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Abstract

The Regional Greenhouse Gas Initiative (RGGI) is a cap-and-trade program in the
Northeast and Mid-Atlantic covering power sector carbon dioxide emissions. Many expect
policies aimed at reducing carbon dioxide emissions, like RGGI, to cause coal-fired power plant
closures as a way of complying with emissions reduction requirements, given the relatively
higher carbon intensity of coal plants (as opposed to other fuel types) and the limited
availability of carbon dioxide pollution control technology. This analysis qualitatively and
guantitatively evaluates coal closures within the RGGI states between 2005 and 2015 to identify
the extent to which RGGI caused these closures. A qualitative analysis of media reports and
press releases surrounding the closures indicates that RGGI did not play a role in any of the
closures; however, regression analysis suggests that RGGI did have a statistically significant
impact in causing closures. The RGGI closures are compared to closures in the non-RGGI states

as well as closures occurring before the policy was announced.



Executive Summary

The Regional Greenhouse Gas Initiative (RGGI) is a cap-and-trade program in the
Northeast and Mid-Atlantic covering power sector emissions of carbon dioxide. The goal of the
program is to curb planet-warming emissions from states within its jurisdiction by placing an
overall limit (cap) on emissions and auctioning allowances that give the holder a permit to emit
one ton of carbon dioxide, which can be bought and sold (traded) among covered entities. A
cap-and-trade program seeks to lower societal compliance costs by prioritizing the cheapest
available reductions: those firms for whom reductions are cheapest will reduce their emissions
to comply while those firms for whom reduction will be more expensive can acquire allowances
to comply.

A 2015 paper by Brian Murray and Peter Maniloff found that RGGI was responsible for
50% of the carbon dioxide emissions reductions experienced by the region since the program’s
implementation began in 2009. (The other 50% of the emissions reductions were attributable
to lower natural gas prices, complementary policies, and a downturn in production resulting
from the economic recession.) This analysis seeks to evaluate how those RGGI-motivated
emissions reductions were achieved and whether RGGI was truly responsible for the
reductions.

Under a carbon dioxide cap-and-trade program, emissions reductions will likely be
realized through fuel switching away from high carbon emitting sources such as coal and oil
towards low- and zero-emitting sources of electricity, like natural gas and renewables. Fuel
switching can be done in three ways:

e Reduced utilization of units using more carbon-intensive fuel;

e Switching the fuel source of the generating unit; or

e Closing units using high carbon sources and opening new units fired by a less
carbon-intensive source of fuel.

Due to the economic and technological constraints associated with the first two fuel
switching options, the closure of high emitting units is expected to be the most prevalent

option for entities looking to reduce their carbon dioxide emissions. Moreover, there is



currently no economically viable pollution control technology for carbon dioxide, so changes
would have to made at the input, rather than the output, stage of electrical generation.

Employing decomposition analysis, a technique that attributes changes in emissions to
changes in operational factors related to the power sector, this analysis finds that fuel switching
was indeed the primary factor driving carbon dioxide emissions reductions in RGGI after the
announcement of RGGI.

The fuel-switching activity of interest herein is coal plant closure. Between 2006 (after
the announcement of the RGGI program) and 2015, half of the coal plants that existed in the
RGGI states closed. Over that same time period, only a quarter of the coal plants that existed in
the rest of the United States closed. Generation from coal made up only 7% of the resource mix
in the RGGI states by 2015, while it was still 40% of the resource mix in the rest of the United
States in 2015. Clearly, the RGGI states were experiencing a disproportionate drop in coal
utilization compared to non-RGGI states. If this switch away from coal was indeed motivated by
RGGI, then that would suggest that RGGl is indeed a significant source of emissions reductions
it is believed to be based on Murray and Maniloff’s analysis.

A qualitative analysis of local and national news media reports, press releases, and
utility website related to the closure of coal plants in the RGGI states did not reveal RGGI as a
primary motivator of the closures. In fact, none of the coal plant closures in the RGGI states
after the announcement of RGGI cited the RGGI program as a reason for closure.

However, a regression analysis revealed that RGGI did have a statistically significant
impact in driving coal plant closures after the announcement of RGGI. The regression analysis
controlled for potential confounding variables, including age of the plant (older plants are more
likely to close), size of the plant (smaller plants are more likely to close), the existence of other
environmental regulations on the power sector, and time.

While the failure or success of the RGGI program should not hinge on closing coal
plants, it certainly provides a marker of not only the methods of compliance that can be taken
with a carbon dioxide regulatory program, but also the outcomes that might occur given the

pressing need to address climate change through policy.



Introduction

Finding methods for controlling greenhouse gas emissions has recently become more
important than ever, due to the confluence of scientific, political, and international forces
pushing climate change to the forefront of global issues. Scientists found that 2016 surpassed
2015 as the hottest year on record.’ World leaders met in Paris at the end of 2015 for the 21
Conference of the Parties and made a historic agreement to curb global warming to 2 degrees
Celsius, with attempts to limit warming to 1.5 degrees Celsius, above pre-industrial levels.?

As the political arena moves slowly towards consensus that greenhouse gas emissions
need to be controlled through regulatory measures, designing the right type of policy to
complete this daunting task has become a serious challenge. Many scholars recommend
economic incentives, such as carbon taxes or cap-and-trade programs, as the best policy tool
for driving greenhouse gas reductions as preferred to command-and-control regulation that is
highly prescriptive for individual sources and leaves little room for cost-effectiveness across
sources and technological innovation.® One such market-based program is the Regional
Greenhouse Gas Initiative (RGGI), an interstate cap-and-trade program covering power sector
carbon dioxide emissions in nine states in the Northeast and Mid-Atlantic regions of the United
States: Connecticut, Delaware, Maine, Massachusetts, Maryland, New Hampshire, New York,
Rhode Island, and Vermont. (New Jersey was in the program but left at the end of 2013;
however, it will be included in this analysis.)

A cap-and-trade program places an overall cap on emissions to be met by a jurisdiction
and creates allowances, totaling the amount of the cap, to be traded among sources covered by
the program. This allows economically efficient reductions to be made; in other words,
measures will be taken to reduce emissions where it is cheaper at the margin than the
allowance price, while allowances will be purchased by sources for whom reducing emissions is
more expensive at the margin than the allowance price. Depending on the policy, allowances

are allocated directly to sources or auctioned. Trading can then take place among sources of

! Justin Gillis, “Earth Set a Temperature Record for the Third Straight Year,” The New York Times, January 18, 2017.
2 Coral Davenport, “Nations Approve Landmark Climate Accord in Paris,” The New York Times, December 12, 2015.
3 Joseph E. Aldy and William A. Pizer, “Issues in Designing U.S. Climate Change Policy,” Energy Journal Volume 30,
Number 3 (2009): 179.



emissions, where entities that took measures to reduce emissions can either sell their allocated
allowances to other sources or forego purchase at an auction, and entities that cannot take
those measures may purchase allowances from other sources or at an auction in order to cover
their emissions. In the simplest terms, cap-and-trade programs make polluters pay for the
pollution they cause. Therefore, finding the cheapest ways to reduce carbon dioxide emissions
becomes a priority for the covered entity (in the case of RGGI, an electric power utility) under a
cap-and-trade program. Covered entities have a number of options for reducing emissions to
comply with a cap-and-trade regulation. They can:

e install pollution control technology to reduce emissions at the source;

e switch to a fuel source that emits less of the regulated pollutant; or

e acquire credits sufficient to cover their total emissions of the pollutant.
When examining whether a cap-and-trade program has been effective, policy analysts will look
at which of these choices sources made and how that impacted emissions.

For carbon dioxide, it is widely accepted that fuel switching from coal to natural gas has
propelled much of the carbon dioxide emissions reductions from the electric power sector
across the country, both within and outside of the RGGI states.” Pollution control technology
for carbon dioxide is not economically viable at this time, so fuel switching takes center stage as
the best method for reducing carbon dioxide emissions. Fuel switching can take on three forms:

e tilities can switch the fuel used at that unit;
e utilities reduce utilization at a unit using a particular fuel source and replace that
generation with generation from another fuel source; or
e utilities can close units and replace the old unit’s generation with generation
from new units that operate with a different fuel.
In particular, coal-fired power plant closures have become more common in the Unites States
as utilities build new natural gas facilities.
It is important for analysts to look at what motivated coal closures in recent years: is it

policy, is it changes in energy markets with prices favoring lower-emitting natural gas, is it

4 “Today in Energy: U.S. Energy-Related Carbon Dioxide Emissions in 2015 are 12% Below Their 2005 Levels,” U.S.
Energy Information Administration, May 9, 2016.



simply plant age or is it a combination of the above? RGGI provides an excellent test case for
looking at the effectiveness of one critical policy in driving coal closures. RGGI was announced
around the same time that the price of natural gas dropped precipitously in the United States,
meaning there are straightforward temporal and spatial groupings to compare the frequency of
and motivations behind the coal closures.

Beginning with a decomposition analysis, this study will illuminate the reasons for major
changes in the electric power sector within and outside of the RGGI states, as well as the United
States as a whole. This will confirm what others have observed—that United States carbon
dioxide emissions are declining primarily due to fuel switching from coal to natural gas—as well
as provide the relative significance (or magnitude) of that trend. In addition, the decomposition
will provide some context for power sector as a whole, as well as what factors are present or
stronger within and outside of the RGGI states.

