
modeling and analysis to determine mitigation 
measures and a potentially lengthy application 
process for gaining the necessary permissions. 
Similarly, system operators and others conducting 
transmission security reviews and setting 

In this decade, we forecast that the United States 
electric power industry will retire coal plants 
generating what ICF International estimates to 
be 30-50 gigawatts (GW) of power, up to about 
10-20 percent of the nation’s total coal-fired 
generation today. The main impetus: four 
proposed rules released by EPA impacting the 
development and operations of coal-burning 
power plants. The most pressing is the Utility 
Boiler Toxics Rule (also known as HAPs MACT), 
with an implementation deadline of November 
16, 2014 – November 16, 2015 if the possibility 
of a one-year extension becomes reality. 

Particularly given the recent recession, decreased 
demand for electricity and high cost of compliance 
modifications and equipment, it is anticipated 
that many power generating companies will 
see shutting their oldest, smallest and most 
uncontrolled1 coal plants down as a more 
economically favorable option than making 
cost-intensive retrofits. Most of these retirements 
will occur in the Midwest and Southeastern 
United States, the regions with the largest 
concentration of coal generation capacity. The 
scope and scale of this potential loss of generation 
capacity is unprecedented, and there is little 
comparable real-world experience to draw upon.

Owners and operators planning to shutdown 
a plant will need to prepare for a multi-stage, 
multi-year undertaking, including complex 

1 In particular, plants lacking Flue Gas Desulfurization (FGD) equipment commonly referred to as SO2 scrubbers.
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Retiring Coal Plants While 
Protecting System Reliability
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Abstract
Proposed regulations by the U.S. Environmental Protection Agency (EPA) would require the 
U.S. power industry to retire an unprecedented number of coal-burning power plants. This 
type of large-scale retirement can be accommodated without sacri!cing system reliability, 
provided that the retirements are undertaken in a coordinated manner and with su"cient 
#exibility. ICF International examines two key requirements for successfully implementing 
the rules without sacri!cing system reliability: transmission security analysis and a realistic 
implementation timeframe.
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Introduction: an Unprecedented Undertaking

For Quick Reference

   Planning reserve margin—measures the 
amount of generation capacity available to 
meet expected demand and satisfy Resource 
Adequacy requirements

   Forward capacity market—enables 
the purchase of capacity for a future year, 
established to o!er suppliers stable revenue 
streams and to provide reliable electricity 
at a competitive price

   Resource adequacy—having su"cient 
resources to provide a continuous supply 
of electricity in spite of scheduled or 
unscheduled outages

   Transmission security—the ability of 
the power system to withstand sudden, 
unexpected contingencies

   Local source requirements—the minimum 
local capacity needed for a specific zone

   Contingency—the unplanned loss of a 
generation or transmission facility

http://www.icfi.com
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ICF International’s analyses 
are similar to studies system 
planners conduct to ensure 

that the transmission system 
continues to operate reliably 
under a variety of conditions 

and to ensure compliance with 
federally mandated reliability 

standards and criteria.

Transmission Security Analysis: A 
Sharper Picture of System Requirements

The analyses currently being used to shape policy, 
calculate planning reserve margins and inform 
pricing in the forward capacity markets have 
largely focused on resource adequacy. Using 
the perspective gained from over 40 years of 
experience in the power industry, researchers 
at ICF International explored the additional 
role of transmission security in planning for 
coal plant retirements. 

Transmission security represents the ability 
of the power system to withstand sudden, 
unexpected disturbances. It factors in such 
elements as transmission line overloads and 
voltage violations, which are not typically 
accounted for in an analysis of resource adequacy.

ICF International used data sets and models 
that have not typically been applied to this area. 
ICF International’s analyses are similar to studies 
system planners conduct to ensure that the 
transmission system continues to operate 
reliably under a variety of conditions and to 
ensure compliance with federally mandated 
reliability standards and criteria. They are also 
similar to the analyses used to understand the 
implications of contingencies, such as the loss 
of transmission lines or generation injections. 

The results of ICF International’s analyses suggest 
that the location of the power plants being taken 
o#ine can significantly impact system reliability 
and that in some situations it is important to 
complement the analysis of resource adequacy 
with transmission security analysis to provide a 
clearer view of local source requirements and 
what plants to keep in the system. 

