backup power generators
and stored on-site fuel to keep them operating for a few days in a limited power
outage. However, in a black sky event, the extensive length and geographic scope
of power outages would soon produce failures in emergency power assets and the
infrastructure system that rely on them. Blackouts of this severity would cause
cascading failures across multiple critical infrastructure sectors..63
The damage would spread throughout other components of the economy that depend on electric
power. A black sky event would cripple sectors crucial for the preservation of human life. The
American public would lose access to food and clean water, health care, and basic sanitation. Even
basic forms of communication would become virtually impossible:
Hospitals would exhaust their ability to rely on backup power. Food manufacturing
and distribution networks would cease to function. Other critical infrastructure
sectors would also likely collapse. For example, water, wastewater, and cellular
systems rely on a functioning power grid and are not currently prepared for such an
event. A black sky event would likely disable those systems for sustained periods
of time leaving them unavailable to the public.64
As the nation becomes increasingly dependent on electricity for transportation through vehicle
electrification, we risk disrupting our ability to move people as well. Potentially even more
serious, the event would cause a crisis of national security and might incapacitate the defensive
capacity of the United States military:

62

Id. at 9.

63

Id. at 10.

64

Id at 11.
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[N]ational defense installations would begin to fail. Domestic military facilities
can operate without power for short periods of time but are not designed to be
independent of the electric grid for extended periods of time. Electric power is
necessary to keep them in operation because they require access to transportation
fuel, communication networks, water and wastewater systems that need electricity
to operate.65
As Dr. Stockton concludes, “[a] black sky power outage would inflict immense disruption of
national security.”66
B.

The Commission Should Require the Three RTOs to Report on Their Status.

The Commission has an essential role to play in preventing the disaster to the nation that a
black sky event would entail. It must ensure a robust generation fleet that can overcome threats to
resiliency, and doing so requires a thorough examination of where our vulnerabilities lie, which
vulnerabilities are the most important to address, what needs to be done to address them, and the
most cost-effective means of doing so.
To begin that process. the Commission should issue an order requiring that the three RTOs
identified by the Secretary of Energy—PJM, NYISO, and ISO-NE—provide key data regarding
the ability of their regions to survive the type of catastrophic high intensity low frequency events
that Dr. Stockton describes in his testimony. Beginning with a focus on these three RTOs is
appropriate, as all three have capacity structures that select the lowest cost resources without regard
to resiliency, driving those markets toward a gas monoculture. Moreover, in those markets, states
have largely not used their own regulatory authority to promote resiliency. Other RTOs lack
capacity structures causing that particular resiliency issue, in part because they have more robust
integrated resource planning overseen by state commissions.

65

Id.

66

Id. at 10.
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Specifically, these three organized markets should provide the Commission with the
following information in the following time periods:67
Within 30 days, an inventory of all fuel supply for all generation within in their footprint
including, for each generator:


For the primary fuel source:
o Fuel source type.
o On-site inventory reported as average days based on continuous full output.
o The nature of the fuel supply arrangement (e.g., firm gas, long-term coal
contract, purchases of oil on the spot market, etc.).
o The primary method of fuel delivery (e.g., firm pipeline transportation, rail,
barge, truck, etc.).
o Environmental permitting limitations.



For the secondary or back-up fuel (if any):
o Fuel source type.
o On-site inventory reported as average days based on continuous full output.
For oil and diesel this should include both the actual inventory and the
maximum potential that can be stored on-site.
o The nature of the fuel supply arrangement, including the existence of firm
resupply contracts, if any.
o The primary method of fuel delivery.
o Environmental permitting limitations.

Within 60 days:


A fuel reliance analysis detailing the impact on the organized market’s ability to
serve load if the supply of a particular fuel type is interrupted, or if the supply of a
combination of fuel types is interrupted. The analysis should include:

67

See Order Directing Reports, Price Formation in Energy and Ancillary Services Markets
Operated by Regional Transmission Organizations and Independent System Operators, 153 FERC
¶ 61,221, at P 7 n.7 (2015); Federal Power Act §§ 301(b), 309.
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o How much load would not be served if a particular fuel type were
unavailable for any reason.
o How long primary inventories would last at generators.
o How long secondary inventories would last at generators.
o A generator’s ability to resupply from existing secondary fuel inventories
that are not on site.
o The market’s ability to increase production of remaining fuels, including
diesel fuel, to meet increased need for the fuel in light of other demands for
that fuel.


A load impact analysis detailing the consequences if load is unable to be served for
a prolonged period of time. This analysis should detail multiple disruption and time
combinations (e.g., 50% of load for one week, 75% of load for two weeks, etc).
The analysis should include:
o The financial impact to economy of the region.
o The security of the region (e.g., loss of other critical infrastructure and life
sustaining services).



A contingency analysis detailing the ability of the system to withstand (for both
short- and long-term) electric and gas failures. This analysis should model both
existing and future generation mixes. The analysis should include:
o Single gas pipeline failure.
o Multiple gas pipeline failures (including shared right of ways and
crossings).
o Coordinated attacks on multiple gas pipelines supplying the majority of an
organized market’s gas.
o Loss of all pipelines controlled by single company whether as a result of a
physical or cyberattack.
o



68

Coordinated gas pipeline/electric failures.

An assessment of the adequacy of existing capacity constructs in light of the
resiliency findings, and suggestions of what changes need to be made.68

See Stockton Testimony at 19-21,
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PJM has already begun a component of this process and started to consider the
consequences of the loss of a single pipeline standing alone. This study indicated that in PJM,
more than 11 GW of generation is connected to a single pipeline.69 A disruption of that pipeline
would be catastrophic. While PJM is ahead of other RTOs in initiating a planning process,70 its
analysis needs to more robust. For example, PJM should consider the loss of multiple pipelines
simultaneously because of the real risk that terrorists or foreign governments might target multiple
infrastructure components simultaneously,71 as well as the risk that an attack on the pipeline system
could be accompanied by an attack on components of the electric system. It should also consider
the increased risk that will occur if more coal and nuclear units retire and leave the grid even more
dependent on natural gas. The reporting requirements outlined above will help improve that
planning process.
The other two RTOs need to rapidly advance and expand the planning process as well.
NYISO has begun to study whether its system has adequate fuel assurance, recently seeking
comment on an evaluation it commissioned the Analysis Group to perform.72 Unfortunately, while
ISO-NE similarly has been evaluating the fuel security of its region, and has “identified fuel
security as one of the potential risks to future system reliability,” it has nevertheless decided to

69

See supra note 7.

70

Stockton Testimony at 18-19.

71

Id. at 19.

72

See Analysis Group, Capacity Resource Performance in NYISO Markets, An Assessment of
Wholesale
Market
Options,
at
18,
26
(Sept.
2017),
available
at
http://www.nyiso.com/public/webdocs/markets_operations/committees/bic_icapwg/meeting_mat
erials/2017-0928/Analysis%20Group%20Draft%20Capacity%20Resource%20Performance%209-26-17.pdf
(noting that “[t]he potential for growing future reliance on gas-fired resources suggests that further
attention to fuel-related performance may be important to preventatively addressing potential
system reliability risks”).
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“delay finalizing the study until the FERC has provided direction to the industry on how to interpret
the DOE NOPR,” suggesting that it will release the study “once the NOPR is sufficiently
resolved.”73 ISO-NE’s decision to delay its release of data is difficult to understand and unfortunate
because it deprives commenters and experts in this proceeding of relevant data that would be
highly relevant to FERC’s response to the NOPR.
The Commission should urge PJM and NYISO to expeditiously complete their studies, and
should not countenance ISO-NE’s decision to shield its evaluation from public view. Rather, the
Commission should order the RTOs to report promptly on their progress in conducting these types
of planning efforts.
C.

A Final Rule Is Urgently Needed, But Further Action Should Be Informed by
a Design Basis Threat Analysis.

Before adopting a final rule to address the need to ensure resilience, the Commission should
collaborate with other federal agencies to conduct a design basis threat analysis to measure the
resiliency of the grid.74 Exelon believes DOE might be well-situated to spearhead this analysis
given its access to information, its expertise, and its relationship with the intelligence community.
Here, such an analysis would help identify what vulnerabilities exist and must be addressed to
ensure resiliency. The assessment should account for likelihood that a natural or manmade
interruption in the energy sector might disrupt multiple pipelines simultaneously as well as other
serious risks.75
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ISO New England, Study on Regional Fuel Security to be Delayed Pending Resolution of DOE
Proposal on Grid Resiliency Pricing (Oct. 13, 2017), https://www.iso-ne.com/staticassets/documents/2017/10/20171013_fuel_security_analysis_delay_final.pdf.
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As Dr. Stockton explains, the Nuclear Regulatory Commission provides its licensees with such
a threat assessment to help safeguard nuclear reactors. Stockton Testimony at 22.
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Id. at 19.
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Once the Commission has a more detailed understanding of the bulk power system’s
vulnerabilities, and which of those vulnerabilities most urgently need to be addressed, it will be
able to decide what steps must be taken to counter those threats and the best means of doing so. It
can then order the organized markets to adopt tariffs that address this threat, and ensure that
generators that provide vital and needed resiliency are able to do so in the years ahead. In
considering whatever final action it decides to take, the Commission will need to solicit
commentary and analysis from a wide array of stakeholders and market participants. But,
regardless of whatever process the Commission deems necessary in coming to a final rule, it should
act quickly and not allow the critical resiliency deficiencies that currently endanger the bulk power
system to persist.
There are undoubtedly numerous ways markets could be reformed once the appropriate
design basis is identified, and the Commission should expect the RTOs to develop solutions that
best harmonize with their existing market designs. Key among these is providing sufficient
financial support to units that currently make important contributions to system-wide resiliency,
so that these units can continue operations and are not forced into retirement. As Dr. Stockton
explains,
Increased dependence on a single type of fuel heightens the risks of common mode
failures: that is, the danger that a single attack vector (especially via cyber means)
could enable the adversary to disrupt fuel supplies for power generation across
major portions of the United States. A significant interruption of the natural gas
supply available for electric generation can dramatically reduce the supply of
electricity available to serve load. For example, a large-scale disruption of a natural
gas pipeline would prevent that pipeline from delivering natural gas to the
generators it serves. It would also incapacitate any downstream pipeline dependent
on it as a source of gas. Because gas is delivered close in time to its use as a fuel
for electric generation, the system would have little time to respond to the loss of a
pipeline. Preserving a diverse generation mix that relies on multiple sources of fuel
is essential to reducing this risk.76
76

Stockton Testimony at 9.
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The Commission should ensure, however, that market reforms achieve the Design Basis
Threat with a high degree of certainty and minimize total system costs in doing so. It may be the
case, for example, that compensating an existing resilient unit for its costs of operation is less
expensive than building new plants or retrofitting an existing plant to be equally resilient. In other
words, providing cost of service payments may be in customers’ best interests.
In conclusion, Exelon applauds DOE’s focus on the threat posed to consumers and the bulk
power system by insufficiently resilient generation. The wholesale markets have a long history of
successfully delivering reliable and reasonably priced power to consumers at just and reasonable
rates. But they need reform to ensure that the grid retains its most resilient resources.
CONCLUSION
The risks of non-action are real and potentially grave. The declining fuel security of the
power system and increased reliance on a vulnerable natural gas pipeline system has created a real
possibility of widespread, long-duration blackouts that would have catastrophic consequences.
The American public cannot afford to take that risk. Fortunately, solutions exist if we have the
stimulus to pursue them. We look forward to working with the Commission to develop those
solutions.
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1

I.

BACKGROUND AND QUALIFICATIONS

2

Q.

PLEASE STATE YOUR NAME AND BUSINESS ADDRESS.

3

A.

My name is Paul Stockton. My business address is 325 7th Street NW, Suite 250,
Washington D.C. 20004.

4

5

Q.

DR. STOCKTON, BY WHOM ARE YOU EMPLOYED AND IN WHAT POSITION?

6

A.

I am the Managing Director of Sonecon LLC, a security and economic advisory firm in
Washington, DC.

7

8

Q.

9
10

PLEASE

DESCRIBE

YOUR

PROFESSIONAL

QUALIFICATIONS,

EMPLOYMENT EXPERIENCE, AND EDUCATIONAL BACKGROUND
A.

I graduated with a Bachelor of Arts degree summa cum laude from Dartmouth College and

11

received a Ph.D. from Harvard University. From June 2009 until January 2013, I served as

12

the Assistant Secretary of Defense for Homeland Defense and Americas’ Security Affairs.

13

In that position, I was responsible for Defense Critical Infrastructure Protection and led the

14

creation of the Department’s Mission Assurance Strategy. I also served as the Domestic

15

Crisis Manager for the Department of Defense (DOD) and was responsible for Defense

16

continuity of operations. I was the principal civilian advisor to the Secretary of Defense for

17

providing Defense support to Federal Emergency Management Agency, the Department of

18

Energy (DOE) and other Federal departments in Superstorm Sandy, Hurricane Irene, and

19

other disasters.

20

implementation of DOD security policy in the Western Hemisphere, including U.S.-Canada

In addition, I was responsible for developing and overseeing the

2

1

cooperation on Defense-related issues concerning energy sector resilience. From January

2

2012 until January 2017, I served as a Special Government Employee for the Department

3

of Defense, and helped conduct studies to strengthen deterrence of cyberattacks, counter

4

insider threats, and meet other infrastructure resilience challenges. I was twice awarded the

5

DOD Medal for Distinguished Public Service, the Pentagon's highest civilian honor, and a

6

Distinguished Public Service Medal from the Department of Homeland Security.

7

Q.

WHO IS SPONSORING YOUR TESTIMONY?

8

A.

My testimony is sponsored by Exelon. My testimony reflects my informed opinion and
does not necessarily reflect the perspectives and policies of the Department of Defense or

9

any other government department or agency.

10

11

Q.

HAVE YOU PREVIOUSLY TESTIFIED BEFORE THE COMMISSION?

12

A.

In June 2016, I testified at the Commission’s Reliability Technical Conference in Docket
AD16-15-000.

13

14

Q.

15
16

PLEASE DESCRIBE THE BASIS FOR YOUR FAMILIARITY WITH GRID
RESLIANCE PLANNING EFFORTS.

A.

In addition to my professional experience, I am the author of multiple works that examine

17

the severe threats to energy sector resilience, and analyze measures that policymakers and

18

stakeholders can take to reduce those risks. In 2016, I authored Superstorm Sandy:

19

Implications for Designing a Post-Cyber Attack Power Restoration System, published by

20

Johns Hopkins University Applied Physics Laboratory; Electric Grid Protection Handbook

3

1

II, Volume 1: Resilient Fuel Resources for Power Generation in Black Sky Events, published

2

by the Electric Infrastructure Security Council; and co-authored the Homeland Security

3

Advisory Council’s Final Report by the Cybersecurity Subcommittee: Incident Response. I

4

am also widely published on other issues of homeland security, national defense and

5

infrastructure resilience, including Resilience for Black Sky Days: Supplementing

6

Reliability Metrics for Extraordinary and Hazardous Events, prepared for the National

7

Association of Regulatory Utility Commissioners.

8

II.

PURPOSE OF TESTIMONY AND CONCLUSIONS

9

Q.

WHAT IS THE PURPOSE OF YOUR TESTIMONY?

10

A.

I examine how the increased reliance on natural gas for power generation is creating new

11

risks to electric grid resilience, and analyze the implications for U.S. national security. I

12

evaluate the adequacy of current measures to assess and mitigate these risks. I also propose

13

measures to strengthen the resilience of the grid, and meet the challenges highlighted by the

14

Department of Energy.

15

Q.

COULD YOU PLEASE SUMMARIZE YOUR CONCLUSIONS?

16

A.

I believe that this proceeding provides an opportunity to address the risks created by the

17

growing dependence of the electric grid on natural gas as a fuel source. My testimony

18

addresses three overall findings. First, the growing dependence of power generation on

19

natural gas poses potential risks to U.S. national security. Second, current initiatives to

20

identify and mitigate risks arising from gas-electric system interdependencies are not

21

adequate.

Third, before the Commission can decide on appropriate actions to help
4

1

strengthen fuel resilience, I believe that significant additional analysis will first be required

2

to clarify the attributes of fuel resilience, develop metrics to assess them, and specify the

3

threat against which fuel resilience should be measured. In particular, I recommend that a

4

government agency (in consultation with appropriate Bulk Power System (BPS) entities)

5

establish a Design Basis Threat (DBT) to help assess fuel resilience for power generation

6

and that FERC gather additional data on the current status of resilience efforts. Finally, the

7

Commission, in conjunction with other agencies, should implement measures that will

8

ensure that resiliency is preserved.

9

Q.

PLEASE SUMMARIZE YOUR FIRST FINDING. WHAT ARE THE POTENTIAL

10

RISKS TO U.S. SECURITY POSED BY EMERGING THREATS TO ELECTRIC

11

AND GAS SYSTEMS?

12

A.

Russia, China, North Korea, and other potential adversaries may seek to disrupt U.S.

13

defense capabilities by attacking the critical infrastructure on which our military bases rely.

14

DOD’s Mission Assurance Strategy emphasizes that “The Department of Defense’s ability

15

to ensure the performance of its Mission-Essential Functions (MEFs) is at growing risk.

16

Potential adversaries are seeking asymmetric means to cripple our force projection,

17

warfighting, and sustainment capabilities by targeting critical Defense and supporting

18

civilian capabilities and assets – within the United States and abroad –on which our forces

19

depend.”1

1

Department
of
Defense,
Mission
Assurance
Strategy,
http://policy.defense.gov/Portals/11/Documents/MA_Strategy_Final_7May12.pdf.

5

April

2012,

p.

1,

1

The power grid and fuel supplies for power generation are potential targets for these

2

adversaries.

3

strengthening their emergency power capabilities to serve their critical loads, long duration,

4

wide area power outages could jeopardize their ability to execute their MEFs. We must

5

assume that adversaries know this – and, accordingly, that in future conflicts they will attack

6

the power grid and the flow of gas on which power generation increasingly relies.

7

Q.

While military installations and other national security facilities are

PLEASE SUMMARIZE YOUR SECOND FINDING. ARE CURRENT EFFORTS

8

TO IDENTIFY AND MITIGATE RISKS STEMMING FROM INCREASED

9

RELIANCE ON NATURAL GAS ADEQUATE TO ENSURE RESILIENCE?

10

A.

No. Existing BPS reliability standards focus on protecting and maintaining the reliability

11

of BPS systems and functions. These standards do not apply to the gas systems that are

12

increasingly vital for power generation. Indeed, no mandatory standards exist for gas

13

system reliability that are remotely equivalent to those that help strengthen the BPS against

14

attack. Current efforts to provide dual-fuel capability for natural gas plants are not

15

sufficient. While some planning efforts have begun, they do not go far enough.

16

Q.

17
18

PLEASE SUMMARIZE YOUR THIRD FINDING. HOW CAN THE COMMISSION
BEST ADVANCE GRID RESILIENCE?

A.

As measures go forward to strengthen fuel resilience, and thereby bolster U.S. security,

19

Commissioners should take a holistic approach that will involve collaboration with a range

20

of government and private sector entities. Work should begin immediately to develop a

21

detailed assessment of the risks being created by increasing gas-electric system

6

1

interdependencies. In my testimony that follows, I highlight a number of requirements for

2

further analysis, including reporting requirements for RTOs to understand the current state

3

of resiliency.

4

The Commission also should seek the creation of a DBT to help assess the resilience of fuel

5

supplies for power generation and the potential value of measures taken to improve that

6

resilience. Modelled on the approach of the Nuclear Regulatory Commission, a DBT should

7

consider the type, composition, and nature of risks to resiliency including both catastrophic

8

natural and manmade hazards.2

9

likelihood – that if a major power decides to attack the U.S. energy sector, they will not

10

merely strike a single pipeline, but seek to disrupt all major pipelines in a given region.

11

Finally, implementation measures should be taken to ensure that the threat is appropriately

12

mitigated and resiliency is preserved.

That DBT should account for the risk –indeed, the

13

III.

EMERGING RISKS TO RESILIENCY

14

Q.

DID THE DEPARTMENT OF ENERGY FIND A RISK TO RESILIENCY FROM

15
16

RELIANCE ON NATURAL GAS?
A.

Yes. DOE’s Notice of Proposed Rulemaking takes a crucial step forward to clarify these

17

risks and highlight the value of measures to mitigate them. From 2002 until 2016, the share

18

of electricity generated by gas-fired units increased from 18% to about 34% while the share

2

See Nuclear Regulatory Commission Glossary, Design Basis Threat; https://www.nrc.gov/reading-rm/basicref/glossary/design-basis-threat-dbt.html (defining a design basis threat); 10 CFR § 73.1(a) (outlining particular
threats).

7

1

generated by coal fell from about 50% to about 30%.3 Risks of mutually-reinforcing failures

2

between gas and electric systems have grown accordingly. DOE found that “the electric

3

sector’s growing reliance on natural gas raises concerns regarding the ability to maintain

4

BPS reliability when facing constraints on the natural gas delivery systems.”4 Other key

5

BPS stakeholders have reached similar conclusions. For example, Gerry Cauley, President

6

and CEO of NERC, emphasizes that “[g]rowing reliance on natural gas continues to raise

7

reliability concerns regarding the ability of both gas and electric infrastructures to maintain

8

the BPS reliability at acceptable levels.”5

9

Q.

WHAT SPECIFIC RISKS DO YOU SEE?

10

A.

In addition to the risks specified in the Notice, I would call the Commission’s attention to

11

three specific challenges: First, reliance on a single fuel creates the danger of “common-

12

mode failures” where a lack of natural gas incapacitates multiple generators at the same

13

time. Second, such failures could help create “black sky” power outages, which would

14

entail outages lasting a month or more over multiple regions of the United States.6 Third,

15

rising gas-electric interdependencies create dangers of mutually-reinforcing failures.

3

United States Department of Energy, Staff Report to the Secretary on Electricity Markets and Reliability 90 (August
2017).
4

North American Electric Reliability Corporation, Short-Term Special Assessment: Operational Risk Assessment with
High Penetration of Natural Gas-Fired Generation, May 2016, p. 12.
5

Gerry Cauley letter to Energy Secretary Rick Perry, May 9, 2017.

6

Paul Stockton, Resilience for Black Sky Days: Supplementing Reliability Metrics for Extraordinary and Hazardous
Events, at 3, National Association of Regulatory Utility Commissioners (2014).
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1

Q.

2
3

PLEASE DESCRIBE HOW RELIANCE ON A SINGLE FUEL CAN MAGNIFY
RISKS OF COMMON-MODE FAILURES.

A.

Increased dependence on a single type of fuel heightens the risks of common mode failures:

4

that is, the danger that a single attack vector (especially via cyber means) could enable the

5

adversary to disrupt fuel supplies for power generation across major portions of the United

6

States. A significant interruption of the natural gas supply available for electric generation

7

can dramatically reduce the supply of electricity available to serve load. For example, a

8

large-scale disruption of a natural gas pipeline would prevent that pipeline from delivering

9

natural gas to the generators it serves. It would also incapacitate any downstream pipeline

10

dependent on it as a source of gas. Because gas is delivered close in time to its use as a fuel

11

for electric generation, the system would have little time to respond to the loss of a pipeline.

12

Preserving a diverse generation mix that relies on multiple sources of fuel is essential to

13

reducing this risk.

14

Q.

WHAT WOULD BE THE CONSEQUENCES OF A “BLACK SKY” OUTAGE?

15

A.

A black sky power outage would inflict immense disruption on national security, the U. S.
economy, and public health and safety.

16

17

Q.

WHY WOULD THE HARM BE SO SEVERE?

18

A.

Many critical infrastructure systems and facilities have backup power generators and stored

19

on-site fuel to keep them operating for a few days in a limited power outage. However, in

20

a black sky event, the extensive length and geographic scope of power outages would soon

21

produce failures in emergency power assets and the infrastructure system that rely on them.

9

1

Blackouts of this severity would cause cascading failures across multiple critical

2

infrastructure sectors. As highlighted in recent hurricane events, generators will quickly

3

break down through overuse. Demand for replacing them in a wide-area outage will rapidly

4

outstrip available supplies, given the vast number of facilities that will require such

5

replacements. Moreover, on-site fuel supplies for emergency generators will quickly be

6

depleted. Massive, multi-sector requirements for fuel resupply will emerge. Contractors

7

responsible for sustain resupply operations will be unable to meet these requirements,

8

especially since transportation systems, refinery operations, and other systems on which

9

these contractors depend will also be disrupted in a black sky outage. Hospitals would

10

exhaust their ability to rely on backup power.

11

networks would cease to function. Other critical infrastructure sectors would also likely

12

collapse. For example, water, wastewater, and cellular systems rely on a functioning power

13

grid and are not currently prepared for such an event. A black sky event would likely disable

14

those systems for sustained periods of time leaving them unavailable to the public. Finally,

15

national defense installations would begin to fail. Domestic military facilities can operate

16

without power for short periods of time but most are not designed to be independent of the

17

electric grid for extended periods of time. Electric power is necessary to keep them in

18

operation because they require access to transportation fuel, communication networks,

19

water and wastewater systems that need electricity to operate. The net result: black sky

20

outages will have catastrophic effects on national security, the U.S. economy, and public

21

safety. Adversaries seeking to achieve such effects will therefore be all the more tempted

22

to build capabilities to create black sky events, and exploit the gas-electric

23

interdependencies that could contribute to the severity of future blackouts..
10

Food manufacturing and distribution

1

Q.

HOW COULD GAS-ELECTRIC INTERDEPENDENCIES CREATE MUTUALLY

2

REINFORCING FAILURES?

3

As natural gas has become an increasingly important fuel for electric generation, natural gas

4

pipelines have also come to rely on electricity to function. Key components of gas pipeline

5

systems, including the compressors and industrial control systems that keep gas flowing to

6

power generators and other users, are more reliant on electric power. Gas pipeline systems

7

need compression pumps to sustain the flow of gas. Historically, these compressors were

8

fueled with gas taken from the pipelines themselves. However, in many regions of the

9

United States, these compressors are being replaced by variable speed electric-powered

10

units to reduce onsite methane emissions and increase compressor efficiency. Black sky

11

outages could interrupt the flow of electricity to these units, and (in a classic case of

12

spiraling effects) magnify those outages by disrupting gas deliveries to power generators

13

essential for power restoration.7 Some compression stations do have emergency power

14

generators and at least some on-site fuel to sustain operations in a blackout. However, as

15

noted above, fuel resupply operations for these stations will be at risk of catastrophic

16

disruption in long duration, wide area outages. These growing interdependencies create

17

risks of cascading, mutually-reinforcing failures across both the electricity and oil and

18

natural gas energy subsectors.8 Because of the need for generators to receive natural gas

7

Electric Infrastructure Protection (EPRO) Handbook II (Vol 1 – Fuel), July 18, 2016, at 24,
http://www.eiscouncil.com/App_Data/Upload/149e7a61-5d8e-4af3-bdbf-68dce1b832b0.pdf.s
8

Electric Infrastructure Protection (EPRO) Handbook II (Vol 1 – Fuel), July 18, 2016, at 21,
http://www.eiscouncil.com/App_Data/Upload/149e7a61-5d8e-4af3-bdbf-68dce1b832b0.pdf.s
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1

fuel and the need for electricity by natural gas pipelines to deliver that fuel, a significant

2

interruption of the supply of natural gas can start a chain of events that result in interruption

3

of electricity, which can cause the loss of power to gas compressors, which can cause further

4

interruptions of generator fuel supply, cascading toward a broader system outage. The

5

result: gas and electric systems will be vulnerable to mutually-reinforcing failures when

6

such outages begin.

7

Q.

WHAT TYPES OF HAZARDS COULD CAUSE THESE FAILURES?

8

A.

Both natural and manmade hazards pose risks. While I describe a few such potential

9

vulnerabilities below, the Commission, in coordination with other knowledgeable agencies,

10

should consider as many other such threats as possible and similarly develop and implement

11

measures to ensure they are understood.

12

Q.

13
14

WHAT ARE THE NATURAL HAZARDS THAT COULD CREATE SUCH
MUTUALLY REINFORCING GAS-ELECTRIC SYSTEM FAILURES?

A.

Catastrophic earthquakes could inflict massive damage on gas and electric infrastructure,

15

and foster mutually-reinforcing failures between them that produce black sky outages. For

16

example, a catastrophic earthquake in the New Madrid Seismic Zone would pose significant

17

risks to PJM. Similar seismically active regions pose risks elsewhere. Other catastrophic

18

natural hazards could also create such risks. Moreover, once a naturally-induced blackout

19

was underway, adversaries could also exploit the resulting disruptions in gas-electric system

20

interdependencies, and exacerbate the interruption of natural gas flows for power

21

generation.

12

1

Q.

WHAT ARE THE MANMADE RISKS?

2

A.

In recent months, potential adversaries have staged sophisticated, multi-phase intrusion

3

campaigns against the energy sector to insert Advanced Persistent Threats into our energy

4

systems.9 These efforts are part of a long-term trend towards increased severity in the cyber

5

threats confronting electric and gas systems –a trend that is certain to continue. Coordinated

6

physical attacks on critical gas and electric system infrastructure components pose an

7

additional threat. Such attacks could come from the type of kinetic threats seen in the 2013

8

attack on the Metcalf substation in California10, but also from unmanned aerial vehicles

9

carrying advanced payloads and other non-traditional attack vectors. Combined cyberphysical attacks could magnify such risks of disruption.

10

11

Q.

12
13

IN ADDITION TO THE CHANGE IN THE GENERATION MIX, WHAT
ADDITIONAL FACTORS HAVE HEIGHTENED THE RISKS?

A.

Electricity plays an increasingly important role in the operation of all other infrastructure

14

sectors. DOE notes that “[t]he reliability of the electric system underpins virtually every

15

sector of the modern U.S. economy, which depends on electricity – including sectors from

16

food production to banking to health care. Electricity is at the center of key infrastructure

17

systems that support these activities –transportation, oil and gas production, water, finance,

9

U.S. Computer Emergency Readiness Team, “Advanced Persistent Threat Activity Targeting Energy and Other

Critical Infrastructure Sectors, October 21, 2017, at https://www.us-cert.gov/ncas/alerts/TA17-293A
10

Rebecca Smith, Assault on California Power Station Raises Alarm on Potential for Terrorism, Wall St. J., Feb. 5,
2014.
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1

and information and communications technology.

Electricity-dependent critical

2

infrastructures represent the core underlying lifeline framework that supports the American

3

economy and society.”11 This “electrification of everything” heightens the potential payoff

4

to adversaries of attacking the grid and its fuel supplies, and reinforces the imperative to

5

mitigate the risks of increased reliance on natural gas for power generation.

6

IV.

CURRENT EFFORTS TO IDENTIFY AND MITIGATE RISKS TO RESILIENCY

7

Q.

WHICH STAKEHOLDERS HAVE A ROLE TO PLAY IN PRESERVING THE

8
9

RESILIENCY OF THE GRID?
A.

By issuing the proposed rule, the Department of Energy has taken a critical step forward to

10

facilitate progress on resilience.

11

Regulatory Commission, the North American Electric Reliability Corporation (NERC), the

12

Regional Transmission Organizations and Independent System Operators overseen by

13

FERC, and other BPS entities. Commissioners and other entities may also wish to consult

14

with the Department of Homeland Security, the Department of Transportation, and the

15

Department of Defense, and other federal and state agencies.

16

Q.

17

Other key stakeholders include the Federal Energy

HAVE THE RELEVANT STAKEHOLDERS ADQUATELY CONSIDERED THE
RISKS TO RESILIENCY?

11

Department of Energy, Quadrennial Energy Review – Transforming the Nation’s Electricity System: Second
Installment of the QER, January 2017, p. 7-3.

14

1

A.

Stakeholders are making progress, but significant gaps remain in assessing risks to

2

resilience and developing mitigation options. In particular, stakeholders need to account for

3

the growing severity of the threat and the implications for adversary exploitation of gas-

4

electric interdependencies. To the best of my knowledge, for example, no RTO has

5

performed a comprehensive analysis of whether the system can survive the disruption of

6

multiple natural gas pipelines system for an extended period of time.

7

Q.

FERC HAS APPROVED MANDATORY RELIABILITY STANDARDS FOR THE

8

BULK ELECTRIC SYSTEM. DO THE RELIABILITY STANDARDS AIM TO

9

ENSURE RESILIENCY?

10

A.

No. As noted above, NERC reliability standards apply to electric infrastructure, not gas

11

transmission lines and other fuel systems on which the grid depends. Moreover, these

12

standards focus on reliability, not resilience. Studies conducted for the National Association

13

of Regulatory Commissioners and other studies have highlighted significant ways in which

14

resilience differs from reliability. These studies have also examined why traditional metrics

15

for assessing reliability are inadequate for resilience.12

16

Q.

17

DO EFFORTS TO PROVIDE DUAL-FUEL CAPABILITIES TO NATURAL GAS
UNITS PROVIDE ADEQUATE RESILIENCE AGAINST THIS THREAT?