Then, this study will move on to seek an answer to the following question: To what
extent did RGGI accelerate the closure of coal-fired power plants in covered states? | will test
the hypothesis that RGGI accelerated the closure of certain coal-fired power plants after its
announcement. In other words, | will seek to find whether coal-fired power plants closed at a
higher rate in the RGGI states following the announcement of RGGI than in the rest of the

country, where RGGI had no direct influence.

Methods

Generating units will be sorted into four spatial and temporal groupings in order to test

the effect of RGGI on the closures. The four groupings are:

e RGGI units 2000-2005

e RGGI units 2006-2015

e Non-RGGI units 2000-2005

e Non-RGGlI units 2006-2015
The spatial sorting accounts for the area covered by the RGGI policy. The temporal sorting
accounts for the date of the RGGl announcement (December 2005). As previously mentioned,

the latter half of the 2000s also saw a steep decline in the price of natural gas, so examining the



time period before 2006 in both spatial groupings seeks to account for the influence of a drop
in natural gas prices. The test group is, of course, the group of RGGI units 2006-2015. In
statistical terms, this group of units received the “treatment” of a cap-and-trade programs
regulating carbon dioxide emissions.

For the purposes of this study, a coal closure is defined as a plant that shut down all of
its coal capacity in the corresponding time period. That could mean that the entire plant shut
down or, alternatively, that all coal units shut down—with no intention of re-starting—and
other gas- or oil-fired units at the plant remained operational.

This analysis will employ both qualitative and quantitative measures for examining the
factors contributing to the closure of coal-fired power plants. The study begins with a
decomposition analysis of emissions in order to more broadly assess the reasons for change
and relative significance of each of those reasons. Then, this study employs a qualitative
analysis of closures, which consists of a review of relevant local and national media reports,
press releases, and utility websites pertaining to the closed plants. Motivations for the closure
are pulled from these sources and categorized into economic, regulatory, and other reasons for
closure. These categories will be discussed in greater detail in the Qualitative Closure Report
section. The qualitative analysis sets the stage for the regression analysis. The regression
analysis will more specifically illuminate what is driving these closures. (The specific

methodologies for these quantitative tools are detailed in their respective sections.)

Background

Before delving into the analysis, it is important to introduce RGGI in more detail, as well
as provide an overview of some of the key changes happening in the electric power sector,

particularly as they pertain to coal-fired power plants and their closure.



Figure 1: Map of RGGI Member States
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In 2005, six states in the Northeast and Mid-Atlantic (Connecticut, Delaware, Maine,

New Jersey, New York, and Vermont) announced their intention to form RGGI.” In 2007 and
2008, four additional states (Massachusetts, Rhode Island, Maryland, and New Hampshire) in
the region joined RGGI.° These states are shown above in Figure 1. The program went into
effect in 2009.” Since then, power sector carbon dioxide emissions in the region have dropped
42% percent. Because of this steep decline, RGGl is considered by many to be remarkably
successful and a paradigm for interstate cap-and-trade implementation, though the reasons for

the emissions decline and the role that the program has played has been a point of contention.

> In December 2005, a Memorandum of Understanding (MOU) was announced by Connecticut, Delaware, Maine,
New Jersey, New York, Vermont. (“Memorandum of Understanding,” Regional Greenhouse Gas Initiative, signed
December 20, 2005, last accessed April 1, 2016.)

®In January 2007, Massachusetts and Rhode Island joined the MOU. In April 2007, Maryland joined. In June 2008,
New Hampshire joined. (“Memorandum of Understanding,” Regional Greenhouse Gas Initiative, signed December
20, 2005, last accessed April 1, 2016.)

7 Regional Greenhouse Gas Initiative, “RGGI Fact Sheet,” Accessed March 30, 2016.



Murray and Maniloff (2015) found through an econometric analysis of carbon dioxide
emissions from the RGGI states that the program itself is responsible for about 50% of the
emissions reductions in the region during the time period since its announcement.® They also
identified several other factors that explain the additional reductions, including the recession
caused by the financial crisis of 2008, the increase of natural gas availability and thus the drop
in natural gas prices, and complementary state policies like Renewable Portfolio Standards.’
The 50% figure suggests that the program itself had a significant impact on emissions. Their
paper does not directly examine the role that power plant closures in the region played in
emissions reductions nor whether those closures can be attributed to the implementation of
the RGGI program. Murray and Maniloff’s analysis thus serves as partial inspiration for this
analysis.

RGGI itself is a nonprofit organization that has no enforcement ability; instead, the
implementation of RGGI is done by state environmental agencies.'® State-level caps are set
under terms laid out by the MOU, and these state caps total the regional cap.'’ An annual cap
on carbon dioxide emissions is set, but “true-up” (the process by which regulators check that a
source has sufficient allowances to cover its emissions) occurs every three years.'? The
compliance periods and cap are outlined in Table 1 below. Auctions for emissions allowances
occur quarterly.”

During the second compliance period, two notable events affecting the cap occurred.
First, New Jersey left the program, so the cap was lowered to reflect this change. (Note: New
Jersey is included as part of the RGGI states for the entirety of this analysis, however.) Second,
RGGI underwent a program review that led to the cap being significantly tightened at the
beginning of 2014.* With the decline in natural gas prices leading to a corresponding surge in

natural gas utilization as well as lower energy demand, carbon dioxide emissions declined

8 Murray and Maniloff, 588.

? Ibid., 583.

10 “Regional Greenhouse Gas Initiative.” Center for Climate and Energy Solutions.
" Ibid.

" Ibid.

“ Ibid.

* Ibid.
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significantly. The original cap for the second compliance period was deemed insufficient for

motivating further reductions, and the cap was lowered.

Table 1: RGGI Compliance Periods™
Compliance Period Cap
January 1, 2009 — December 31, 2011 188 million tons
January 1, 2012 — December 31, 2014 165 million tons (2012-2013)
91 million tons (2014)
Decreasing 2.5% annually through 2020
January 1, 2015 — December 31, 2017

Changes in the Electric Power Sector

The electric power sector has undergone many dramatic economic and regulatory
changes over the last two decades. Notably, markets for electricity have undergone a
restructuring of how power is delivered and sold to consumers; however, this section will not
address that side of power sector. Though the restructuring of electricity markets may have
influenced the generation of electric power, that will be ignored for the purposes of this
analysis. Instead, this analysis will focus only on changes affecting the generation of electric
power. The primary changes addressed in this section are the decline in natural gas prices and
regulations affecting the generation of electric power to reduce emissions.

Because of technological advancements in hydraulic fracturing, the supply of natural gas
has increased significantly in the last ten years. The amount of natural gas reserves available for
harnessing because of hydraulic fracturing increased by 40% between 2006 and 2008, according
to a report by the Colorado School of Mines.™® The price of natural gas dropped 46% between
2005 and 2011 due to an increase in supply, while coal prices rose.!” Electric power generation
from natural gas doubled its share of the country’s resource mix from 15% to 30% between
2005 and 2015.

In the RGGI states, generation from natural gas increased at a slightly faster rate than in

the rest of the United States, increasing its share of generation by 17% to the rest of the

B “Regional Greenhouse Gas Initiative.” Center for Climate and Energy Solutions.
16 Murray and Maniloff, 583.
" Ibid.
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country’s 14% between 2005 and 2015. M.K. Kim and T. Kim (2016) examined whether the
RGGI program itself caused an acceleration in the generation shift from coal to natural gas
within the RGGI states. Using a synthetic controls method to model natural gas generation
changes based on 38 control states, the authors compared the synthetic generation change to
actual natural gas generation in RGGI.'® They found that the real natural gas generation in RGGI
exceeded what would be expected (the synthetic generation change) under conditions that
existed in the rest of the United States not covered in the RGGI program.*® This paper provides
strong evidence that the switch from coal to natural gas was indeed accelerated by the RGGI
program. This would seem to suggest as well that the closure of coal-fired power plants would
be accelerated by RGGI as well.

In addition to economic factors, there are several federal regulations that have
impacted the electric power sector and coal generation in particular. The Acid Rain Program
(ARP), a cap-and-trade program for sulfur dioxide, went into effect for large power plants in
1995 and for all power plants in 2000.%° Most affected coal units were able to remain
operational and simply adjust their production by installing pollution control technology or
switching to low-sulfur coal, according to analysis by EIA.?* There were not large-scale closures
of coal units associated with the Acid Rain Program.

In the mid-2000s, EPA implemented two additional cap-and-trade programs for sulfur
dioxide and nitrogen oxides: the Clean Air Interstate Rule, which was vacated by the D.C. Circuit
court, and the Cross-State Air Pollution Rule (CSAPR), which was a replacement for the Clean Air
Interstate Rule in response to the court’s ruling.?” Again, most affected coal units were able to

remain operational and install pollution control technology to comply with the rules.?

¥ Man-Keun Kim and Taehoo Kim, “Estimating Impact of Regional Greenhouse Gas Initiative on Coal to Gas
Switching Using Synthetic Control Methods,” Energy Economics (Vol. 59): 331-332.

* Ibid., 333.

20 “pcid Rain Program,” U.S. Environmental Protection Agency.

2 “Today in Energy: Power Plant Emissions of Sulfur Dioxide and Nitrogen Oxides Continue to Decline In 2012,”
U.S. Energy Information Administration, February 27, 2013.

22 “Fact Sheet: Final Cross-State Air Pollution Rule Update for the 2008 NAAQS.” U.S. Environmental Protection
Agency.