Smart Planning Includes Transmission Security
Studies conducted by ISO New England2 to 
determine the local source requirements (LSR) 
in load pockets within the region demonstrate 
the importance of transmission security analyses 
in determining resource requirements for system 
reliability. Here, analyses of resource adequacy 
were explicitly combined with transmission 

retirement approvals and timeframes will need 
to fully grasp implementation realities. Because 
system reliability must be ensured during these 
retirements, many plants slated for closure likely 
will be put into reliability must run (RMR) status, 
delaying their decommissioning timelines. 

Furthermore, significant challenges loom for 
plants in RMR status. RMR rules are not designed 
to support multi-year, high-capital retrofit 
investments but rather temporary status quo 
operations to address reliability concerns. Plants 
that fail to retrofit or retire by the deadlines 
specified in the EPA rules could incur heavy civil 
and criminal penalties. They could also a!ect 
market prices as uneconomic supply is kept on 
line. Regulatory agencies will be forced to address 
this issue if such a plant is required to run in RMR 
status to support grid reliability.

For all players in the electric power industry, 
successful implementation of a large-scale coal 
plant retirement depends on a comprehensive 
understanding of the complexities involved. In 
the following sections ICF International examines 
two key elements that will be useful: transmission 
security analysis and the retirement timetable.

2 ISO New England is the regional transmission organization (RTO) serving the New England electricity market.

A Full Toolkit

 ICF International’s modeling tools have been 
at work at organizations, including EPA, for years. 
The ones used to conduct the transmission 
security analyses in this white paper include:

   IPM®: This optimization tool addresses 
resource adequacy with zonal reserve margin 
requirements.

   GE Energy MAPS™ Software: This models 
transmission congestion but assumes adequate 
voltage under all conditions.

   GE PSLF and PowerWorld Simulator: By 
creating an engineering characterization of 
actual transmission grid operations, these 
models can determine generation injections, 
actual line flows and substation voltages.

http://www.icfi.com
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To predict grid power 
!ow and the ability 

of equipment to 
withstand changes, 

system operators need to 
know when all parties 

plan to retire their plants. 

security analysis to determine the LSR for the 
Connecticut and Boston load zones, two load 
pockets in New England. 

For both load zones, transmission security analyses 
yielded markedly higher LSR figures than analyses 
measuring resource adequacy. For example, the 
resource adequacy analysis indicated an LSR of 
2,549 MW for the Boston load zone, whereas the 
transmission security analyses indicated and LSR 
of 2,957 MW. The potential consequences are 
significant. The di!erence between the 2,549 MW 
LSR from the resource adequacy analysis and the 
2,957 MW LSR from the transmission security 
analyses could represent the capacity of a small to 
mid-sized power plant. System operators guided 
by an analysis of resource adequacy only might 
choose to retire this plant, incurring low voltage 
and other transmission security problems later. 
By contrast, system operators guided by a 
transmission security analysis might choose to 
keep this plant in the system or put it in RMR 
status, thus protecting system performance. 

Location Matters
ICF’s study modeled an 11 GW retirement in the 
MISO region. In the simulation, no new generation 
was added and the net interchange between 
MISO and neighboring regions was kept fixed; 
however, redispatching was allowed to replace 
retired capacity. 

Replicating the conditions of a 2015 summer 
peak period, ICF assessed system operation and 
impact on nodal voltages under normal and 
contingency conditions. The analysis revealed 
a transmission system at risk. With all facilities 
operating under normal conditions, certain 
substations experienced a 12 percent drop in 
nodal voltages. 

These location-dependent voltage problems 
became more severe under contingency 
conditions. For instance, the simulation of a 
345 kilovolt (kV) line outage in Wisconsin resulted 
in low voltages across the state. These problems 
worsened with the simultaneous outage of 
another 345 kV line. Specified load shedding, 
in some cases as high as 30% of the load, 

mitigated potential blackouts; however, low 
voltages persisted.

More about this study, including maps representing 
voltage contours, can be accessed through the 
webinar archives at icfi.com/energywebinar 
(“Will Coal Plant Retirements Impact the Reliability 
of the Bulk Power System,” May 2011). In terms 
of key takeaways, the study demonstrated that:

1.  Even retiring moderate amounts of 
capacity can incur the risk of transmission 
security problems.

2.  Demand-side management can help 
mitigate a low-voltage situation, but 
cannot solve the problem when load 
reduction requirements are up to the 
30 percent level.