Resilience for Black Sky Days: Supplementing Reliability Metrics for Extraordinary and Hazardous Events, National
Association
of
Regulatory
Utility
Commissioners,
February
2014),
available
at
http://www.sonecon.com/docs/studies/Resilience_for_Black_Sky_Days_Stockton_Sonecon_FINAL_ONLINE_Feb5.
pdf; Sayanti Mukhopadhyay, Public Utility Commissions to Foster Resilience Investment in Power Grid Infrastructure,
available at http://www.sciencedirect.com/science/article/pii/S1877042816300052

12

15

1

A.

Not yet. Generators that are able to utilize a secondary source of fuel if natural gas supplies

2

are interrupted can provide a critical bulwark against cross-sector failure. Given that value,

3

some markets have developed financial incentives to encourage the construction and

4

retention of dual-fuel generators. However, there are indications that existing incentives

5

may not be adequate. Moreover, these generators typically have enough secondary feel

6

stored on site to operate for very limited periods. After that, fuel resupply will be essential

7

to sustain their operations if natural gas flows remain interrupted. However, the same factors

8

that will disrupt the resupply of fuel for emergency power generators will apply to resupply

9

of the secondary fuels typically employed for dual-fuel generators. Demand for such fuel

10

in a long duration, wide area outage will be vastly greater than the capacity of contractors

11

to conduct resupply operations. This is especially true since such operations would need to

12

go forward in severely disrupted environments, especially in terms of refining and

13

transportation system functionality.

14

Q.

HOW

IMPORTANT

IS

ON-SITE

FUEL

STORAGE

15

GENERATION

16

STANDARDS FOR RESILIENCE PRICING ELIGIBILITY?

17

A.

RESILIENCE,

AND

WHAT

ARE

FOR

THE

ENSURING

APPROPRIATE

Nuclear power plants can operate for many months between refueling operations.

18

Accordingly, they can make special contributions to grid resilience. The proposed Rule

19

also makes the case that because coal generators typically have many weeks of fuel supplies

20

stored on-site, they are also highly resilient. However, much more comprehensive and

21

systematic analysis of such issues should go forward before final decisions are made on

22

eligibility and market design changes. Moreover, as these criteria design options are

16

1

developed, it will be vital to avoid crafting them in ways that favor one source of generation

2

over another for reasons irrelevant to grid resilience.

3

Q.

WHAT CURRENT ANALYTIC INITIATIVES ARE UNDERWAY THAT COULD

4

HELP ASSESS CURRENT FUEL RESILIENCE AND REQUIREMENTS FOR

5

PROGRESS UNDER THE NOPR?

6

A.

Valuable studies have already been conducted on the risks that interruptions in gas supplies

7

pose to BPS reliability.13 NERC is now conducting a much-needed special reliability

8

assessment to determine impacts of a single point of disruption of natural gas facilities.14

9

Along with other industry initiatives, PJM is conducting especially important studies of the

10

potential risks created by increased reliance on natural gas, including in its Natural Gas

11

Contingency Scenario Analysis.15 I commend PJM for taking these critical steps forward.

12

These and other industry studies analysis can provide a useful model for BPS entities

13

See: North American Electric Reliability Corporation, Short-Term Special Assessment: Operational Risk Assessment
with High Penetration of Natural Gas-Fired Generation, May 2016; Federal Energy Regulatory Commission, GasElectric Coordination Quarterly Report to the Commission, Docket No. AD12-12-000, December 18, 2014;
Department of Energy, Natural Gas Infrastructure Implications of Increased Demand from the Electric Power Sector,
February 2015; American Electric Power, Gas-Electric Harmonization: An AEP Perspective, 2014; Midcontinent
Independent System Operator, Electric-Gas Coordination, February 2015; and Eastern Interconnection Planning
Collaborative, Gas-Electric System Interface Study, December 2014.

See Agenda Item 3a, Special Assessment: Single Points of Disruption on Natural Gas Infrastructure, MRC
Informational
Session
(April
13,
2017),
available
at
http://www.nerc.com/gov/bot/MRC/Agenda%20Highlights%20nad%20Minutes%202013/MRC_Informational_Sessi
on_Conference_Call_and_Webinar_Agenda_April_13_2017.pdf.
14

15

http://pjm.com/-/media/committees-groups/committees/teac/20170914/20170914-reliability-analysis-updates.ashx

17

1

nationwide to adapt to meet their own assessment requirements and fuel resilience

2

challenges. However, as I discuss below, I believe other efforts are necessary.

3

V.

ADVANCING GRID RESILIENCE

4

Q.

WHAT ACTIONS SHOULD THE COMMISSION TAKE?

5

A.

The Commission should obtain the analyses necessary to determine what actions to take

6

next. For one, relevant information from the RTOs covered by the NOPR would help in

7

this determination. Next, the Commission should collaborate with other agencies to conduct

8

a DBT analysis.

9

Q.

10
11

WHAT ADDITIONAL INFORMATION WOULD BE HELPFUL FROM THE
RTOS?

A.

PJM’s analysis provides an extremely useful starting point, but it should be expanded. For

12

example, analysis by RTOs should consider the loss of multiple pipelines simultaneously,

13

as might occur in a coordinated physical or cyberattack. As noted above, any major power

14

willing to take the risks of attacking a single U.S. pipeline may well decide to strike on a

15

much more massive scale to disrupt U.S. defense capabilities, and seek to disrupt all flows

16

of gas for power generation in a given RTO or ISO service area.

17

Useful additional information would include data from each generator on:

18



For the primary fuel source:

19

o Fuel source type.

20

o On-site inventory reported as average days based on continuous full output.

18

1
2

o The nature of the fuel supply arrangement (e.g., firm gas, long-term coal
contract, purchases of oil on the spot market, etc.).

3
4

o The primary method of fuel delivery (e.g., firm pipeline transportation, rail,
barge, truck, etc.).

5

o Environmental permitting limitations.

6



For the secondary or back-up fuel (if any):
o Fuel source type.

7
8
9
10

o On-site inventory reported as average days based on continuous full output.
For oil and diesel this should include both the actual inventory and the
maximum potential that can be stored on-site.

11

o The nature of the fuel supply arrangement.

12

o The primary method of fuel delivery.

13
14
15

o Environmental permitting limitations.

16
17
18

The RTOs should also conduct a series of studies:


A fuel reliance analysis detailing the impact on the organized market’s ability to
serve load if the supply of a particular fuel type is interrupted, or if the supply of a
combination of fuel types is interrupted. The analysis should include:

19
20

o How much load would not be served if a particular fuel type were
unavailable for any reason.

21

o How long primary inventories would last at generators’ full output

22

o How long secondary inventories would last at generators’ full output

23
24

o A generator’s ability to resupply from existing secondary fuel inventories
that are not on site.

25
26
27

o The market’s ability to increase production of remaining fuels, including
diesel fuel, to meet increased need for the fuel in light of other demands for
that fuel.

28
29
30
31



A load impact analysis detailing the consequences if load is unable to be served for
a prolonged period of time. This analysis should detail multiple disruption and time
combinations (e.g., 50% of load for one week, 75% of load for two weeks, etc). The
analysis should include:
19

1

o The financial impact to economy of the region.

2
3

o The impact to the security of the region (e.g., loss of other critical
infrastructure and life sustaining services).


4
5
6

A contingency analysis detailing the ability of the system to withstand (for both
short- and long-term) electric and gas failures. This analysis should model both
existing and future generation mixes. The analysis should include:

7

o Single gas pipeline failure.

8

o Multiple gas pipeline failures (including shared right of ways and crossings).

9

o Coordinated attacks on the organized market’s 3 of 4 biggest pipelines.

10
11

o Loss of all pipelines controlled by single company whether as a result of a
physical or cyber attack.

12

o



13

Coordinated gas pipeline/electric failures.

The RTOs should also conduct an assessment of the adequacy of existing capacity

14

constructs in light of the resiliency findings, and suggestions of what changes need

15

to be made.

16

Q.

17
18

DO THE RELIABILITY STANDARDS SUGGEST THAT THIS ANALYSIS IS
APPROPRIATE?

A.

NERC Reliability Standard TPL-001-4 directs transmission planners to assess the impact

19

of extreme events, and if the analysis determines that such events cause cascading outages,

20

the transmission planner should evaluate possible actions to reduce the likelihood or

21

mitigate the consequences and adverse impacts to reliability.16 I recommend that large-

22

scale disruptions of gas supplies be included in such analysis. I also propose that planners

16

See Requirements R 3.2 and R 3.5 of Standard TPL-001-4 – Transmission System Planning Requirements.

20

1

include contingency analysis of severe disruptions in secondary fuel resupply for dual fuel

2

generators, and disruption of fuel resupply for backup power generators that serve critical

3

natural gas compression stations and other key gathering and transmission infrastructure.

4

Finally, planners should conduct sensitivity analysis on the degree to which retaining a mix

5

of fuel-resilient generation assets, including nuclear assets, can help reinforce the resilience

6

of the BPS as a whole.

7

Q.

HOW COULD A DESIGN BASIS THREAT ASSIST THE COMMISSION?

8

A.

At present, BPS entities lack a government-approved assessment of the threat against which
they should measure the resilience of their fuel supplies.

9

The Nuclear Regulatory

10

Commission provides its licensees with a DBT to help design safeguard systems for the

11

U.S. nuclear fleet. Fuel resilience issues pose a very different range of challenges. A DBT

12

would help the Commission support analysis and mitigation of risks to fuel resilience. That

13

effort should be led by a U.S. agency with access to appropriate threat information. The

14

development of a DBT should also go forward in full consultation with the electric power

15

industry, NERC, the E-ISAC, and other key sources of expertise. The design of the DBT

16

should also leverage “best practices” developed by the NRC, and draw lessons learned from

17

the NRC’s past efforts that can help accelerate and improve the creation of a DBT for

18

resilience.

19

Q.

DOES THIS CONCLUDE YOUR TESTIMONY?

20

A.

Yes.

21

March 29, 2018
VIA COURIER
The Honorable James Richard Perry
Secretary of Energy
United States Department of Energy
1000 Independence Avenue, S.W.
Washington, DC 20585
Re:

Request for Emergency Order Pursuant to Federal Power Act Section 202(c)

Dear Secretary Perry:
Pursuant to Section 202(c) of the Federal Power Act (“FPA”), 1 Section 301(b) of the
Department of Energy (“DOE”) Organization Act, 2 and certain of the DOE’s Rules of Practice
and Procedure, 3 FirstEnergy Solutions Corp. (“FirstEnergy Solutions”), on behalf of its named
subsidiaries (“Applicants”), 4 respectfully requests that the Secretary of Energy (“Secretary”) find
that an emergency condition exists in the footprint of the PJM Interconnection, L.L.C. (“PJM”)
that requires immediate intervention by the Secretary, in the form of a Section 202(c) emergency
order directing: (a) certain existing nuclear and coal-fired generators in PJM, 5 as detailed herein,
to enter into contracts and all necessary arrangements with PJM, on a plant-by-plant basis, to
generate, deliver, interchange, and transmit electric energy, capacity, and ancillary services as
needed to maintain the stability of the electric grid and (b) PJM to promptly compensate at-risk
merchant nuclear and coal-fired power plants for the full benefits they provide to energy markets
and the public at large, including fuel security and diversity, as detailed herein.
PJM has done little to prevent this emergency despite the numerous signs for many years
that the emergency was coming. Nuclear and coal-fired generators in PJM have been closing at a
rapid rate 6—putting PJM’s system resiliency at risk—and many more closures have been
1

16 U.S.C. § 824a(c).

2

42 U.S.C. § 7151(b).

3

10 C.F.R. §§ 205.370-205.373.

4

The named subsidiaries are: FirstEnergy Generation, LLC, FirstEnergy Nuclear Generation, LLC, FirstEnergy
Nuclear Operating Company, and FirstEnergy Generation Mansfield Unit 1 Corp. The foregoing entities are all
wholly owned subsidiaries of FirstEnergy Solutions Corp. which, in turn, is a wholly owned subsidiary of
FirstEnergy Corp., a publicly-traded, utility holding company headquartered in Akron, Ohio.

5

A list of the nuclear and coal-fired generating plants in PJM believed to be currently operating is provided as
Attachment A hereto. As explained in Section II.F, only a subset of these plants would be subject to the requested
Order.

6

In the past four years, over 11,000 MW of coal-fired generation within the PJM footprint has closed, the
equivalent of a dozen large power plants. MONITORING ANALYTICS, LLC, 2017 STATE OF THE MKT. REPORT FOR
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announced. 7 PJM continues to claim that all is well with its system, 8 but at the same time shows
it does not have a clear view of what resilience is, how to measure it, or how to ensure it. 9 PJM
has demonstrated little urgency to remedy this problem any time soon 10—so immediate action by
the Secretary is needed to alleviate the present emergency.
I.

BACKGROUND AND SUMMARY

It is in the national interest to ensure a dependable, affordable, safe, fuel-secure, and clean
supply of electricity produced by a diverse array of energy resources, including coal, natural gas,
nuclear material, flowing water, and renewable resources. Such diversity of generation enhances
dependable and resilient electric supply, reduces electricity price volatility, ensures the Nation’s
economic and physical security, and promotes economic development. As you stated recently,
“America’s greatness depends on a reliable, resilient electric grid powered by an ‘all of the above’
mix of generation resources” that “must include traditional baseload generation with on-site fuel
storage that can withstand major fuel supply disruptions caused by natural and man-made
disasters.” 11 Indeed, “[o]ur economy, government and national defense all depend on electricity.
Therefore, ensuring a reliable and resilient electric supply and corresponding supply chain are vital
to national security.” 12

PJM, VOL. 2: DETAILED ANALYSIS 544 tbl.12-5 (Mar. 8, 2018), (listing coal unit retirements of 2,239 MW,
7,064.8 MW, 243 MW, and 2,038 MW in 2014, 2015, 2016, and 2017, respectively)
http://www.monitoringanalytics.com/reports/PJM_State_of_the_Market/2017.shtml (“2017 PJM Report”).
7

See Section II.B, infra.

8

See, e.g., Comments and Responses of PJM Interconnection, L.L.C. at 4, Grid Resilience in Regional
Transmission Organizations and Independent System Operators, FERC Docket No. AD18-7-000 (Mar. 9, 2018)
(“To be clear, the PJM [Bulk Electric System (“BES”)] is safe and reliable today – it has been designed and is
operated to meet all applicable reliability standards. However, improvements can and should be made to make
the BES more resilient against known and potential vulnerabilities and threats. In many cases, resilience actions
are anchored in, but go beyond what is strictly required for compliance with, the existing reliability standards.”)
(“PJM Comments”); Initial Comments of PJM Interconnection, L.L.C. on the United States Department of Energy
Proposed Rule at 25, Grid Reliability and Resilience Pricing, FERC Docket No. RM18-1 (Oct. 23, 2017) (“[T]he
performance of the PJM system in response to incredibly taxing events like the 2014 Polar Vortex demonstrate
the reliability and resilience of the system created by effective transmission planning and development and the
energy and capacity markets.”).

9

See, e.g., PJM Comments at 3-4. Contrast Response of the New York System Operator, Inc. at 1, Grid Resilience
in Regional Transmission Organizations and Independent System Operators, FERC Docket No. AD18-7-000
(Mar. 9, 2018) (referring to “efforts already underway (or being considered) to ensure continued reliable operation
and bolster resiliency in response to the evolving nature of the bulk power system in New York”).

10

PJM indicates that it will follow any FERC mandate to study the resiliency issue and, if changes are needed,
pursue solutions. PJM Comments at 5-6. But the emergency exists presently, not in the future, and immediate
action is needed now, not more time to study.

11

Letter from Rick Perry, U.S. Sec’y of Energy, to Chairman & Comm’rs of FERC at 1 (Sept. 28, 2017) (“Secretary
NOPR Letter”).

12

Id. at 2.
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The Nation depends heavily on a steady and dependable supply of electricity at all times.
Electricity both figuratively and literally powers the Nation—its homes, its businesses, its
industries, government buildings, and defense installations. Electricity is thus vital not only to the
health, safety, and welfare of the Nation, but also to its economic and physical well-being. Our
adversaries understand this too. As explained by Dr. Paul Stockton, former Assistant Secretary of
Defense, the Nation’s adversaries “may seek to disrupt U.S. defense capabilities by attacking the
critical infrastructure on which our military bases rely. . . . The power grid and fuel supplies for
power generation are potential targets for these adversaries.” 13 The importance of the electric grid
and its fuel supply network to our Nation’s well-being cannot be overstated.
Yet, as DOE is undoubtedly aware, threats to the Nation’s power supply and grid are real
and can no longer be ignored. The Nation’s security is jeopardized if DOE does not act now to
preserve fuel-secure generation and the diversity of supply. 14 The very diversity of supply that
baseload nuclear and coal-fired units provide is being lost more and more each day as more and
more of these plants retire because their fuel security and resiliency are not properly recognized
and valued by the current administrative market rules. Rather, we, as a Nation, “need to properly
recognize the value of each resource, being mindful of its role in our national defense [and]
economic security” and, in this regard, “account for the value of on-site fuel storage capability” of
nuclear and coal-fired generating resources. 15 To this effect, immediate action is needed to ensure
that such traditional baseload generation receives compensation commensurate with the value it
provides to the Nation and thus remains in service and available to power the Nation in times of
need. As you have noted, “urgent action must be taken to ensure the resilience and security of the
electric grid, which is so vitally important to the economic and national security of the United
States.” 16
The recent cold weather in the East has provided a real-time, real-life demonstration as to
why immediate action is so critical to ensure the health and safety of the Nation. From December
27, 2017, through January 8, 2018, the eastern U.S. saw extremely cold temperatures and spiking
electric demand, which would likely have been far worse had it occurred only two weeks later
after the holiday season ended. If not for the over-performing nuclear and coal-fired generating
plants in PJM, 17 the eastern portion of the country would likely have seen grid reliability impacts,
13

Comments of Exelon Corp., Testimony of Paul Stockton at 5-6, Grid Reliability and Resilience Pricing, FERC
Docket No. RM18-1-000 (Oct. 23, 2017).

14

Secretary NOPR Letter at 8 (“If, for example, we lose our educated workforce or no longer have the ability to
build and operate our baseload plants because of short-sighted policies, it will not only weaken our workforce,
but will threaten our energy dominance and national security.”).

15

Id.

16

Letter from Rick Perry, U.S. Sec’y of Energy, to Kevin McIntyre, Chairman, FERC at 2 (Dec. 8, 2017) (“Secretary
Extension Letter”).

17

See, e.g., Tim Loh, Chris Martin & Naureen S. Malik, America’s Deep Freeze is Aiding Coal and Sending Power
Up, BLOOMBERG (Dec. 28, 2017), https://www.bloomberg.com/news/articles/2017-12-28/america-s-deepfreeze-is-aiding-coal-and-sending-power-surging (“In the PJM market . . . coal has once again surged past natural
gas to become the biggest fuel for power generation.”); Tiffany Hsu, Deep Freeze in U.S. Creates Heating
TIMES
(Jan.
3,
2018),
Squeeze
for
Homeowners
and
Utilities,
N.Y.
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as natural gas plants significantly underperformed in large part due to natural gas price spikes and
supply interruptions. 18 As a recent DOE study of this cold weather event found (the “NETL
Report”), nuclear and coal-fired generation provided 70 percent of output during the event and
“coal units in PJM were uniquely positioned to provide the resilience needed at this critical point
in time,” providing “74 percent of incremental energy.” 19 The study went on to conclude that:
In the case of PJM, it can also be shown that the demand could not
have been met without coal. At peak demand, January 5, 2018,
natural gas prices exceeded $95/MMBtu in eastern PJM. Had coal
been removed, a 9-18 GW capacity shortfall would have developed,
depending on assumed imports and generation outages, leading to
system collapse. 20
As the report stated, “[e]xperience with such blackouts indicates the potentially enormous toll in
both economic losses and human suffering associated with widespread lack of electricity.” 21

https://www.nytimes.com/2018/01/03/business/heating-homeowners-winter.html (noting that due to high heating
demand, “[m]any utilities turned to coal and oil to generate electricity as the price of natural gas, their usual fuel
of choice, surged”); Jeremiah Shelor, Extreme Cold Drives Record-Setting Week in NatGas Cash; Futures See
Warm-Up Ahead, NATURAL GAS INTELLIGENCE (Jan. 5, 2018), http://www.naturalgasintel.com/articles/112977extreme-cold-drives-record-setting-week-in-natgas-cash-futures-see-warm-up-ahead (“With blizzard conditions
arriving late in the week along the East Coast just in time to pile on after recent bitterly cold temperatures, natural
gas spot price blowouts ran rampant . . . . The conditions driving the exorbitant cash prices appeared to be a
perfect storm of widespread weather-driven demand and pipeline constraints.”); PJM INTERCONNECTION, PJM
COLD SNAP PERFORMANCE DEC. 28, 2017 TO JAN. 7, 2018 13 & fig.10 (Feb. 26, 2018), available at
http://www.pjm.com/-/media/library/reports-notices/weather-related/20180226-january-2018-cold-weatherevent-report.ashx (reporting that nuclear and coal generation combined constituted 63% of the online fuel mix
during the 2018 cold snap) (“PJM COLD SNAP PERFORMANCE 2018”).
18

See, e.g., Naureen S. Malik, Blizzard Triggers 60-Fold Surge in Prices for U.S. Natural Gas, BLOOMBERG (Jan.
4, 2018), https://www.bloomberg.com/news/articles/2018-01-04/natural-gas-in-u-s-soars-to-world-s-priciest-assnow-slams-east; Cold Weather, Higher Exports Result in Record Natural Gas Demand, ENERGY INFO. ADMIN.
(“EIA”) (Jan. 5, 2018), https://www.eia.gov/todayinenergy/detail.php?id=34412 (noting record natural gas
demand due in part to recent cold weather); PJM COLD SNAP PERFORMANCE 2018 at 16 (concluding that “[g]as
supply issues were the largest” cause of forced outages due to fuel supply issues during the 2018 cold snap,
“particularly the weekend of Jan. 6 and Jan. 7, as temperatures reached their lowest points,” and that supply issues
“include transportation restrictions and interruptions as well as spot gas commodity availability”).

19

NAT’L ENERGY TECH. LAB., RELIABILITY, RESILIENCE AND THE ONCOMING WAVE OF RETIRING BASELOAD UNITS
VOLUME I: THE CRITICAL ROLE OF THERMAL UNITS DURING EXTREME WEATHER EVENTS 12 (Mar. 13, 2018)
(“NETL
Report”),
available
at
https://www.netl.doe.gov/research/energy-analysis/searchpublications/vuedetails?id=2594. To the extent necessary, Applicants incorporate the NETL Report by reference
as if it were filed in full as an attachment to this Application. The findings in the NETL Report fully support the
Secretary determining that an emergency exists within the meaning of FPA Section 202(c) that warrants
immediate action.

20

Id. at 17 (emphasis added).

21

Id. at 3.
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Overall, DOE estimated that “the value of [coal- and oil-]based power generation resilience” in
PJM during this cold weather event was $3.5 billion. 22
But this is not the first time nuclear and coal-fired generation has saved PJM. In January
2014, a “Polar Vortex” spiked customer demand, dropping system reserves in PJM to just 500
MW (on a demand of over 140,000 MW). 23 PJM calculated that 9,300 MW of generation was
unavailable during this event due to interruptions in the natural gas supply to generators. 24 While
this loss of generating capacity could have been catastrophic, multiple coal-fired generating units
slated for retirement were dispatched to meet electric demand 25 and nuclear generators also
“performed extremely well.” 26 “Sixty-five million people within the PJM footprint could have
been affected if these traditional baseload units were not available.” 27
Combined, the Polar Vortex and this past winter’s extreme cold have shown the value that
nuclear and coal-fired generators bring to the electric grid. Just as temperatures plummeted during
these periods, the output of nuclear and coal-fired generators spiked. Specifically, during the
period December 26, 2017, through January 6, 2018, coal-fired and nuclear generation in PJM
averaged output levels of 46,038 MW and 35,485 MW, respectively. 28 These levels are over 50
percent greater than the average output of coal-fired generation during the 24 months ending
September 2017 (of 29,849 MW) and over 10% greater than the average output of nuclear
generation during those 24 months (of 32,167 MW). 29 Further, the output levels of coal-fired
generators over this 12-day period are well above historical January levels, which tend to see the
highest average outputs of such units of any months of the year. 30 By any measure, the output of
coal-fired and nuclear generating facilities in PJM was exceptional over these recent 12 days.

22

Id. at 1, 16.

23

PJM INTERCONNECTION, ANALYSIS OF OPERATIONAL EVENTS AND MARKET IMPACTS DURING THE JANUARY
2014 COLD WEATHER EVENTS 4 (May 8, 2014), available at http://www.pjm.com/~/media/library/reportsnotices/weather-related/20140509-analysis-of-operational-events-and-market-impacts-during-the-jan-2014cold-weather-events.ashx.

24

Id. at 26.

25

Secretary NOPR Letter at 3.

26

See id. (citing U.S. DEP’T OF ENERGY, STAFF REPORT TO THE SECRETARY ON ELECTRICITY MARKETS AND
RELIABILITY 95 (Aug. 2017) (“Staff Report”)).

27

Secretary NOPR Letter at 3.

28

See Generation by Fuel Type, PJM INTERCONNECTION, http://dataminer2.pjm.com/feed/gen_by_fuel.

29

See PJM INTERCONNECTION, STATE OF THE MARKET REPORTS FOR 2012 THROUGH Q3 2017,
http://www.monitoringanalytics.com/reports/PJM_State_of_the_Market/2018.shtml (as converted from GWh to
MW).

30

Specifically, during the three Januarys from 2015 to 2017, coal-fired generation in PJM averaged output of 37,234
MW (and nuclear generation averaged 34,845 MW). See id.
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The chart below illustrates the spike in nuclear and coal-fired output over this period.31
Notably, coal- and oil-fired generation spiked, and nuclear generation rose materially, but gasfired generation dropped, not only from its average output levels but even from levels seen only a
few days prior. As Andrew Ott, PJM’s President and CEO, recently testified:
[D]uring this recent cold weather event, obviously more than half of
the total supply was coal and nuclear. Certainly, [PJM] couldn’t
survive without gas; [PJM] couldn’t survive without coal; [PJM]
couldn’t survive without nuclear. [PJM needs] them all in the
moment. And I think the key, and what [PJM is] focused on, is each
of these bring to the table reliability characteristics. Each of these
was online when [PJM] needed them. 32
The strong performance of the nuclear and coal-fired units in PJM was a needed counterbalance
to the situation for gas-fired units. Specifically, during the cold snap, dramatic price increases
were seen in natural gas prices; including for example a spike in PJM at the Texas Eastern M3
interface, in Southeastern Pennsylvania, from a normal level near $3/MMBtu to $96/MMBtu. 33
Further, “in eastern PJM . . . gas and electric transmission were severely constrained, leading to .
. . elevated natural gas and electricity prices across [the] region.” 34 The price increases would have
been even more dramatic but for the over performance of nuclear and coal-fired units.

31

See Generation by Fuel Type, PJM INTERCONNECTION, http://dataminer2.pjm.com/feed/gen_by_fuel. This chart
excludes March 29, March 30, and April 2, 2017 because no data was reported for those dates.

32

Press Release, Sen. Lisa Murkowski, Hearing Spotlights Importance of Energy Infrastructure, Diverse Fuel Mix
(Jan. 23, 2018) (quoting Andrew Ott), https://www.murkowski.senate.gov/press/release/hearing-spotlightsimportance-of-energy-infrastructure-diverse-fuel-mix.

33

NETL Report at 14.

34

Id. at 6. See also id. at 7 (showing a four-fold increase in daily load weighted average marginal electricity price
in PJM between December 30, 2017 and January 6, 2018).
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But the very same nuclear and coal-fired power plants that allowed PJM to maintain
reliability during these extreme weather events are at imminent risk of permanent closure if
something is not done now. The Energy Information Administration “projects 41 GW of coal and
10 GW of nuclear retirements by 2025,” but, as the NETL Report notes, this projection does not
“adequately capture[] the risk” of retirements. 35 The report further projects that “as much as 75
GW of coal-fired generation could be retired” by 2025, and notes that another source estimates
between “30 and 50 GW of nuclear could face retirement.” 36 Without these plants, thousands if
not millions of customers could have been without power during sub-zero degree temperatures.
And absent immediate and decisive action by DOE, the 11,000 MW of nuclear and coal-fired
generation that have kept PJM operating during this period will begin to retire in the very near
future. As Andrew Ott, PJM’s President and CEO, recently testified, 1,410 MW of nuclear
capacity and 3,688 MW of coal-fired capacity that operated during the recent cold snap in the
eastern U.S. are scheduled to deactivate within the next five years. 37 This testimony is consistent
with the NETL Report’s finding that:
The 30 GW of coal that ramped up to meet the surge in PJM load
[during the recent cold weather event] clearly includes the units most
likely to retire due to insufficient market support, given those units
were not running at baseload levels before the event. As more of
35

NETL Report at 25.

36

Id. at 30.

37

U.S. Sen. Comm. on Energy and Nat. Res., The Performance of the Electric Power System in the Northeast and
Mid-Atlantic During the Recent Winter Weather Events, Including the Bomb Cyclone, Questions for the Record
Submitted to Mr. Andrew Ott, Response to Question 2 from Sen. Mike Lee (Jan. 23, 2018).
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these units retire, the ability of the system to respond to extreme
events with reliance, let alone economically, deteriorates. 38
Further, it is a matter of public record that FirstEnergy Solutions, which through Applicants
indirectly owns 12,300 MW of generation, likely will file for bankruptcy by the end of March
2018. 39 Indeed, Charles Jones, CEO of FirstEnergy Corp., recently stated that he would be
“shocked” if FirstEnergy Solutions did not file soon. 40 FirstEnergy Solutions already submitted
notice to PJM that it would deactivate its nuclear assets—Davis-Besse and Perry in Ohio and
Beaver Valley in Pennsylvania—in 2020 and 2021.
“Distorted price signals” in the organized markets overseen by the Federal Energy
Regulatory Commission (“FERC”), such as PJM, “have resulted in under-valuation of grid
reliability and resiliency benefits provided by traditional baseload resources, such as [those
powered by] coal and nuclear” fuel. 41 As you have recognized, “[b]ecause wholesale pricing in
those markets does not adequately consider or accurately value those benefits, generation units
that provide the benefits are often not fully compensated for them.” 42 The NETL Report similarly
summarized the problem: “Markets do not currently compensate resilience, and thus that
capability is steadily diminishing due to competitive pressures of ongoing, baseload power plant
early retirements.” 43
This lack of appropriate compensation, among other things, has resulted in the Nation’s
nuclear and coal-fired generation closing at an alarming and unprecedented rate. For example
“between 2002 and 2016, 531 coal[-fired] generating units representing approximately 59,000
MW of generation capacity retired from the U.S. generation fleet.” 44 In addition, “[i]t is
anticipated that approximately 12,700 MW of coal[-fired generation] will retire through 2020.” 45
Further, “between 2002 and 2016, 4,666 MW of nuclear generating capacity was announced for
38

NETL Report at 18.

39

Gavin Bade, FirstEnergy CEO Says Generation Subsidiary Headed for Bankruptcy Protection, UTILITY DIVE
(Feb. 23, 2018), https://www.utilitydive.com/news/firstenergy-ceo-says-generation-subsidiary-headed-forbankruptcy-protection/517743/; Jeffrey Ryser, FirstEnergy Continues Push Away from Competitive Generation
Subsidiary, PLATTS MEGAWATT DAILY (Feb. 22, 2018).

40

Recording of Fourth Quarter 2017 Earnings Webcast, FIRSTENERGY (Feb. 21, 2018),
https://services.choruscall.com/links/fe180221.html (Mr. Jones stating, at 25:18, “Well, I said in my prepared
remarks that I expect that [FES] will be removed from the unregulated money pool between now and the end of
March, and that will be the last tie that we have with that business. While I can't speak for FES, I will be shocked
if they go beyond the end of March without some type of a filing.”).

41

Secretary NOPR Letter at 1.

42

Id. at 3.

43

NETL Report at 3.

44

Secretary NOPR Letter at 2 (citing Staff Report at 22).

45

Id. (citing EIA, Monthly Update to the Annual Electric Generator Report, Form EIA-860m (June 2017),
https://www.eia.gov/electricity/data/eia860m/).
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retirement” and “[e]ight reactors representing 7,167 MW of nuclear capacity . . . have announced
retirement plans since 2016.” 46
These retirements must stop immediately in PJM lest the grid be placed at risk of failure
through a lack of generation diversity and over-reliance on generating units that lack secure fuel
supply and often compete with other industries and customers for limited firm fuel delivery
capabilities. As your staff found, “fuel supply chain disruptions can impact many generators
during a single widespread fuel shortage event,” but “[n]uclear and coal[-fired power] plants
typically have advantages associated with onsite fuel storage. . . .” 47 Such generating units with
on-site storage capacity kept PJM from shedding load during the 2014 Polar Vortex when available
generating capacity was only a hair’s width more than demand. And such units have been critical
to keeping the grid supplied during the severe cold weather in the East this past winter. But the
continued existence of such fuel-secure, baseload units cannot be taken for granted. Unless
immediate action is taken, they will continue to retire and PJM and the Nation are likely not to be
so lucky as to avoid load-shedding (or worse) the next time generation supply is stretched to its
limit.
FERC has for several years failed to heed this warning and to act to prevent this impending
crisis. Indeed, FERC has had the opportunity to prevent this crisis on numerous occasions,
including the opportunity you provided it through your Notice of Proposed Rulemaking (“NOPR”)
issued pursuant to FPA Section 403. 48 Although you granted FERC’s request to extend the NOPR
proceeding, you stated that you would continue to examine “all options within [your] authority
under the Department of Energy Organization Act, the Federal Power Act, and any other
authorities to take remedial action as necessary to ensure the security of the nation’s electric
grid.” 49
Despite the fact that the time for such remedial action has come, FERC terminated your
rulemaking proceeding and chose instead merely to study the issue further. 50 And although FERC
acknowledged that “resilience remains an important issue that warrants the Commission’s
continued attention,” 51 it dismissed evidence establishing the threat to resilience posed by the
46

Id. at 3 (citing Staff Report at 29-30).