% Ibid.
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In 2011, EPA announced the Mercury and Air Toxics Standard (MATS) to reduce mercury
emissions from power plants.?* Though this regulation was litigated heavily in court, it
remained mostly intact by the time it went into effect in 2015.% Pollution control technology
does exist for mercury; however, many experts expect coal unit closures to be a prevalent
compliance tool based on the timing of the rule, as it comes alongside the drop in natural gas
prices (making coal relatively more expensive), industry expectation that carbon dioxide will be
regulated, as well as an aging coal fleet.?® According to EIA, about one-third of coal capacity
closures in 2015 came in the month of April, which is when MATS formally came into effect.?’
This provides a strong indication that MATS will have a significant impact on coal closures.

While the aforementioned regulations do not specifically apply to carbon dioxide, they
had a far-reaching impact on coal generation in the United States and merit mention in this
analysis.

| searched extensively for literature pertaining to a retrospective review of fossil-fired
power plant closures and failed to find literature relevant for this analysis. Most of the
literature regarding closures takes a prospective view; in other words, the literature is mostly
predictive of how much capacity will close given a certain economic or regulatory scenario. A

review of those predictions was not relevant for this analysis.

Electrical Generation in RGGI vs. Non-RGGI States

Although the RGGI and non-RGGI states are operating within similar economic and
regulatory contexts (other than the presence of RGGl), they have significantly different
generation portfolios. The generation portfolio (also called resource mix) describes the
combination of fuels used to produce electricity. Figures 2.1-2.3 compare the resource mixes of
the RGGI and non-RGGI regions, as well as the United States as a whole, in the key years in this

analysis: 2000, 2005, and 2015. Figures 3.1-3.3 compare the changes within these regions and

*% “Basic Information about Mercury and Air Toxics Standard.” U.S. Environmental Protection Agency.
25 .
Ibid.
26 “Today in Energy: Coal Made Up More Than 80% of Retired Electricity Generating Capacity in 2015,” U.S. Energy
Information Administration, March 8, 2016.
27 .
Ibid.
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the United States as a whole across these three years. (Note: Renewable generation includes

hydroelectric power, in addition to wind, solar, biofuels, and geothermal generation.)

Figure 2.1: Resource Mix Across Regions 2000
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Figure 2.2: Resource Mix Across Regions 2005
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Figure 2.3: Resource Mix Across Regions 2015
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Figure 3.1: United States Resource Mix Over Time
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Figure 3.2: RGGI Resource Mix Over Time
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Figure 3.3: Non-RGGI Resource Mix Over Time
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Notably, the RGGI states began with a much smaller percentage of generation from coal
than the non-RGGI states, even going back to 2000. By 2005, coal made up only 24% of the
RGGI states’ resource mix, compared to the non-RGGI states’ 57%. By 2015, coal made up only
7% of the RGGI states’ resource mix, compared to the non-RGGI states’ 40%. This suggests that
RGGI experienced a much higher rate of coal closures than the rest of the United States.

RGGI relies much more heavily on generation from nuclear and (especially at the
beginning of the assessment period) oil than the non-RGGI states. Nuclear consistently makes
up about one-third of RGGI’s resource mix, while it makes up only one-fifth of the non-RGGI
states’ resource mix. In 2000, oil provided RGGI with over 12% of its generation, compared to
the non-RGGI states’ 1%. By 2015, however, oil had all but disappeared in both regions—
making up just 2% of the RGGI states’ generation and 0.2% of the non-RGGI states’ generation.

As previously mentioned, all regions experienced a significant increase in generation
from natural gas between 2005 and 2015: as a share of all electric power generation, natural
gas increases 17% in the RGGI states and 14% in the non-RGGI states. By 2015, natural gas
made up 40% of the RGGI states’ resource mix and 29% of the non-RGGI states’ resource mix. In
RGGI, natural gas is the highest utilized fuel for electric power.

The following three tables show coal closures in capacity, plant, and unit terms. Table 2
below shows the capacity of coal closed in the two time periods for each spatial grouping. The
percentages are calculated by placing the coal capacity closed between 2000-2005 and 2006-
2015 and placing it over the total coal capacity and the total fossil capacity in the first year of

the time period (either 2000 or 2006).
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Table 2: Coal Capacity Closed Compared to All Coal and Fossil Capacity

Coal Capacity  Total Coal Percent Total Fossil Percent
Closed (MW) Capacity Closed of Capacity Closed of
(MW) All Coal (MW) All Fossil
Capacity Capacity
2000-2005
RGGI 130 16,535 0.79% 61,623 0.21%
Non-RGGlI 3,808 340,197 1.12% 753,528 0.51%
us 3,938 356,731 1.10% 815,151 0.48%
2006-2015
RGGI 4,262 17,799 23.95% 87,978 4.84%
Non-RGGlI 42,054 347,489 12.10% 1,058,074 3.97%
us 46,316 365,288 12.68% 1,146,052 4.04%

Table 2 shows that the percentage of coal capacity closures in the first time period is
actually slightly higher in the non-RGGI states than in the RGGI states, though these
percentages are still quite low (about 1% or less of coal and fossil capacity). In the second time
period, coal capacity closures make up a much percentage of coal and fossil capacity. The RGGI
states see a higher percentage than the non-RGGI states: in the RGGI states, coal capacity
closures are about one-quarter of the total coal capacity existing in 2006, compared to about
12% in the non-RGGI states. Again, this strongly suggests that the RGGI states are seeing more
closures than the rest of the country.

Table 3 below shows the same information as the previous table, only at the plant level

instead of capacity level.
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Table 3: Coal Plants Closed Compared to All Coal and Fossil Plants

Coal Plants Total Percent Total Percent
Closed Number Closed of Number Closed of All
of Coal All Coal of Fossil = Fossil Plants
Plants Plants Plants
2000-2005
RGGI 2 37 5.41% 197 1.02%
Non-RGGlI 11 386 2.85% 736 1.49%
us 13 423 3.07% 933 1.39%
2006-2015
RGGI 18 39 46.15% 231 7.79%
Non-RGGlI 96 407 23.59% 1,052 9.12%
us 114 446 25.56% 1,283 8.88%

Simply counting plants rather than capacity, there does not appear to be much of a
difference in the rate of closures between the RGGI states and the non-RGGI states. The RGGI
region actually has a slightly lower percentage of coal plants closing than the rest of the country
in both time periods. When looking at the closures just as a percentage of coal plants, however,
RGGI does seem to experiencing a greater percentage of closures: roughly half the coal plants
existing in the region in 2006 had shut down by 2015. Though this information is relevant, plant
numbers are not as strong an indicator of closure as capacity, as individual plants can vary
widely in size.

Table 4 below shows similar information as Tables 2 and 3, but at the unit level. A unit is
a subset of the generating plant. A plant may have just one unit or may have multiple units to
produce electricity. This concept will be explained in further detail in the next section. Closures
on the unit scale appear to be similar among regions and time periods, though RGGI does have
a slightly lower percentage of coal units closing in both time periods as a percentage of all fossil
units. This trend, coupled with the trend on the plant scale, would seem to suggest that the
RGGI states did not experience as much coal generation closure as the rest of the country.
However, about one-third of all coal units in the RGGI states closed between 2006-2015,
suggesting that coal was more likely to close in the RGGI states. Much more detailed analysis is

needed than these simple figures in order to make a conclusive statement.
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Table 4: Coal Units Closed Compared to All Coal Units and Fossil Units

Coal Units Total Percent Total Percent
Closed Number Closed of Number Closed of
of Coal All Coal of Fossil All Fossil
Units Units Units Units
2000-2005
RGGI 8 90 8.89% 620 1.29%
Non-RGGI 33 996 3.31% 1,988 1.65%
uUs 41 1,086 3.77% 2,608 1.57%
2006-2015
RGGI 30 86 34.88% 713 4.21%
Non-RGGI 187 1,031 18.14% 3,160 5.92%
uUs 217 1,117 19.42% 3,873 5.60%

Data

Data for the quantitative analysis sections comes from the U.S. Environmental
Protection Agency (EPA) and the U.S. Energy Information Administration (EIA). Specifically, data
on fossil fuel generation and emissions comes from EPA’s Clean Air Markets Division, and data
on renewable and nuclear generation comes from EIA’s State Energy Data System production
records and queries in EIA’s Electricity Data Browser.”®

One important difference between the collection of EPA and EIA data is that EPA
collects gross generation figures, while EIA collects net generation figures. Gross generation
includes all electricity produced by a source, while net generation includes only electricity that
is purchased and used by consumers. A discrepancy between the EPA and EIA figures can occur
at the plant level due to the plant’s own consumption as well as at the state level due to
transmission and distribution losses. This means the fossil generation data in this analysis may
be slightly higher than expected but still nonetheless representative of the production of
electricity.

In addition, because many of EPA’s regulatory programs for the electric power sector
apply only to sources over 25 MW in capacity, this analysis includes only fossil data for sources

over 25 MW. The exclusion of smaller sources from this analysis should not impact the

28 “Electricity Data Browser,” U.S. Energy Information Administration.; “State Energy Production Estimates 1960
Through 2014.” U.S. Energy Information Administration.
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conclusions, as the collective total of emissions from small sources is a small fraction of total
emissions from the power sector from sources over 25 MW. Moreover, RGGI only applies to
sources over 25 MW, so they are the sources most relevant to the analysis. The fossil fuel data
includes the following source categories:

e Electric Utility;

e Cogeneration; and

e Small Power Producer.