3.  Su"cient replacement capacity is only 
part of the solution. The location of this 
capacity is also important. 

The Retirement Timetable: Expect Delays

Both the ICF simulations and industry history suggest 
that retiring 30-50 GW of generation capacity will 
take a longer time than accommodated for in the 
current deadline structure. 

Not only does transmission security analysis add 
another layer of complexity to the planning stage, 
large plants have historically taken longer to retire. 
Those in the PJM and New England regions 

Heavy Concentration in the Heartland 
and East

Among the total number of coal plants 
predicted to retire, 78 percent fall within 
just three RTO/ISO regions: MISO (which 
stretches from Manitoba to Missouri), PJM 
(which stretches from Illinois to North Carolina) 
and SERC (which covers the southeastern U.S. 
with the exception of Florida). Of the plants 
that are 40 or more years old with 200-plus MW 
of capacity, 91 percent are within the MISO, 
PJM and SERC regions.

http://www.icfi.com
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The potential to be a “well-o! survivor” in 
the forward capacity markets, a prediction 
strengthened by a 360 percent increase in 
prices in the May 2011 PJM base residual 
auction, the first auction to take into account 
the HAPs MACT rules

The need for state permission to retire a plant 
in certain cases

reported marked di!erences in how long the 
implementation of their deactivation requests 
were delayed. A review of recent deactivation 
requests in the two regions showed that plants 
with a capacity below 100 MW were delayed 
three years on average, while plants with a capacity 
above 300 MW were delayed five years or more 
on average. It is important to remember that many 
plants under consideration for the HAPs MACT 
retirement have a capacity of at least 300 MW. 

Also challenging the current timeline are 
numerous industry uncertainties. To predict 
grid power flow and the ability of equipment 
to withstand changes, system operators need to 
know when all parties plan to retire their plants. 
However, as of July 2011, retirement plans for 
approximately 23 GW of coal powerplants have 
been announced. Thus, it is still not clear from 
announcements the full set of retired plants. 

Many in the industry are holding back their 
decisions for a variety of reasons, including:

A commercial incentive for those in 
deregulated markets, based on the rationale 
that when supply decreases, the price of 
power increases

The Long Journey Into Retirement

Taking a power plant o#ine is a multi-stage, 
multi-year process, involving:

   Internal economic review by the 
plant owners

   Submission of a request to deactivate 
the plant 

  Review and analysis by regulators

  Possible assignment into RMR status

   Identification and development of 
replacement capacity 

   Removal of the plant from the power system

Delay in Implementation of Generation Unit Deactivation Requests in PJM and New England

Generation Unit Capacity
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About ICF International
Since 1969, ICF International 
(NASDAQ:ICFI) has been serving 
government at all levels, major 
corporations, and multilateral 
institutions. With more than 
3,700 employees worldwide, 
we bring deep domain expertise, 
problem-solving capabilities, 
and a results-driven approach 
to deliver strategic value across 
the lifecycle of client programs.

At ICF, we partner with clients 
to conceive and implement 
solutions and services that 
protect and improve the quality 
of life, providing lasting answers 
to society’s most challenging 
management, technology, and 
policy issues. As a company and 
individually, we live this mission, 
as evidenced by our commitment 
to sustainability and carbon 
neutrality, contribution to the 
global community, and dedication 
to employee growth. 

icfi.com Conclusion: Understanding, Time Will Be Key to Success 
It is important to recognize that the deregulated electric power industry is still young 
in certain respects, with many rules less than 20 years old or still in the process of being 
shaped. Regulatory interpretation needs to match reality as our industry embarks on 
this signi!cant initiative to retire coal-fueled power plants. 

Regulators, plant owners and others will need to consider adding transmission security 
analysis to their planning toolkits. Coordination will be needed across parties—including 
states, RTOs, regulators and transmission providers—to give system operators the 
#exibility and stop-gap measures to keep certain plants in RMR status as new plants 
or transmission options are identi!ed.

Removing up to nearly one-sixth of the nation’s coal-fueled generation in a geographically 
concentrated manner i.e. concentrated in MISO, PJM, and SERC from the power system 
has billion-dollar implications, and decisions are very di"cult to reverse once the 
train has left the station. All players need to commit to conducting the necessary 
groundwork and taking the time to do it right. Our industry and the nation’s citizens 
are depending on us.
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