47

Staff Report at 91. See also NETL Report at 14 (“As for natural gas-fired electricity generation, two significant
constraints inhibit its fuel resilience contribution during extreme weather events . . . . Most importantly, demand
from competing sectors, especially from residential and commercial space heating, takes priority over electricity
for natural gas use, limiting and even diminishing the capacity potential for natural gas-based electricity.
Compounding this constraint is that of pipeline capacity. Even though abundant natural gas may be available, it
must flow through the same limited pipeline capacity already delivering to increased heating demand.”).

48

See generally Secretary NOPR Letter. See also NETL Report at 3 (“The need for reasonable compensation to
maintain resilient capacity to endure such periodically-certain threats to the nation formed the basis of [DOE’s]
resilience compensation proposal to [FERC].”).

49

Secretary Extension Letter at 2 (italics in original).

50

Grid Reliability and Resilience Pricing et al., 162 FERC ¶ 61,012 (2018).

51

Id. at P 13.
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imminent loss of additional nuclear and coal-fired generation and found instead that “the extensive
comments submitted by the [regional transmission organizations and independent system
operators (“RTOs/ISOs”)] do not point to any past or planned generator retirements that may be a
threat to grid resilience.” 52 Further, FERC concluded that it lacked the legal authority to act on
your proposed rule for lack of a showing that current rules were unjust or unreasonable. 53
FERC’s response was disappointing. FERC’s reliance on comments by RTOs/ISOs—the
very entities that preside over the flawed markets—is misplaced. 54 More fundamentally, FERC’s
decision to study the issue further is too little, too late. As Commissioner Chatterjee noted,
“[m]ajor regulatory reform efforts often can take several years to complete.” 55 The record before
FERC, however, demonstrated that the time to act is now. Multiple commenters expect that the
trend of premature, economic retirement of nuclear and coal-fired generators will continue if left
unaddressed. 56 Indeed, seven nuclear units (representing 10,500 MW of nameplate capacity) are
planning to retire by 2025. 57 And owners of other nuclear units have stated publicly that they do
not intend to invest further in their nuclear units unless and until their host states pass legislation
that subsidizes the units.58
Even more troubling is that PJM has followed FERC’s lead and decided to kick the can
down the road on this critical issue. In its Comments and Responses to FERC’s initiation of a new
proceeding on grid resilience, PJM concludes that its bulk electric system “is safe and reliable
today—it has been designed and is operated to meet all applicable reliability standards.” 59 While
PJM acknowledged that “generation and other resources” supply essential attributes that support
reliability and that “the maintenance or assurance of these attributes into the future are important
to resilience mitigation,” PJM has committed to nothing more than further study of the issue. 60
And PJM’s position is all the more questionable in light of its admission that it does not conduct

52

Id. at P 15.

53

Id. at P 14 (“For the reasons discussed below, the Proposed Rule did not satisfy those clear and fundamental legal
requirements under section 206 of the FPA. Given those legal requirements, we have no choice but to terminate
Docket No. RM18-1-000.”).

54

Among other justifications for taking no action, FERC noted that the RTOs, and the industry more generally, do
not have a clear definition or understanding of the resilience issue. Id. at P 22. As such, FERC’s decision to take
no action was based on incomplete information.

55

Id. at Chatterjee Concurrence.

56

Id.

57

Id.

58

Public Service Enterprise Group Inc., SEC Form 8-K, at 2 (Feb. 28, 2018).

59

PJM Comments at 4.

60

Id. at 46 (“PJM will need to continue to conduct analysis of the anticipated future availability of these attributes
so that it can proactively address the maintenance of these attributes through the markets. PJM will also consider
the operational lessons learned from other RTOs in regard to resource mix and essential resource attributes to
continue to analyze future trends in resource mix and their impacts on both reliability and resilience.”).
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system planning or operations subject to formal resilience criteria, and that it would need additional
FERC authorization in order to do so. 61
PJM’s conclusion misses the point. As you noted, “urgent action must be taken to ensure
the resilience and security of the electric grid.” 62 It is insufficient and wholly illogical to say that
action is not needed going forward because PJM meets today’s reliability criteria. PJM’s
comments demonstrate that it has yet to identify and measure resilience, much less taken steps to
preserve the resilience of its electric grid. 63 Indeed, many of PJM’s requests to the Commission
do nothing more than pass the buck back to FERC on this critical issue. 64
Further, PJM’s requests for action “to enhance resilience of the grid and interrelated
systems” 65 will not address your concerns regarding the resilience and security of the Nation’s
electric grid. These requests, which call for additional FERC proceedings and RTO/ISO filings,
in some cases require no action by any party for nine to twelve months after the conclusion of the
current FERC proceeding and will do nothing to stem the tide of premature nuclear and coal-fired
plant closures in the interim. 66 This is particularly alarming because PJM acknowledges that its
Capacity Performance changes have failed to produce a long-term solution “to meet the evergrowing demand for gas transportation by the generation sector.” 67 Indeed, natural gas availability
61

Id. at 33-34.

62

Secretary Extension Letter at 2.

63

See, e.g., PJM Comments at 37 (“Because PJM does not have formal resilience criteria, PJM adapts existing
analyses . . . to derive conclusions about the ability of the PJM BES to withstand a high-impact, low-frequency
event, and is working with stakeholders to determine how best to incorporate resilience into PJM’s planning
process and what criteria should be used.”); id. at 66 (“RTO wholesale electricity, Ancillary Service markets,
capacity markets, and shortage pricing mechanisms were not originally designed specifically with resilience in
mind.”).

64

See, e.g., id. at 5 (requesting that FERC “[a]rticulate in this docket that the regional planning responsibilities of
RTOs . . . includes an obligation to assess resilience”); id. (requesting that FERC “[e]stablish a Commission
process . . . that would allow an RTO to receive verification as to the reasonableness of its assessments of
vulnerabilities and threats”).

65

See PJM Comments at 5-8.

66

See, e.g., id. at 6 (“Request that all RTOs . . . submit a subsequent filing . . . to implement resilience planning
criteria, and develop processes for the identification of vulnerabilities, threat assessment and mitigation,
restoration planning, and related process or procedures needed to advance resilience planning.”); id. (“Request
that all RTOs . . . submit a subsequent filing, including any necessary proposed tariff amendments, for any
proposed market reforms and related compensation mechanisms to address resilience concerns within nine to
twelve months from the issuance of a Final Order in this docket.”).

67

Id. at 57-58 (“Although PJM was hoping that the Capacity Performance changes would spur a corresponding
array of new service offerings by pipelines (and generators seeking such options), at least on the public record
such new pipeline services have not been offered as new open season requests . . . . [N]ew flexible services, to
the extent they have been offered, appear to have been confined to the secondary market in which available gas
from LDCs or industrial customers is made available, for a price, on the non-transparent bilateral secondary
market. Although this is an effective short term strategy to ‘move around’ available capacity and take advantage
of diversity in demand, it cannot, in the long run, serve as the sole means to meet the ever-growing demand for
gas transportation by the generation sector.”). PJM’s admission that the Capacity Performance program fell short
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during the recent cold weather in the eastern U.S. has prompted PJM to consider enacting
emergency operational cost procedures for use when emergency conditions affect the grid or gas
pipeline system. 68 PJM’s efforts to “to engage interstate pipelines and LDCs to review gas pipeline
contingencies” 69 similarly have failed to produce a long-term solution.
The lack of protection for at-risk nuclear and coal-fired plants during this time actually
undermines the effectiveness of other PJM requests. For example, PJM requests that FERC require
it to file proposed tariff amendments “to permit non-market operations during emergencies,” which
“could includ[e] provisions for cost-based compensation when the markets are not operational or
when a wholesale supplier is directed to take certain emergency actions by PJM for which there is
not an existing compensation mechanism.” 70 FERC’s and PJM’s inaction, however, has
significantly increased the risk that the very plants needed to take these emergency actions will
have shuttered by the time PJM files and FERC approves these tariff provisions.
These events demonstrate that, absent immediate intervention by the Secretary, nuclear and
coal-fired plants will continue to retire prematurely. In view of this regulatory failure, and as
further detailed herein, Applicants seek action from the Secretary to ensure the continued operation
of baseload nuclear and coal-fired power plants in PJM. Such immediate action is necessary to
address an emergency in the bulk power system overseen by PJM and to serve the public interest
by preventing power disruptions and system blackouts. Absent such an order, health care facilities,
emergency services, and other critical infrastructure could be without power affecting portions of
the 65 million people that reside within the PJM footprint.

contrasts sharply with its prior assurances to FERC that the Capacity Performance program would result in firm
fuel supply. PJM Interconnection, L.L.C., Reforms to the Reliability Pricing Market (“RPM”) and Related Rules
in the PJM Open Access Transmission Tariff (“Tariff”) and Reliability Assurance Agreement Among Load
Serving Entities (“RAA”) at 53, FERC Docket No. ER15-623-000 (Dec. 12, 2014) (“Capacity Market Sellers that
now will face more harsh financial consequences for a failure to perform during emergencies (with no limit on
when such emergencies arise) will likely need to invest in plant design changes or new equipment, or increase
operating budgets to accommodate more staff, firm fuel delivery arrangements, greater inventories, or changed
operating practices.”).
68

Jared Anderson, PJM Mulls Emergency Operational Cost Issues, PLATTS MEGAWATT DAILY (Jan. 10, 2018).

69

PJM COLD SNAP PERFORMANCE 2018 at 21-22.

70

PJM Comments at 6.
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II.

APPLICATION FOR EMERGENCY ORDER

In the United States, RTOs work to ensure the operation and security of the bulk electric
power system. PJM operates the electric grid and centralized electricity markets in all or part of
13 different states and the District of Columbia, 71 overseeing over 178,000 MW of installed
capacity and serving approximately 65 million people. 72 Over half of PJM’s generating capacity
is nuclear and coal-fired generation, 73 and nearly one-quarter of the Nation’s nuclear and coalfired generating capacity is located within PJM.74
PJM’s power markets, however, consistently fail to compensate nuclear and coal-fired
generators for the full value of the benefits that they provide, such as fuel security and diversity.
As stated by a former Commissioner of FERC, “I believe that fuel diversity is really key in
ensuring reliability going forward, even in these dynamic times . . . . [I]t is imperative that we
protect fuel diversity.” 75 Such continued fuel diversity in PJM, however, is at risk.
PJM’s independent market monitor recently found that between six and nine nuclear plants,
with a total capacity of 7,058 MW to 14,027 MW, did not recover their avoidable costs—the costs
to keep the generators operating—in two of the last three years. 76 Additionally, four nuclear plants,
with capacity of 3,554 MW, are not expected to recover their annual avoidable costs on average
from 2018 through 2020. 77 The market monitor similarly found that a “significant number of coal
units are at risk of retirement” because 17,302 MW of coal-fired capacity is expected to receive
less than 90 percent of its avoidable costs. 78 Overall, the market monitor found that, in addition
to units currently planning to retire, between 22,929 MW and 30,785 MW of capacity in PJM,

71

PJM’s territory includes all or parts of Delaware, Illinois, Indiana, Kentucky, Maryland, Michigan, New Jersey,
North Carolina, Ohio, Pennsylvania, Tennessee, Virginia, West Virginia, and the District of Columbia. Who We
Are, PJM, http://www.pjm.com/about-pjm/who-we-are.aspx (last visited Mar. 22, 2018); PJM’s Mission &
Vision, PJM, http://www.pjm.com/about-pjm/who-we-are/mission-vision.aspx (last visited Mar. 22, 2018).

72

Capacity by Fuel Type, PJM (June 1, 2017), http://www.pjm.com/-/media/markets-ops/ops-analysis/capacity-byfuel-type-2017.ashx?la=en; Who We Are, PJM, http://www.pjm.com/about-pjm/who-we-are.aspx (last visited
Mar. 22, 2018).

73

Capacity by Fuel Type, PJM (June 1, 2017) (showing nuclear and coal-fired generation represent 19% and 33%
of PJM’s installed generation capacity, respectively).

74

Compare id. (showing that nuclear and coal-fired generation represent 33,992 MW and 59,835 MW of PJM’s
installed generation capacity, respectively), with Preliminary Monthly Generator Inventory, EIA (June 2017),
https://www.eia.gov/electricity/data/eia860m/ (showing, when filtered by “Technology,” 284,439 MW of
conventional steam coal generator nameplate capacity and 104,628 MW of nuclear generator nameplate capacity
as of June 2017 nationwide).

75

Oversight of the Federal Energy Regulatory Commission: Hearing Before the Subcomm. on Energy and Power,
114th Cong., Prelim. H’rg Tr. at 54 (2015) (testimony of Colette D. Honorable, Commissioner, FERC).

76

2017 PJM Report at 2.
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Id.
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Id.
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primarily from nuclear and coal-fired generation, is at risk of retirement. 79 In fact, the market
monitor found that over 90 percent of the “at-risk” generation in PJM was either nuclear or coalfired. 80 But new nuclear and coal-fired generation will not replace this lost capacity because, as
the market monitor found, “[i]n 2017 . . . a new coal plant and a new nuclear plant would have
been significantly unprofitable.” 81
By contrast, nearly all oil, natural gas, hydroelectric, and pumped storage generators
recovered fully their avoidable costs in 2017. 82 This marked difference is a result of the fact that
nuclear and coal-fired units are baseload plants. As such, they are designed to run “24/7” on a
consistent basis with 25 days of on-site fuel availability (when running “full bore”), making them
the backbone of the electric system. 83 PJM’s energy market, though, is designed not to consider
or incentivize operational diversity, fuel security, or system resiliency. Rather, it dispatches
generation units based only on short-term marginal price without regard for the fixed costs of the
facility, or the firmness of its fuel supply or transportation. Specifically, PJM uses a reliabilityconstrained least-cost model to dispatch the lowest-cost units required to satisfy electricity
demand. 84 But because nuclear and coal-fired units are designed to run continuously, they often
continue to operate through lower-priced periods—such as the middle of the night—sometimes
requiring them to sell their electricity output at a loss. This is particularly true in states with large
amounts of wind-powered generation, as wind tends to generate at its peak overnight when
electricity demand is low. 85 The unavoidable requirement to operate during lower-priced periods
places significant financial strain on baseload units such as nuclear and coal-fired generators that
are not properly compensated in the existing markets. 86 All indications are that these trends will
continue.
79

Id.

80

Id. at tbl.7-36.

81

Id. at 6.

82

Id. at tbl.7-30.

83

See N. AM. ELEC. RELIABILITY CORP., POLAR VORTEX REVIEW 36-37 (Sept. 2014),
http://www.nerc.com/pa/rrm/January%202014%20Polar%20Vortex%20Review/Polar_Vortex_Review_29_Sep
t_2014_Final.pdf (“[A] growing dependence on gas‐fired generation can increase the [bulk power system’s]
exposure to disruptions from insufficient fuel supply, transportation, and delivery. . . . Unlike coal and fuel oil,
natural gas is not easily stored on site.”). Cf. PJM INTERCONNECTION, PJM’S EVOLVING RESOURCE MIX AND
SYSTEM RELIABILITY 35 (Mar. 30, 2017) (“[R]ecent studies, including the Black Sky/Black Start Protection
Initiative, suggest that 30 days of fuel inventory would be required to adequately respond to Black Sky type
events.”).

84

See Market for Electricity, PJM, http://learn.pjm.com/electricity-basics/market-for-electricity.aspx (last visited
Mar. 22, 2018).

85

See, e.g., Scott DiSavino, Texas Power Demand to Hit 2016 Peak Amid Heat Wave: ERCOT, REUTERS (Aug. 4,
2016), http://www.reuters.com/article/us-usa-texas-power-heatwave-idUSKCN10F202 (noting that wind
generation in ERCOT “typically produce[s] most energy overnight”).

86

Markets only provide signals that lead to efficient decisions on the part of market participants if the markets
“efficiently price all valuable services provided to the system.” FirstEnergy Reply Comments, Ex. 1 (“Hunger
Reply Aff.”) at 9, Grid Resiliency Pricing Rule, FERC Docket No. RM18-1-000 (Nov. 7, 2017).
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PJM’s market monitor cursorily dismissed this undeniable trend of nuclear and coal-fired
generation retirements because of under-recovery, stating that “[m]any generating plants have
retired in PJM since the introduction of markets and many generating plants have been built since
the introduction of markets” and that “[t]he fact that some plants are uneconomic does not call into
question the fundamentals of PJM markets.” 87 This response is alarming to say the least. Nuclear
and coal-fired generation provides substantial resilience and security benefits to the electric grid
and to the Nation. Indeed, as the market monitor itself recognized, “[s]ignificant reliance on
specific fuels, including nuclear, coal and gas means that markets are at risk from a significant
disruption in any one fuel.” 88 By treating the lost nuclear and coal-fired capacity the same as the
non-nuclear and non-coal-fired capacity that has replaced it, the market monitor ignores the
significant threat to the electric grid and the Nation’s security posed by the loss of resilient, fuelsecure baseload generation.
As explained below, Applicants request that DOE determine that an emergency exists in
PJM within the meaning of FPA Section 202(c) with respect to a threat to energy security and
reliability, and thus direct the subject baseload nuclear and coal-fired generators to enter into
contracts and all necessary arrangements with PJM, on a plant-by-plant basis, to generate, deliver,
interchange, and transmit electric energy, capacity, and ancillary services to maintain fuel diversity
and grid dependability and resiliency within the PJM region.
A.

The Secretary’s Authority Under Section 202(c) of the Federal Power Act

Section 202(c) of the Federal Power Act grants the Secretary the authority to determine
“that an emergency exists by reason of a sudden increase in the demand for electric energy, or a
shortage of electric energy or of facilities for the generation or transmission of electric energy,” 89
and, once such a determination is made, “to require by order such temporary connections of
facilities and such generation, delivery, interchange, or transmission of electric energy as in [his]
judgment will best meet the emergency and serve the public interest.” 90
The Secretary’s authority and discretion under Section 202(c) is quite broad and is not
limited to emergencies caused by war or limited in duration. Section 202(c) states that it may be
invoked during times of war or during emergencies, and empowers the Secretary “whenever [he]
determines that an emergency exists by reason of” certain specified market conditions “or other
causes” to order actions “as in [his] judgment will best meet the emergency and serve the public
interest.” 91
87

2017 PJM Report at 2.

88

Id. at 5.

89

16 U.S.C. § 824a(c)(1).

90

Id.

91

Id. The legislative history of Section 202(c) confirms this interpretation, explaining that in crisis conditions DOE
should be “ready to do all that can be done in order to prevent a break-down in electric supply.” S. Rep. No. 74621, at 49.
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DOE’s regulations define emergency broadly, stating that an emergency “can result from
a sudden increase in customer demand, an inability to obtain adequate amounts of the necessary
fuels to generate electricity, or a regulatory action which prohibits the use of certain electric power
supply facilities.” 92 In addition, the regulation also states that “[e]xtended periods of insufficient
power supply as a result of inadequate planning or the failure to construct necessary facilities can
result in an emergency . . . .” 93
The current situation in PJM constitutes such an emergency.
B.

An Emergency Exists Due to the Recent and Imminent Critical Reduction in
Nuclear and Coal-Fired Generation Capacity

The Nation’s bulk electric system is undergoing rapid change. As the DOE recently
recognized, the provision of electricity provides various benefits that are not recognized or
compensated by the markets created by these politically driven actions:
Society places value on attributes of electricity provision beyond
those compensated by the current design of the wholesale market.
•

Americans and their elected representatives value the various
benefits specific power plants offer, such as jobs, community
economic development, low emissions, local tax payments,
resilience, energy security, or the national security benefits
associated with a nuclear industrial base. Most of these benefits
are not recognized or compensated by wholesale electricity
markets. 94

Indeed, the DOE’s January 2017 Quadrennial Energy Review states that “[s]hort-run
markets may not provide adequate price signals to ensure long-term investments in appropriately
configured capacity” and “resource valuations tend not to incorporate superordinate network
and/or social values such as enhancing resilience into resource or wires into investment decision
making.” 95 IHS Energy has found that, as a result of this “missing money” problem, “the loss of

92

10 C.F.R. § 205.371.

93

Id.

94

Staff Report at 11.

95

U.S. DEP’T OF ENERGY, TRANSFORMING THE NATION’S ELECTRICITY SYSTEM: THE SECOND INSTALLMENT OF THE
QUADRENNIAL
ENERGY
REVIEW
4-41
(January
6,
2017),
available
at
https://www.energy.gov/sites/prod/files/2017/02/f34/Quadrennial%20Energy%20Review-Second%20Installment%20%28Full%20Report%29.pdf.
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power supply diversity is accelerating because too many power plants are retiring before it is
economic to do so.” 96
This market failure is reaching a crisis point. Dr. David Hunger, a former FERC Staff
member and Vice President within the Energy Practice of Charles River Associates, found that
“there were more [generator] retirements in the seven-year period from 2010 to 2016 (457 units)
than in the 20-year period from 1990 to 2009 (358 units). Likewise, the quantity of nuclear and
coal-fired generation capacity retired in 2010-2016 (68,540 MW nameplate) was more than double
that in the prior 20 years, 1990-2009 (26,721 MW nameplate).” 97 As the DOE concluded,
“[g]enerator profitability could become a public policy concern if so much generation is financially
challenged that the reliability or resilience of the [bulk power system] become threatened.” 98 The
rash of nuclear and coal-fired generator closings and other recent events in PJM are evidence that
it already is a public policy concern. But these are not the only warning signs.
January 2014 Polar Vortex in PJM: A severe cold snap spiked customer demand, dropping
system reserves in PJM to just 500 MW (on a demand of over 140,000 MW). 99 PJM calculated
that 9,300 MW of generation was unavailable during this event due to interruptions in the natural
gas supply to generators. 100 While this loss of generating capacity could have been catastrophic,
multiple coal-fired generating units slated for retirement were dispatched to meet electric
demand 101 and nuclear generators also “performed extremely well.” 102 “Sixty-five million people
within the PJM footprint could have been affected if these traditional baseload units were not
available.” 103
Extreme Cold in December 2017 and January 2018: From December 27, 2017, to January
8, 2018, the eastern U.S. saw extremely cold temperatures and spiking electric demand, which
again illustrate how such weather impacts natural gas supply to electric generating units. Nuclear
96

IHS ENERGY, THE VALUE OF US POWER SUPPLY DIVERSITY 7 (July 2014), available at
https://www.nei.org/CorporateSite/media/filefolder/Backgrounders/Reports-Studies/IHS-Fuel-Diversity-Study18-July-2014.pdf?ext=.pdf.

97

FirstEnergy Comments, Ex. 4 (“Hunger Aff.”) at 22, Grid Resiliency Pricing Rule, FERC Docket No. RM18-1000 (Oct. 23, 2017).

98

Staff Report at 118. NERC has also classified the changing resource mix as a “high risk” issue for the electric
grid. See N. AM. ELEC. RELIABILITY CORP., STATE OF RELIABILITY 2017 7 (June 2017), available at
https://www.nerc.com/pa/RAPA/PA/Performance%20Analysis%20DL/SOR_2017_MASTER_20170613.pdf.

99

PJM INTERCONNECTION, ANALYSIS OF OPERATIONAL EVENTS AND MKT. IMPACTS DURING THE JAN. 2014 COLD
WEATHER EVENTS 4 (May 8, 2014), http://www.pjm.com/~/media/library/reports-notices/weatherrelated/20140509-analysis-of-operational-events-and-market-impacts-during-the-jan-2014-cold-weatherevents.ashx.
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Id. at 26.
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Secretary NOPR Letter at 3.
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Staff Report at 95.
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Secretary NOPR Letter at 3.

The Honorable James Richard Perry
March 29, 2018
Page 18
and coal-fired plants out-performed natural gas plants during this period by a significant margin. 104
For example, on the morning of Friday, January 5, 2018, nuclear and coal-fired generators were
running at 135% and 111% of their committed capacity in PJM’s 2017-2018 capacity auction,
whereas natural gas plants were running at merely 45% of their committed capacity. 105 In fact,
while over 64,000 MW of gas-fired generation cleared in the 2017-2018 capacity auction, only
approximately 29,000 MW were running that morning. 106 As the recent NETL Report on the cold
weather event concluded, demand in PJM “could not have been met without coal.” 107 These facts
are quite telling, as much of this difference can be attributed to natural gas price spikes and supply
interruptions. 108 While the PJM grid has not experienced load-shedding, thanks to lower electric
demand over the holiday season and the performance of nuclear and coal-fired generators, this
may not be the case during future extreme weather events if the trend of nuclear and coal-fired
plant closures continues. 109

104

See PJM COLD SNAP PERFORMANCE 2018 at 13 & fig.10 (showing that nuclear and coal-fired generation
combined constituted 63% of the online fuel mix during the 2018 cold snap, while natural gas-fired generation
constituted 22%).

105

See Data Miner 2, PJM, http://www.pjm.com/markets-and-operations/etools/data-miner-2.aspx (when filtered to
Generation by Fuel Type for 8 a.m. on January 5, 2018, showing nuclear and coal-fired output of 35,543 MW
and 50,254.8 MW, respectively); Commitments by Fuel Type & Delivery Year 2007/08 - 2019/20, PJM,
http://www.pjm.com/-/media/markets-ops/rpm/rpm-auction-info/rpm-commitment-by-fuel-type-bydy.ashx?la=en (last visited Mar. 22, 2018) (showing cleared UCAP for 2017-2018 planning year of 26,401 MW
for nuclear generation and 45,354 MW for coal-fired generation).

106

See Data Miner 2, PJM, http://www.pjm.com/markets-and-operations/etools/data-miner-2.aspx, (when filtered to
Generation by Fuel Type for 8 a.m. on January 5, 2018, showing gas output of 28,624.3 MW); Commitments by
Fuel Type & Delivery Year 2007/08 - 2019/20, PJM, http://www.pjm.com/-/media/markets-ops/rpm/rpmauction-info/rpm-commitment-by-fuel-type-by-dy.ashx?la=en (last visited Mar. 22, 2018) (showing cleared
UCAP for 2017-2018 planning year of 64,089 MW for gas-fired generation); see also PJM COLD SNAP
PERFORMANCE 2018 at fig.11.
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NETL Report at 17.

108

Operational flow orders (restrictions/limitations placed on gas consumption by pipeline operators) have been in
place on numerous natural gas pipelines throughout PJM since late December 2017, including Transco, Texas
Eastern,
Dominion,
and
Columbia.
See
Transco
Pipeline,
Critical
Notices,
http://www.1line.williams.com/Transco/index.html (last visited Mar. 22, 2018); Texas Eastern, Critical Notices,
https://infopost.spectraenergy.com/infopost/ (last visited Mar. 22, 2018); Dominion, Critical Notices,
http://dekaflow.dominionenergy.com/jsp/info_post.jsp?&company=dti (last visited Mar. 22, 2018); Columbia
Gas Transmission, Critical Notices, http://www.columbiapipeinfo.com/cpginfopost/ (last visited Mar. 22, 2018).
See also NETL Report at 14 (“[N]atural gas in PJM spiked from a normal level near $3/MMBtu to $96/MMBtu
at the Texas Eastern M3 interface, in Southeastern PA, at the [bomb cyclone] peak on January 5.”).
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NETL Report at 18 (“To maintain the resilience seen in this event, any retiring units that were dispatched during
the event would have to be replaced with other resilient generation sources and their associated infrastructure (e.g.
pipelines, transmission). Due to the timeframe required for permitting, development, and construction, these
projects must be well underway prior to potential unit retirements to ensure their availability.”).
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June 2017 Yorktown Un-Retirement: The Department of Energy issued a Section 202(c)
order to force Dominion Energy to keep its Yorktown coal-fired units in PJM online to address
future reliability needs. 110
System Design Changes: The bulk power system is undergoing a rapid transformation and
the impacts of this change are not being fully studied or understood. The system is moving from
one that was driven by sound engineering practices and multiple redundancies to a system using
an economic model with no consideration for system needs. The North American Electric
Reliability Corporation (“NERC”) has noted that the “changing resource mix is altering the
operating characteristics of the bulk power system.” 111 NERC warned that these changes must be
“properly managed in order to assure continued reliability and ensure resiliency.” 112
Pipeline Vulnerabilities: A report published by Quanta Technology noted high levels of
vulnerability in PJM from a shortfall of pipeline capacity supplying the Atlantic coast, a shortfall
of pipeline capacity to access storage and production, disruptions in supply or storage during
winter peak season, and a lack of firm gas supply contracts. 113
Future Price Volatility: A recent report by IHS Energy states that the current diversified
portfolio of the U.S. power supply lowers the cost of generating electricity by more than $93 billion
per year compared to a less diverse case with no meaningful contributions from nuclear and coalfired generation. 114 As such key baseload plants continue to retire, price volatility is expected to
rise as the system becomes more reliant on a single fuel source. 115 Dr. Hunger similarly concluded
that, “[w]hen resources retire, [market] prices can fluctuate in an unpredictable manner.” 116
Baseload Plant Closures: In the past four years, over 11,000 MW of coal-fired generation
has closed in PJM, the equivalent of a dozen large power plants. 117 Many of these plants were
110

Order No. 202-17-2 (Dep’t of Energy June 16, 2017), reh’g dismissed sub nom. Order No. 202-17-5 (Sep. 15,
2017). See also Order No. 202-17-4 (Dep’t of Energy Sep. 14, 2017) (renewing initial order), reh’g dismissed
sub nom. Order No. 202-18-1 (Nov. 6, 2017); Order No. 202-18-2 (Dep’t of Energy Dec. 13, 2017) (further
renewing order).

111

Letter from Gerry Cauley, President and CEO, NERC, to Rick Perry, U.S. Sec’y of Energy, Attachment
(“Synopsis of NERC Reliability Assessments”) at 1 (May 9, 2017) , available at
https://www.nerc.com/news/Headlines%20DL/DOE%20Grid%20Study%20Comments %2012OCT17.pdf.
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Id.

113

HENRY CHAO, COMMENTS OF QUANTA TECHNOLOGY ON PJM’S EVOLVING RESOURCE MIX AND SYSTEM
RELIABILITY
11
(May
17,
2017),
available
at
http://quantatechnology.com/sites/default/files/QuantaTechnology_Comments_on_PJM %20Whitepaper.pdf.

114

IHS ENERGY, THE VALUE OF US POWER SUPPLY DIVERSITY at 5.
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See id. at 9-10.
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Hunger Aff. at 33.
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2017 PJM Report at 544 tbl.12-5 (listing coal unit retirements of 2,239 MW, 7,064.8 MW, 243 MW, and 2,038
MW in 2014, 2015, 2016, and 2017, respectively).
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operating during the 2014 Polar Vortex and are no longer available to run in the event of system
stress.
Problems Associated with Location of Replacement Resources: Generation resources used
to replace retiring plants are frequently located far away from the location of the retiring
generation, which poses multiple problems. First, as Dr. Hunger states, this “may cause temporary
or persistent congestion, increasing uncertainty related to locational pricing, a primary signal
against which generation investment or retirement decisions need to be made.” 118 Second,
significant new transmission infrastructure may need to be constructed. For example,
approximately $1 billion of new transmission infrastructure was needed to maintain reliability after
closure of certain generating units in northern Ohio in 2014 and 2015. 119
Additional Plant Closures: Numerous baseload plants in PJM have announced that they
are financially challenged and are closing or contemplating closure. If action is not taken,
thousands of additional megawatts of reliable baseload power will retire in the next several years,
leaving PJM without fuel-secure baseload resources. 120
•

It is a matter of public record that FirstEnergy Solutions, which through Applicants
indirectly owns 12,300 MW of generation, likely will file for bankruptcy by the end of
March 2018. 121 Multiple plants are at risk for permanent closure as a result of this
expected action.
•

FirstEnergy Solutions submitted notices to PJM on March 28, 2018, that it
would deactivate its three nuclear plants, Davis-Besse (908 MW), Perry
(1,268 MW), and Beaver Valley (1,872 MW), by 2021.

118

Hunger Aff. at 33.

119

Direct Testimony of Gavin Cunningham at 3, Application of Ohio Edison et al., Pub. Util. Comm’n of Ohio No.
14-1297-EL-SSO (Aug. 4, 2014).