The unit of analysis in this study is the power plant; however, the data are not grouped
in that way. Power plants are made up of one or more generating units, which are generators
that perform the work of transferring heat and kinetic energy into electrical energy. Units have
an associated smokestack for releasing their emissions. Environmental data are often organized
at the unit level, as a sensor can be easily mounted to the smokestack detect emissions from
the unit. The fossil data from EPA used in this analysis are organized at the unit level, while the
renewable and nuclear data from EIA are organized at the state level.

The discrepancy in the unit of analysis between the fossil and renewable/nuclear source
data is due to the needs of this analysis. Fossil data were collected at the unit level in order to
refine the analysis. Looking only at coal plants that had closed, and not including plants that had
ceased coal generation entirely while leaving other units open, limits the sampling of data and
fails to grasp the nuances of the power system, which often responds to changes at the unit
level while maintaining operational plant status. So, the data for this analysis were collected at
the unit level; however, units were aggregated to the plant level for research and conclusion. In
other words, for the purposes of determining which coal plants were closed, the unit data were
analyzed, and the qualitative section analyzes closures at the plant level. The regression section
analyzes unit data, but plant status (open or closed) is set based on aggregated plant level
status. The analysis ultimately makes conclusions about plants, as the units were aggregated to
its plant level. Renewable and nuclear data was only used for descriptive statistics of the
different spatial groupings as well as for the decomposition analysis, which aggregates data at
the state level. Therefore, collection of renewable at a level below the state would have been

unnecessary.
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It is also important to note that this analysis analyzes emissions associated with the
production of electricity rather than the consumption. Consumption of electricity might paint a
very different picture of regional emissions, but as the economic and regulatory factors
considered in this study are primarily related to the generation (production) of electricity, that
will be the focus of the results herein.

The following tables summarize the data used in this analysis. Table 5 shows the number
of observations in this analysis. Tables 6.1 and 6.2 show a state breakdown of the number of
closures analyzed in this analysis. The first column shows the number of plants that closed
down entirely in each time period, the second column shows the number of plants that ceased
all coal generation but stayed open and switched to a different fuel in each time period, and the
third column sums the other two columns for the total number of closures as defined in this

analysis. A detailed list of the closures considered in this analysis can be found in the Appendix.

Table 5: Observations in this Analysis
2000 2005 2015

Total Number of Units 2,614 3,894 4,142
Number of Coal Units 1,086 1,117 842
Number of Coal Closures (plant level) - 20 107
Number of Coal Units Closed at Coal Plant Closures - 41 217

Table 6.1: Coal Closures in RGGI States

RGGI Plants Closed RGGI Fuel Switching RGGI Closures Overall
2000-2005 2006-2015 2000-2005 2006-2015 2000-2005 2006-2015
CT 1 CT CT 1
DE 1 DE 1 DE 2
MA 3 MA MA 3
MD 1 MD MD 1
NJ 2 NJ NJ 2
NY 2 8 NY 1 NY 2 9
TOTAL 2 16 TOTAL O 2 TOTAL 2 18
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Table 6.2: Coal Closures in Non-RGGI States

Non-RGGI Plants Closed Non-RGGI Fuel Switching Non-RGGI Closures Overall
2000-2005 2006-2015 2000-2005 2006-2015 2000-2005 2006-2015

AL AL 1 AL 1
Cco 2 Cco Cco 2
FL 1 FL FL 0
GA 2 GA 1 GA 3
IL 6 IL IL 6
IA 4 IA 2 IA 6
IN 2 3 IN IN 2 3
KS 1 KS KS 2
KY 4 KY KY 5
Ml 1 Ml Ml 1
MN 4 MN MN 5
MO 1 MO MO 2
MT 1 MT MT 1
NC 8 NC 1 NC 9
NV 1 NV NV 1
OH 11 OH OH 11
PA 1 11 PA PA 1 11
SC 4 SC 2 SC 6
TN 1 TN TN 1
uT 1 uT uT 1
VA 5 VA 1 VA 6
WI 1 5 WI WI 6
WV 7 WV WV 7
TOTAL 10 83 TOTAL 1 13 TOTAL 11 96

In the RGGI states, there were 2 coal closures between 2000 and 2005 and 18 between
2006 and 2015. In the non-RGGI states, there were 11 coal closures between 2000 and 2005
and 96 between 2006 and 2015. Of the RGGI states, New York experienced the most coal
closures. Four states in RGGI do not have coal generation (Maine, New Hampshire, Rhode
Island, and Vermont). Of the non-RGGI states, Ohio and Pennsylvania experienced the most

coal closures.
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Some data points were missing from the EPA’s fossil data. Table 7 below reveals how
many units needed a calculated value for the particular category of data and the method used

to calculate the value.

Table 7: Data Calculation Methods

Value 2000 2005 2015 Calculation Method®
Carbon Dioxide 438 453 502 EPA’s Part 75 Methodology for calculating CO,:
Emissions e; = FeeXhe XUy XWeo, where:

e is emissions (kg)

F is a carbon-based F-factor for natural gas (29.45
CO, m*/mmBtu), oil (40.21), or coal (51.54)

h is heat input (mmBtu)

Uf is @ mass/volume constant at 1 atm and 20° C
(4.1616 x 10 kg-mole/CO, m°)

W0 is the weight of CO, per kg-mole (44.0 kg)

Heat Input 6 10 9 Used default heat rate (10.9 mmBtu/MWh) and
observed gross load

Generation 124 168 104 Coal units reporting steam load only: assumed 33%
efficiency and converted on basis of 10 mmBtu =1
MWh ratio

Units reporting gross load and steam load: gross load
value was used, steam value was ignored
Capacity 111 257 102 Conversion ratio of 1 Klb/hr = 3.28089808 MW

There were four primary numerical values associated with each unit: capacity, carbon dioxide
emissions, heat input, and generation. Emissions rates and heat rates were derived from these
raw values. For the entire time period, there were 42,600 individual records of data in this
analysis. A total of 2,284 records (the sum of the number of calculated values listed in the table
above) needed to be calculated. That is only 5.36% of the entire dataset. This means there

should be no significant impact of using calculated values in the data.

%% Carbon dioxide emissions, heat input, and generation data substitution methods developed with the assistance
of staff of the U.S. Environmental Protection Agency. Capacity substitution method retrieved from: “Power
Conversion Calculator,” Abraxas Energy Consulting.
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Decomposition Analysis of Emissions

The first step in this study is decomposition analysis to try to get a better empirical
understanding of the various factors driving the decarbonization of electricity in the RGGI states
and elsewhere over the last two decades. Decomposition analysis is a method of analyzing
changes in emissions over time and attributing them to distinct operational attributes of the
power system. Decomposition also provides an overview of any major changes occurring in the
power sector in each of the four groupings in this study. Though decomposition cannot directly
attribute emissions changes to closures, it can indicate what broad factors were causing
significant changes in emissions, such as the reduction of coal as a share of generation that may

be related to closures.

Methodology

Decomposition has been called a “pragmatic alternative to econometric estimation”
because it allows for a much simpler examination of the weight of different factors on an
outcome.*® Through decomposition analysis, researchers can examine structural, sectoral, and
production changes in emissions at the industry level.>* These three types of change are
reflected in changes in power plant attributes, such as emissions rate. For example, the
emissions rate of an individual power plant could decrease due to the installation of a pollution
control technology. This would be a production change in emissions. On the other hand, the
emissions rate of the nation or a particular region could increase with a shift in the resource
mix. That would be a structural change.

This decomposition analysis will examine changes in four power plant attributes: carbon
dioxide emissions rate, heat input, generation, and heat rate. These four attributes determine

the efficiency and emissions of a power plant. Emissions of a plant are a result of the equation:

%% Adam Rose and Stephen Casler. “Input—Output Structural Decomposition Analysis: A Critical Appraisal,”
Economic Systems Research (Vol. 8, No. 1).

*B.W. Ang, “Decomposition Analysis for Policymaking in Energy: Which Is the Preferred Method?” Energy Policy
(Vol. 32, No. 9): 1131.
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e=h*m
where:
e = CO,emissions (kg)
h = heat input (mmBtu)

m = CO, emissions rate (kg/mmBtu)

Efficiency of a plant is a result of:

h=g=*a
where:
g = generation (MWh)
a = heat rate (mmBtu/MWh)

So, the emissions equation may be rewritten as:

e=gxa*m

Total carbon dioxide emissions is thus the indicator variable. Identifying and attributing
carbon dioxide emissions changes to each of these four attributes can provide insight into the
relative impacts of various regulatory, economic, and technological trends at work in the power
sector that yield structural, sectoral, and production change.

One of the most important uses of decomposition analysis is attaching specific figures to
changes already observed in the power system. Generation shifting is widely known as a
significant contributor to carbon dioxide emissions changes, but exactly how much of the
change is it responsible for and over what time period? What is the contribution of efficiency
improvements at the plant? Decomposition analysis quantifies these phenomena by holding
one (or more) attribute(s) constant over a given period of time and analyzing the change in

another attribute and its impact on a particular indicator. There is no one equation accepted by
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scholars of decomposition for performing this analysis; instead, the equation depends on the
indicator, the number and type of factors, and the information sought.

This analysis will use two equations that each consider only two factors at a time in
order to simplify the discussion of the changes. A primary decomposition equation will break
down carbon dioxide emissions into the change due to emissions rate change and the change
due to heat input change. This equation will provide an indication of the output emissions
efficiency of the power sector by looking at the change in emissions rate, as well as the

utilization and efficiency of the technology by looking at the change in heat input.

Decomposition Equation

Ae = (Amx h,) + [(Am x Ah) <(Am X ;3"_1'_’6(2‘; X mt)>l ¥

(Ahxm,) + [(AmxAh)( —Ah x m, >l

(Am X ht) + (Ah X mt)

where:
e = emissions (kg)
m = emissions rate (kg/mmBtu)
h = heat input (mmBtu)

Ax (any variable) =X; — X

A secondary “subdecomposition” equation will break down heat input into the change
due to generation change and the change due to heat rate change. Heat input is the amount of
energy needed to produce useful output of work. Heat input could perhaps more easily be
understood by explaining heat rate, which is the energy needed to produce 1 megawatt-hour of
electricity. Heat input is determined both by the utilization of the plant (if there is more output,
in megawatt-hours, then there will be more heat input needed) and the efficiency of the power
generation technology (if the plant can produce the same amount of electrical output, 1

megawatt-hour, using less energy, the plant is more efficient). Thus, heat input needs to be
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further separated into its utilization and efficiency components to reveal the primary drivers of

the heat input change that affects overall carbon dioxide emissions.

Subdecomposition Equation

Ak = (Agxa,) + [(Ag x Aa) <(Ag X ;Six(zta X gt)>l "

(Aaxg,) + [(Ag an)< —Aax g, >l

(Ag X at) + (Aa xgt)

where:
h = heat input (mmBtu)
g = generation (MWh)
a = heat rate (mmBtu/MWh)

Ax (any variable) =X; — X,

These equations were applied to aggregate power sector data for each of the four
groupings in this study. The data in each group was then further evaluated by resource type (all
generation, fossil, coal, natural gas, and oil). This was necessary given the significant shifts in

the resource mix across the United States during this time period.

Results

The results of the decomposition analysis are graphed and discussed in the following
sub-sections. Data for the entire United States in the two time periods were included as well in
order to provide a frame of reference for the two regional groupings.

The decomposition results bar charts indicate how emissions would have changed had
only one factor changed. For example, in the U.S. Decomposition 2000-2005 chart, for fossil
generation, one interprets the results in this way: carbon dioxide emissions would have

increased by about 150 million tons if the heat input was the only power plant attribute that
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changed, and carbon dioxide emissions would have decreased by about 50 million tons if the
emissions rate was the only power plant attribute that changed. Alternatively, one can
interpret this to see that the net impact of these two changes was an emissions increase of
about 100 million tons, which is caused primarily by the increase in heat input, as that is the
only factor (as opposed to emissions rate) that led to a net increase in emissions.

It is important to keep in mind while looking at these charts that the vertical axis

indicates a net change in emissions, not overall emissions.

Decomposition 2000-2005

Carbon dioxide emissions from the power sector increased 4.2% in the United States
between 2000-2005. According to the results of the decomposition analysis, shown in Figures
4.1-4.3 below, this was primarily due to a change in heat input. If only the emissions rate had
changed, carbon dioxide emissions would have decreased, indicating that increases in heat
input are responsible for the entire increase in emissions. Furthermore, the increases in heat
input of individual fossil fuels account for the changes at the aggregate fossil level, particularly
heat input increases at coal and natural gas units. Oil units actually experienced a drop in heat
input.

In the RGGI states, carbon dioxide emissions increased 5%, slightly more than the United
States’ increase, between 2000-2005. This was also primarily due to an increase in heat input. If
only the emissions rate of the power sector had decreased during this time, carbon dioxide
emissions would have decreased. However, as for the United States as a whole, the increase in
heat input canceled out the emissions benefits of the emissions rate improvement in the RGGI
states.

Carbon dioxide emissions in the non-RGGI states increased 4.1% between 2000-2005.
Again, this was due to increases in heat input, which also canceled out emissions benefits from
emissions rate improvements.

Power sector carbon dioxide emissions change trends appear very similar in both the
RGGI and non-RGGI states between 2000-2005: increases in heat input, rather than increases in

emissions rate, appear to be causing carbon dioxide emissions increases across all groupings.
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The emissions rate is also improving in all regions, though not enough to counteract the effects
of the heat input increases. This suggests that changes in the power sector were uniform across
regions prior to the RGGI period, and that divergences in the trends between the regions in
later time periods may in fact be due to the effect of RGGI. However, before it can conclusively
be said that the regions experienced similar trends, the results of the subdecomposition (which

further breaks down heat input) must be evaluated.

Figure 4.1: United States Decomposition 2000-2005
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Figure 4.2: RGGI Decomposition 2000-2005
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Figure 4.3: Non-RGGI Decomposition 2000-2005
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Subdecomposition 2000-2005

The results of the subdecomposition for 2000-2005 are shown in Figures 5.1-5.3 below.
The U.S. subdecomposition shows that the overall change in heat input is primarily due to
changes in generation among different fuel sources. Significant improvements in heat rate were
made at coal and natural gas units (which indicates an overall increase in efficiency of power
plants), but the increases in generation at both coal and natural gas units counteract the
emissions benefits of these efficiency improvements and lead to a net increase in emissions.

The subdecomposition for the RGGI states from 2000-2005 shows that the increase in
heat input is almost entirely due to generation increases. However, the increases in heat input
are occurring almost entirely at natural gas units, while heat input remains relatively flat or
decreases slightly at coal units and oil units, respectively. In fact, natural gas generation
increased by 50% in the RGGI states between 2000-2005, while coal generation decreased by
40% and oil generation decreased by about 8%. As a share of total generation, natural gas
increased 6%, while the share of coal and oil generation each decreased by about 2% (see
Figure 3.2). The subdecomposition reveals that shifting from coal (and oil) generation to natural
gas generation was already well underway in the RGGI states prior to the announcement of the
RGGI program. In addition, the average coal heat rate in the RGGI states increased slightly
(meaning coal units became slightly less efficient), and this contributed to an increase in heat
input and thus emissions. This is a departure from the trend in the rest of the United States, as
coal heat rates in the non-RGGI states decreased slightly (meaning coal units became slightly
more efficient).

The subdecomposition for the non-RGGI states from 2000-2005 also shows that heat
input increases are entirely due to increases in generation. The heat rate improved and would
have led to a net decrease in heat input, which did not occur. Like the RGGI states, the non-
RGGI states experienced a 50% increase in generation from natural gas, but that only accounted
for a 4% increase in its share of generation (Figure 3.3). Unlike the RGGI states, however, coal
generation did increase in this time period (though by a modest 3%). This suggests that the
non-RGGI states were simply adding new generation from natural gas, rather than shifting

historic generation away from coal.
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The 2000-2005 subdecomposition reveals a key regional divergence: the RGGI states
were already shifting generation away from coal towards natural gas prior to the
announcement of the RGGI program. This strong generation shifting suggests significant
decrease in utilization of coal-fired power plants. In the context of this study’s focus on the
relationship between RGGI and coal-fired power plant closures, this may prove to be of
significance: were the closures in the RGGI states indeed accelerated by the announcement and
implementation of RGGI, or were they following a pattern that had already started prior to

RGGI?

Figure 5.1: United States Subdecomposition 2000-2005

U.S. Subdecomposition 2000-2005

4,000,000,000

3,000,000,000

2,000,000,000

1,000,000,000

tion Coal-tion Gas

All ion Fossi

Change in Heat Input (mmBtu)

]
ion Qil Generation

-1,000,000,000

-2,000,000,000

B Change in Heat Input due to Generation B Change in Heat Input due to Heat Rate

36



Figure 5.2: RGGI Subdecomposition 2000-2005
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Figure 5.3: Non-RGGI Subdecomposition 2000-2005
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Decomposition 2005-2015

There was a 17.9% decrease in power sector carbon dioxide emissions in the United
States between 2005-2015. The decomposition analysis, shown in Figures 6.1-6.3 below,
indicates that decreases in the emissions rate of all generation of the power sector was
responsible for the entire emissions drop, as emissions would have increased had only heat
input changed. This change in the emissions rate is likely due to the shifting from coal towards
natural gas, as natural gas is a less carbon intensive fuel than coal. The share of generation from
coal dropped 17% during this time period, while the share of generation from natural gas
increased 13% (Figure 3.1). Increases in renewable generation may also have played a role in
the drop in the emissions rate from all generation, as renewables increased their share of
generation 5% during this time period (Figure 3.1). At the fossil generation level, changes in
both emissions rate and heat input contributed to the decrease in emissions. This discrepancy
between the all generation and fossil generation patterns, as well as the increases in heat input
for all generation, will be explored further in the subdecomposition.

Carbon dioxide emissions in the RGGI states decreased by 42% between 2005-2015. Like
the United States as a whole, this drop is due entirely to the decrease in emissions rate among
all generation. Again, at the fossil generation level, changes in both emissions rate and heat
input contributed to the decrease in emissions.

Carbon dioxide emissions in the non-RGGI states decreased 16% in this time period, also
due entirely to the drop in the emissions rate due to fuel switching. At the fossil generation
level, the same pattern holds in the non-RGGI states as in the RGGI states and the United States
as a whole. Notably, the average carbon dioxide emissions rate for coal units in the non-RGGI
States actually increased slightly over this time period.

Based on the decomposition analysis for this time, the RGGI states appear to be
experiencing a stronger improvement in emissions rate than the rest of the United States, again
primarily due to fuel switching. The carbon dioxide emissions reductions in the RGGI states in
this period were nearly three times larger in percentage terms than in the non-RGGI states.
Because both regions were seeing a drop in natural gas prices and thus an increase in natural

gas use in generation, RGGI appears to be the only difference leading to a more significant drop
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in emissions between the two regions. The subdecomposition will shed more light on the

generation shift.