120

In addition to the closures listed, Dominion submitted deactivation requests in January 2018 for four coal-fired
units with capacity totaling approximately 400 MW. PJM FUTURE DEACTIVATIONS (Dec. 29, 2017),
http://www.pjm.com/-/media/planning/gen-retire/pending-deactivation-requests.ashx?la=en (“PJM FUTURE
DEACTIVATIONS”). These units were placed in “cold reserve”—meaning they could be restarted if necessary—
based on a number of factors including the cost of solar and wind generation and the abundance of natural gas.
Sarah Rankin, Dominion to Eliminate Nearly 400 Positions After Review of Power Generation Group, RICHMOND
TIMES-DISPATCH (Jan. 17, 2018), http://www.richmond.com/news/virginia/dominion-to-eliminate-nearlypositions-after-review-of-power-generation/article_60633a02-01d5-50a8-bcfc-f2ccf04b8fb5.html.

121

Gavin Bade, FirstEnergy CEO Says Generation Subsidiary Headed for Bankruptcy Protection, UTILITY DIVE
(Feb. 23, 2018), https://www.utilitydive.com/news/firstenergy-ceo-says-generation-subsidiary-headed-forbankruptcy-protection/517743/; Jeffrey Ryser, FirstEnergy continues Push Away from Competitive Generation
Subsidiary, PLATTS MEGAWATT DAILY (Feb. 22, 2018).
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•

FirstEnergy Corp. announced that Units 5–7 at the W.H. Sammis coal-fired
plant (1,490 MW) are in danger of being closed. The company previously
announced that Units 1–4 (720 MW) will close by May 2020. 122

•

FirstEnergy Corp. has announced that the 2,510 MW Bruce Mansfield coalfired plant is at risk of closure due to the exposure to changing market
conditions. 123

•

Allegheny Energy Supply Company, LLC, a FirstEnergy Corp. subsidiary, recently
submitted a deactivation notice for Pleasants Power Station, a 1,300 MW coal-fired
plant in West Virginia. 124

•

Dayton Power & Light has announced the closure by June 2018 of the J.M. Stuart coalfired plant (2,318 MW) and the Killen Station Unit 2 coal-fired plant (600 MW), citing
market conditions making the plants not economically viable. 125 Stuart Unit 1 was
closed even earlier, on September 30, 2017. 126

•

Owners of the 1,884 MW Homer City coal-fired power plant attempted to sell the plant
in 2016, but were unable to find a buyer; Standard & Poor’s analysts cite lower power
prices and increasing expenses as driving forces behind the facility’s ills. 127

•

Westmoreland Partners recently announced the sale or closure of the 209 MW Roanoke
Valley coal-fired power plant. 128 As anticipated, on March 1, 2017, these units
retired. 129

122

FirstEnergy to Deactivate Units at Two Ohio Power Plants, FIRSTENERGY (July 22, 2016),
https://www.firstenergycorp.com/content/fecorp/newsroom/news_articles/firstenergy-to-deactivate-units-attwo-ohio-power-plants-.html; PJM FUTURE DEACTIVATIONS.

123

Tom Henry, FirstEnergy Exec Calls for ‘Urgent’ Aid, TOLEDO BLADE (Mar.
http://www.toledoblade.com/Energy/2017/03/25/FirstEnergy-exec-calls-for-urgent-aid.html.

124

Id. In addition, during the first quarter of 2018, FirstEnergy Corp. took a $120 million pre-tax impairment charge
on the value of the Pleasants Power Station. FirstEnergy Corp., Annual Report (Form 10-K) at 4 (Feb. 20, 2018).

125

See Wendy Mitchell, DP&L Determined to Close J.M. Stuart and Killen Power Plants, THE LEDGER INDEP. (Mar.
20,
2017),
http://www.maysville-online.com/news/local/dp-l-determined-to-close-j-m-stuart-andkillen/article_99f244ef-b832-5477-aa8b-831b8fe796be.html; PJM, FUTURE DEACTIVATIONS.

126

PJM Generator Deactivations, PJM (Dec. 18, 2017), http://www.pjm.com/-/media/planning/genretire/generator-deactivations.ashx?la=en (“PJM DEACTIVATIONS”).
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Anya Litvak, Homer City Gets Bids But No Deals, PITTSBURGH POST-GAZETTE (Sept. 14, 2016),
http://powersource.post-gazette.com/powersource/companies/2016/09/14/Homer-City-gets-some-bids-but-nodeals/stories/201609110096.
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John Dixon, Weldon Power Plant Closing, THE DAILY HERALD (Roanoke) (Mar. 10, 2017),
http://www.rrdailyherald.com/news/local/weldon-power-plant-closing/article_6a9f1208-0511-11e7-a204b762cd148f4a.html.
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•

Exelon has announced that it will close the Oyster Creek nuclear plant (608 MW) in
October 2018—a decade before the end of its operating license—citing negative
economic factors. 130

•

Exelon has announced the premature closure of the 837 MW Three Mile Island nuclear
power plant in September 2019, citing deteriorating economic value. 131

C.

The Emergency in Nuclear and Coal-Fired Generation Threatens Generation
Diversity, Resiliency, Dependability, and Electric Security in PJM

A recent PJM report noted that the system was able to maintain operational reliability with
a system comprised of 86 percent natural gas-fired generation, however the report did not fully
capture risks associated with gas deliverability. 132 PJM itself admits to this issue, stating, “We
found that the risk to the system wasn’t that resources couldn’t necessarily provide reliability
attributes but that the potential concentration of a single fuel source or low-probability, highimpact events could cause significant impacts to the system.” 133
Without baseload nuclear and coal-fired generation, the United States is taking the most
sophisticated and redundant bulk electric system in the world and putting it on top of an
unsophisticated bulk gas system that lacks the same level of redundancy, creating additional
security risks. An electric system that is not resilient to high-impact events is not a reliable system,
and is one that threatens the national security of the United States. In short, the continued
retirement of nuclear and coal-fired generating facilities in PJM has resulted in an emergency
situation that has placed the continuing security of PJM at risk. As you noted in your September
28, 2017 letter to FERC, “the resiliency of the electric grid is threatened by the premature
retirement of these fuel-secure traditional baseload resources.” 134
130

See Press Release, Exelon, Exelon to Retire Oyster Creek Generating Station in 2019 (Dec. 8, 2010),
http://www.exeloncorp.com/newsroom/Pages/pr_20101208_Nuclear_OysterCreekRetirement.aspx;
Robert
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PJM itself has recognized the need for resiliency, finding that, “[i]n addition to delivering
energy services reliably during strained system conditions, to which probabilities can be attached
(e.g., plant outages, weather variability), a resilient energy system also must be resistant to larger
scale shocks to which it is difficult to attach probabilities . . . .” 135 PJM recently concluded that
“reliability attributes supplied through generation and other resources . . . support reliability” and
“the maintenance or assurance of these attributes into the future are important to resilience
mitigation.” 136 Fuel diversity and security are key components of a resilient grid. PJM
acknowledged the connection between diversity and resiliency when it committed to “analyz[ing]
future trends in resource mix and their impacts on both reliability and resilience.” 137 As PJM’s
market monitor stated, “[s]ignificant reliance on specific fuels, including nuclear, coal and gas
means that markets are at risk from a significant disruption in any one fuel.” 138
NERC goes further, recognizing not only the importance of fuel diversity in maintaining a
resilient energy system, 139 but also the critical contributions of nuclear and coal-fired resources to
mitigating risks to the electric grid. 140 Overreliance on natural gas, by contrast, increases risk to
the electric grid because, as NERC states, “within a relatively short time, a major failure” in the
natural gas transmission system “could result in a loss of electric generating capacity that could
exceed the electric reserves available to compensate for these losses.” 141 As explained by Dr.
Henry Chao, Executive Advisor and Vice President at Quanta Technology and former Vice
President at New York Independent System Operator (“NYISO”): “Abundant supplies of natural
gas provide many advantages to electric consumers, but . . . natural gas delivery systems lack the
reliability and redundancy of the bulk electric system. Specifically, there are no systematic
reliability criteria for natural gas delivery system planning and operations; whereas the electric
power industry has mandatory reliability standards that are developed and enforced by NERC.”142
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Unless immediate action is taken, the continued retirement of nuclear and coal-fired
generating units—by breeding greater dependence on generation fueled by natural gas, which is
subject to supply disruptions, constrained pipeline capacity, a general inability to store fuel onsite, and competing demand from consumer heating in winter months—will increasingly result in
significant, negative outcomes for the approximately 65 million people living and working within
the PJM footprint. These harmful consequences include increased electric price volatility,
lessened grid resilience and dependability, uncertain electric security in the future, decreased
economic stability, and severe job losses—especially in the coal sector—as both power plants and
fuel suppliers declare bankruptcy and cease operations. Combined, these conditions are potentially
disastrous for the electric grid and the economy. PJM itself recently found that as the “resource
mix moves in the direction of less coal and nuclear generation, generator reliability attributes of
frequency response, reactive capability and fuel assurance decrease. . . .” 143
This is not idle speculation. As illustrated over the period of extreme cold in the eastern
U.S. from December 27, 2017, through January 8, 2018, PJM was able to maintain reliability on
its system in large part due to the strong performance from nuclear and coal-fired generators—
performance that well exceeded those plants’ commitments in PJM’s capacity auction. In contrast,
natural gas-fired plants were operating well below expected levels. Without these fuel-secure
baseload generating resources, many of which are facing imminent retirement, the outcome may
have been much different. And with temperatures well below freezing throughout virtually all of
PJM during this time, a different outcome could have been catastrophic to public health and safety.
The challenges are not limited to just PJM, but are rampant in competitive electric markets
throughout the Nation. While traditional vertically integrated utilities continue to provide safe,
reliable, and affordable electric generation service every day, areas with RTO markets face
problems resulting from the failure to recognize the importance of fuel security and fuel diversity.
These incidents provide insight into vulnerabilities potentially facing PJM:
February 26, 2008 Wind Decrease in ERCOT: An unexpected drop in wind generation
coupled with a demand increase from cold weather caused ERCOT to have to cut service to large
industrial customers. 144 ERCOT had 10 minutes to curtail nearly three percent of the system load
to avoid blackouts. 145
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February 2011 Cold Weather in ERCOT: Rolling blackouts affected 3.2 million customers
and, had ERCOT not shed load, a widespread, uncontrolled blackout would have occurred. 146
New England ISO Winter Reliability Program: Since 2014, the New England Independent
System Operator Inc. (“ISO New England”) has had to establish winter reliability programs in an
attempt to ensure continued operation of natural gas-fired generators during periods of cold
weather. 147 Pipeline capacity issues, first identified in 2004, remain issues today and have yet to
be solved by the competitive marketplace. 148 As ISO New England recently noted, “[i]n New
England, the most significant resilience challenge is fuel security—or the assurance that power
plants will have or be able to obtain the fuel they need to run, particularly in winter—especially
against the backdrop of coal, oil, and nuclear unit retirements, constrained fuel infrastructure, and
the difficulty in permitting and operating dual-fuel generating capability.” 149 ISO New England
thus concluded that “while New England is meeting its resource adequacy requirements for
capacity—which are based on expected summer peak demands—with the market mechanisms that
are in place today, from an energy availability standpoint, the shift from generators with on-site
fuel to generators relying on ‘just-in-time’ fuel delivery is challenging the system’s adequacy and,
therefore, its resilience, particularly during winter peak demands.” 150 Indeed, in nearly all of the
fuel mix scenarios studied by ISO New England, there would be “[e]nergy shortfalls due to
inadequate fuel . . . requiring frequent use of emergency actions to keep power flowing and protect
the grid.” 151 These emergency actions could include rolling blackouts. 152
2016-2017 Aliso Canyon in CAISO: A leak at the Aliso Canyon natural gas storage facility
was discovered in October 2015, causing the facility to close to subsequent injections until July
2017. 153 Although Aliso Canyon continues to operate, the California Public Utilities Commission
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has opened a proceeding “to determine the feasibility of minimizing or eliminating the use of [the
facility]” 154 and legislation was introduced to shut down the facility. 155
May 3, 2017 CAISO Emergency: Normal system operations quickly turned into an
emergency when energy imports failed to materialize. 156 The impacts were heightened as the daily
rapid decline of solar power occurred as evening approached. 157 The California Independent
System Operator Inc. (“CAISO”) had minutes to deploy emergency reserves and quickly went
from normal system operations to a Stage 1 Emergency. 158
Natural Gas Plant Bankruptcies: In 2016, two large natural gas-fired plants in California,
totaling 1,778 MW, declared bankruptcy because they could not make sufficient revenues in the
CAISO wholesale markets. 159 In 2017, Panda Temple Power’s 758 MW natural gas plant in Texas
filed for bankruptcy. 160 GenOn Energy, with over 9,000 MW of gas-fired generation, filed for
bankruptcy in 2017 as well, 161 and recently announced the retirement of three gas-fired power
plants located in Southern California due to “economic reasons.” 162
D.

Emergency Action by the Secretary Is Required

Although FERC complied with the directive of the Secretary pursuant to Section 403 of
the DOE Organization Act in issuing a Notice of Proposed Rulemaking addressing these issues, 163
it has failed to undertake any action that will stem the tide of plant closures and thus prevent the
impending crisis. You yourself said that “it is [FERC’s] immediate responsibility to take action
154
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to ensure that generation resources with on-site fuel supplies and the ability to provide essential
energy and ancillary reliability services including voltage support, frequency services, operating
reserves, and reactive power are fully valued. . . .” 164 But FERC failed to do so and there is no
indication that meaningful and substantive action by FERC will come in time to stem the tide of
plant closures.
The DOE correctly recognized that the “recent Polar Vortex, as well as the devastation
from Superstorm Sandy and Hurricanes Harvey, Irma, and Maria, reinforces the urgency that
[FERC] must act now.” 165 Further, as you observed, “over the past several years, [FERC] has
developed an extensive record on price formation [issues] in [FERC] approved ISOs and
RTOs.” 166 And, as you recently noted, “[t]he voluminous comments filed in the [FERC NOPR]
proceeding provide substantial evidence of, and otherwise confirm, the threat to the nation’s
electricity grid and the urgent need for [FERC] action to reform market rules to preserve fuelsecure generation resources.” 167 Despite the urgency and its extensive record, FERC has failed to
take the action necessary to address the emergency in PJM.
As you correctly noted, “it is especially urgent to prevent premature retirements of the
resources that have these critical [fuel-secure] attributes.” 168 As a result of FERC’s and the RTOs’
failure to address this crisis, swift and decisive action is needed now to address this imminent loss
of nuclear and coal-fired baseload generation and the threat to the electric grid that this loss poses.
The Secretary needs to immediately issue an emergency order, pursuant to his authority under
section 202(c) of the Federal Power Act, 16 U.S.C. § 824a(c), to ensure that baseload nuclear and
coal-fired generators in PJM do not retire prematurely and are fully compensated for the benefits
and services that they provide, as more fully described in Section II.B above. The order should
find that an emergency exists because of the recent and imminent critical reduction in nuclear and
coal-fired generation capacity, which threatens generation diversity, resiliency, dependability, and
electric security in PJM. As this winter’s events revealed, without the availability of these critical,
fuel-secure plants during extreme weather events (which can happen at any time during the year—
not just in the winter), the PJM grid will likely experience reliability issues.
E.

Information Required by Section 205.373

Applicants provide below the information called for by Section 205.373 of DOE’s
regulations. 169 To be clear, Applicants’ request in this application applies to all eligible plants in
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PJM, not just those that they themselves own and operate. However, at this time Applicants only
possess the required information for their own plants. To address this fact, Applicants request that
the Secretary require PJM to obtain such information immediately from all eligible generators and
begin negotiating agreements for the continued operation and appropriate compensation of such
units.
a) Legal name of applicants. The applicants are FirstEnergy Generation, LLC,
FirstEnergy Nuclear Generation, LLC, FirstEnergy Nuclear Operating Company,
and FirstEnergy Generation Mansfield Unit 1 Corp. This application refers to these
entities, collectively, as “Applicants.”
b) Person to whom correspondence should be addressed. Correspondence with
respect to this application should be directed to the following persons:
William S. Scherman
Partner
Gibson, Dunn & Crutcher LLP
1050 Connecticut Avenue, N.W.
Washington, DC 20036
Tel: (202) 887-3510
Fax: (202) 530-9557
wscherman@gibsondunn.com

Rick C. Giannantonio
General Counsel
FirstEnergy Solutions Corp.
76 South Main Street
Akron, OH 44308
Tel: (330) 384-5893
Fax: (330) 384-3875
giannanr@firstenergycorp.com

c) Political subdivisions in which applicants operate and conduct business.
Applicants own and operate certain nuclear and coal-fired generation assets, and
provide energy-related products and services to retail and wholesale customers, in
the states of Ohio and Pennsylvania.
d) Baseline data.
1) Daily peak load and energy requirements for each of the past 30 days, and
projections for each day of the Emergency Period. These requirements are
not applicable to Applicants’ request, which contemplates relief on a broad
scale. Nonetheless, Applicants provide as Attachment B a chart showing
the monthly output of nuclear and coal-fired generation in PJM for the
period 2012 through 2017.
2) All capacity and energy receipts or deliveries to other electric utilities for
each of the past 30 days. Applicants respectfully submit that such
information is not applicable to the present application.
3) The status of all interruptible customers for each of the past 30 days, and
anticipated status during the Emergency Period. Applicants respectfully
submit that such information is not applicable to the present application.
Applicants are requesting emergency relief to avoid the interruption of
power supply to the 65 million customers in the PJM footprint.

The Honorable James Richard Perry
March 29, 2018
Page 29
4) All scheduled capacity and energy receipts or deliveries to other electric
utilities during the Emergency Period. Applicants respectfully submit that
such information is not applicable to the present application.
e) A description of the emergency situation, any contingency plan, and the current
level of implementation. The emergency situation faced by PJM and consumers of
electric energy within its footprint is described above in Section I and Section II.B.
Applicants do not have any contingency plan to provide power to the PJM market
and its 65 million customers absent an order of the Secretary in accordance with
the emergency relief requested herein. As explained above, nuclear and coal-fired
generating units in PJM are closing at an alarming rate, with efforts to “save”
generation for energy security having failed. Implementation prior to the Secretary
granting emergency relief is unworkable.
f) A showing that adequate electric service to firm customers cannot be maintained
without additional power transfers. As explained above, the recent and imminent
shut-down of nuclear and coal-fired generating units in PJM puts at risk the ability
to provide firm, reliable electric service within the PJM footprint without
emergency action to maintain the operation of these generating facilities.
g) A description of any conservation or load reduction actions that have been
implemented. PJM has implemented limited demand response efforts in recent
years, 170 but these efforts, and future similar ones, cannot come close to replacing
the nuclear and coal-fired generation at risk of loss.
h) A description of efforts made to obtain additional power through voluntary means
and the results of such efforts. Applicants respectfully submit that such information
is not applicable to the present application because it is the responsibility of PJM,
not Applicants, to balance load and resources within the PJM footprint. PJM’s
efforts to obtain additional power through voluntary means has been limited to
market redesign efforts, such as Capacity Performance, which have failed to add
sufficient fuel-secure generating capacity to the PJM market. Additionally, PJM is
“fuel neutral” and has undertaken no effort to maintain nuclear and coal-fired
generation, which provides fuel diversity and helps ensure sufficiency of supply
during times of spiking demand such as that experienced this past winter.
i) A listing of proposed sources and any amounts of power necessary from each
source to alleviate the emergency and a listing of any other “entities” that may be
directly affected by the requested order. See Attachment A for listing of nuclear
and coal-fired generation facilities in PJM. Applicants submit that firm power
supply agreements between PJM and the owners of each nuclear and coal-fired
generating facility in PJM satisfying the criteria set forth in Section II.F are
necessary to alleviate the emergency. Such generating facilities provide significant
170

See PJM Markets FAQ, PJM, https://learn.pjm.com/three-priorities/buying-and-selling-energy/markets-faqs.aspx
(last visited Mar. 22, 2018).

The Honorable James Richard Perry
March 29, 2018
Page 30
benefits to energy markets and the public at large, including fuel security and
diversity, but receive no reliable cost support and, instead, must rely on PJM’s
power markets which fail to compensate these generators for the full value of the
benefits that they provide. 171
j) Specific proposals to compensate the supplying “entities” for the emergency
services requested and to compensate any transmitting “entities” for services
necessary to deliver such power. Applicants propose that, as long as an emergency
continues to exist, subject generators and PJM shall operate pursuant to contracts
developed and agreed upon by the parties themselves. As explained below, in the
event that PJM and the generators are unable to agree to the contractual terms
within fifteen (15) days of the issuance of the order, then Applicants request that
the Secretary step in and determine the just and reasonable compensation and
conditions.
k) A showing that, to the best of the applicant’s knowledge, the requested relief will
not unreasonably impair the reliability of any “entity” directly affected by the
requested order to render adequate service to its customers. The relief requested by
Applicants is to secure the reliability of every entity and customer located within
PJM’s boundaries; no entities are expected to be reasonably or unreasonably
impaired by the requested relief. Indeed, the requested relief is designed to enhance
the ability of the subject generators and PJM to serve customers.
l) Description of the facilities to be used to transfer the requested emergency service
to the applicant’s system. In order to retain the electric generation necessary to
prevent and alleviate the emergency, the Secretary’s order pursuant to Section
202(c) should apply to nuclear and coal-fired generators located within the PJM
footprint that have a supply of fuel on-site sufficient to allow twenty-five (25) days
of operation at full output, that are substantially compliant with all applicable
federal, state, and local environmental laws and regulations, and that do not recover
any of their capital or operating costs through rates regulated by a duly authorized
state regulatory authority, municipal government, or energy cooperative. Such
generating facilities provide significant benefits to energy markets and the public
at large, including fuel security and diversity, but receive no reliable cost support
and, instead, must rely on PJM’s power markets which fail to compensate these
generators for the full value of the benefits that they provide. Attachment A
provides a listing of all nuclear and coal-fired generation facilities in PJM but only
some of these facilities will likely satisfy the above criteria.
m) A general or key map on a scale not greater than 100 kilometers to the centimeter
showing, in separate colors, the territory serviced by each “entity” named in the
application; the location of the facilities to be used for the generation and
171
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transmission of the requested emergency service; and all connection points between
systems. Insofar as this application seeks action by the Secretary regarding all
eligible plants in PJM, the type of map specifically requested is not relevant to this
application. Nonetheless, Applicants attach as Attachment C a map of the PJM
territory, and as Attachment D a map of Applicants’ nuclear and coal-fired
generating facilities. In addition, attached as Attachment E is a map issued by the
PJM Market Monitor showing actual and planned retirements generating units from
2011 through 2020.
n) An estimate of the construction costs of any proposed temporary facilities and a
statement estimating the expected operation and maintenance costs on an
annualized basis. Applicants respectfully submit that such information is not
applicable to the present application. Due to the nature of Applicants’ requested
relief, there are no anticipated construction costs, and annualized operation and
maintenance costs will remain roughly the same for subject facilities.
F.

Requested Order

Applicants respectfully request that DOE issue an emergency order directing (i) the subject
baseload nuclear and coal-fired generators to enter into contracts and all necessary arrangements
with PJM, on a plant-by-plant basis, to generate, deliver, interchange, and transmit electric energy,
capacity, and ancillary services to maintain fuel diversity and grid dependability and resiliency
within the PJM region and (ii) PJM to pay such qualifying generating facilities just and reasonable
cost-based rates that provide for full cost recovery consistent with ratemaking standards and
principles or as otherwise necessary to ensure continued operations. In addition, the order should
direct PJM to begin negotiating immediately with such generators on the terms of such supply.
Applicants respectfully request that each baseload generator eligible to participate—
nuclear and coal-fired generators located within the PJM footprint that have a supply of fuel onsite sufficient to allow twenty-five (25) days of operation at full output, that are substantially
compliant with all applicable federal, state, and local environmental laws and regulations, and that
do not recover any of their capital or operating costs through rates regulated by a duly authorized
state regulatory authority, municipal government, or energy cooperative—be compensated with
just and reasonable rates that provide for full recovery of its fully allocated costs and a fair return
on equity. The compensable costs used to establish this amount shall include, but are not
necessarily limited to, operating expenses, costs of capital and debt, and a fair return on equity and
investment. Just and reasonable rates shall provide for (a) full cost recovery consistent with
ratemaking standards and principles or (b) full recovery of all costs necessary to ensure continued
operations. 172 If PJM and the owners are unable to agree to the contractual terms within fifteen
172
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(15) days of the issuance of the order, then Applicants request that the Secretary step in and
determine the just and reasonable compensation and conditions.
Applicants request that payments begin on the effective date of each contract, and service
under the contracts begin no later than sixteen (16) days after the issuance of the Order. If no
agreement as to terms has been reached by this time, then the payment that the eligible generators
receive for such service will be subject to true-up based on the just and reasonable rate that is
ultimately prescribed.
Applicants request that the order become effective immediately and that, at a minimum,
the order should remain in effect for four (4) years from the date of issuance or until the Secretary
determines that the emergency has ceased to exist because the PJM markets have been fixed to
properly compensate these units for the resiliency and reliability benefits that they provide,
whichever is later. 173 Further, because the eligible nuclear and coal-fired generators must continue
to substantially comply with all applicable federal, state, and local environmental laws and
regulations, the provision in Section 202(c) limiting the duration to a 90-day period is not
applicable. 174

values or it needs to modified to allow a return on equity on the post-impairment asset value with an additional
allowance for recovery of maturing debt in addition to interest expense.
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III.

CONCLUSION

The time for talk is over. We find ourselves at a crisis point where significant baseload
generation will cease to exist in RTO markets without quick and decisive intervention. Baseload
generation does not have the luxury of time; the personal health and safety, economic
development, jobs and livelihood of the communities where they are located, as well as our
national security, hang in the balance.
It would also be a grave mistake to assume that there is no immediate emergency requiring
immediate action now that winter is over. Premature nuclear and coal-fired plant closures know
no season—as the announcement yesterday that FirstEnergy Solutions will deactivate over 4,000
MW of nuclear generation shows. The resilience and security of the electric grid can be
jeopardized at any moment by any high-impact event—not just those that are weather driven. The
health, safety, and welfare of the Nation, as well as our economic and physical well-being must be
protected at all times from all potential threats to our electric grid.
As explained herein, Applicants respectfully request that the Secretary utilize the authority
granted to DOE under Section 202(c) of the Federal Power Act and immediately issue the
emergency order described above. Such quick and decisive intervention is necessary to avoid a
crisis point where such baseload generation will cease to exist in RTO markets, and to ensure that
nuclear and coal-fired generators operating within PJM are compensated fairly for their costs and
the benefits that they provide such that they can continue to operate and ensure a dependable,
affordable, safe, secure, and clean supply of electricity.
Respectfully submitted,

William S. Scherman
Jeffrey M. Jakubiak
Jennifer C. Mansh
Gibson, Dunn & Crutcher LLP
1050 Connecticut Avenue, N.W.
Washington, DC 20036
Tel: (202) 887-3510
wscherman@gibsondunn.com
jjakubiak@gibsondunn.com
jmansh@gibsondunn.com

/s/ Rick C. Giannantonio
Rick C. Giannantonio
General Counsel
FirstEnergy Solutions Corp.
76 South Main Street
Akron, OH 44308
Tel: (330) 384-5893
giannanr@firstenergycorp.com

Counsel for Applicants
cc:

Bruce J. Walker, Assistant Secretary, DOE Office of Elec. Delivery & Energy Reliability
Patricia A. Hoffman, Principal Deputy Assistant Secretary, DOE Office of Elec. Delivery
& Energy Reliability
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ATTACHMENT A
NUCLEAR AND COAL-FIRED GENERATING UNITS IN PJM
(NAMEPLATE CAPACITY)
Facility
AES Warrior Run
Avon Lake
Beaver Valley
Birchwood Power
Braidwood Generation Station
Brandon Shores
Brunner Island
Byron Generating Station
Calvert Cliffs Nuclear Power Plant
Cardinal
Chalk Point
Chambers Cogeneration LP
Chesterfield
Cheswick Power Plant
Clover
Conemaugh
Conesville
Cooper
Covington Facility
CP Crane
Davis Besse
Dickerson
Donald C Cook
Dover
Dresden Generating Station
East Bend
Edgecombe Genco
FirstEnergy Bruce Mansfield
FirstEnergy Fort Martin Power Station
FirstEnergy Harrison Power Station
FirstEnergy Pleasants Power Station
FirstEnergy W H Sammis
General James M Gavin
H L Spurlock
Herbert A Wagner

Primary Owner (per EIA)
AES WR Ltd Partnership
NRG Power Midwest LP
FirstEnergy Nuclear Operating Co.
Birchwood Power Partners LP
Exelon Nuclear
Raven Power Holdings LLC
Brunner Island LLC
Exelon Nuclear
Exelon Nuclear
AEP Generation Resources Inc.
NRG Chalk Point LLC
US Operating Services Company
Virginia Electric & Power Company
NRG Power Midwest LP
Virginia Electric & Power Company
GenOn Northeast Management Co.
AEP Generation Resources Inc.
East Kentucky Power Coop, Inc.
MeadWestvaco Corp.
Raven Power Holdings LLC
FirstEnergy Nuclear Operating Co.
GenOn Mid-Atlantic LLC
Indiana Michigan Power Company
City of Dover, Ohio
Exelon Nuclear
Duke Energy Kentucky Inc.
Edgecombe Operating Services LLC
FirstEnergy Generation Corp.
Monongahela Power Company
Allegheny Energy Supply Co LLC
Allegheny Energy Supply Co LLC
FirstEnergy Generation Corp.
AEP Generation Resources Inc.
East Kentucky Power Coop, Inc.
Raven Power Holdings LLC

Coal
(MW)
229
680

Nuclear
(MW)

1846.8
258.3
2449.8
1370
1616.1
2449.8
1828.7
1880.4
728
285
1352.9
637
848
1872
1729.3
344
44.5
399.8
925.2
588
2285.3
27.5
2018.6
772
114.8
2741.1
1152
2052
1368
2455.6
2600
1608.5
495

Facility
Homer City Generating Station
Indian River Generating Station
Ingredion Incorporated
J M Stuart
James River Genco
John E Amos
Joliet 9
Joliet 29
Keystone
Killen Station
Kincaid
LaSalle Generating Station
Limerick
Logan Generating Company
Longview Power Plant
Luke Mill
Mecklenburg Power Station
Miami Fort
Mitchell (WV)
Morgantown Generating Plant
Mountaineer
Mt Storm
North Anna
Orrville
Oyster Creek
P H Glatfelter
P H Glatfelter Chillicothe Facility
Painesville
Peach Bottom
Perry
Powerton
PSEG Hope Creek Generating Station
PSEG Salem Generating Station
Quad Cities Generating Station
Radford Army Ammunition Plant
Rockport
Spruance Genco
Surry
TalenEnergy Montour
TalenEnergy Susquehanna

Primary Owner (per EIA)
NRG Homer City Services LLC
Indian River Operations Inc.
Ingredion Inc. - Illinois
Dayton Power & Light Company
Hopewell Operating Services LLC
Appalachian Power Company
Midwest Generations EME LLC
Midwest Generations EME LLC
GenOn Northeast Management Co.
Dayton Power & Light Company
Dynegy Kincaid Generation
Exelon Nuclear
Exelon Nuclear
US Operating Services Company
Longview Power, LLC
NewPage Corp-Luke
Virginia Electric & Power Company
Dynegy Miami Fort
Kentucky Power Company
GenOn Mid-Atlantic LLC
Appalachian Power Company
Virginia Electric & Power Company
Virginia Electric & Power Company
City of Orrville, Ohio
Exelon Nuclear
P H Glatfelter Company
P H Glatfelter Company
City of Painesville
Exelon Nuclear
FirstEnergy Nuclear Operating Co.
Midwest Generations EME LLC
PSEG Nuclear LLC
PSEG Nuclear LLC
Exelon Nuclear
U S Army-Radford
Indiana Michigan Power Company
Spruance Genco LLC
Virginia Electric & Power Company
TalenEnergy Montour LLC
TalenEnergy Susquehanna LLC
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Coal
(MW)
2012
445.5
45
1841.4
114.8
2932.6
360.4
1320
1872
660.6
1319

Nuclear
(MW)

2340
2277
242.3
807.5
65
139.8
1114.8
1632.6
1252
1300
1662.4
1959.4
84.5
550
70.4
27.2
53.5
2621.8
1311.6
1785.6
1290.7
2340
2018.6
24
2600
229.6
1695
1775.1
2596

Facility

Primary Owner (per EIA)

Coal
(MW)
194.3

Nuclear
(MW)

Tennessee Eastman Operations
Eastman Chemical Company
Three Mile Island
Exelon Nuclear
980.8
University of Notre Dame
University of Notre Dame
16.4
Virginia City Hybrid Energy Center
Virginia Electric & Power Company
668
W H Zimmer
Dynegy W H Zimmer
1425.6
Waukegan
Midwest Generations EME LLC
681.7
Wausau Paper Middletown
Wausau Paper Middletown
7.5
Whitewater Valley
City of Richmond, Indiana
93.9
Will County
Midwest Generations EME LLC
598.4
Yorktown
Virginia Electric & Power Company
375
Sources: 2016 Form EIA-860 Data (units with primary fuel of nuclear, or bituminous, refined, or
subbituminous coal); PJM, FUTURE DEACTIVATIONS (Feb. 26, 2018), http://www.pjm.com//media/planning/gen-retire/pending-deactivation-requests.ashx?la=en.
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ATTACHMENT B
OUTPUT OF NUCLEAR AND COAL-FIRED GENERATORS IN PJM
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Source: Monitoring Analytics LLC, STATE OF THE MARKET REPORTS FOR PJM (2012–2017),
http://www.monitoringanalytics.com/reports/PJM_State_of_the_Market/2017.shtml.

ATTACHMENT C
MAP OF PJM INTERCONNECTION TRANSMISSION ZONES

Source: PJM, http://www.pjm.com/library/~/media/about-pjm/pjm-zones.ashx.

ATTACHMENT D
APPLICANTS' NUCLEAR AND COAL-FIRED GENERATING FACILITIES
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ATTACHMENT E
ACTUAL AND PLANNED GENERATION RETIREMENTS IN PJM, 2011-2020

Key on following page.
Source: Monitoring Analytics LLC, STATE OF THE MARKET REPORT FOR PJM, 2017,
http://www.monitoringanalytics.com/reports/PJM_State_of_the_Market/2017.shtml,
Figure 12-1.

Unit identification for map of PJM unit retirements, 2011 through 2020

Source: Monitoring Analytics LLC, STATE OF THE MARKET REPORT FOR PJM, 2017,
http://www.monitoringanalytics.com/reports/PJM_State_of_the_Market/2017.shtml, Table 12-6.
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Highlights: Operational Fuel-Security Analysis
Fuel-security risk—the possibility that power plants won’t have or be able to get the
	
fuel they need to run, particularly in winter—is the foremost challenge to a reliable
power grid in New England.
ISO New England studied 23 possible future resource combinations during winter
	
2024/2025 to determine whether enough fuel would be available to meet demand
and to understand the operational risks.
The ISO chose winter 2024/2025 and 23 scenarios to depict a wide range of
	
possible future power system conditions in the mid-2020s. Actual power grid
conditions could change earlier or later than the 2024/2025 target winter.
These scenarios, while not a precise prediction of the future system, seek to illustrate
	
the range of potential risks that could confront a power system if fuel and energy
were constrained during winter.
The goal is to improve the ISO’s and the region’s understanding of these risks and
	
inform the ISO’s subsequent discussions with stakeholders.
The study assumed that no additional natural gas pipeline capacity to serve
	
generators would be added within the timeframe of this study and instead focused
on five other variables that are likely to be key factors in power system reliability.
Notable findings regarding each variable:

4

Resource Retirements

LNG Availability

Oil Tank Inventories

The retirements of coalfired, oil-fired, and nuclear
generators—resources
with fuel stored on site—will
have a significant impact on
reliability and magnify the
importance of other variables,
particularly liquefied natural
gas (LNG) supplies.

Improving generators’
advance arrangements
for timely winter
deliveries of LNG could
significantly reduce
fuel-security risk, while
reduced volumes of
this global commodity
would raise risk.

The availability of oil
stored in tanks on site is
a key reliability factor and
depends on the extent to
which natural-gas-fired
generators are able to add
dual-fuel capability to burn
oil, how often they can run
on oil, and whether they
have oil when needed.

Imported Electricity

Renewable Resources

Expanding access to
electricity from neighboring
power systems would
help mitigate fuel-security
risk but would require
investment in transmission
infrastructure.

Accelerating the growth of
renewable resources would
enhance fuel security but would
not eliminate reliance on LNG. It
also would likely lead to more nongas-fired resource retirements and
require transmission investment.

ISO New England | Operational Fuel-Security Analysis
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Energy shortfalls due to inadequate fuel would occur with almost every fuel-mix
	
scenario in winter 2024/2025, requiring frequent use of emergency actions to
keep power flowing and protect the grid. Emergency actions that would be visible
to the public range from requests for energy conservation to load shedding (rolling
blackouts affecting blocks of customers).
The study’s findings suggest six major conclusions:
	
O
 utages: The region is vulnerable to the season-long outage of any
of several major energy facilities.
S
 tored fuels: Power system reliability is heavily dependent on
LNG and electricity imports; more dual-fuel capability is also a key
reliability factor, but permitting for construction and emissions
is difficult.
 ogistics: The timely availability of fuel is critical, highlighting the
L
importance of fuel-delivery logistics.
R
 isk trends: All but four scenarios result in fuel shortages requiring
load shedding, indicating the trends affecting New England’s power
system may intensify the region’s fuel-security risk.
R
 enewables: More renewable resources can help lessen the region’s
fuel-security risk but are likely to drive coal- and oil-fired generation
retirements, requiring high LNG imports to counteract the loss of
stored fuels.
P
 ositive outcomes: Higher levels of LNG, imports, and renewables
can minimize system stress and maintain reliability; to attain these
higher levels, delivery assurances for LNG and electricity imports, as
well as transmission expansion, will be needed.
The ISO will discuss the study with regional stakeholders and determine
	
whether further operational or market design measures are needed to
address the region’s fuel-security risk.

ISO-NE PUBLIC
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Executive
Summary
The health and safety of New England’s 14 million residents and the vibrancy of its economy depend on a
reliable power supply, and that requires fuel security—that is, a reliable supply of the various fuels used to
generate the region’s electricity. New England’s generation fleet relies primarily on fuels imported from
elsewhere in the United States or from overseas to produce power, giving fuel procurement,
transportation, and storage a pivotal role in power system operations. This is particularly true during winter
when fuel for nearly half the region’s generating capacity may become inaccessible due to priority demand
for natural gas from the heating sector.
As the operator of the region’s six-state power system, ISO New England is
required to plan and operate the grid to ensure a reliable supply of electricity.
To help fulfill this responsibility, the ISO conducted a fuel-security analysis
that evaluated the level of operational risk posed to the power system by a
wide range of potential fuel-mix scenarios. The study quantified the risk by
calculating whether enough fuel would be available for the system to satisfy
consumer electricity demand and to maintain power system reliability
throughout an entire winter.

Fuel-security risk—the
possibility that power
plants won’t have or be
able to get the fuel they
need to run, particularly
in winter—is the
foremost challenge
to a reliable power grid
in New England.

Background
On multiple occasions in recent winters, the ISO has had to manage the system with uncertainty
about whether power plants could arrange for the fuel—primarily natural gas—needed to run.1 Because
the ISO has no jurisdiction over other industries’ various fuel-delivery systems, it has addressed the
effects of insufficient fuel supplies on the power system by employing real-time emergency operating
procedures and implementing market design changes to incentivize generators to arrange for adequate
fuel supplies. The ISO has also worked on improving communication and coordination with natural gas
pipeline operators.
The ISO has been able to maintain power system reliability during severe winter conditions without using
all its emergency procedures. However, the evolving generation mix is increasingly susceptible to variable
and uncertain factors. Natural gas pipeline constraints, the logistics of importing liquefied natural gas (LNG)

1. Winter 2003/2004: ISO New England Internal Market Monitor, Final Report on Electricity Supply Conditions in New England During the January 14-16, 2004 “Cold
Snap” (October 12, 2004), https://www.iso-ne.com/static-assets/documents/2017/09/iso-ne_final_report_jan2004_cold_snap.pdf; Winter 2012/2013: ISO New England,
“Winter Operations Summary: January–February 2013,” discussion paper (February 27, 2013), https://www.iso-ne.com/static-assets/documents/committees/comm_
wkgrps/strategic_planning_discussion/materials/winter_operations_summary_2013_feb__27_draft_for_discussion.pdf; and Winter 2013/2014: ISO New England, “Oil
inventory was key in maintaining power system reliability through colder-than-normal weather during winter 2013/2014” (ISO Newswire, April 4, 2014), http://isonewswire.
com/updates/2014/4/4/oil-inventory-was-key-in-maintaining-power-system-reliabilit.html.
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and fuel oil, the impact of New England’s weather on the availability and timing of fuel deliveries, and
the amount and timing of electricity generated by renewable resources all contribute to a high level of
uncertainty for ISO system operations.
In fall 2016, ISO New England initiated a study to better understand any potential future impacts of fuelsecurity risk. The study estimated the operational impacts of possible fuel-mix scenarios so that the ISO
and the region can assess the level of risk and plan appropriate mitigation, if needed. Economic effects
were not measured.

The Study
While actual power grid conditions could change earlier or later than the target winter, the ISO
modeled a wide range of resource combinations that might be possible by winter 2024/2025,
considering five key fuel variables:

The retirements of coal- and oil-fired generators

The availability of LNG

Dual-fuel generators’ oil tank inventories (i.e., how often on-site fuel tanks can
be filled at dual-fuel generators that can switch between natural gas and oil)

Electricity imports

The addition of renewable resources

This study did not assess the impacts of adding natural gas pipeline capacity to serve generators within
the timeframe of this study. The study incorporated the demand-reducing effects of projected energyefficiency measures and distributed solar power.

ISO-NE PUBLIC
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The study includes 23 scenarios:

JJ

1 reference case incorporates likely levels of each variable if the power system continues to
evolve on its current path, serving as a baseline for comparison with other scenarios.

JJ

8 single-variable cases increase or decrease the level of just one key variable to assess its
relative impact in each case.

JJ

2 boundary cases illustrate what would happen if either all the favorable or all the
unfavorable variables were realized simultaneously.

JJ

4 combination cases combine the five key variables to represent future resource portfolios
that could develop and their effects on fuel security.

JJ

8 outage cases illustrate the effects of a winter-long outage at major energy facilities
in the region.

The operational impact was measured in hours of emergency operating procedures that would be required
to maintain system reliability when not enough fuel was available to generate all the electricity needed to
meet forecasted electricity demand.

Key Takeaways
In almost all future resource combinations, the power system was unable to meet electricity demand and
maintain reliability without some degree of emergency actions. Some key takeaways:

JJ

Load shedding (19 cases)—Among the combination cases, all but the most optimistic case
resulted in load shedding, also known as rolling blackouts or controlled outages that disconnect
blocks of customers sequentially. Load shedding is implemented as a last resort to protect the
grid. All but three of the single-variable cases resulted in some degree of load shedding.

JJ

Public requests for energy conservation (22 cases)—All but one of the cases led to the
use of emergency actions that include public requests for energy conservation.

JJ

No emergency actions (1 case)—The favorable boundary
case represented a best-case resource combination that was
fully able to meet demand without special actions. However, it
did not reflect the increase in retirements of oil-fired generators
that would be expected to accompany increased levels of
the other four variables: LNG, oil inventories for dual-fuel
generators, imports, and renewables.

JJ

Vulnerabilities—The single-variable cases revealed the region’s
vulnerability to resource retirements and the availability of LNG.
These cases also show that while increasing the amount of
renewables would enhance fuel security, it would not eliminate
reliance on imported LNG.
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The study results are
not precise predictions.
Rather, they help
compare different
possible future fuel
scenarios so that the
ISO and the region
can discuss a level of
tolerable risk and plan
appropriate mitigation.

JJ

Outages—All the outage cases resulted in many hours of load shedding, particularly the
season-long loss of a nuclear plant or pipeline compressor. Even significant increases in
LNG, dual-fuel capability, and renewables would not eliminate the risk. While outages of
shorter duration were not studied, it’s likely that an outage of any duration at any of these
facilities would create significant system stress.

The results are derived from the 23 scenarios analyzed; not every possible future resource combination
has been modeled in this study. The study results should not be interpreted as precise measurements.
Instead, the number of hours of emergency actions for each fuel scenario should be interpreted as an
indicator of system stress.
Taken together, the study results suggest that New England could be headed for significant levels of
emergency actions, particularly during major fuel or resource outages. Harder to measure are the risks
to the region from brief, high-demand cold spells, which present particular logistical challenges for fuel
procurement and transportation.

Next Steps
The ISO will discuss the results of this operational fuel-security analysis with stakeholders, regulators, and
policymakers throughout 2018. A key question to be addressed will be the level of fuel-security risk the
ISO, the region, and its policymakers and regulators would be willing to tolerate. A primary consideration
for the ISO is its responsibility, as a regional reliability coordinator, to operate the New England power
system in a way that maintains the reliability of the entire Eastern Interconnection.2

2. The Eastern Interconnection is one of two major alternating-current power grids in North America covering from central Canada east to the Atlantic coast (excluding
Québec), south to Florida, and west to the foot of the Rocky Mountains (excluding most of Texas). During normal system conditions, all the smaller power systems in this
area are electrically interconnected and operate at a synchronized frequency of 60 Hz average. The Eastern Interconnection is tied to the Western Interconnection, the
Texas Interconnection, and the Québec Interconnection generally through numerous high-voltage direct-current transmission lines.

ISO-NE PUBLIC
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Background:

The Changing Grid and New England’s Fuel-Supply,
Infrastructure, and Logistical Challenges

A reliable power system requires a reliable supply of the fuels used to generate electricity. Because
New England depends primarily on imported fuels to produce power, fuel security—or the assurance that
power plants will have or be able to get the fuel they need, when they need it—is critical for the region’s
power system reliability.
Fuel security is a growing concern in New England. The regional power system is increasingly dependent
on natural gas for power generation; the capacity of the region’s natural gas infrastructure is not always
adequate to deliver all the gas needed for both heating and power generation during winter; and natural
gas is the fuel of choice for a large segment of new power plant proposals. The region’s coal, oil, and
nuclear power plants, which have fuel stored on site and are essential for reliability when natural gas is in
short supply, are retiring. Further, the region has limited dual-fuel generating capability—that is, generators
that can use either natural gas or oil—and emissions restrictions on burning oil are tightening.3
A dependable fuel supply requires a fuel-delivery system that has the appropriate physical capability to
transport all the fuel needed, the contractual arrangements secured in advance to ensure timely deliveries,
and power plants that have fuel storage on site. In New England, fuels need to be delivered and storage
must be available throughout the winter months.
The region’s fuel-security risks have been evident to ISO New England since a 2004 cold snap.4 The ISO,
a private, not-for-profit company independent from all companies doing business in the region’s electricity
marketplace, operates the six-state power grid around the clock. The ISO is responsible for maintaining the
precise balance of supply and demand required to keep the lights on in New England and avoid cascading
power system infrastructure outages that can trigger a widespread blackout.
On multiple occasions in recent winters, the ISO’s system operators have been confronted with the
challenges that arise when power plants can’t get fuel. Because the reliability of New England’s power
system was maintained throughout these events, the region’s electricity consumers have been shielded from
this growing risk, apart from severe winter price spikes that eventually show up in retail rates.5

3. The region’s current fleet of dual-fuel capable power plants totals about 8,750 megawatts (MW), but this includes about 2,200 MW from older, oil-fired power plants
that rarely run on natural gas and are at risk of retirement.
4. During a January 2004 cold snap, more than 6,000 MW of natural-gas-fired generation was unavailable, much of it due to lack of fuel. ISO New England Internal
Market Monitor, Final Report on Electricity Supply Conditions in New England During the January 14-16, 2004 ‘Cold Snap” (October 12, 2004), https://www.iso-ne.com/
static-assets/documents/2017/09/iso-ne_final_report_jan2004_cold_snap.pdf.
5. The total value of the wholesale energy market for the three months of winter 2013/2014 was about $5.05 billion. By comparison, the value of energy market
transactions in 2016—the year with the lowest wholesale power prices since 2003—was $4.1 billion for the entire 12 months. Refer to the ISO’s “Oil inventory was
key in maintaining power system reliability through colder-than-normal weather during winter 2013/2014” (ISO Newswire, April 4, 2014), http://isonewswire.com/
updates/2014/4/4/oil-inventory-was-key-in-maintaining-power-system-reliabilit.html.
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The Changing Grid
These real-world challenges are likely to intensify as a result of several interconnected trends that are
rapidly changing the makeup of New England’s power system:

JJ

Increasing use of natural gas generation as the region shifts away from coal- and oil-fired
power plants

JJ

Retirements of coal- and oil-fired power plants and nuclear plants

JJ

Growth of renewable resources, propelled by state initiatives

JJ

Growth of resources that reduce consumer demand from the regional grid: energyefficiency (EE) measures, such as energy-saving lightbulbs, and “behind-the-meter” (BTM)
solar panels installed at homes and businesses on the distribution systems managed by
local utilities

The Dash to Gas
The two most significant of these trends are the increasing use of natural gas and the retirement of power
plants that use fuels other than natural gas. By far the biggest factor is the “dash to gas.” Two decades
ago, the regional power system derived most of its electricity from generators with fuel stored on site: coal,
oil, and nuclear. Today, coal-fired, oil-fired, and nuclear power plants are still a significant portion of the
region’s generation fleet, but natural-gas-fired generators make up nearly half the fleet and use “just-intime” fuel deliveries.
In 2000, oil- and coal-fired power plants produced 40% of the electricity generated in New England, while
natural gas produced 15%. Starting in 2009, natural gas prices plummeted with the boom in domestic
shale gas production. Because ISO New England dispatches the lowest-cost resources first to meet
demand, natural-gas-fired generators are used most often. By 2016, natural gas generation had risen to
nearly half the electricity produced in New England (49%), while coal and oil dropped to 3% of annual
electricity generation, although they still make up nearly 30% of the region’s total generating capacity.
While the use of natural gas for both heating and power generation is growing, the natural gas supply
infrastructure is not expanding at the same pace, resulting in natural gas supply constraints in winter.6
Given the region’s current and growing reliance on natural gas, limitations on the region’s natural gas
delivery infrastructure are the most significant component of New England’s fuel-security risk.
When pipeline supply constraints occur, all or almost all the available natural gas goes to heating
customers. When natural-gas-fired power plants haven’t been able to procure the fuel they need to run
during recent winters, most of the region’s power has come from coal, oil, and nuclear power plants—
generators with readily available fuel stored on site—and imports from neighboring power systems with
adequate natural gas infrastructure or energy storage in the form of hydroelectric facilities.7
6. ICF International, New England LDC Gas Demand Forecast Through 2030, presentation (October 3, 2016), https://www.iso-ne.com/static-assets/documents/2016/12/
iso-ne-ldc-demand-forecast-03-oct-2016.pdf.
7. While pumped hydroelectric facilities are considered to have “stored fuel,” in this report the term applies to coal, oil, and nuclear power plants. New England has three
pumped-storage hydro facilities that store energy in the form of water in large ponds; when released through turbines, this stored water can provide critical reliability
support by generating more than 1,800 MW of energy within 10 minutes, and for up to seven hours. The loss of pumped storage was not studied in this analysis, but
pumped storage was included in the dispatch of resources to meet demand.
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Retirements of Coal, Oil, and Nuclear Power Plants
The low average annual output from generators using oil or coal masks the major contributions of these
aging generators during peak winter and summer days when they may be contributing as much as a third,
sometimes more, of the region’s power (see Figure 1). These are typically days when summer demand
peaks or during winter when generators can’t access enough natural gas or the price of natural gas spikes.

Generators with Stored Fuels Are Key Contributors to Reliability on Cold Days
During winter 2014/2015, combined contributions from oil and coal peaked at over 40% of regional generation on
February 24, 2015. Annually, however, these fuels together produced only 6% of New England’s generation. Nuclear
power, another major non-gas-fired generation source, also made a significant contribution on February 24, 2015. Naturalgas-fired generation, meanwhile, dropped to just 17% for the day, despite providing 49% annually.
Figure 1: 2015 Annual Fuel Mix Compared with Day of Highest Coal and Oil Generation in 2015
February 24, 2015
19°F High

2015 Annual Fuel Mix

49%

Natural Gas

17%

30%

Nuclear

26%

9%

Renewables

8%

7%

Hydro

6%

4%

Coal

11%

2%

Oil

32%

Source: ISO New England, 2000–2015 Net Energy and Peak Load by Source and Daily Generation by Fuel Type 2015

In 2012, as part of its Strategic Planning Initiative, the ISO identified about 8,300 megawatts (MW) of coaland oil-fired generators at risk of retirement due to age and economic headwinds.8 Between 2013 and
2019, nearly 3,000 MW of coal- and oil-fired generation have retired or will retire, leaving about 5,400 MW
available but at risk of retirement.
Nuclear power plants represent about 13% of New England’s generating fleet but produced 31% of
the region’s electricity in 2016. Nuclear plants are also retiring in New England and across the country;
owners have cited low wholesale electricity prices stemming from low-priced natural gas as the key driver.
Vermont Yankee retired at the end of 2014, and Pilgrim will retire by 2019, removing about 1,300 MW of
baseload power from New England’s fleet.

8. ISO New England, “Strategic Planning Initiative Key Project,” webpage (2017), https://www.iso-ne.com/committees/key-projects/implemented/strategic-planninginitiative, and Strategic Transmission Analysis: Generation at Risk of Retirement, Planning Advisory Committee (PAC) presentation (December 18, 2012), https://www.
iso-ne.com/static-assets/documents/committees/comm_wkgrps/prtcpnts_comm/pac/mtrls/2012/dec132012/retirements_redacted.pdf.
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In total, the recent and impending retirements of coal-fired, oil-fired, and nuclear power plants add up to
the departure by June 2021 of 4,600 MW of generators that use fuels other than natural gas.9 That’s more
than 10% of the region’s total installed power plant capacity.
The retirements of these aging generators may accelerate as more renewable resources are added to
the regional power system. Renewable resources often have the benefit of state and federal financial
incentives, as well as long-term contracts sponsored by states seeking to expand their clean energy
portfolios. As such, these renewable resources have low costs and can bring down prices in both the
energy and capacity markets. These lower prices may drive out coal- and oil-fired generators and nuclear
plants dependent on these revenues.

Growth of Renewable Resources
New England’s fleet of renewable resources, powered by water, sun, wind, biomass, and trash, is still small,
but wind and solar resources are growing rapidly. The region now has 25 onshore wind farms with more
than 1,200 MW of nameplate capacity, up from 375 MW just six years ago, in 2011.10 State and federal
production credits and tax incentives have encouraged this growth.
Additional onshore wind facilities face challenges in development. Most are proposed for construction in
remote areas of northern New England where the transmission system was sized to serve the sparse local
population, not to carry large amounts of generation. Building the transmission needed to deliver the proposed
wind energy to southern New England load centers has proven to be challenging for developers and the region.
The nation’s first offshore wind farm, with a 30 MW nameplate capacity, came on line in 2016 off the coast
of Block Island, and several companies are competing to build much larger wind farms off the coast of
Massachusetts and Rhode Island.
New England has a long history of hydroelectric generation, with hundreds of small dams and several larger
facilities. Pumped storage is also a key resource in the region. New England imports about 17% of its energy
annually, with much of that coming from Hydro-Québec, which gets almost all its energy from hydro facilities.
The New England states have goals and requirements for clean energy that serve as a major driver of
the growth of renewable resources in the region. Massachusetts, Connecticut, and Rhode Island issued
a request for clean energy proposals in 2016 and have selected proposals for 460 MW.11 Massachusetts
is also implementing legislation that calls for the equivalent of about 1,200 MW of clean energy, including
hydro from Canada, by 2022.12 The request for proposals (RFP) for this initiative drew a robust response.
The legislation also calls for 1,600 MW of offshore wind by 2027.
9. The retirements of coal- and oil-fired generators include Salem Harbor (749 MW, shut down in 2011 and 2014), Norwalk Harbor (342 MW, shut down in 2013), Brayton
Point (1,535 MW, retired 2017), Mount Tom (143 MW, shut down in 2014), and Bridgeport Harbor 3 (383 MW by June 2021). The nuclear retirements include Vermont
Yankee (604 MW, retired 2014) and Pilgrim (677 MW by June 2019). The 4,600 MW also includes a number of smaller generators.
10. Nameplate refers to the maximum electricity a resource is rated capable of providing. Most resources’ actual output is a smaller percentage of maximum due to
outages, and most renewable resources have a lower actual output percentage due to the variability of weather. Actual production from solar photovoltaics (PV) is
expected to be about 8% of nameplate (shorter days, more cloud cover in winter), while the output from onshore wind is expected at about 48% and offshore wind at
about 53% of nameplate capability.
11. New England Clean Energy RFP (https://cleanenergyrfp.com/). In November 2015, Massachusetts, Connecticut and Rhode Island, issued an RFP to deliver additional
supplies of renewable energy and large-scale hydropower to the New England power system. The three states collectively selected projects representing about 460 MW
of clean energy for the New England market. None of the projects included associated transmission to deliver the clean energy supplies to New England load centers.
The selection of the winning bids will not be final until contract negotiations and regulatory approvals are complete.
12. Massachusetts Gov. Charlie Baker, “Governor Baker Signs Comprehensive Energy Diversity Legislation,” press release (August 8, 2016), http://www.mass.gov/
governor/press-office/press-releases/fy2017/governor-baker-signs-comprehensive-energy-diversity-law.html. In Massachusetts, An Act to Promote Energy Diversity
(H. 4568), requires Massachusetts electricity distribution companies to procure 1,600 MW of cost-effective offshore wind energy by 2027 and about 1,200 MW of clean
energy generation—baseload hydropower, onshore wind, and solar supported by hydropower, standalone onshore wind, solar, or other Class I renewable resources by
2022. (https://malegislature.gov/Laws/SessionLaws/Acts/2016/Chapter188)
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The queue of new generation projects seeking to interconnect to the high-voltage power grid operated by
the ISO totaled about 13,500 MW as of December 1, 2017. Proposed wind farms make up just over half the
proposals, or about 7,300 MW. The queue also includes 1,000 MW of proposed solar (8% of the total) and
400 MW of battery storage (3% of the total). Not all these projects will be constructed; historically, about
68% of the megawatts proposed are never built.
The vast majority of solar photovoltaic (PV) resources in New England are behind the meter, on the
distribution system managed by local electric power utilities. A handful of large solar farms are participating
in the regional wholesale markets totaling about 50 MW (nameplate); the largest is about 16 MW.
Advanced storage technologies hold promise as resources that can support reliability and the technology
is progressing, but cost-effective, advanced energy storage is not yet available at a scale that can ensure
reliability on a 35,000-MW power system. Currently, there are about 20 MW of utility-scale battery storage
connected to the regional grid; it is unclear at this stage how higher levels of battery storage will affect the
frequency and duration of energy shortages.

Growth of Energy-Efficiency Measures and Behind-the-Meter Solar
The New England states are national leaders in energy efficiency, collectively spending more than
$1 billion annually to install energy-efficiency measures in homes and businesses.13 The efforts are
paying off, according to ISO New England’s annual energy-efficiency forecast.14 Total annual energy
consumption in New England is tapering off, while winter peak demand is forecasted to decline very
slightly from 2017 to 2026.
Behind-the-meter solar photovoltaic installations are also fueling reductions in energy consumption and
peak demand. Just five years ago, at the end of 2012, New England had about 250 MW of BTM solar PV
installed. At the end of 2016, the number had increased to 1,900 MW, and the ISO’s PV forecast projects
that by 2024, the region will have 4,400 MW of solar PV (and 4,700 MW by 2026).15 All this new PV will be
installed at homes and businesses on the distribution system, serving to reduce demand for power from the
regional power grid. State incentives, particularly in Massachusetts, are helping drive this growth.
By lowering demand from the regional grid, these resources can have the effect of lowering prices as well,
diminishing energy and capacity revenues and creating greater financial pressure on more costly resources.

Logistical Uncertainties: Fuel Deliveries and Weather
The region still needs power plants with fuel stored on site, but if they can’t get the fuel, they can’t run.
The uncertainty surrounding New England’s fuel-security risk is compounded by an unquantifiable X factor:
fuel-delivery logistics.
Fuel-security risks may be more acute in New England than in most other regions because New England
is “at the end of the pipeline” when it comes to the fuels used most often to generate the region’s power.
New England has no indigenous fossil fuels and therefore, fuels must be delivered by ship, truck, pipeline,
or barge from distant places.
13. American Council for an Energy-Efficient Economy, “California Golden Again on Energy Efficiency, Regains #1-State Spot in Tie with 6-Time Winner Massachusetts,”
press release (September 27, 2016), http://aceee.org/press/2016/09/california-golden-again-energy.
14. ISO New England, “Final Energy Efficiency Forecast: 2021-2026” (May 1, 2017), https://www.iso-ne.com/static-assets/documents/2017/05/final_eef_2017_v2.pdf.
15. ISO New England, “2017 Final PV Forecast” (May 1, 2017), https://www.iso-ne.com/static-assets/documents/2017/05/2017_solar_forecast_details_final.pdf.
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The natural gas pipeline system within New England is relatively small, and its access to the rest of the
North American pipeline network is limited. In regions with a more robust pipeline network, a failure of a
single point on the pipeline system typically can be contained to a local area and routed around, but such
an outage in New England will likely create significant impacts.
Limitations or constraints on the fuel-supply chain are not unusual, particularly during bad weather.
Winter storms can impede deliveries from liquefied natural gas (LNG) tankers, oil barges, and oil tanker
trucks. Low temperatures can increase heating demand for natural gas, oil, and LNG, leaving less for
power plants.
Renewable resources can help reduce the demand for energy and the fuels that generate it, but the output
of wind and solar facilities depends on the weather and time of day. For example, solar panels can reduce
the consumption of natural gas and oil during sunny winter days, so more oil and gas are available later to
generate electricity to meet the daily winter peak demand. Solar energy can’t help directly with the winter
peak, however, because demand peaks after the sun has set.
The timing of fuel consumption and of fuel replenishment can be significant as well. In December, the
weather is typically milder. As winter progresses in time and intensity, generators’ oil and LNG inventories
are depleted and tanks must be refilled rapidly.
Some typical logistical concerns for each fuel are outlined below:

JJ

Natural gas

ii

Pipeline gas. New England receives natural gas via five pipelines from the west through
New York State, and from Canada in the north.
Most of the region’s pipeline gas is delivered through New York, where natural-gas-fired
generators have the first opportunity to withdraw any surplus natural gas that is not already
committed to the gas utilities.16 Developers are proposing to build more new natural-gas-fired
generation in eastern New York. Indian Point Energy Center, a nearly 2,100 MW nuclear station
near New York City, has announced it will retire by 2021, which may increase demand for
natural gas from generators in New York and could result in reduced supply to New England
generators during periods of peak demand.17 This study does not attempt to quantify these
effects, however. Further, construction of additional pipeline capacity in New York will likely
prove difficult.18 Some natural gas is delivered to New England via pipeline from eastern
Canadian natural gas fields off Nova Scotia, but most of this supply will be gone by 2020.
The primary sources of natural gas for the Canadian Maritimes will become Canaport, a
10 billion cubic feet (Bcf) LNG import, storage, and regasification facility in New Brunswick,
and the Maritimes and Northeast (M&N) pipeline. When it is serving Maritimes heating

16. ICF International, Gas-Fired Power Generation in Eastern New York and its Impact on New England’s Gas Supplies (November 18, 2013), https://
www.iso-ne.com/static-assets/documents/committees/comm_wkgrps/prtcpnts_comm/pac/mtrls/2013/nov202013/icf_upstream_gen_impacts_
white_paper_11_18_2013.pdf. Eastern Interconnection Planning Collaborative (EIPC), Gas-Electric System Interface Study Target 2 Report:
Evaluate the Capability of the Natural Gas Systems to Satisfy the Needs of the Electric Systems (March 9, 2015), p. 149, http://nebula.wsimg.com/
c1a27fe57283e35da35df90f71a63f7a?AccessKeyId=E28DFA42F06A3AC21303&disposition=0&alloworigin=1.
17. New York ISO, Power Trends: New York’s Evolving Electric Grid, 2017 (2017), p. 35, https://www.google.com/url?q=http://www.nyiso.com/public/webdocs/media_
room/publications_presentations/Power_Trends/Power_Trends/2017_Power_Trends.pdf&sa=U&ved=0ahUKEwicr-KkrO7VAhWCwFQKHSc1C1QQFggEMAA&client=inter
nal-uds-cse&usg=AFQjCNG4pCnCu_ZyHocx1sQurUb0HzeJ5A. Patrick McGeehan, “Cuomo Confirms Deal to Close Indian Point Nuclear Plant” (New York Times [NYT],
January 9, 2017), https://www.nytimes.com/2017/01/09/nyregion/cuomo-indian-point-nuclear-plant.html.
18. New York ISO, Power Trends, 2017, pp. 36–37.
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demand, the M&N will be transporting gas from New York or Québec, through New England, to
the Maritimes. The result could be less pipeline gas for New England.19

ii

Liquefied natural gas. LNG can be an important complement to pipeline gas. It is
imported to New England from overseas by ocean-going tankers, typically from Trinidad
and Tobago. Most cargoes of LNG need to be contracted and scheduled for months
before winter begins; once contracted, the LNG won’t arrive for at least five days.
LNG availability can also be affected by global weather or political events.20 Ocean-going
tankers can have difficulty offloading their cargoes at offshore LNG buoys or in ports during
winter storms. Cold snaps can result in a sudden drawdown of stored LNG, and the rapid
depletion of LNG combined with the region’s limited storage facilities can challenge the region’s
fuel-supply chain, particularly if outages increase the need for LNG.