Figure 6.1: United States Decomposition 2005-2015
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Figure 6.2: RGGI Decomposition 2005-2015
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Figure 6.3: Non-RGGI Decomposition 2005-2015
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Subdecomposition 2005-2015

The results for the subdecomposition 2005-2015 are shown in Figures 7.1-7.3 below.
Overall, there was an increase in heat input for each regional grouping. This increase is
primarily due to the change in heat rate associated with all sources of generation, and heat
rates appear to increase (become less efficient over time). The increase is heat rates is likely
due to assumptions made about the heat input of renewable and nuclear generation. These
zero-emitting sources of generation do not have “heat input” in the true sense of the definition,
in that they do not convert fossil fuels to power. However, most sources of data (including EIA
and EPA) calculate a total heat input figure based on an assumed heat rate of 10 mmBtu/MWh
(the typical efficiency of a coal unit) for renewable and nuclear generation in order to represent
generation shifts through heat input. Because renewable generation experienced such a
significant uptick over this time period (in all regions), the heat rate of the power sector
appears to have gotten less efficient, and heat input appears to have increased dramatically,
when in reality it was probably decreasing. The figures for fossil generation thus paint a more
accurate picture of what was happening with heat input, generation, and heat rate, so this
discussion will focus on the fossil generation column rather than the all generation column of
each bar chart.

At the aggregate fossil level, the subdecomposition for the United States between 2005-
2015 shows that the change in heat rate caused the greatest change in heat input. Though an
improvement in heat rate of all fossil units caused most of the change, the generation shift
away from coal and oil towards natural gas actually explains the heat rate change as well.
Natural gas units, particularly combined cycle units, tend to be more efficient than coal units
(produce more electricity per unit of heat input), and switching to plants running natural gas
would decrease the overall heat rate of the fossil-fired power system.

Like the pre-RGGI subdecomposition, the post-RGGI subdecomposition for the RGGI
states indicates that the change in heat input for fossil generation is contributing the most to
the decreases in heat input. Nearly 70% of the decrease in heat input in the RGGI states is due
to the change in generation from fossil sources, which declined 22%. This would suggest that a

shift in generation away from fossil sources entirely, towards renewables, is playing a large role
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in the change in emissions from the RGGI states. Generation shifting towards natural gas also
led to significant improvements in the heat rate of the RGGI states’ fossil generation, which
further decreased heat input and emissions. This shift also affects the overall emissions rate,
again because natural gas is a less carbon-intensive fuel than coal (and oil).

The non-RGGI subdecomposition from 2005-2015 shows that, overall, an improvement
in heat rate contributed the most to the decrease in heat input for fossil generation. Like the
United States and RGGI, this is due to shifts in generation at the individual fuel level because
natural gas generation has a lower heat rate than coal and oil generation. Natural gas
generation increased proportionately much more in the non-RGGI states than in the RGGI
states (99% versus 55% respectively between 2005-2015), though the non-RGGI region started
from a lower base generation share from natural gas. Coal generation declined 29% over this
time, and oil generation declined 75%. The shift in generation away from fossil sources appears
to play less of a role in the non-RGGI states than in the RGGI states, as generation from fossil
sources only declined 3% over this time period.

Both the RGGI and non-RGGI regions are experiencing vast shifts away from coal and oil
towards natural gas and renewables. Coal generation in the RGGI region has declined nearly
two and a half times more than in the non-RGGI region. In the context of coal-fired power plant
closures, this would seem to suggest that RGGI would experience more coal-fired power plant
closures than the non-RGGI region, but the decomposition analysis cannot definitively

demonstrate that.
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Figure 7.1: United States Subdecomposition 2005-2015
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Figure 7.2: RGGI Subdecomposition 2005-2015
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Figure 7.3: Non-RGGI Subdecomposition 2005-2015
Non-RGGI Subdecomposition 2005-2015
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Key Conclusions from the Decomposition

Heat input change, driven by shifts in generation from coal and oil to natural gas and
renewables, is indeed driving carbon dioxide emissions changes in both the RGGI and non-RGGI
regions, according to the results of this decomposition analysis. In RGGI, the effect of
generation changes across fuel sources has a proportionally larger impact on emissions than in
non-RGGI states. The RGGI states also experienced a steeper decline in coal-fired generation
between 2005-2015 than the non-RGGI states, which would, if viewed in isolation, seem to
suggest that RGGl is accelerating the closure of coal-fired power plants.

The decomposition analysis did reveal, however, that the shift away from coal and oil
towards natural gas in the RGGI states was well underway prior to the announcement of RGGI
in 2005. Between 2000-2005, the non-RGGI states saw an increase in coal generation, thus
making this fact about the RGGI states all the more noteworthy. Between 2006-2015, the RGGI
states continued to shift away from coal and oil towards natural gas and renewables, and the

non-RGGlI states began to shift away from coal and oil towards natural gas.
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Decomposition analysis cannot attribute causation to any particular policy or economic
driver; however, it strongly suggests that fuel switching, and power plant closures by extension,
is playing a significant role in emissions changes. The next sections will focus attributing
causation to specific policy or economic drivers through both qualitative and quantitative

mechanisms.

Qualitative Closure Report

The decomposition analysis established that fuel switching is playing the most
significant role in reducing carbon dioxide emissions both within and outside of the RGGI states.
Coal-fired power plant closures are certainly part of the drop in generation from coal that the
decomposition illuminates. But can the closures within the RGGI states be attributed to RGGI
itself? And how do the reasons for closures within the RGGI states compare to those outside of
the RGGI states? The first step in analyzing the motivations for closure of coal-fired power
plants is a qualitative review of the reports on those closures. Assessing the primary
motivations based on these reports is not only an important step in understanding the narrative
surrounding the closures, but it can also provide important information to guide a regression

analysis of the closures.

Methodology

The qualitative analysis relies on many different types of sources, including local and
national news reports, press releases by utilities, and litigation as a result of enforcement action
related to the closure of the plants. Reasons given by representatives of the utility itself were
specifically targeted. | will note that it was more difficult to find information for plants closed
prior to 2006, but each of the four groupings had data so no grouping needed to be completely
excluded from the analysis.

There were a variety of reasons given ranging from economic to regulatory motivations,
and these were “coded” into different categories. The possible reasons for closure were sorted

into the following categories:

45



e Economic

©)

©)

©)

Low natural gas prices

Higher coal prices

Fuel delivery costs

Capacity market concerns

Loss of major customer in service area
Decreased electricity demand

Low electricity prices

Profit concerns

Balanced generation portfolio

e Regulatory

©)

©)

©)

Compliance costs
Compliance timeline
Federal standards (unspecified)

Cross-State Air Pollution Rule (CSAPR)

Mercury and Air Toxics Standard (MATS)
National Ambient Air Quality Standard (NAAQS) for Ozone

State law/measures

Other regulations (unspecified at what level of governance)

Reduce carbon dioxide
Regulatory enforcement action

Environmental outcomes

Age of facility
Continued reliability

Efficiency

It quickly became apparent over the course of this analysis that plants are often closed

for multiple reasons rather than one specific reason. Therefore, instead of trying to identify one

“primary” motivation as the direct cause of a closure, all explanations given in the coverage of
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the closure were noted. This means that one plant may have many reasons for closure—
perhaps both economic and regulatory reasons. After evaluating the relevant sources, the
plants were grouped into their respective temporal and regional groupings and examined for

patterns based on these groupings.

Results

This discussion will focus on key conclusions related to the qualitative review of
closures. Please see the Appendix for a full list of the closures considered in this analysis, as well
as information on the age, capacity, emissions rate, and reasons cited for closure for each
closure.

The most important conclusion | drew from this qualitative review is that carbon dioxide
reduction is rarely stated as a motivation for closing a coal plant. Only one post-RGGI
announcement closure in the RGGI states references cutting carbon dioxide as a goal of the
closure (Salem Harbor in Massachusetts).>* However, RGGlI itself is never specifically referenced
in the context of this closure. In fact, none of the closures in the RGGI region specifically refer to
RGGI as a reason motivating the closure.

In the non-RGGI states, this pattern holds: reducing carbon dioxide is rarely mentioned
as a motivation for closing a plant. Only four plants (Arapahoe and Cameo in Colorado, Bremo
in Virginia, and Cane Run in Kentucky) contain references to cutting carbon dioxide in reports of
their closure. These closures all happen in the second time period of this analysis. Notably, the
two Colorado closures come after the announcement of a state law requiring utilities to make
plans to reduce greenhouse gas emissions.>* Neither Virginia nor Kentucky have laws in place
requiring reduction of carbon dioxide.

Of all the regulations named as motivations for closure, MATS is the most commonly-

cited driver of coal closures. This is particularly true in the non-RGGI states in the second time

32 “Dominion to Shut Mass. Salem Harbor Coal/Oil Plant,” Reuters, November 18, 2010.
33 Andy Vuong, “Xcel Stacks Up Renewables,” Denver Post, November 15, 2007.
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period. MATS is only cited for closure in the RGGI states once post-RGGIl announcement (R. Paul
Smith in Maryland).*® It is cited 19 times for plants in the non-RGGI states.

Overall, compliance costs, age, and federal standards are the most common reasons for
closure. They are cited for 34, 25, and 23 closures, respectively. Federal standards are not as
frequently referenced for closures in the non-RGGI states between 2000-2005 as opposed to
2006-2015, but compliance costs are cited.