JJ

Oil. The region’s remaining oil-fired power plants get their fuel delivered by oil pipeline,
barges, or tanker trucks—but as more and more oil-fired power plants have retired, the
delivery supply chain has withered as well. Fewer oil barges and tanker trucks are located
in New England. Oil-fired generators may start the winter with full tanks of oil stored on site,
but a generator that depletes its oil inventory during a cold snap may not be able to refill its
tank promptly if a winter storm prevents tanker trucks from traveling.
In winter, oil delivery trucks may be occupied delivering fuel to heating oil dealers and unavailable
for power plant deliveries, or federal restrictions on how many hours drivers can drive may delay
deliveries. Rivers may freeze, preventing barges from bringing fuel to generators.
In addition to potential fuel-delivery concerns, environmental restrictions limit how often many
power plants can generate electricity using oil. Many of the region’s dual-fuel power plants
are currently limited to running no more than approximately 30 days per year on oil, and
Massachusetts is implementing tighter air emissions regulations.

Natural Gas Delivery Challenges:
Infrastructure Constraints and Contracts
The natural gas system was sized and built to meet the peak demand needs of the local natural gas
utilities (also called local distribution companies, or LDCs) serving heating customers. The natural gas
utilities contracted for the pipeline capacity, so they have first priority for gas delivery.
On many days, pipeline capacity is sufficient for both the local gas utilities and the natural-gas-fired power
plants, but during the coldest weeks of the year, this natural gas delivery infrastructure can’t meet all the
demand for natural gas for both home heating and power generation. As a result, natural-gas-fired power
plants—which typically buy pipeline capacity released by local gas utilities on the secondary market—may
not be able to access natural gas.

19. “Nova Scotia’s Deep Panuke natural gas projects drying up” (The Chronicle Herald, May 30, 2017), http://thechronicleherald.ca/business/1473337-nova-scotiasdeep-panuke-natural-gas-projects-drying-up.
20. Erin Ailworth, “Unrest in Yemen may result in local LNG shortage” (Boston Globe, May 5, 2012), http://www.bostonglobe.com/business/2012/05/04/electric-powerplants-threatened-attacks-gas-pipelines-yemen/48P2O2KqNm9sEa2P6dr6lM/story.html.
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Contracting with pipelines for some level of firm natural gas delivery could solve this problem if the pipeline
system expanded to accommodate the increased contracted demand. However, contracting for firm
pipeline capacity is costly and requires a long-term commitment. This has been a deterrent for natural
gas power plant owners, who have short- to medium-term financial horizons and are a diverse group with
diverse market interests.
Contracting for LNG could also help if these contracts are executed before winter arrives. Typically,
the ocean-going tankers that transport LNG are committed in the fall for winter delivery, so a sudden
or unanticipated need to replenish LNG supplies may go unmet during an unexpectedly bad winter. In
addition, as heating demand for natural gas grows, local gas utilities are likely to begin contracting for more
of the region’s limited LNG storage capacity, leaving even less for natural-gas-fired power plants.
Further, contracting for oil and LNG deliveries can be difficult during winter when other types of customers
(e.g., heating, industrial customers) are also seeking urgent deliveries. When power plants don’t sign
contracts for pipeline gas or LNG, nor enter the winter with full oil tanks, deliveries of oil or LNG when
needed cannot be guaranteed.
The retirements of power plants with stored fuel, tightening emissions restrictions, and the reliance on
a fuel that may not be available when needed most are all challenging New England’s power system.
Logistical and time- and weather-dependent fuel-delivery uncertainties introduce additional potential for
fuel-security risks that could degrade the reliability of the regional power system.
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Operational
Fuel-Security
Analysis
The shift away from generators with on-site fuel to natural-gas-fired generators relying on “just-in-time”
fuel delivery has exposed the limitations of New England’s existing fuel infrastructure and has heightened
the region’s fuel-security risks.
As the system continues to change, it is incumbent on ISO New England, as the reliability coordinator for
New England’s six-state power grid, to assess the potential operational impacts these risks may pose in
the near future.21

Study Description
The ISO launched this operational analysis to quantify the region’s future fuel-security risk—that there may
be times when sufficient fuel is not available for power plants to generate all the electricity required to meet
consumer demand and maintain power system reliability during the entire winter of 2024/2025.
The study determined whether or how often the region would run short of natural gas and oil during an
entire 90-day winter and calculated how often the resulting energy shortfalls would require the ISO to
employ emergency actions, up to and including rolling blackouts.

Resources and Key Variables
The study developed a wide range of hypothetical scenarios of a regional power system composed
of different resource combinations, incorporating the same types of resources and fuels as those in
New England’s fleet today:

JJ

Natural-gas-fired generators

JJ

Energy-efficiency measures

JJ

Oil-fired generators

JJ

Nuclear power plants

JJ

Dual-fuel generation (power plants that

JJ

Hydro generation

can use natural gas or oil stored on site;

JJ

Pumped-storage generation

JJ

Imports

most use natural gas as their primary
fuel and oil as their backup fuel)

JJ

Renewable resources, including onand offshore wind, solar, biomass, and
behind-the-meter solar photovoltaics

21. North American Electric Reliability Corp, “Reliability Coordinators,” webpage (2016), http://www.nerc.com/pa/rrm/TLR/Pages/Reliability-Coordinators.aspx.
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The exception was the region’s remaining coal-fired power plants, which were assumed to be retired by 2024.
Five key factors affecting power system operations were the variables in each scenario:

JJ

Retirements of generators that use

JJ

fuels other than natural gas (coal and oil)

JJ

region’s natural gas delivery and
storage infrastructure

Imports of electricity over transmission
lines from neighboring power systems

JJ

Dual-fuel generators’ oil tank
inventories—that is, how often the oil

in New York and Canada

JJ

Level of LNG injections into the

tanks on site at dual-fuel power plants

Level of renewable resources on

are filled and refilled throughout a

the system

90-day winter

The analysis modeled 23 possible future resource-mix combinations, including four high-impact outages
of key energy facilities, during December, January, and February, of winter 2024/2025.22 The study
assessed each scenario’s physical capabilities to meet demand and required reserve levels by calculating
the amount of fuel needed to generate all the electricity required. The study then compared the amount of
fuel needed with the actual level of fuel—wind, sun, hydro, other renewables, nuclear, imported electricity,
natural gas delivered via pipeline, and oil and LNG stored in tanks—the region’s fuel infrastructure could
deliver to each hypothetical resource mix.

The Need for Emergency Actions
The study determined whether or how often the region would run short of fuel and calculated how
often the resulting energy shortfalls would require emergency actions, up to and including rolling
blackouts. For each scenario with insufficient fuel to generate all the electricity needed to meet
demand, the study model dispatched the resources providing reserves. If demand still existed
after the reserves were depleted, the study calculated the frequency, magnitude, and duration of
emergency operating procedures needed to maintain system balance.
The need to implement any emergency operating procedure is an indicator of system stress. System
operators must take these actions to protect the region’s high-voltage power system. The actions range
from smaller steps invisible to the public up to load shedding (rolling blackouts). Load shedding would be
implemented as a last resort to avoid an imbalance of supply and demand that could lead to cascading,
uncontrolled outages and significant damage to the region’s power grid that could spread to other regions.

Caveats
This is a unique study in that it highlights the vital role of fuel security in power system operations. It differs
from previous studies in three key ways:

JJ

First, it quantifies operational risk by measuring energy shortfalls and levels of system stress.

JJ

Second, it focused on the availability of energy over the course of an entire winter—90 days
during December, January, and February, rather than looking at capacity availability on just
one winter peak day.

JJ

Third, it is not an economic study that considers fuel costs or prices.

22. The study analyzed a wide range of scenarios but did not model every possible future resource combination.
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Furthermore, this analysis did not examine the impacts of additional natural gas pipeline capacity on a
winter peak day when most or all the pipeline capacity will be used to serve heating customers, not power
plants. This study assumed that only four incremental pipeline capacity expansions, already underway or
in advanced planning as of summer 2017, would be in service by 2024/2025.23 This additional capacity is
designated for local gas utilities that contracted for the expansion in expectation of growth in demand for
natural gas for heating.
This Operational Fuel-Security Analysis differs from the economic studies conducted by the ISO at the
request of stakeholders. The economic studies consider the wholesale electricity costs that could result
from various resource mixes and their fuel costs. The model in this fuel-security analysis does not directly
consider fuel costs as a factor in meeting regional demand each day. An unrelated economic study the
ISO conducted recently for the New England Power Pool (NEPOOL) should not be confused with this
fuel-security analysis.24 This analysis also differs from the ISO’s planning studies in that it focuses on
operational impacts and does not evaluate potential solutions.
While this study doesn’t directly consider fuel costs or prices, it does assume that the electricity and fuel
markets send price signals sufficient to make full use of the existing electricity and fuel infrastructure
as needed. For example, New England electricity prices would be high enough on a given day to attract
sufficient imports from neighboring areas to meet New England’s needs. Further, the Forward Capacity
Market’s pay-for-performance requirements, which are designed to provide incentives for resources to
perform when needed, are scheduled to be phased in starting June 1, 2018, but the impacts, and the timing
of the impacts, are uncertain.
The future hypothetical resource combinations envisioned in each scenario may never materialize, while
some may come closer to the future power system than others. Further, power system conditions seldom
behave in as orderly a fashion as a study model. Conditions can vary tremendously every day, and even
every hour, on a large power grid.
Imports may surge or lag, the output of renewables may be more or less than the average output used in
the study, and multiple generators can trip off line on the same day.25 Fuel replenishment may be easier
or more difficult depending on winter conditions, the LNG market may be affected by global conditions
that hinder or expedite deliveries, and natural gas delivered via pipeline may or may not be available in
sufficient quantities. Higher energy market prices could convince some older generators not to retire,
sooner-than-expected advances in technology could change and improve how the system operates, or a
combination of some of these factors could alter the future power system.

23. ICF International, Forecast of Near-Term Natural Gas Infrastructure Projects, presentation (October 3, 2016), https://www.iso-ne.com/static-assets/documents/2016/12/
iso-ne-infrastructure-forecast-03-oct-2016.pdf. Assumed the following additions: Algonquin Incremental Market (AIM) expansion, 0.345 Bcf/d pipeline capacity, in service
January 2017; Atlantic Bridge, 0.13 Bcf/d, planned in service 2017; Connecticut Expansion, 0.07 Bcf/d, planned in service 2017; Continent-to-Coast, 0.11 Bcf/d, planned in
service 2017.
24. The 2016 Economic Study Results: Peak-Gas-Day/Hour Capacity and Energy Analysis (August 1, 2017) (https://www.iso-ne.com/static-assets/documents/2017/08/
a3_2016_economic_study_natural_gas_capacity_and_energy_analysis_rev1.pdf) was a continuation of the 2016 Economic Study: NEPOOL Scenario Analysis (July 24,
2017) (https://www.iso-ne.com/static-assets/documents/2017/07/draft_2016_phase1_nepool_scenario_analysis_report.docx). The ISO conducts economic studies at
the request of stakeholders as part of the regional system planning process. The NEPOOL natural gas study evaluated the natural gas system’s ability to meet the
requirements of natural-gas-fired generation in the stakeholder-designed scenarios used in the 2016 NEPOOL Scenario Analysis. The NEPOOL study assumed that the
natural gas system will have no planned or forced outages and the gas delivery system will be at full capacity on the summer and winter peak days in 2025 and 2030,
while this Operational Fuel-Security Analysis quantifies the risks associated with insufficient fuel during the 90-day winter period. The NEPOOL analysis also differs from
this fuel-security analysis in terms of metrics, scenarios, and the variability in power system inputs.
25. On August 11, 2016, during a hot and humid spell that pushed up demand, a large generator tripped off line followed by several more. In all, nearly 4,300 MW of
resources dropped off line unexpectedly over the course of the day. System operators implemented the first two actions of Operating Procedure No. 4 (OP 4), which
allowed the system to operate with less than the required level of 30-minute reserves and to dispatch demand-response resources that curtailed their energy consumption.
(http://isonewswire.com/updates/2016/10/19/summer-2016-recap-uneventful-until-august.html)

20

ISO New England | Operational Fuel-Security Analysis

ISO-NE PUBLIC

Some New England states are pursuing significant, economy-wide reductions in carbon emissions by
2050. While these efforts can be expected to put upward pressure on demand for electricity as the
transportation and heating sectors turn away from fossil fuels, the pace and future effects of these
policies on the power system are still unclear.
While the study calculated the number of hours of emergency actions each scenario would require as
an indicator of system stress, the resulting numbers should not be construed as a precise prediction.
Rather, the results provide a basis for comparing the fuel-security risk of each of the hypothetical resource
combinations, with a focus on the relative impact of the five key variables: retirements, LNG, oil tank
inventories at dual-fuel generators, imports, and renewable resources. Some resource combinations would
result in more hours of emergency actions, while others would require fewer actions or none.

Electricity Demand in Winter 2014/2015 and Winter 2024/2025
The study evaluated each scenario’s fuel-security risk throughout the 90-day winter of 2024/2025 based
on the levels of consumer demand experienced in December, January, and February of winter 2014/2015.
Winter 2014/2015 serves as the baseline because, while it did not have the coldest days recorded in
the past 10 years, it had the most sustained cold as measured by heating-degree days (HDDs).26 Thus,
it provided a wider perspective on the cumulative use of oil and LNG inventories over a full 90 days and
the need to replenish these inventories as cold weather persists. If the region experienced colder winters
than 2014/2015, as is possible (four winters in the past 38 years were colder, as measured by HDDs), the
number and duration of energy shortfalls found in this study would be magnified. A winter with this level of
sustained cold has a probability of occurring approximately once every 8 years.
ISO New England is responsible for the reliability of New England’s power system under all types of system
and weather conditions. No one knows before winter begins how extreme the weather will be. The ISO, the
owners of generators and other equipment on the New England power system, and the fuel-supply chains
that generators depend on must be prepared for a long, cold winter—perhaps as cold as 2014/2015, or even
as cold as one of the winters with more heating-degree days than 2014/2015.27 While the weather plays a
primary role in operating conditions, so do other key variables, as highlighted in this study.
The hourly demand levels from winter 2014/2015 were adjusted to reflect the ISO’s forecast for slightly
higher net peak demand in extreme winter conditions in 2024/2025.28 All the scenarios incorporate the
ISO’s latest forecasts for the effects of energy efficiency and distributed PV generation, which reduce the
amount of electricity needed from the larger regional grid.

26. A degree day is a measure of heating or cooling and an indication of a building’s demand for energy (fuel consumption). A zero-degree day occurs when no heating
or cooling is required. As temperatures drop, more heating days are recorded; when temperatures rise, more cooling days are recorded. The base point for measuring
degree days is 65 degrees Fahrenheit (˚F). Each degree of a day’s mean temperature above 65˚F is counted as one cooling-degree day, while each degree of a day’s
mean temperature below 65˚F is counted as one heating-degree day. A day’s mean temperature of 90˚F equals 25 cooling-degree days, while a day’s mean temperature
of 45˚F equals 20 heating-degree days.
27. Number of HDDs for 2014/2015: 3,551. Coldest winters as measured by HDDs: 1993/1994: 3,678; 2002/2003: 3,611; 1980/1981: 3,573; 1981/1982: 3,568.
28. ISO New England, 2017–2026 Forecast Report of Capacity, Energy, Loads, and Transmission (CELT) (May 1, 2017), https://www.iso-ne.com/static-assets/
documents/2017/05/2017_celt_report.xls.
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While actual power grid conditions could change earlier or later than the target year, the study used
winter 2024/2025 as the target for several reasons. By winter 2024/2025, the outlook for power system
reliability is uncertain. Given the pace of power system transformation and increasing economic pressures
on the remaining oil, coal, and nuclear power plants, more retirements are expected in the next decade.
The years until winter 2024 give the region time to address these challenges but don’t provide any buffer
to defer decisions about the region’s fuel-security risk.

Overview of the Scenarios
The study’s reference case incorporated each of the five key variables at levels that can reasonably
be expected to materialize in New England given current trends. Several “combination” scenarios also
represent a range of resource and fuel types that could realistically be expected to be available in the
2024/2025 timeframe. The reference case provides a baseline for all the other scenarios, which included
differing levels of the five variables.
Eight scenarios adjusted just one of the five variables at a time, up or down from the reference case
level, to assess the relative impact of each variable. For example, two scenarios were developed to
show the effects of differing LNG levels. Four variables—retirements, electricity imports, renewables,
and dual-fuel oil inventories—were held constant, and in one scenario, LNG injections were increased
above the reference case level, and in the other scenario, they were decreased below the reference case.
Retirements and renewables were exceptions—neither was adjusted down from the reference case
level. And for retirements, a higher level represented a greater loss of resources and is considered less
favorable, while with all other variables, a higher level is considered positive or favorable.
Two scenarios represented the most and least favorable levels of each variable to show the best- and
worst-case outcomes. For the best-case scenario, all five variables were modeled at levels that would
minimize fuel-security risk, including low retirements. For the worst-case scenario, all five variables were
modeled at less-favorable levels that would raise fuel-security risk, including greater retirements.
The four “combination” scenarios adjusted more than one variable to represent a blend of outcomes,
including cases with less LNG, more LNG, higher retirements of non-gas-fired generators, and retirements
of all at-risk non-gas-fired power plants coupled with very high levels of renewables and imports.
Eight high-impact scenarios assessed the effects of an outage of four major energy facilities for the entire
winter on the reliability of the power system. The impacts were assessed on a system represented by the
reference case and also by the combination case with the highest levels of retirements and renewables.
The outages of the following key energy facilities were studied:

JJ

A compressor station on a major natural gas pipeline, eliminating 1.2 Bcf/d and cutting off fuel to
generators with a combined capacity of about 7,000 MW

JJ

The loss of Millstone Nuclear Power Station in Connecticut, one of the region’s remaining two
nuclear facilities, eliminating 2,100 MW of baseload power

JJ

The loss of the Canaport LNG import and regasification facility in New Brunswick, Canada,
eliminating as much as 1.2 Bcf/d of gas that could be injected into the New England and
Maritimes pipeline systems
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A disruption to the Distrigas LNG import, storage, and regasification facility in
Massachusetts, eliminating all the natural gas that can fuel the nearby, 1,700 MW gas-fired
Mystic 8 and 9 generators and as much as 0.435 Bcf/d that can be injected by Distrigas into
the Algonquin and Tennessee interstate gas pipeline systems (0.3 Bcf/d) and the local gas
utility’s distribution system (0.135 Bcf/d)

Key Resource Assumptions
Several key assumptions about New England’s future energy landscape are common to all the scenarios.

Natural Gas Supplies
On the basis of a study ICF International conducted for the ISO on probable natural gas infrastructure
expansions in the region, this fuel-security analysis assumed that the region’s natural gas supply
infrastructure will have been expanded only incrementally beyond its current capability by 2024, including
a recently completed pipeline expansion and three smaller expansions underway.29 The ICF study found that
these four planned or recently completed expansions will total 0.65 Bcf by 2018, increasing New England’s
pipeline capacity from 4.04 Bcf/d to 4.69 Bcf/d over the five pipelines bringing natural gas into New England
from New York and Canada.
The pipeline expansions are sized to meet the future capacity requirements of the natural gas utilities that
contracted for the added capacity; pipelines aren’t built speculatively to accommodate potential future
customers, such as natural gas generators. As such, any incremental pipeline capacity is expected to be
used by natural gas utilities to serve their growing customer base.
Two natural gas fields off the coast of Nova Scotia—Sable Island and Deep Panuke—are expected to be
depleted before 2025. This fuel-security study assumed that the depletion of these gas fields would leave
the Canadian Maritimes with just two sources of natural gas: Canaport and the Maritimes and Northeast
pipeline that carries gas between Canada and Maine.
The study assumes that by 2024/2025, on most days, some natural gas will flow via pipelines from New
York or Québec, through New England via the M&N pipeline, to the Maritimes to serve heating customers.30
Pipeline gas will be used more often than Canaport’s LNG because natural gas is typically cheaper than LNG.
On high-demand days when pipeline gas is insufficient, higher-priced LNG from Canaport or other sources
will be needed to augment the pipeline gas supply. Under these conditions, the M&N pipeline will function as
an internal distribution system carrying gas from the west to Canada, rather than as a separate source of
gas from Canada to New England. Considering this shift, the study treated the M&N pipeline’s 0.833 Bcf/d
capacity as an internal regional pipeline rather than as a source of natural gas from outside New England.
As a result, the pipeline infrastructure capable of delivering natural gas into the region in 2024/2025 would
stand at 3.86 Bcf/d over four pipelines from New York and Québec: Algonquin Gas Transmission (1.9 Bcf/d
from New York), Tennessee Gas Pipeline (1.4 Bcf/d from New York), Iroquois Gas Transmission System
(0.26 Bcf/d from New York), and Portland Natural Gas Transmission (0.3 Bcf/d from Québec).
The study assumed that LNG will be imported to three sources in 2024/2025: Canaport, Distrigas, and the
Northeast Gateway Deepwater Port buoy off Gloucester, MA.
29. ICF International, Forecast of Near-Term Natural Gas Infrastructure Projects, presentation (October 3, 2016), https://www.iso-ne.com/static-assets/
documents/2016/12/iso-ne-infrastructure-forecast-03-oct-2016.pdf (Natural Gas Infrastructure Forecast).
30. The study did not factor in demand for natural gas to serve power plants in the Maritimes.
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The maximum injection capability from each of the LNG facilities is 1.2 Bcf/d from Canaport, 0.4 Bcf/d from
the Northeast Gateway buoy, and a maximum injection of 0.435 Bcf/d into the interstate pipeline system
and the local gas utility system from the Distrigas facility. The maximum LNG that can be injected into the
Canadian Maritimes and New England interstate natural gas pipeline systems is 2.04 Bcf/d.31
Combined, the expected pipeline capacity of 3.86 Bcf/d, plus the 2.04 Bcf/d maximum LNG that could be
regasified and injected into the pipeline systems serving New England and the Maritimes, totals about 5.9 Bcf/d.
Natural gas deliveries from LNG facilities to New England pipelines have varied over the past 15 years, from
none on one day in December 2016 to the maximum delivery observed at any one time of 1.25 Bcf on one day
in February 2016.32 The maximum amount of regasified LNG injected into the region’s pipeline system in any
scenario in this study was 1.5 Bcf/d, and the least was 0.65 Bcf/d in a scenario with an outage at Canaport.
Tracking LNG scheduled deliveries to the region’s pipelines over an entire, 90-day winter season, the
lowest level of LNG deliveries in the past 11 years arrived during the mild winter of 2016/2017, at 11.5 Bcf.
The highest was 73.1 Bcf in winter 2010/2011, with the second-highest in 2009/2010, at 71.7 Bcf. The
region’s imports of LNG during winters going back to 2006/2007 are illustrated in Figure 2.

LNG Deliveries to New England Hinge on a Global Market and Winter Weather Predictions
Regional LNG deliveries vary from winter to winter for a variety of reasons, including the level of firm contracts as well as global LNG
futures prices. Forecasts for a severe winter can also cause futures prices to increase. When New England’s forward prices are
high, destination-flexible LNG spot cargoes are likely to be attracted to the region. The primary driver for the significant increase in
LNG deliveries in the winters of 2009/2010 and 2010/2011 was the new Canaport LNG import terminal in New Brunswick. Rising
Marcellus shale gas production, starting in the 2010 timeframe, has lowered natural gas prices for most of the year, making LNG less
competitive on price, on average. The Fukushima nuclear plant meltdown in 2011 caused a significant increase in Japan’s use of LNG.
Figure 2: Winter LNG Deliveries to New England Interstate Pipelines
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Natural Gas Demand
A key factor in this study is how much natural gas will be left over for power generators after natural
gas distribution companies have served their heating customers. A second study conducted in 2016
by ICF International for the ISO projected how much natural gas the gas utility companies will need in
31. The Distrigas LNG injection capacity does not count any LNG that goes directly to supply the Mystic 8 and 9 generators because this LNG is not available for
injection into the interstate or local distribution pipeline systems and is not available to other generators. Likewise, the LNG used to supply Mystic 8 and 9 is not counted
under the LNG caps modeled in the study scenarios.
32. This excludes any LNG directed to Mystic 8 and 9.
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2024/2025.33 This ICF study found that in winter 2014/2015, natural gas demand for heating totaled 4.4 Bcf
on the winter peak day. The study also forecasted that on the coldest winter day, peak demand from local
gas utilities alone could reach 5.45 Bcf/d by 2025.
Total demand for the entire year from gas utilities was 515 Bcf in 2014. The ICF study concluded that the
annual demand for natural gas from local gas utilities will rise at an average of just under 2% per year, up to
591 Bcf per year in 2025 and 620 Bcf per year in 2030. As local gas utilities continue converting customers
to natural gas heating, this demand will put additional pressure on gas availability for electric generation.
While Canada is moving to retire all its coal- and oil-fired power plants by 2030, this study does not attempt
to project or include the potential impacts of additional gas demand from the electric generation sector in the
Canadian Maritimes on New England’s fuel security. The Maritimes’ gas utility demand was included because,
by 2024/2025, its heating demand is likely to be served entirely by Canaport or by importing natural gas
through New England via the M&N pipeline. Either way would result in less natural gas for New England.
Figure 3 shows the effect of heating demand by local gas utilities in New England and the Maritimes on the
availability of natural gas for generators, from both pipelines and from LNG.

Natural Gas Availability for Power Plants Is a Function of Heating Demand for Natural Gas
The growing use of natural gas to meet heating needs on the coldest days in New England and the Canadian Maritimes
can limit the availability of natural gas, from both pipelines and LNG facilities, for New England’s power plants. Local gas
distribution companies (LDCs) have priority contracts with natural gas pipelines to acquire gas for their heating customers.
As shown here, on some days during winter 2024/2025, the generators’ need for fuel is projected to reach or exceed
the region’s total amount of pipeline capacity plus the assumed maximum LNG injection of up to 1 Bcf/d in the reference
case. Fully meeting electricity demand on these days will hinge on the fuel inventories of non-gas-fired power resources,
particularly oil (as illustrated in Figure 5 on page 36). On days when LDC demand stresses the natural gas infrastructure
capacity, the gas utilities can tap into LNG reserves they have stored at “peak-shaving” facilities. The regulated LDCs have
purchased the LNG stored in these tanks, which cannot be sold to power plants or other parties. While these reserves
aren’t directly available to generators, they may sometimes make more natural gas available during the operating day.
Figure 3: Winter 2024/2025 Supply of Pipeline Gas and LNG Compared to Use
(Reference Case)
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Advisory Committee) and The Future of Natural Gas Supply for Nova Scotia (March 28, 2013, for Nova Scotia Department of Energy).

33. ICF International, New England LDC Gas Demand Forecast Through 2030, PAC presentation (December 14, 2016), https://www.iso-ne.com/static-assets/
documents/2016/12/iso-ne-ldc-demand-forecast-03-oct-2016.pdf.
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Coal-Fired Generation
The study assumed that New England would have no more coal-fired power plants in winter 2024/2025.

Renewables
For each scenario, the study assumed the region would have at least 6,600 MW (nameplate capacity)
of renewable resources in winter 2024/2025. This reflects the region’s current amounts of wind
(1,200 MW of onshore wind, 30 MW offshore) and other existing renewables, such as biomass, refuse,
and solar resources (960 MW), plus all the behind-the-meter solar PV forecasted to be installed by 2024.
These assumptions were developed by studying proposed projects, as well as initiatives by the New England
states. For example, the ISO’s 2017 PV Forecast anticipates the region will have 4,430 MW of installed
nameplate PV capacity through 2024.34 The ISO Interconnection Queue currently includes proposals
for about 4,600 MW of onshore wind and about 2,700 MW of offshore wind (as of August 15, 2017).35
However, historically, about 68% of proposed megawatts are never constructed.
The model also incorporated into all scenarios the ISO’s forecasts for growth of energy-efficiency
measures. The ISO’s forecast estimates that passive EE measures will lower peak demand by 3,907 MW
in winter 2024/2025, to 20,761 MW in extreme winter weather. Winter peak demand is expected to decline
about 0.7% per year over the 10-year planning period.36
Some scenarios assumed higher levels of offshore wind and behind-the-meter solar because these
resources appear to have the greatest growth potential, driven by state policies and incentive programs.
Onshore wind was held at the current level throughout the study timeline, given the transmission
expansion that would be required to develop more onshore wind farms. However, these assumptions are
not prescriptive; the megawatts modeled for one type of renewable resource in some scenarios could also
be coming from other types of renewable resources, or even EE measures.
Several scenarios raised the level of renewables from 6,600 MW to 8,000 MW by adding nearly 1,400 MW
of offshore wind by 2024. The cases with 8,000 MW of renewables also raised imports by 1,000 MW,
to 3,500 MW, reflecting the assumption that an additional, hypothetical transmission line will be built by
2024 to address state goals for clean energy from Canada or New York.
One combination case raised renewables to 9,500 MW, the highest level of renewable resources assumed
in this study. This scenario assumed that the region will have 2,000 MW of offshore wind by 2024, and
that behind-the-meter solar PV will grow at a faster pace than currently projected, adding 900 MW of PV
to the current forecast of 4,430 MW, for a total of 5,330 MW of BTM PV.
The cases with 9,500 MW of renewables also assumed imports of clean energy will grow by 1,000 MW as
the result of higher imports over the new, hypothetical transmission tie. Adding the renewables and the 1,000
MW of additional imports brings the total clean energy assumed in this scenario to 10,500 MW (nameplate),
or nearly a third of the region’s current generating capacity.

34. ISO New England, Final 2017 PV Forecast, presentation (May 1, 2017), https://www.iso-ne.com/static-assets/documents/2017/05/2017_solar_forecast_details_final.pdf.
35. ISO New England, “Interconnection Request Queue,” webpage (August 2017), https://www.iso-ne.com/system-planning/transmission-planning/interconnectionrequest-queue.
36. ISO New England, 2017–2026 Forecast Report of Capacity, Energy, Loads, and Transmission (CELT) (May 1, 2017), https://www.iso-ne.com/static-assets/
documents/2017/05/2017_celt_report.xls.
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Table 1 shows the assumptions for the renewables included in the reference case, the scenario with more
offshore wind and imported clean energy, and the scenario with the highest level of renewables.
Table 1: Renewable Resource Assumptions

Breakdown MW

Case
Scenario

Renewables
Total MW
(rounded)
Onshore Wind

Offshore Wind

PV

Other Renewables

2017

4,600

1,200

30

2,400

960

Reference Case

6,600

1,200

30

4,430

960

More Renewables

8,000

1,200

1,400

4,430

960

Max Renewables

9,500

1,200

2,000

5,330

960

Imports
Thirteen high-voltage transmission lines connect New England to neighboring power grids in New York
and Québec and New Brunswick, Canada. Most of the time, New England is importing power over these
lines from its neighbors.
Some of the New England states’ goals that call for more clean energy, including from Canada and
New York, are incorporated into some scenarios that increased imports above the 2,500 MW reference-case
level. These additional imports, at 500 MW and 1,000 MW, raised total imports to 3,000 in one scenario
and 3,500 in several other scenarios. The additional energy was assumed to be composed of clean energy
over a hypothetical new transmission line from Canada or New York. Most of those imports would likely be
coming from Québec most of the time.37
New England and its neighbors experience winter weather at the same time and, in fact, the demand for
power in Québec and New Brunswick peaks in winter. As a result, their imports to New England could be
limited as they serve their own populations. This study does not attempt to quantify these effects, however.

37. The study also assumed that New England would receive 500 MW of emergency imports from its neighbors during times of system stress when Operating
Procedure No. 4 was implemented.
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Methodology
The study modeled each scenario’s future fuel-security risk in several steps, including:

JJ

Calculating the amount of electricity required to meet demand each hour of a 90-day winter,
from December 1, 2024, through February 28, 2025

JJ

Calculating how much natural gas would be available after all heating demand were served,
as well as the levels of oil stored on site at oil-fired and dual-fuel power plants

JJ

Calculating how much electric energy could be generated by each fuel type

JJ

Comparing the amount of fuel required with the level of fuel the region’s fuel-delivery system
could supply in each hypothetical scenario

JJ

Assessing the magnitude and duration of emergency actions required, up to and including
rolling blackouts after all operating reserves were depleted, if the fuels available were not
sufficient to meet demand

The study model was based on winter conditions when oil and gas fuels were expected to be tight, so demand
was met by dispatching non-oil-fired and non-natural-gas-fired generators first. Resources in this category
included renewables, such as on- and offshore wind, solar PV, other renewables (e.g., biomass, refuse, landfill
gas); nuclear; and hydro, including pumped storage. Next in the dispatch order were imports, then naturalgas-fired generators. If all power plants were already operating at full capability, and more demand for power
still needed to be served, dual-fuel generators with stored oil would be dispatched. Finally, oil-only generators
would be used.
If not enough stored oil and LNG were available to generate all the power needed to meet the remaining
demand, the study calculated the frequency, magnitude, and duration of the emergency actions needed to
maintain system balance and meet reliability requirements.

Metrics: How System Stress Was Measured
The study quantified how often energy shortfalls—that is, insufficient fuel to generate all the electricity
needed—would occur that would require the ISO to use special procedures to serve consumer demand
while maintaining the required level of reserves.
These operating procedures include tools used commonly by the ISO to manage imbalances in supply and
demand, as well as emergency actions in more serious conditions. These procedures currently include allowing
30-minute reserves to be depleted, calling on demand-response resources to reduce energy usage, arranging
for emergency purchases from neighboring systems, as well as tools used infrequently, such as voltage
reductions (also known as brownouts). When deploying these emergency procedures, the ISO can call for the
action that will best address the situation at hand; no specific order of implementation is required. If necessary,
in an extreme emergency, the ISO can also skip these procedures and implement load shedding immediately.
As system stress intensified in each scenario, the study model progressed through a series of operating
procedures, from those that have no impact on electricity service to consumers; to procedures that have
minor public impacts, including requests for voluntary conservation and voltage reductions; and then to the
depletion of 10-minute operating reserves before finally resorting to load shedding.
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Ten-minute reserves are resources that can come on line within 10 minutes to cover for the unexpected loss
of a resource. The depletion of 10-minute operating reserves is a significant step—once these reserves
are depleted, any resource loss or transmission line trip that cuts imports would trigger load shedding.
This would be necessary to operate the system reliably and comply with mandatory national standards to
avoid uncontrolled outages that could cascade across New England and threaten the entire interconnected
system of power grids from the Atlantic Ocean to the Rocky Mountains.

Required Reserve Levels
ISO New England is required to carry operating reserves to respond to the unexpected loss of any
resource on the power system, such as when a large generator trips off line, and almost all the procedures
employed in this analysis are used to maintain the required level of reserves. Reserves are insurance—the
power plants providing reserves are ready to respond quickly to replace the lost electricity and recover
system equilibrium, so that no one loses power and cascading outages are avoided. The North American
Electric Reliability Corp., the Northeast Power Coordinating Council, and ISO New England all have
requirements for maintaining reserve levels.38 Beyond the operational risks involved in having insufficient
reserves, not meeting these reserve requirements carries consequences, including fines.
The ISO maintains 10-minute operating reserves sufficient to recover from the loss of the largest source
of power, whether it’s a large generator or transmission line importing power. That’s normally between
1,560 MW and 2,250 MW. Thirty-minute reserves—generators that can come on line within 30 minutes—
are also required to help the system replenish the 10-minute reserves. Thirty-minute reserves are
equivalent to 50% of the second-largest source of supply, which is normally about 625 MW. The depletion
of 30-minute reserves typically is the first action taken when the ISO declares Operating Procedure No. 4
(OP 4), Action during a Capacity Deficiency.39 The study assumed 2,300 MW of reserves.

Operating Procedure No. 4
Operating Procedure No. 4 is the procedure used most often by ISO New England to maintain supply and
demand in balance, to avoid violating the 10-minute operating reserve requirement, and to avert the need
to implement load shedding. OP 4 includes 11 actions (see Table 2). Most OP 4 actions require no public
notification or public response.
The fuel-security analysis assessed the need to implement OP 4 in each scenario in two parts: Actions 1
through 5 and Actions 6 through 11. Actions 1 through 5 are designed to work with transmission owners
and other market participants to manage through stressed system conditions.40 If Actions 1 through 5
are not sufficient to address the problem, the ISO may implement higher-level actions that may be more
obvious to the public, such as voltage reductions and urgent appeals for public conservation.

38. North American Reliability Corp., “Compliance & Enforcement,” webpage (2016), http://www.nerc.com/pa/comp/Pages/Default.aspx.
Northeast Power Coordinating Council, “Standards,” webpage (2017), https://www.npcc.org/Standards/default.aspx.
ISO New England, “Reliability Standards: Development and Compliance,” webpage (2017), https://www.iso-ne.com/about/what-we-do/in-depth/reliability-standardsdevelopment-and-compliance.
39. ISO New England Operating Procedure No. 4, Action during a Capacity Deficiency (July 5, 2017), https://iso-ne.com/static-assets/documents/rules_proceds/
operating/isone/op4/op4_rto_final.pdf.
40. In this study, demand-response resources were dispatched to reduce consumption when OP 4 Action 2 was implemented during times of system stress, reflecting
the current actions available. However, on June 1, 2018, demand-response resources will be integrated into New England’s wholesale energy markets and will be
dispatched based on price in the same way generators are dispatched and will not be available as emergency resources. The study did not reflect this change because
this will be the first time demand-response resources will be fully integrated into economic dispatch systems, so the price and other aspects of their offers, which affect
when they will be dispatched to reduce energy consumption, is uncertain at this time. Real-time emergency generation, dispatched in Action 6, has been in decline due to
environmental restrictions and will no longer be available as of June 1, 2018.
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Table 2: ISO Operating Procedure No. 4 Actions

OP 4 Action

Action Description
• Implement a Power Caution, which is a public notification that electric power reserves can no
longer be maintained using normal measures. Although full reserves are not being maintained,
utility personnel will begin to take steps to manage these reserves.

1

• Advise resources with a capacity supply obligation (CSO) to prepare to provide capacity and notify
“settlement-only” generators with a CSO to monitor reserve pricing to meet their obligations.
• Begin to allow the depletion of 30-minute reserves.

2

• Dispatch real-time demand resources in the amount and location required.

3

• Request voluntary load curtailment of market participants’ facilities.

4

• Implement a Power Watch, which is a public notification that further steps to manage capacity
could affect the public. Issue a public appeal for voluntary conservation.

5

• Schedule emergency energy transactions.

6

• Implement voltage reductions requiring more than 10 minutes.
• Dispatch real-time emergency generation.

7

• Request generation without a capacity supply obligation to provide energy for reliability purposes.

8

• Implement voltage reductions requiring 10 minutes or less.

9

• Request activation of transmission customer generation not contractually available to market
participants during a capacity deficiency.
• Request voluntary load curtailment by large industrial and commercial customers.

30

10

• Implement a Power Warning. Issue urgent radio and TV appeal to the public for voluntary
conservation. Public appeals are made when other efforts (e.g., emergency purchases, voluntary
curtailment, contracted curtailment, and voltage reduction) have been unsuccessful in bringing
supply and demand back into balance.

11

• Request state governors’ support for ISO appeals for conservation.
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ISO Operating Procedure No. 7
If OP 4 actions are not sufficient, the ISO may start depleting 10-minute reserves, which leaves the
system vulnerable to uncontrolled outages that could cause significant damage to power system
equipment and spread to other regions. If the 10-minute-reserves were depleted, implementation of
controlled outages—rolling blackouts—could be required to maintain system balance. ISO New England
Operating Procedure No. 7 (OP 7), Action in an Emergency, is the emergency procedure the ISO follows
to implement load shedding.41
OP 7 is employed when there is unusually low frequency on the system, equipment overload, a capacity or
energy deficiency, unacceptable voltage levels, or any other event the ISO deems an operating emergency
in either an isolated or widespread area of the system. The objectives of OP 7 are as follows:

JJ

Protect the reliable operation of the Eastern Interconnection

JJ

Restore balance between customers’ load and available generation
in the shortest practicable time

JJ

Minimize risk of damage to equipment

JJ

Minimize interruption of customer service

When OP 7 is implemented, the ISO orders local control centers operated by transmission owners to
reduce a specific quantity of system load. They do this by manually opening distribution system breakers
to disconnect blocks of customers. Blocks of customers are disconnected and reconnected to the system
sequentially, which is why load shedding is sometimes called “controlled outages” and “rolling blackouts.”
Rolling blackouts do not affect all customers in the affected area at the same time.
The study calculates the number of times each operating procedure would be needed throughout a
90-day winter in each scenario, the number of hours each procedure would be needed, and the quantity
of consumer demand that would go unserved and for how long. These measurements, or metrics, of
the number and severity of energy shortfalls illustrate the level of risk involved in each scenario and the
relative benefits of the five key variables.

41. ISO New England Operating Procedure No. 7, Action in an Emergency (January 17, 2017), https://www.iso-ne.com/static-assets/documents/rules_proceds/operating/
isone/op7/op7_rto_final.pdf.
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Study Results

The study results provide a basis for comparing the fuel-security risk of each of the 23 hypothetical
resource combinations analyzed, with a focus on the relative impact of the five key variables: retirements,
LNG, oil tank inventories, imports, and renewable resources. Although not all possible resource combinations
were studied, the results show that some resource combinations would require more hours of emergency
actions, while others would require fewer actions or none. Looking at all the scenarios together (see Figure 4
and Appendix A) provides perspective on the relative levels of fuel-security risk that could be present,
depending on how the New England power system evolves, as well as approaches the region can consider
to ensure power system reliability. The results should not be construed as a precise prediction.
The results show that in most future power system scenarios studied, adequate levels of fuel would not be
available throughout the entire winter. Without adequate fuel, the region’s power plants would be unable
to generate all the electricity needed to meet demand and required reserves—even after accounting
for the demand-reducing effects of behind-the-meter solar arrays and energy-efficiency measures. The
resulting energy shortfalls would require a range of operating procedures and emergency actions, up to
and including load shedding.
Under the wide range of scenarios studied, in all but the most favorable future resource-mix combinations
and in all key resource outage scenarios, the study shows that New England’s fuel-security risk could
become acute by winter 2024/2025, requiring frequent use of emergency actions. In some scenarios,
energy shortfalls can be managed with relatively low-impact operating procedures that require no public
notification or public actions to maintain system balance. However, most scenarios would require multiple
hours of load shedding.

32

ISO New England | Operational Fuel-Security Analysis

ISO-NE PUBLIC

Current Trends Are Pushing the Power System toward Greater Risk
The major trends affecting the New England power system are moving in a negative direction. This analysis looked at a wide
range of future resource mixes to assess the operational impact. All but one of the 23 modeled scenarios (the high [i.e., positive]
boundary case, not shown here because it is unlikely to materialize) would lead to some level of emergency actions during winter
2024/2025 (i.e., OP 4 Actions 6–11), as well as hours when the ISO would have to deplete 10-minute reserves to keep the lights on.
All but four scenarios would require some level of load shedding (i.e., OP 7). (The low [i.e., negative] boundary case resulted in even
more hours of emergency actions but was omitted because it also is unlikely.)
Figure 4: Hours of Emergency Actions under Modeled Scenarios, Ordered Least to Most
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A summary of the reference case and its results is presented below.

Reference Case
The reference case is a baseline scenario that represents a future resource mix, including low retirements
and moderate levels of other variables, based on reasonable expectations that such levels will develop
if the power system’s evolution continues on its current path. It does not incorporate state policy goals
and requirements for clean energy; other scenarios account for the potential effects of these initiatives
on the region’s resource mix. While the reference case results discussed below indicate tight operating
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conditions, its purpose is to provide a point of orientation for all the other scenarios. Neither the reference
case nor any of the other cases are predictors of the future, and none of the scenarios should be viewed
as ISO New England’s preferred scenario.

Reference Case Assumptions

JJ

Retirements: 1,500 MW. The ISO projects that the region’s 23 remaining coal- and oil-fired
generators, with a capability of 5,400 MW, are at risk of retirement. The reference case
assumes that by 2024, nine of these power plants, representing 1,500 MW, will be retired.
This includes the remaining coal-fired power plants as a result of stricter emissions limits and
economic pressures. The retirements in the reference case are in addition to the 4,200 MW
recent and pending retirements that will be complete by 2019.
None of the 22 other scenarios reduced retirements below the 1,500 MW reference case
level; several increased retirements to 4,500 MW and some would retire all the remaining
5,400 MW of coal- and oil-fired power plants.

JJ

LNG injections: 1 Bcf/day.42 The maximum amount of regasified LNG that can be injected
into New England’s pipeline system is about 2.04 Bcf/d. In recent years, the most LNG
injected at any one time into New England’s pipeline system was 1.25 Bcf/d, on one day in
February 2016. The reference case assumed that 1 Bcf is the maximum level of LNG that will
be available for both heating and power generation on any given day. Less LNG would be
needed on some days, and on some days, more.

JJ

Dual-fuel oil tank fill rate: two times per winter period. Dual-fuel power plants’ oil tanks
in the reference case were assumed to be filled two times during the 90-day winter: once
before the start of the winter and one more time during the winter. For example, a power
plant with a 10,000-gallon tank will start the winter with a full tank and then refill it another
time, for a total winter oil inventory of 20,000 gallons.
The fill rate of two times was chosen because most generators’ oil tanks hold about 10 days’ worth
of oil, so filling their tanks twice would allow most dual-fuel generators to burn oil for about 20 days.
Environmental restrictions currently limit many oil-fired generators in New England to burning oil for
no more than approximately 30 days per year. Running for 20 days would put most power plants
near their annual limit, a moderate assumption for the reference case. The maximum fill rate in any of
the scenarios was set at three times, which would put many generators at their annual limit.
Massachusetts is implementing stricter emissions restrictions that will significantly reduce the
amount of time generators in the state could run on oil, but the new Massachusetts regulations are
not factored into the future scenarios. Another limitation not factored into the study was the fact
that some dual-fuel generators have oil tanks that hold less than 10 days’ worth of oil, limiting how
long they can run on oil during a cold snap.

JJ

Imports: 2,500 MW. The reference case assumes that the level of imports would be
2,500 MW because on average, over the last five winters, about 2,500 MW was flowing into
New England from these neighboring grids just over 60% of the time; most of the rest of the

42. As shown in Figure 3, the gas utilities can tap into LNG reserves they have stored at “peak-shaving” facilities when necessary for their purposes. While these
reserves aren’t directly available to generators, they may sometimes make more natural gas available from other sources during the operating day.
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time, about 2,000 MW was imported. The highest observed was about 4,000 MW,
just 1% of the time. The study also assumed that if emergency actions were implemented,
New England would receive an additional 500 MW of emergency imports from its neighbors,
for a total of 3,000 MW of imports in the reference case.

JJ

Renewable resources: 6,600 MW. The reference case assumed that New England’s fleet
of renewable resources will total 6,600 MW (nameplate) in winter 2024/2025, with no new
wind or hydro imports. This incorporates the region’s current renewable portfolio of about
2,200 MW of wind and other existing renewables such as biomass and refuse and solar
resources. To this total, the reference case adds about 4,400 MW of new behind-the-meter
solar PV forecasted to be installed by 2024. This estimate of future renewables provides a
baseline for comparison from today to scenarios that incorporate additional renewables as
planned or required by state legislation.
None of the scenarios in this study reduced renewables below the reference case level of 6,600 MW.

Reference Case Results
The study found that in a severe winter in 2024/2025, a resource mix represented by the reference
case could see multiple hours of emergency actions, including exposure to as many as 14 hours of load
shedding spread over six days. Less severe emergency actions (OP 4 Actions 6 to 11) would be required
for more than 75 hours, and the depletion of 10-minute reserves—often the last step before load
shedding—would be needed for more than 50 hours (see Table 3).

Table 3: Reference Case Assumptions and Results
TOTAL WIN TER IMPACT

Retirements LNG Cap
(MW)
(Bcf/Day)
Reference
Case (Ref)

–1,500

1.00

Dual-Fuel
(Oil Tank
Fills)

Imports
(MW)

Renewables
(MW)

Days of
LNG at
≥95%
Assumed
Cap

2

2,500

6,600

35

All OP 4
Hours

OP 4
Actions
6-11

Hrs. of
10-Min.
Reserve
Depletion

Hrs. of
Load
Shedding
(OP 7)

Days with
Load
Shedding
(OP 7)

165

76

53

14

6

The study found that, while the assumed maximum available LNG of 1 Bcf/d was not needed every day in
the reference case, it was needed on 35 days, and this still would not be sufficient to avoid load shedding
or other emergency actions on six days.
Overall, at the slightly higher load levels projected for 2024/2025 but with a cold winter like 2014/2015, the
region as a whole would use 62.4 Bcf of LNG over the entire winter for both heating and power generation.
This amount is significantly more than the 34.9 Bcf injected into the interstate pipelines, on average, over
the past 10 winters and almost double the 31.6 Bcf of LNG injected during winter 2014/2015.
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Figure 5 illustrates the daily use of LNG by both gas utilities to serve heating demand and power generators
throughout the winter of 2024/2025 in the hypothetical reference case, which assumed a maximum of
1 Bcf/d of LNG injections. The graph also shows declining oil inventories, even in a scenario based on
the assumption that dual-fuel oil tanks would be filled twice.

Emergency Actions Track LNG and Oil Availability
Building off Figure 3 on page 25, this chart takes a closer look at the relationship between regional LNG supply and demand,
declining oil inventories as winter progresses, and system reliability. On days when LDC demand for LNG is high, less natural
gas is available for generators. When LDC demand stresses the capacity of the natural gas infrastructure, LDCs can tap into
LNG reserves stored at their “peak-shaving” facilities. While these reserves aren’t directly available to generators, their use may
sometimes make more natural gas available during the operating day. The model shows that as winter progresses, oil inventories
decline, while days with high heating demand tend to occur more often. If all or most of the LNG is being used for heating when
oil inventories have declined, the region will likely require more frequent emergency actions on the power system (e.g., pleas for
energy conservation [OP 4 Actions 6–11] and load shedding [OP 7]).
Figure 5: Projected Winter 2024/2025 Oil and LNG Use and Emergency Actions
(Reference Case)
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* Includes distillate and residual oil. This scenario assumed dual-fuel units’ oil tanks would be filled twice: the initial inventory before winter and one replenishment during winter.
**Graph does not include the Mystic 8 and 9 gas-fired generators’ fuel use or supply from the LNG facility.
***LDC use includes the Maritimes’ gas utility demand. LDC data are from ICF International, New England LDC Gas Demand Forecast Through 2030
(December 14, 2016, presentation to Planning Advisory Committee).

Single-Variable Scenarios
The results are summarized below for the eight favorable and unfavorable scenarios that changed just
one variable. Each of the favorable and unfavorable scenarios increased or decreased one key variable
from the reference case baseline. (The exceptions were retirements, which were never dropped below the
reference case level of 1,500 MW; and renewables, which never dropped below 6,600 MW, and in the case
of higher renewables, was assigned a higher level of imports to reflect clean energy imports over a new
transmission line.)
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LNG Injection (Bcf)

Oil Inventory (GWh)

1.50

The study also included a best-case scenario (High Boundary), where all five variables were modeled at
levels that would minimize fuel-security risk, and a worst-case scenario (Low Boundary) in which all five
variables were modeled at less favorable levels that would raise fuel-security risk. At opposite ends of
the spectrum, these two cases illustrated the best and worst outcomes but represent future resource
combinations that are highly unlikely to materialize. Because they are considered unlikely scenarios, the
results of these scenarios are not included in charts but are detailed in the matrix in Appendix A.
The single-variable scenarios with favorable inputs required from 0 to 7 hours of load shedding. The negative,
single-variable scenarios, with the least favorable inputs, required load shedding ranging from 33 to 105 hours.
Figure 6 illustrates the range of OP 4 emergency-procedure hours resulting from each of the “plus”
(favorable level) and “minus” (unfavorable level) single-variable cases. Figure 7 shows the range of OP 7
emergency-procedure hours for the single-variable cases.

Levels of Five Variables Are Key to Fuel-Security Risk
The single-variable cases explore the range of impacts of each of the five individual variables studied, as illustrated by these
graphs. Each bar spans a variable’s results from a high amount ( ) through the reference case level ( ) and down to a
low amount ( ). Results in the first graph are measured in OP 4 emergency-action hours, which are an indicator of system
stress and may involve public pleas for energy conservation. In the second graph, results are measured in OP 7 hours, which
represent load shedding. Compared with the reference case, increased inputs lead to decreased risk—and vice versa (with
the exception of retirements because more retirements lead to increased risk). No single variable eliminated all risk. Notably,
decreases in each variable had proportionally greater negative effects, despite being of comparable value to the increases.
The region’s vulnerability to resource retirements and decreases in LNG availability is particularly evident.
Figure 6: Ranges of OP 4 Hours in Single-Variable Cases
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Figure 7: Ranges of OP 7 Hours in Single-Variable Cases
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Renewable Resources
As shown in Table 4, no load shedding was required for the positive, single-variable scenario that
increased renewables to 8,000 MW and imports to 3,500 MW (to represent an additional 1,000 MW of
clean energy over a new transmission tie to a neighboring system).
The high-renewables scenario resulted in 29 days when at least 95% of the assumed maximum LNG injection
of 1 Bcf/d was being used, and the scenario required 54.6 Bcf total LNG injections over the entire winter.
Table 4: Assumptions and Results for the Scenario with More Renewables Compared with the Reference Case
TOTAL WIN TER IMPACT

Retirements LNG Cap
(MW)
(Bcf/Day)

Dual-Fuel
(Oil Tank
Fills)

Imports
(MW)

Renewables
(MW)

Days of
LNG at
≥95%
Assumed
Cap

All OP 4
Hours

OP 4
Actions
6-11

Hrs. of
10-Min.
Reserve
Depletion

Hrs. of
Load
Shedding
(OP 7)

Days with
Load
Shedding
(OP 7)

More
Renewables

–1,500

1.00

2

3,500

8,000

29

24

6

2

0

0

Reference
Case

–1,500

1.00

2

2,500

6,600

35

165

76

53

14

6

LNG
The favorable single-variable scenario raised LNG injections to 1.25 Bcf/d, which equals the highest daily
LNG injection seen at any one time in the last nine years. This scenario required no load shedding (refer
to Table 5). The unfavorable LNG scenario posited a maximum injection of 0.75 Bcf/d. The lower LNG
injections required 58 hours of load shedding over 10 days.
The high LNG scenario resulted in 32 days when at least 95% of the assumed maximum LNG injection of
1.25 Bcf/d was being used. Over the entire winter in this scenario, 71 Bcf of LNG was used in New England.
The low LNG scenario resulted in 39 days when at least 95% of the assumed maximum of 0.75 Bcf/d LNG
was injected, and the region used 52.4 Bcf of LNG over the entire winter.
Table 5: Assumptions and Results for the Scenarios with More and Less LNG Compared with the Reference Case
TOTAL WIN TER IMPACT

Retirements LNG Cap
(MW)
(Bcf/Day)
More LNG
Reference
Case
Less LNG

38

Dual-Fuel
(Oil Tank
Fills)

Imports
(MW)

Renewables
(MW)

Days of
LNG at
≥95%
Assumed
Cap

All OP 4
Hours

OP 4
Actions
6-11

Hrs. of
10-Min.
Reserve
Depletion

Hrs. of
Load
Shedding
(OP 7)

Days with
Load
Shedding
(OP 7)

–1,500

1.25

2

2,500

6,600

32

40

9

6

0

0

–1,500

1.00

2

2,500

6,600

35

165

76

53

14

6

–1,500

0.75

2

2,500

6,600

39

355

208

153

58

10
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Imports
Table 6 shows the results for the scenarios with more or less imports. The favorable single-variable scenario
that raised imports to 3,000 MW, a level that was seen just 35% of the time during the winter period over the
past five years, required 7 hours of load shedding over 4 days. The case that reduced imports to 2,000 MW, the
level of imports seen on most days over the last five winters, required 33 hours of load shedding over 7 days.
The high-imports scenario resulted in 35 days when at least 95% of the assumed maximum LNG injection
of 1 Bcf/d was being used, with 60 Bcf/d imported for the winter. The low-imports scenario resulted in
36 days when at least 95% of the LNG was being used, up to the assumed maximum of 1 Bcf/d, and the
region used 64.8 Bcf/d over the 90 days of winter.
Table 6: Assumptions and Results for the Scenarios with More and Less Imports Compared with the Reference Case
TOTAL WIN TER IMPACT

Retirements LNG Cap
(MW)
(Bcf/Day)
More Imports

Dual-Fuel
(Oil Tank
Fills)

Imports
(MW)

Renewables
(MW)

Days of
LNG at
≥95%
Assumed
Cap

All OP 4
Hours

OP 4
Actions
6-11

Hrs. of
10-Min.
Reserve
Depletion

Hrs. of
Load
Shedding
(OP 7)

Days with
Load
Shedding
(OP 7)

–1,500

1.00

2

3,000

6,600

35

103

43

28

7

4

Reference
Case

–1,500

1.00

2

2,500

6,600

35

165

76

53

14

6

Less Imports

–1,500

1.00

2

2,000

6,600

36

239

120

87

33

7

Dual-Fuel Replenishment
The scenario that increased the number of times dual-fuel generators’ oil tanks were filled to three times
during the winter—which would theoretically max out most generators’ 30-day limit for running on oil—
showed just one hour of load shedding on one day. The scenario that lowered the number of times oil tanks
were filled to just once during the winter showed 46 hours of load shedding over 10 days. Refer to Table 7.
Both the high-oil-tank and low-oil-tank inventories scenarios resulted in 35 days when at least 95% of
the assumed maximum LNG injection of 1 Bcf/d was being used. Both the high-oil and low-oil inventories
scenarios used 62.4 Bcf total LNG over the course of the winter.
Table 7: Assumptions and Results for the Scenarios with More and Less Dual-Fuel Replenishment Compared with the Reference Case
TOTAL WIN TER IMPACT

Retirements LNG Cap
(MW)
(Bcf/Day)

Dual-Fuel
(Oil Tank
Fills)

Imports
(MW)

Renewables
(MW)

Days of
LNG at
≥95%
Assumed
Cap

All OP 4
Hours

OP 4
Actions
6-11

Hrs. of
10-Min.
Reserve
Depletion

Hrs. of
Load
Shedding
(OP 7)

Days with
Load
Shedding
(OP 7)

More Dual-Fuel
Replenishment

–1,500

1.00

3

2,500

6,600

35

69

26

13

1

1

Reference
Case

–1,500

1.00

2

2,500

6,600

35

165

76

53

14

6

Less Dual-Fuel
Replenishment

–1,500

1.00

1

2,500

6,600

35

317

173

115

46
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Retirements
The unfavorable single-variable scenario that increased coal- and oil-fired power plant retirements to
4,500 MW had the worst outcomes among the single-variable cases: 105 hours of load shedding over
16 days, and 455 hours of all OP 4 actions as well as the depletion of 10-minute reserves during 258 hours
of those OP 4 hours. The high-retirements scenario resulted in 35 days when at least 95% of the assumed
maximum LNG injection of 1 Bcf/d was being used, and the region used 62.4 Bcf/d over the winter. Table 8
summarizes the results for the high-retirements scenario.

Table 8: Assumptions and Results for the Scenario with More Retirements Compared with the Reference Case
TOTAL WIN TER IMPACT

Retirements LNG Cap
(MW)
(Bcf/Day)

Dual-Fuel
(Oil Tank
Fills)

Imports
(MW)

Renewables
(MW)

Days of
LNG at
≥95%
Assumed
Cap

All OP 4
Hours

OP 4
Actions
6-11

Hrs. of
10-Min.
Reserve
Depletion

Hrs. of
Load
Shedding
(OP 7)

Days with
Load
Shedding
(OP 7)

Reference
Case

–1,500

1.00

2

2,500

6,600

35

165

76

53

14

6

More
Retirements

–4,500

1.00

2

2,500

6,600

35

455

316

258

105

16

Combination Scenarios
The four combination cases each altered several variables at one time to develop a combination of future
resource mixes that reflect several possible future power systems. All these cases included higher levels
of renewables, which could be considered a proxy for greater levels of EE that reduce consumer demand
for power; adding renewables would reduce the need to turn to stored fuels.
All the combination cases also added 1,000 MW to imports to bring the total to 3,500 MW. By increasing
imports by 1,000 MW, these scenarios account for the Massachusetts requirement for about 1,200 MW of
clean energy, such as hydro or wind energy imported from Canada or New York over a new high-voltage
transmission line. All the combination cases also assumed oil tanks were filled twice during the winter.

Combination LNG Scenarios
(High LNG and Low LNG with High Renewables/Higher Retirements)43
Two combination cases included high levels of renewables, at 8,000 MW, with imports at 3,500 MW, and
higher levels of retirements, at 4,000 MW, with one case reducing LNG injections to 0.75 Bcf/d and the
other increasing LNG injections to 1.25 Bcf/d. As shown in Table 9, the combination case with higher
LNG injections showed no load shedding, while the combination case with low LNG injections resulted
in 56 hours of load shedding over 12 days.

43. The case names refer to the labels included on the detailed results matrix in Appendix A as well as the smaller tables included with the scenario results in the body
of the report.
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The high LNG combination scenario showed total LNG injections of 61.6 Bcf and resulted in 23 days
when at least 95% of the assumed maximum of 1.25 Bcf/d LNG was being used. The low LNG injections
scenario resulted in total LNG consumption of 46.3 Bcf over the winter and 35 days when at least 95% of
the assumed maximum of 0.75 Bcf/d LNG was being used.
Table 9: Assumptions and Results for the Combination LNG Scenarios Compared with the Reference Case
TOTAL WIN TER IMPACT

Retirements LNG Cap
(MW)
(Bcf/Day)

Dual-Fuel
(Oil Tank
Fills)

Imports
(MW)

Renewables
(MW)

Days of
LNG at
≥95%
Assumed
Cap

All OP 4
Hours

OP 4
Actions
6-11

Hrs. of
10-Min.
Reserve
Depletion

Hrs. of
Load
Shedding
(OP 7)

Days with
Load
Shedding
(OP 7)

Reference
Case

–1,500

1.00

2

2,500

6,600

35

165

76

53

14

6

High LNG/
High
Renewables/
Higher
Retirements

–4,000

1.25

2

3,500

8,000

23

18

4

2

0

0

Low LNG/
High
Renewables/
Higher
Retirements

–4,000

0.75

2

3,500

8,000

35

358

200

154

56

12

Combination Scenario with High Retirements (High Renewables/High Retirements)
The third combination scenario doubled the reference case retirements of non-gas-fired units to 3,000 MW.
The scenario also set renewables and imports to 8,000 MW and 3,500 MW, respectively, and held the
maximum LNG injections level with the reference case at 1 Bcf/d. With high retirements, renewables, and
imports, the third combination case resulted in just 2 hours of load shedding on one day. This scenario also
resulted in total LNG injections of 54.6 Bcf over the winter and 29 days when at least 95% of the assumed
maximum of 1 Bcf/d LNG was being used. Table 10 shows these results.
Table 10: Assumptions and Results for the Combination Scenario with High Retirements Compared with the Reference Case
TOTAL WIN TER IMPACT

Retirements LNG Cap
(MW)
(Bcf/Day)

Dual-Fuel
(Oil Tank
Fills)

Imports
(MW)

Renewables
(MW)

Days of
LNG at
≥95%
Assumed
Cap

All OP 4
Hours

OP 4
Actions
6-11

Hrs. of
10-Min.
Reserve
Depletion

Hrs. of
Load
Shedding
(OP 7)

Days with
Load
Shedding
(OP 7)

Reference
Case

–1,500

1.00

2

2,500

6,600

35

165

76

53

14

6

High
Renewables/
High
Retirements

–3,000

1.00

2

3,500

8,000

29

84

25

17

2

1
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Combination Scenario with Maximum Renewables and Maximum Retirements
(Max Renewables/Max Retirements, or Max)
The fourth combination scenario assumed that the region’s entire fleet of coal- and oil-fired generators
had retired, totaling 5,400 MW. The case also assumed that the region’s fleet of renewables had grown to
9,500 MW, the maximum level used in the study. This scenario added about 900 MW to the PV forecast,
bringing the total PV to 5,300 MW. The projected level of offshore wind was increased by another 400 MW
above the 1,600 MW offshore wind requirements of the Massachusetts energy legislation, to 2,000 MW.
This scenario also increased imports to 3,500 MW, incorporating 1,000 MW of clean energy imported from
neighboring systems.
This scenario could be considered akin to the effects of implementing strict carbon reduction goals or using
other regulations to significantly limit carbon emissions from power plants. Carbon-reduction initiatives would
attract higher levels of renewables and drive more fossil-fuel-fired generators to retirement.
In the scenario, with high retirements and high renewables, 15 hours of load shedding over 6 days was
needed, and 52.9 Bcf of LNG was required over the winter, resulting in 23 days when at least 95% of the
assumed maximum LNG injection of 1 Bcf/d was being used. Refer to Table 11.

Table 11: Assumptions and Results for the Combination Scenario with Maximum Retirements and Renewables Compared with the Reference Case
TOTAL WIN TER IMPACT

Retirements LNG Cap
(MW)
(Bcf/Day)

Reference
Case

Dual-Fuel
(Oil Tank
Fills)

Imports
(MW)

Renewables
(MW)

Days of
LNG at
≥95%
Assumed
Cap

All OP 4
Hours

OP 4
Actions
6-11

Hrs. of
10-Min.
Reserve
Depletion

Hrs. of
Load
Shedding
(OP 7)

Days with
Load
Shedding
(OP 7)

–1,500

1.00

2

2,500

6,600

35

165

76

53

14

6

–5,400

1.00

2

3,500

9,500

23

206

94

64

15

6

Max
Renewables/
Max
Retirements
(Max)

Outage Scenarios
Eight outage scenarios show the consequences of four possible high-impact events involving the outages
of important energy facilities for an entire winter. Outages of shorter duration would also create significant
system stress and could require the implementation of emergency actions. Each of the outages was
modeled twice: on a system represented by the reference case (Ref) and on a system represented by the
combination case that includes the maximum levels of retirements and renewables assumed in the study
(Max Renewables/Max Retirements [Max]).
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The winter-long outages of the following facilities were modeled:

JJ

A compressor station on a major natural gas pipeline, eliminating 1.2 Bcf/d and restricting
fuel to about 7,000 MW of generation for the entire winter

JJ

The loss of Millstone Nuclear Power Station in Connecticut, one of the region’s remaining
two nuclear stations, eliminating 2,100 MW of baseload power

JJ

The loss of the Canaport LNG import and regasification facility in New Brunswick, eliminating as
much as 1.2 Bcf/d that could be injected into the New England and Maritimes pipeline systems

JJ

A disruption to the Distrigas LNG import facility in Massachusetts, eliminating all the natural
gas that can fuel the nearby, 1,700 MW Mystic 8 and 9 gas-fired generators, as well as
0.435 Bcf/d that can be injected by Distrigas into the Algonquin and Tennessee interstate
gas pipeline systems and the local gas utility’s distribution system

Figure 8 shows the projected hours of load shedding resulting from a season-long outage of a major fuel
or energy source in the reference and Max cases.
Some variables in the reference and Max cases were adjusted to reflect the expected consequences of
each outage. For example, the reference case assumes that 1 Bcf/d would be the maximum LNG injection
available on any given day. But if a compressor station went out for the entire winter, natural gas prices
would rise and LNG suppliers would be expected to ship more LNG to New England. Similarly, higher
natural gas prices mean higher wholesale electricity prices in New England, so dual-fuel generators could
be expected to fill their tanks more often to ensure they would have fuel to run when prices were high.