Economic motivations for closure become much more common in the second time
period for both regions, but particularly in the non-RGGI states, where they are referenced in
19 closures. General profit motivations (often discussed as either increased operating costs or
decreased profit margins) are not referenced by RGGI closures. Only 8 closures in the non-RGGI
states specifically reference low natural gas prices; however, this does not mean they do not
factor into the decision somehow. General “economics” hints at fluctuations in prices as a
motivation.

In the RGGI states between 2000 and 2005, only two closures occurred (AES Hickling
and AES Jennison). Both were small, older plants in New York. These were mostly pertaining to
the financial solvency and regulatory violations of the parent company at the time.

In the non-RGGI states between 2000 and 2005, there was indeed a paucity of
information. | was unable to find information on 4 of the 11 closures there. Those for which
there was information often reference age and efficiency of the plant, as well as compliance
costs for environmental regulations.

In the RGGI states between 2006 and 2015, there were 18 closures. New York had the
most closures of the RGGI states (9). Utilities stated more often that these closures were
environmentally motivated. Federal standards and compliance costs, as well as general
environmental outcomes, are cited most commonly. Age also plays a role in these closures.

In the non-RGGI states after 2005, there were 96 closures. Pennsylvania and Ohio had
the most closures (both had 11) followed closely by North Carolina (9). Three of the major
utilities in these areas, AEP, FirstEnergy, and Progress Energy Carolinas announced a significant

number of coal closures at once, all of which were environmentally-motivated. AEP stated it

34 Timothy B. Wheeler, “Maryland Power Plant Closing to Avoid Pollution Rules,” Baltimore Sun, January 26, 2012.
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would close 7 plants due to compliance costs with EPA regulations.* FirstEnergy stated it would
close 6 coal plants due to MATS.?® In 2009, Progress Energy Carolinas announced that it would
reduce and eventually eliminate generation from un-scrubbed coal-fired power plants, which
led to 4 of the closures in this analysis.?’

The qualitative closure analysis demonstrates that both economic and regulatory factors
are driving coal-fired power plant closures. Regulatory motivations are more often cited than
economic motivations, but carbon dioxide reduction measures are rarely referenced. This is
particularly surprising for the RGGI state closures post-RGGIl announcement. The qualitative
closure report therefore suggests that RGGI was not clearly determinant in driving coal-fired
power plant closures. With greater context for the circumstances surrounding these closures,

the guantitative analysis can proceed.

Regression Analysis of Closures

The decomposition analysis showed that reductions in coal generation are driving
emissions changes, but, as previously mentioned, decomposition cannot attribute causality to a
particular policy or economic factor. The qualitative analysis of closures illuminated certain
economic and regulatory factors that played a crucial role in the closure of coal-fired power
plants. None of the closures in the RGGI states specifically attributed the closures to RGGI;
however, it still could be underlying decision-making even if it does not permeate the narrative.
Regression analysis will be used in order to examine whether there is a causal link between

RGGI and coal closures.

Methodology

National data on coal unit operation were examined for the regression analysis on

determinants of coal unit closure. Panel data representing all existing coal units for the years

3% “AEP Shares Plan for Compliance With Proposed EPA Regulations,” Press Release, American Electric Power,” June
9, 2011.

36 “FirstEnergy, Citing Impact of Environmental Regulations, Will Retire Six Coal-Fired Power Plants,” Press Release,
FirstEnergy Corp., January 26, 2012.

37 “Progress Energy Carolinas Plans to Retire Remaining Unscrubbed Coal Plants in N.C.,” Press Release, Progress
Energy Carolinas, December 1, 2009.
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2000 and 2005 were analyzed. The data are at the unit level. Only coal-fired units were included
in the analysis.

The dependent variable in this analysis is unit status. For the data representing 2000,
units that were operating in 2000 and remained open in 2005 were coded as 0, while units that
were operating in 2000 but closed by 2005 were coded as 1. For the data representing 2005,
units that were operating in 2005 and remained open in 2015 were coded as 0, while units that
were operating in 2005 but closed by 2015 were coded as 1. As status is a binary variable, |
used a probit regression analysis.

The primary explanatory variable is presence in the RGGI region. Units in the RGGI states
post-RGGI announcement in 2005 were coded as 1, while units in the non-RGGI states and units
in the RGGI states pre-2005 were coded as 0.

The qualitative analysis revealed that there may be a couple of significant confounding
variables in this analysis: age and capacity. Utilities frequently cited the age of a plant as being a
factor in its closure—specifically, that the plant is older. Utilities also occasionally cited the size
of the plant as being a factor in its closure: smaller plants were more likely to be closed. These
two variables thus needed to be added as control variables in the regression. Age for each
observation was set as the age of the unit in the beginning of the time period (so age in 2000
for the 2000 data and age in 2005 for the 2005 data). As seen in Table 8 below, among all
regional and temporal groupings, closed units do tend to be older and smaller than those that

remain open.

Table 8: Comparison of Average Values of Age and Capacity for Coal Units Across Region, Time
Period, and Status

RGGI Non-RGGlI uUs
2000
Closed Open All  Closed Open All  Closed Open All
Age (years) 51.3 37.2 384 38.8 27.0 28.2 489 342 347
Capacity (MW) 16.3 206.7 189.4 136.1 273.1 260.9 103.6 342.3 333.8
2005
Closed Open All  Closed Open All  Closed Open All
Age (years) 43.8 37.0 394 47.0 344 36.9 40.1 345 37.1
Capacity (MW) 115.3 260.2 2119 172.0 378.2 337.4 155.1 370.7 3279
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Moreover, all units in the RGGI region tend to be older and smaller compared to the rest
of the United States, both before and after the treatment period. Differences in age and
capacity among the treatment (RGGI post-2005) and control (non-RGGI and RGGI pre-2005)
groups were tested for statistical significance. Using a t-test with unequal variance, treatment
units did show a statistically significant difference in age and capacity from control units. Units
in RGGI were more likely to be older and have a smaller capacity, as shown in Tables 9.1 and 9.2

below.

Table 9.1: t-test Results for Differences in Age Among Treatment and Control Groups

Group Obs. Mean Std. Err. Std. Dev. 95% Conf. Interval
Non-RGGI 2117 35.775 0.282 12.971 35.222 36.328
RGGI 86 39.379 1.653 15.326 36.086 42.658

p-value = 0.0346

Table 9.2: t-test Results for Differences in Capacity Among Treatment and Control Groups

Group Obs. Mean Std. Err. Std. Dev. 95% Conf. Interval
Non-RGGI 2095 335.584 6.155 281.739 323.513 347.655
RGGI 84 211.894 19.698 180.539 172.715 251.073

p-value = 0.0000

Two of the three aforementioned regulatory factors (ARP, MATS) are not controlled for,
as they apply nationwide to all units. In addition, significant economic factors (low natural gas
prices, relatively higher coal prices) are not controlled for in this analysis, as they also apply
nationwide.

However, one regulatory factor, CSAPR, did not apply nationwide and is thus controlled
for in the regression. CSAPR applies only to select states in the East, South, and Midwest. CSAPR
does apply to three of the ten RGGI states (Maryland, New Jersey, and New York). Therefore, it
could be having an additional impact within the RGGI states as well as an impact outside of the
RGGI states. The regression is run both with and without a binary variable representing CSAPR
applicability in order to observe any effect it may have had in addition to RGGI, age, and
capacity.

There still may be differences among states that confound the data. | include a fixed

effects regression analysis as well in order to control for these variations. Forty-three states
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have coal-fired generation, but only 28 states had coal closures. Of those states that had coal

closures, 6 are RGGI states and 22 are non-RGGI states.

A dummy variable for time period was also employed in two of the regression models.

This variable was binary: 0 for an observation in the first panel data year (2000) and 1 for an

observation in the second panel data year (2005). This variable was added in order to control

for the second time period being longer than the second, as units would be more likely to close

anyway, given the longer time period.

Results

Table 10: Regression Results

No CSAPR, CSAPR, No CSAPR, CSAPR,
No Fixed No CSAPR, No Fixed Time Time
Effects Fixed Effects Effects Dummy Dummy
1 2 3 4 5
RGGI 0.687** 1.302** 0.422%** 0.278 0.341*
(0.156) (0.287) (0.158) (0.160) (0.164)
Age 0.037** 0.036** 0.033** 0.034** 0.033**
(0.004) (0.004) (0.004) (0.004) (0.004)
Capacity -0.001** -0.002** -0.002** -0.002** -0.002**
(0.000) (0.000) (0.000) (0.000) (0.000)
CSAPR 0.985** 0.283
(0.089) (0.168)
Time period 1.088** 0.823**
(0.097) (0.184)
constant -2.321** -1.534** -2.687** -2.804** -2.779**
(0.196) (0.279) (0.199) (0.203) (0.202)
State Fixed No Yes No No No
Effects?
Time Period No No No Yes Yes
dummy?

Note: Standard errors are in parentheses. The model in Column 1 does not include CSAPR or state fixed
effects. The model in Column 2 does not include CSAPR but includes state fixed effects. The model in
Column 3 includes CSAPR but does not include state fixed effects. The model in Column 4 does not

include CSAPR or state fixed effects but adds in a dummy variable for the second time period. The model
in Column 5 includes CSAPR and a dummy variable for the second time period but does not include state
fixed effects.

*Significant at 0.05 level.

**Significant at 0.01 level.
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The results for the first regression analysis model (Column 1) show that, holding age and
capacity constant, coal units in the RGGI states post-RGGI announcement (those that receive
treatment) were more likely to close than other units. This difference was statistically
significant at the 0.01 level. Age and capacity also have statistical significance at the 0.01 level,
and the results do align with expectations that older, smaller units are more likely to close in
general.