High Levels of LNG, Oil, Imports, and Renewables Would Not Eliminate Load Shedding if a Major
Energy Facility Goes Out
This graph shows the projected hours of load shedding (i.e., OP 7) that would result from the season-long loss of the Distrigas LNG
terminal, Canaport LNG terminal, the Millstone nuclear plant, or an interstate pipeline compressor station. The study looked at the
impacts of each of these outages in both the reference case and Max case, with the highest amount of renewables and retirements.
It is worth noting that even the most aggressive increases in LNG, oil, and renewables would not prevent the need for load
shedding, particularly during a pipeline compressor station outage. These winter-long outage scenarios also hint at the severe
impact of a shorter-term outage, which would provide less time for the markets to mobilize other fuel or energy sources.
Figure 8: Projected Hours of Load Shedding due to Season-Long Outage of a Major Fuel or Energy Source
(Reference Case Compared with the Max Scenario)
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Note: See Appendix A for more details.
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Compressor Outage
As outlined above, the winter-long loss of a natural gas pipeline compressor station would likely spur
higher imports of LNG and more frequent oil tank refills. Taking that into account, the maximum LNG
injection assumed in both the reference and combination scenarios was increased from 1 Bcf/d to
1.5 Bcf/d, higher than the highest coincident injection of 1.25 Bcf/d seen on any one day in the region.
These scenarios also assumed oil tanks were filled three times, rather than twice. Even with additional
LNG and oil, the compressor station outage in the reference case (Compressor Outage: Ref) would have
the highest number of load-shedding hours (apart from the unlikely worst-case scenario), at 138 hours
over 17 days. On a power system represented by the scenario with the maximum level of retirements
and renewables (Compressor Outage: Max), 121 load-shedding hours over 19 days would be needed.
Table 12 shows the assumptions and results for this scenario.
Over 17 days, 138 hours of load shedding would equate to about eight hours per day, though given the
variations in system conditions from day to day and hour to hour, such an even distribution of load shedding
would be unlikely. Some days would have less than eight hours of load shedding; some would have more.
The compressor station outage in the reference case resulted in 127.8 Bcf of total LNG injections over the
winter, while the outage in the combination scenario required 112.2 Bcf. Both are far higher than the highest
level of LNG delivered to New England pipelines, which was 73 Bcf in winter 2010/2011. The reference case
and combination cases resulted in 47 days and 41 days, respectively, when at least 95% of the assumed
maximum daily LNG injection of 1.5 Bcf/d was being used.
As these results illustrate, a pipeline compressor outage would have a significant impact on New England’s
power system because of the region’s limited network of pipelines; most or all the limited natural gas that
could get into New England would go to gas utilities serving their heating customers.
Table 12: Assumptions and Results for the Pipeline Compressor Outage Scenarios
TOTAL WIN TER IMPACT

Retirements LNG Cap
(MW)
(Bcf/Day)

Dual-Fuel
(Oil Tank
Fills)

Imports
(MW)

Renewables
(MW)

Days of
LNG at
≥95%
Assumed
Cap

All OP 4
Hours

OP 4
Actions
6-11

Hrs. of
10-Min.
Reserve
Depletion

Hrs. of
Load
Shedding
(OP 7)

Days with
Load
Shedding
(OP 7)

Compressor
Outage: Ref

–1,500

1.50

3

2,500

6,600

47

458

290

252

138

17

Compressor
Outage: Max

–5,400

1.50

3

3,500

9,500

41

510

340

273

121

19

Millstone Nuclear Outage
The winter-long outage of a nuclear power station was incorporated into the hourly dispatch employed
by the study model, rather than represented as an input variable. The model assumed that Millstone, a
2,100 MW nuclear power plant, which would usually be among the first resources dispatched every day,
would not be available for the entire winter. Without this baseload resource, more resources using other
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fuels, including natural gas, oil, and LNG, would be needed more often, depleting their fuel sources. In
the reference case, the nuclear outage (Millstone Nuclear Outage: Ref) would require 47 hours of load
shedding over 10 days. Refer to Table 13.
In the nuclear outage case with maximum retirements and maximum renewables (Millstone Nuclear
Outage: Max), more renewables would help when available, but the absence of all coal- and oil-fired
generators coupled with the nuclear outage would mean virtually all the power plants with stored fuel
in New England would be unavailable. The result would be 70 hours of load shedding over 12 days.
The Millstone reference case outage resulted in 72.9 Bcf total LNG injections over the winter—about the
same as the most wintertime LNG deliveries seen to date—and 42 days when at least 95% of the assumed
maximum daily LNG injection of 1 Bcf/d was being used. The nuclear combination case outage resulted in
total LNG injections of 61.6 Bcf over the winter, and 36 days when at least 95% of the assumed maximum
LNG injection of 1 Bcf/d was being used.
Table 13: Assumptions and Results for the Millstone Nuclear Outage Scenarios
TOTAL WIN TER IMPACT

Retirements LNG Cap
(MW)
(Bcf/Day)

Dual-Fuel
(Oil Tank
Fills)

Imports
(MW)

Renewables
(MW)

Days of
LNG at
≥95%
Assumed
Cap

All OP 4
Hours

OP 4
Actions
6-11

Hrs. of
10-Min.
Reserve
Depletion

Hrs. of
Load
Shedding
(OP 7)

Days with
Load
Shedding
(OP 7)

Millstone
Nuclear
Outage: Ref

–1,500

1.00

3

2,500

6,600

42

349

166

124

47

10

Millstone
Nuclear
Outage: Max

–5,400

1.00

3

3,500

9,500

36

389

243

193

70

12

Distrigas LNG and Mystic 8 and 9 Outage
On a power system represented by the reference case, the outage of Distrigas, one of the region’s three
LNG import facilities and the nearby Mystic 8 and 9 generating units fueled by that imported LNG, would
cause 24 hours of load shedding over seven days (Distrigas LNG Outage: Ref), as shown in Table 14. If the
outage occurred on a system with maximum retirements and maximum renewables, twice as many load
shedding hours would be required, at 49 hours over 11 days (Distrigas LNG Outage: Max).
The Distrigas outage in the reference scenario resulted in 50.9 Bcf total LNG injections over the winter,
and 41 days when at least 95% of the assumed maximum LNG injection of 1 Bcf/d was being used. The
Distrigas LNG Outage: Max scenario resulted in total LNG injections of 43.8 Bcf over the winter, and
34 days when at least 95% of the assumed maximum LNG injection of 1 Bcf/d was being used. While this
scenario assumed that the Distrigas LNG import facility would be out of service during the entire winter,
maximum LNG injections were not reduced below 1 Bcf/d because it was assumed the region’s other two
LNG facilities would increase their imports.

ISO-NE PUBLIC
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Table 14: Assumptions and Results for the Distrigas and Mystic 8 and 9 Outage Scenarios
TOTAL WIN TER IMPACT

Retirements LNG Cap
(MW)
(Bcf/Day)

Dual-Fuel
(Oil Tank
Fills)

Imports
(MW)

Renewables
(MW)

Days of
LNG at
≥95%
Assumed
Cap

All OP 4
Hours

OP 4
Actions
6-11

Hrs. of
10-Min.
Reserve
Depletion

Hrs. of
Load
Shedding
(OP 7)

Days with
Load
Shedding
(OP 7)

Distrigas LNG
Outage: Ref

–1,500

1.00

3

2,500

6,600

41

276

114

87

24

7

Distrigas LNG
Outage: Max

–5,400

1.00

3

3,500

9,500

34

346

181

142

49

11

Canaport LNG Terminal Outage
The season-long outage of the large Canaport LNG import facility in Canada would reduce the LNG
available to inject into New England’s pipeline system. The study reflects this by reducing LNG injections
to 0.65 Bcf/d, the lowest level assumed in any scenario. In the reference case, the outage would cause
load to be shed 27 hours over nine days (Canaport LNG Outage: Ref). In the scenario with maximum
retirements and maximum renewables, the outage would require 46 hours of load shedding over 11 days
(Canaport LNG Outage: Max). Refer to Table 15.
The Canaport LNG import facility outage in the reference scenario resulted in 48.1 Bcf total LNG
injections over the winter, and 41 days when at least 95% of the assumed maximum LNG injection of
0.65 Bcf/d was being used. The Canaport LNG Outage: Max resulted in 41.4 Bcf total LNG injections
over the winter and 35 days when at least 95% of the assumed maximum LNG injection of 0.65 Bcf/d
was being used.
Table 15: Assumptions and Results for the Canaport LNG Outage Scenarios
TOTAL WIN TER IMPACT

Retirements LNG Cap
(MW)
(Bcf/Day)

46

Dual-Fuel
(Oil Tank
Fills)

Imports
(MW)

Renewables
(MW)

Days of
LNG at
≥95%
Assumed
Cap

All OP 4
Hours

OP 4
Actions
6-11

Hrs. of
10-Min.
Reserve
Depletion

Hrs. of
Load
Shedding
(OP 7)

Days with
Load
Shedding
(OP 7)

Canaport LNG
Outage: Ref

–1,500

0.65

3

2,500

6,600

41

270

129

90

27

9

Canaport LNG
Outage: Max

–5,400

0.65

3

3,500

9,500

35

354

187

134

46
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Key Findings
Key findings from the report include:

JJ

All four outage scenarios involving the winter-long loss of key energy facilities produced
the most severe outcomes, illustrating the region’s vulnerability to these sources. Each
outage of a natural gas pipeline compressor station, a nuclear station, or one of the region’s
LNG import facilities resulted in hundreds of hours of operating procedures and emergency
actions and between two dozen and more than 100 hours of load shedding. The loss of a
compressor station was particularly problematic, given the resulting reduction in natural gas
supply in New England. The local gas utilities would fully use their firm capacity rights on
other pipelines and secure priority rights to the region’s LNG facilities for many more hours.
This would further reduce the natural gas available to power plants, with the results showing
more than 120 hours of load shedding spread across 19 days.

JJ

Two combination cases (High LNG/High Renewables/Higher Retirements and High
Renewables/High Retirements) showed that higher levels of retirements of oil- and coalfired power plants could be addressed with higher levels of LNG, imports, and renewables,
resulting in fewer hours of emergency actions, less need to deplete operating reserves,
and very limited exposure to load shedding. These cases’ inputs fall in the range between
the reference case and the scenario with maximum retirements and maximum renewables,
indicating that the power system can be expected to remain extremely vulnerable to the
outages of any of the region’s key energy suppliers.

JJ

A combination case (Low LNG/High Renewables/Higher Retirements) with a high level
of retirements of non-gas-fired generators coupled with lower LNG injections required
frequent emergency actions and multiple hours of load shedding, despite higher levels of
imports and renewables.

JJ

The combination case (Max Renewables/Max Retirements) with maximum retirements
and maximum renewables illustrated the impacts of retiring every at-risk coal- and oilfired generator in the region and developing the highest level of renewable resources.
With moderate levels of LNG, imports, and oil tank inventories, more than 200 hours of
emergency actions and more than a dozen hours of load shedding over six days were
required to maintain system balance. The outage scenarios based on this combination
case demonstrated that the loss of a key energy facility would exacerbate the use of
emergency procedures.

ISO-NE PUBLIC
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JJ

The single-variable cases that raised or lowered just one variable showed the following:

ii

The retirements of oil- and coal-fired power plants have the greatest
impact among the five variables on increasing the region’s fuel-security
risk, as measured by the frequency and duration of energy shortfalls
requiring emergency actions. The scenarios that raised the level of
retirements saw a seven-fold increase in OP 7 hours over the reference
case. Other negative variables increased load shedding to no more than
four times the reference case level.

ii

Lower LNG injections have the next-greatest impact on increasing the
region’s fuel-security risk, increasing load shedding to nearly 60 hours
compared with 14 hours in the reference case. Conversely, higher LNG
injections have a significant impact on reducing the region’s fuel-security
risk—the higher LNG case had no load shedding and far fewer hours of
emergency actions.

ii

Increased oil inventories at dual-fuel generators also significantly
improve fuel security. The single-variable scenario that increased the
number of times dual-fuel power plants could replenish their oil inventory
showed relatively lower levels of system stress, including just one hour of
load shedding.

ii

Large amounts of renewable resources combined with additional
imports lowered the fuel-security risk compared with the reference case,
with no load shedding and a greatly reduced need for emergency actions.

JJ

The two boundary cases that moved all variables in either the most favorable or least
favorable direction showed the most positive or negative results, as would be expected.
But each of the boundary scenarios would require all five variables to evolve in the same
direction, which is unlikely.

Figure 9 reflects the magnitude of load shedding (i.e., OP 7) in all but the high and low boundary scenarios,
with the bubble size depicting the total projected megawatt-hours (MWh) of unserved load. One megawatthour is the amount of energy produced by 1 MW over one hour. A power resource of 500 MW capacity, for
example, will provide 1,000 MWh of energy if it operates at this capacity for two hours. In New England,
1 MWh can serve the equivalent of approximately 860 homes for one hour, on average. This study assumed
New England would have sufficient resource capacity (megawatts) to meet future demand in winter
2024/2025, and instead focused on the ability of that capacity to generate energy over time (megawatthours). Megawatt-hours of energy shortfalls—or unserved load—demonstrate how fuel availability can
ultimately determine a resource’s actual output over the course of an entire winter, regardless of its capacity.
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The Greatest Risks Come from Major Outages, More Retirements, and Lower LNG and Oil Supplies
This chart reflects the magnitude of load shedding (i.e., OP 7) in each of the scenarios. (The high and low boundary cases
were omitted.) The bubble size represents the total megawatt-hours of load shedding for the winter, illustrating the region’s
vulnerability to outages of major energy facilities, increases in retirements, and drops in LNG or oil supplies.
Figure 9: Magnitude of Load Shedding in Modeled Cases
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Conclusions
For New England, the foremost risk to current and future power system reliability revolves around fuel
security—the ability of power plants to get the fuel they need to run, when they need it.
This operational fuel-security assessment has quantified the level of risk in a wide range of possible
future resource combinations and provides information the region can use to consider approaches to
ensuring power system reliability. The diversity of scenarios was designed to help ISO New England and
its stakeholders better understand how well these future power system profiles, or other profiles that fall
between them, could support power system reliability throughout an entire winter.
The study results indicate the risk of future energy shortfalls is greater than the risk today. All but one
of the 23 scenarios show that the regional power system could frequently experience some degree
of system stress, requiring system operators to employ emergency procedures. All but four scenarios
show that some level of load shedding would be needed to maintain system balance. This indicates that
the region is currently maintaining a delicate balance that could easily be disrupted if any of the five key
variables—retirements of coal- and oil-fired generators, LNG injection levels, the availability of oil as well as
the permitted ability to burn oil, electricity imports, and the development of renewable resources—trend in
a negative direction at an accelerated rate.
This fuel-security analysis also illustrates the acute vulnerability of New England’s power system to the
loss of any one of several key energy facilities. The region is particularly vulnerable to an outage at a
natural gas pipeline compressor station.

Outages
The regional dependency on several key facilities is a particular concern highlighted by this study. An
extended outage at any one of these key facilities—a natural gas pipeline compressor station, the
Distrigas LNG import facility in Massachusetts and the Mystic 8 and 9 generators it fuels, the Canaport
LNG import facility in Canada, or the Millstone nuclear power plant—would result in frequent energy
shortages that would require frequent and long periods of rolling blackouts.44 While outages of shorter
duration were not studied, the importance of these facilities to system reliability is highlighted by the
results of this fuel-security study. An outage at any of these facilities, regardless of duration, would likely
create significant system stress.

44. Potomac Economics 2016 Assessment of the ISO New England Electricity Markets, report of the ISO New England external market monitor (June 2017), p.22,
https://www.iso-ne.com/static-assets/documents/2017/08/iso-ne-2016-som-report-full-report-final.pdf. “In the Baseline scenarios shown in Figure 7, LNG capacity
would become pivotal for meeting generators’ demand in 2023/24, even if the oil storage is fully utilized.”
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The reliability impact of any one of these outages cannot be eliminated, even on a system with more LNG,
oil inventory, and imports, the study shows. Each outage scenario would require load shedding that could
affect hundreds of thousands of average New England homes at a time.
A compressor station outage on a major natural gas pipeline would have the most severe impact on power
system reliability, requiring the most frequent and extensive load shedding of all the scenarios, aside from
the unlikely negative boundary scenario. Frequent load shedding would be required even in a scenario with
the likely increase in imports of LNG and electricity, as well as greater use of oil inventories by dual-fuel
power plants and very high levels of renewable resources.
The ISO’s ability to address this high-impact scenario is limited to designing operational procedures to
ensure that if such a compressor station or pipeline outage occurs, system stability can be maintained
and cascading outages are prevented. The impact of such an outage can be mitigated through the use
of increased LNG and imported electricity, as well as greater renewable resources and dual-fuel capacity
with enhanced strategies for replenishing oil tank inventories.

Stored Fuels: Imported LNG, Electricity Imports, and Dual-Fuel Capability
The study illustrates that over the next several decades, New England’s power system will largely
depend on the availability of two key elements: sufficient injections of LNG and electricity imports from
neighboring regions. However, the availability of LNG and imports may be subject to some forces that
are outside the purview of ISO New England and New England’s policymakers.
Additional dual-fuel capability, which will increase the inventory of stored oil available to generate
electricity when other fuels are not available in sufficient quantities, would also provide a key contribution
to power system reliability. However, state emissions requirements are tightening, which will limit the
amount of time some generators can run on oil, and obtaining permits to construct new dual-fuel
generators is becoming more difficult.
LNG injections from import terminals in the east and Canada have provided important supplements to
pipeline gas and have helped support New England’s power system reliability, but as demand for natural gas
for heating rises and pipeline capacity remains the same, more local gas utilities are contracting for LNG to
serve their customers. Further, as natural gas fields in Atlantic Canada are depleted, the Maritimes’ demand
for natural gas from pipelines and LNG import facilities is expected to rise. In the future, less LNG may be
available for power plants in New England. But at the same time, the continuing retirements of oil- and coalfired power plants, which use fuel stored on site, will increase New England’s reliance on imported LNG.
Robust levels of imported electricity from neighboring power systems are essential to continued power
system reliability. However, imports also present a degree of uncertainty and risk. Each scenario assumes
a level of imports at least twice the amount obligated through the Forward Capacity Market.45 In other
words, half the imports assumed in the study may not be available if the neighboring area where they are
located needs them. This is important because Québec, New York, and New Brunswick all experience
winter weather at the same time as New England. The question is whether New England’s neighbors will
have enough electricity to serve their own customers and supply New England with all the electricity

45. Resources that clear in the annual Forward Capacity Market auction administered by ISO New England take on an obligation (called a capacity supply obligation,
or CSO) to be available in the relevant capacity commitment period. In return, they receive a monthly payment based on the auction clearing price and the number of
megawatts they promised to make available.
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assumed in the scenarios. Also, New York and New Brunswick, as well as New England, all depend on
imports from Québec. A power system contingency in Québec can deplete its exports and have a domino
effect on its neighbors.46
Further, as New York’s power system evolves away from oil-fired and nuclear plants with on-site fuel, and
toward increased dependence on natural gas and renewables, the extent of the New York system’s ability
to support electricity exports to New England is unclear. Also unclear is whether this trend will reduce the
availability of pipeline gas supplied to New England.
With the increasing retirements of generators with stored fuels (nuclear, coal, and oil), the region’s reliance
on imported fuels and electricity is likely to grow. Greater levels of dual-fuel capability, which would enable
natural-gas-fired generators to turn to oil stored onsite when they can’t get gas, helps system reliability.

Logistics
Some resource mixes pose less fuel-security risk than others, but all scenarios are subject to the
unquantifiable uncertainties of fuel-delivery logistics, weather, and events that unfold on the power grid
more randomly than can be represented in a study of this type.
Fuel-delivery logistics are a factor in fuel-security risk. As winter progresses, the cumulative use of oil
and LNG depletes power plants’ inventories, requiring replenishment and heightening the importance of
timely fuel deliveries. Refilling oil and LNG tanks at some point over the course of a 90-day winter is not
the problem. But when winter storms and cold snaps follow on each other in quick succession, refilling fuel
tanks quickly is of paramount importance. Timely replenishment can be challenging, however, because of
the difficulty in predicting far enough in advance how much LNG or oil will be needed to ensure trucks and
LNG tankers will arrive when needed.
The vagaries of weather, combined with restrictions on how often power plants can run on oil, compound
the uncertainties of fuel-delivery logistics. Most power plants in New England are limited to operating on
oil no more than 30 days per year. A cold December with limited availability of natural gas could cause a
generator to not only deplete its fuel inventory but also reduce the days remaining that it can run on oil—
with two months of winter left to go.
The study results highlight significant logistical questions that may have an impact on fuel adequacy for
generators. For example, will ocean-going tankers of LNG, a global commodity, arrive in the northeast
when needed? Will winter storms prevent oil trucks from delivering fuel to power plants? Will tanker trucks
be unavailable because they are delivering oil first to heating customers? Will New England weather deliver
a one-two punch of extreme cold followed by a severe storm, leaving more generators with depleted
inventories and not enough time to get their tanks refilled, as happened in 2013?47 And will neighboring
power systems deliver the high levels of imports most of these scenarios count on, at a time when their
own winter demand is peaking?

46. Jan Ellen Spiegel, “Canadian fires cause close call for New England power supply,” CT Mirror (August 8, 2013), https://ctmirror.org/2013/08/08/canadian-firescause-close-call-new-england-power-supply/.
47. ISO New England, “New England grid operated reliably through 2012/2013 winter despite resource performance challenges” (ISO Newswire, March 27, 2013),
http://isonewswire.com/updates/2013/3/27/new-england-grid-operated-reliably-through-20122013-winter-d.html.
ISO New England, “Winter Operations Summary: January–February 2013,” draft paper (February 28, 2013), https://www.iso-ne.com/static-assets/documents/
committees/comm_wkgrps/strategic_planning_discussion/materials/winter_operations_summary_2013_feb__27_draft_for_discussion.pdf.
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Risk Trending in a Negative Direction
Current trends are pushing the New England power system on a path toward greater fuel-security risks.
These trends include the increasing retirements of power plants with fuel stored onsite (nuclear, coal
and oil); the growth in power plants dependent on natural gas, a fuel that’s delivered just in time; growing
demand for natural gas from local gas utilities in both New England and the Maritimes, which will likely
leave less for power plants; and an increase in renewable resources with variable production.
This fuel-security analysis was conducted to quantify the potential operational impacts of these trends.
The wide range of 23 hypothetical scenarios was designed to illustrate the potential outcomes from a
variety of future power systems made up of different resource combinations, including more favorable as
well as less favorable levels of each variable. The study incorporated expected levels of energy-efficiency
measures into its demand forecast and included significant development of behind-the-meter solar,
offshore wind, and additional imports.
Only four of the scenarios—including the positive boundary scenario, which is highly unlikely to
materialize—had no load shedding and few emergency actions. And the study results clearly show that
New England remains extremely vulnerable to the loss of any of the region’s key energy facilities.
The reference case, which represents a future power system that could be expected to develop,
required hundreds of hours of emergency actions and the depletion of reserves and more than a dozen
hours of load shedding. These risks could be offset by additional LNG imports or more renewable
energy. However, the addition of large quantities of low-cost renewable resources is expected to lower
wholesale energy prices and drive additional non-gas-fired generators to retirement, thus exacerbating
fuel-security risks.
On balance, the analysis revealed that fuel-security risks are present in the vast majority of cases, even in
scenarios with higher LNG, renewables, and imports.
The wide range of scenarios provides not just clear illustrations of what would happen if the power system
evolved as outlined in each scenario, but also allows for conclusions about the outcomes of intermediate
levels of each variable.

More Renewables Help, but Don’t Eliminate the Risk
Renewable resources can mitigate the region’s fuel-security risk, and the study includes scenarios that
incorporate all, and in some cases more than, the renewable resources that could result from existing or
future clean energy initiatives of several New England states.
The growth of renewable resources, with their low operating costs, is likely to drive greater retirements of
more costly, aging coal- and oil-fired power plants. Even when the retirements of these generators occurs
in tandem with robust growth of renewable resources, the region’s dependence on higher imports of LNG
to counteract the loss of stored fuels is not erased.
Another factor is the timing of winter peak demand, which occurs after the sun has set. Solar arrays can help
reduce consumption of oil and natural gas for power generation on sunny winter days, preserving more oil
and gas to help meet peak demand. But solar PV itself does not help meet the daily winter peak in demand.
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Energy from wind farms isn’t always available when needed, though offshore wind tends to blow more
steadily than onshore wind. Further, developing more onshore wind facilities in northern New England
and importing more clean energy from neighboring systems will require significant investment in new
transmission infrastructure.
Energy storage can help even out intermittent output from wind and solar resources and support system
reliability, but cost-effective, utility-scale advanced energy storage is still being developed.

More Positive Outcomes
A resource mix with higher levels of LNG, imports, and renewables shows less system stress than the
reference case. These scenarios, while based on resources dependent on uncontrollable factors—the global
LNG market, the coincident winter demands of regions exporting power to New England, and weather—
result in fewer hours of emergency actions, depletion of reserves, and load shedding. To achieve these
levels of LNG, imports, and renewables, firm contracts for LNG delivery, assurances that electricity
imports will be delivered in winter, and aggressive development of renewables, including expansion of
the transmission system to import more clean energy from neighboring systems, would be required.
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Next Steps

The ISO will discuss the results of this operational fuel-security analysis with stakeholders, regulators,
and policymakers throughout 2018.
A key question to be addressed will be the level of fuel-security risk that the ISO, the region, and its
policymakers and regulators are willing to tolerate. As the system operator mandated to maintain a
reliable power system, the ISO must conduct its own assessment of the level of risk to reliable operations.
A primary consideration will be ISO New England’s responsibility, as a regional reliability coordinator, to
operate the region’s power system in a way that maintains the reliability of not only the region but also the
entire Eastern Interconnection.
Discussions about possible solutions to the region’s fuel-security risk are also expected to commence
in 2018. The ISO will work with stakeholders to determine whether further operational or market design
measures will be needed to address the fuel-security risks already confronting the New England power
system and that may accelerate in the coming years.
Using the new model developed for this study, the ISO plans to conduct periodic operational assessments
to re-evaluate the level of fuel-security risk presented by the resources available at the time. The ISO
could also conduct additional analysis based on stakeholder feedback on the study results.
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Appendix A: Detailed Results

TOTAL W I N TE R I M PACT
OP 4 Actions

INPU TS
All OP 4
Actions

ROW

1

Reference Case (i.e., Current Trends)
and Single-Variable Cases
High Boundary

OP 7 Action:
Load Shedding

Depletion of
10-Minute Reserves1

Actions 6-11

Retirements
(MW)

LNG Cap
(Bcf/Day)

Dual-Fuel
(Oil Tank Fills)2

Imports
(MW)

Renewables
(MW)3

Hours

Hours

Avg. Hourly
Power Deficit
(MW)4

Hours

Avg. Hourly
Power Deficit
(MW)4

Load at Risk
(MWh)5

Hours

Avg. Hourly
Power Deficit
(MW)4

Unserved
Load (MWh) 5

Days
with Load
Shedding

–1,500

1.25

3

3,500

8,000

0

0

0

0

0

0

0

0

0

0

2

More Renewables

–1,500

1.00

2

3,500

8,000

24

6

408

2

765

1,530

0

0

0

0

3

More LNG

–1,500

1.25

2

2,500

6,600

40

9

440

6

545

3,272

0

0

0

0

4

More Dual-Fuel Replenishment

–1,500

1.00

3

2,500

6,600

69

26

319

13

609

7,913

1

696

696

1

5

More Imports

–1,500

1.00

2

3,000

6,600

103

43

404

28

816

22,859

7

290

2,031

4

–1,500

1.00

2

2,500

6,600

165

76

419

53

980

51,963

14

743

10,397

6

6

Reference Case (Ref)

7

Less Imports

–1,500

1.00

2

2,000

6,600

239

120

427

87

1,039

90,395

33

867

28,608

7

8

Less Dual-Fuel Replenishment

–1,500

1.00

1

2,500

6,600

317

173

410

115

1,079

124,045

46

1,005

46,232

10

9

Less LNG

–1,500

0.75

2

2,500

6,600

355

208

430

153

1,072

164,065

58

1,193

69,179

10

10

More Retirements

–4,500

1.00

2

2,500

6,600

455

316

454

258

1,078

278,135

105

1,431

150,297

16

–4,500

0.75

1

2,000

6,600

811

692

480

642

1,394

895,145

475

2,080

987,872

31

11

Low Boundary

Combination Cases
12

High Renewables/High Retirements

–3,000

1.00

2

3,500

8,000

84

25

373

17

760

12,918

2

535

1,070

1

13

High LNG/High Renewables/Higher Retirements

–4,000

1.25

2

3,500

8,000

18

4

405

2

500

1,000

0

0

0

0

14

Low LNG/High Renewables/Higher Retirements

–4,000

0.75

2

3,500

8,000

358

200

435

154

1,030

158,552

56

1,009

56,518

12

15

Max Renewables/Max Retirements (Max)

–5,400

1.00

2

3,500

9,500

206

94

408

64

934

59,790

15

907

13,609

6

Outage Cases (Modeled on Ref and Max Cases;
Assumed More Dual-Fuel Tank Fills)
16

Distrigas LNG Outage: Ref6

–1,500

1.00

3

2,500

6,600

276

114

440

87

961

83,628

24

854

20,496

7

17

6

Distrigas LNG Outage: Max

–5,400

1.00

3

3,500

9,500

346

181

442

142

971

137,814

49

1,016

49,805

11

18

Canaport LNG Outage: Ref7

–1,500

0.65

3

2,500

6,600

270

129

421

90

944

84,973

27

816

22,026

9

19

Canaport LNG Outage: Max7

–5,400

0.65

3

3,500

9,500

354

187

424

134

998

133,779

46

844

38,819

11

20

Millstone Nuclear Outage: Ref8

–1,500

1.00

3

2,500

6,600

349

166

433

124

1,015

125,852

47

874

41,080

10

21

Millstone Nuclear Outage: Max8

–5,400

1.00

3

3,500

9,500

389

243

450

193

1,012

195,358

70

1,147

80,312

12

22

Compressor Outage: Ref 9

–1,500

1.50

3

2,500

6,600

458

290

468

252

1,231

310,163

138

1,411

194,705

17

23

Compressor Outage: Max9

–5,400

1.50

3

3,500

9,500

510

340

448

273

1,107

302,258

121

1,236

149,574

19

1. 	Once reserves are depleted, any resource loss or transmission line trip that cuts imports would trigger load shedding.

6. 	Case assumed a disruption to the Distrigas LNG import facility in Massachusetts, eliminating all the natural gas that can fuel the nearby, 1,700 MW Mystic 8 and 9 gas-fired generators, as well as
0.435 Bcf/d the LNG facility can inject into the Algonquin and Tennessee interstate gas pipeline systems (0.3 Bcf/d) and the local gas utility's distribution system (0.135 Bcf/d).

2. 	Count assumed tanks were filled before winter, plus refilled during winter. For example, "2x" counted the initial full tank, plus one refill.

Reference
Case

3. 	Cases with increased renewables also included increased imports to reflect expected additions of clean energy imports from Canada or New York.

7. 	Case assumes the loss of Canaport, the major LNG import facility in New Brunswick, Canada, eliminating as much as 1.2 Bcf/d that could be injected into the New England and Maritimes pipeline systems.

4. 	On average, one megawatt (MW) of electricity can serve about 860 homes in New England, which has about 7.1 million retail customers,
encompassing not just residential customers but also commercial and industrial.

8. 	Case assumes the loss of Millstone, one of the region’s remaining two nuclear power plants, eliminating 2,100 MW of baseload power.
9. 	Case assumes the loss of a compressor station on a major natural gas pipeline, eliminating 1.2 Bcf/d and cutting off fuel for the entire winter to generators with a combined capacity of about 7,000 MW.

5. 	A megawatt-hour (MWh) of electricity can serve about 860 homes for one hour in New England, on average.
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