The results for the second regression model (Column 2), which includes fixed effects to
control for state-level factors that are unobservable (e.g., certain state-specific policies or state
economic conditions), show that, holding age and capacity constant and controlling for state
fixed effects, coal units in the RGGI states post-RGGI announcement (those that receive
treatment) were more likely to close than other units. The difference was statistically significant
at the 0.01 level. Again, age and capacity have statistical significance at the 0.01 level, which
aligns with expectations that older, smaller units are more likely to close in general. It should be
noted that some of the states had statistical significance as well.

The third regression model (Column 3) includes CSAPR as an additional control. As
previously mentioned CSAPR did not apply uniformly across the United States, so a binary
variable was added to indicate CSAPR applicability in order to control for its effects. However,
one issue with including CSAPR is that it was finalized in 2011, which is more than halfway
through the second temporal grouping used in this analysis. The results will nonetheless be
reported here, though further refinement of the methods of the study are needed in order to
allow for a robust consideration of CSAPR given the temporal grouping problems. The results in
Column 3 indicate that coal units in RGGI were more likely to close, holding constant age,
capacity, and applicability of CSAPR. The difference was statistically significant at the 0.01 level.
Age, capacity, and CSAPR also have statistical significance at the 0.01 level in causing coal unit
closure.

The fourth and fifth regression models (Columns 4 and 5) include a dummy variable for
time, due to the different lengths of each time period in this analysis. The results in Column 4
suggest that coal units in RGGI were more likely to close, holding age, capacity, and time period

constant; however, this value was not statistically significant, while age and capacity were
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statistically significant. The regression model in Column 5 adds CSAPR to the model used in
Column 4. The results in Column 5 suggest that coal units in RGGI were more likely to close,
holding age, capacity, CSAPR, and time period constant. This result was statistically significant
at the 0.05 level. Age and capacity also have statistical significance at the 0.01 level in causing
unit closure; however, CSAPR does not have a statistically significant impact.

Overall, the regression analysis suggests that RGGI is correlated with closure of coal-
fired units in the RGGI states when other relevant factors are controlled. In particular, Models 3
and 5 provide the strongest evidence of this correlation, given the statistical significance of the
RGGI coefficient with the inclusion of CSAPR and the time period dummy variable. Further
analysis should examine other variables besides RGGI status, age, capacity, and CSAPR that
affect coal unit closures across states, given the existence of statistically significant state level

fixed effects.

Conclusion

The Regional Greenhouse Gas Initiative (RGGI) has been cited as a successful model of a
cap-and-trade program for carbon dioxide. The region’s power sector carbon dioxide emissions
have dropped much more substantially than the rest of the United States. The decomposition
analysis in this study has shown that those reductions are largely due to fuel switching from
coal to natural gas, rather than significant improvements in efficiency or emissions rates at
generating stations.

Fuel switching can be done in a number of ways: by reducing utilization of coal units and
increasing utilization of natural gas units, by replacing the use of coal at the unit with natural
gas, or by closing coal units and opening gas units. Coal plant closures are thus expected to
accompany any policy that regulates carbon dioxide. The closure of coal plants is a very
politically-charged issue, given the influence of the coal industry in politics and the loss of jobs
expected. The conclusions of this analysis, while specific to the RGGI program, may provide
some insight into the true impact of carbon dioxide cap-and-trade programs on the closure of
coal-fired power plants or, at least, one example of how to evaluate coal closures in the context

of a carbon dioxide cap-and-trade program.
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A qualitative analysis of the reports on coal-fired power plant closures did not clearly
indicate that RGGI was playing a significant role in closures post-RGGI. Environmental
regulations and their expected compliance costs, particularly for the Mercury and Air Toxics
Standard, were frequently cited as reasons for closure. However, the economics of natural gas
also factored into the narrative of decision-making surrounding coal closures.

The results of the regression analysis provide strong evidence that RGGI was in fact
determinant in closing coal units, even when controlling for age, capacity, and state. CSAPR may
be having an impact that outweighs RGGI, but more research is needed in order to make that
conclusion definitively. Older and smaller coal units are more likely to close, but RGGI may be
causing closures independent of those factors.

While the failure or success of the RGGI program should not hinge on closing coal
plants, it certainly provides a marker of not only the methods of compliance that can be taken
with a carbon dioxide regulatory program, but also the outcomes that might occur given the
pressing need to address climate change through policy.

Future analysis should perhaps consider a finer temporal separation in the time periods,
accounting for the implementation effect as well as the exact date that the particular state
came under (or left) the RGGI program, as that was more generalized in this analysis. In
addition, an expansion of the analysis to include all fossil fuel-fired power plant closures may be

warranted.

55



Appendix

Table 11: Coal Closures Considered in this Analysis by Region and Time Period

State

NY

NY

NY

NY

CcT

NY

NY

NJ

DE

NJ

NY

MA

NY

DE

MD

NY

NY
MA

MA
NY

GA

Generating
Station Name

AES Hickling

AES Jennison

AES Greenidge
AES Westover
AES Thames
Black River

Danskammer

Deepwater
Edge Moor
Howard M
Down
Lovett
Mount Tom
Niagara
NRG Energy
Center Dover
R Paul Smith
Russell

(Rochester 7)
SA Carlson

Salem Harbor

Somerset

Syracuse Energy

Arkwright

Year
Opened

1948

1945

1950
1943
1990
1991

1959

1954
1954
1969
1966
1960
1991
1985
1947
1948

1950
1951

1959
1992

1943

co,
Year Age at Capacity Emissions

Closed Closure (MW) Rate

(kg/mmBtu)
RGGI 2000-2005 (2 closures)
2000 52 70 95.35
2000 55 60 94.54
RGGI 2005-2015 (18 closures)

2011 61 345 93.08
2011 68 357 93.14
2012 22 469 94.38
2014 23 183 94.38
2013 54 400 92.72
2015 61 90 93.08
2010 56 285 92.85
2012 43 25 94.38
2008 42 420 92.28
2014 54 158 93.08
2015* 24 59 99.43
2013 28 56 94.38
2012 65 128 93.08
2008 60 277 93.08
2015* 65 70 93.08
2014 63 345 93.08
2011 52 305 91.30
2013 21 290 94.38

Non-RGGI 2000-2005 (11 closures)

2002 59 104

93.08

Reason(s) for Closure

Regulatory settlement for CAA
violations
Regulatory settlement for CAA
violations

Regulatory settlement for CAA
violations

Regulatory settlement for CAA
violations

Fuel costs, transportation costs,
compliance costs
Environmental objectives by
Army, runs on wood now
Hurricane Sandy damages,
EPA/DEC made them switch to
gas to reopen

Federal standards for criteria air
pollutants

Environmental objectives by new
owner, switch to gas

Regulatory settlement for CAA
violations, switch to gas

State lawsuit on pollution
control

Natural gas demand driving
down coal demand
Environmental objectives by
state, switch to wood
Environmental objectives by new
owner, switch to gas

MATS, other regulations,
compliance costs, aging plant
State litigation, environmental
regulations

No information

Environmental regulations aimed
to curb climate change, ozone
rule, old plant

No information

Losing major customer

Economics-IRP process, reduce
criteria air pollutants
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KY
Wi

VA
PA

Wv
Wi
VA

co

PA

OH

OH

OH
Wi
MO
VA

NC
co

SC

KY

NC

uT
MO

VA

Dean H Mitchell

FJ Gannon

Grand Tower
Energy Center
Marysville

Minnesota
Valley
Noblesville

Pineville

Port
Washington
Possum Point

Warren

Albright
Alma

Altavista

Arapahoe

Armstrong
Ashtabula
Bay Shore

Beckjord
Blount Street
Blue Valley

Bremo

Buck

Cameo

Canadys Stream
Cane Run

Cape Fear

Carbon

Chamois

Chesapeake
Energy Center

1959

1957
1951

1930
1954

1950

1951
1935

1955
1948

1952
1947
1992

1951

1958

1958

1959

1952
1949
1965
1950

1941
1960

1962

1962

1956

1954
1960

1953

2002

2004
2005*

2009
2009

2003

2001
2005

2005*
2002

Non-RGGI 2005-2015 (96 closures)

2012
2014
2015*

2013

2012

2012

2012

2014
2011
2015
2014

2013
2013

2013

2015

2012

2015
2013

2014

43

47
54

79
55

53

50
70

50
54

60
67
23

62

54

54

53

62
62
50
64

72
53

51

53

56

61
53

61

315

1278
388

549
60

302

37
100

371
305

339
1030
180

169

400

266

605

1100
28
55

268

433
54

482

689

351

199
53

696

93.08

93.08
93.08

80.90
93.01

93.16

93.08
93.08

93.08
93.08

93.08
93.26
93.08

93.08

93.08

92.75

93.08

93.08
93.07
92.56
93.08

93.08
93.08

93.08

93.08

93.05

93.08
93.06

93.08

Age, cost of compliance,
declining demand
No information

No information

No information

No information

Increase capacity, reduce
emissions, switch to gas
Compliance costs

Increase capacity, switch to gas

Switch to gas

No information

MATS compliance costs
Compliance costs

Reduce emissions, switch to
wood

State law, federal law
preparation for cutting carbon
dioxide

MATS, other regulations,
compliance costs, aging plant
MATS, other regulations,
compliance costs, aging plant
MATS, other regulations,
compliance costs, aging plant
Environmental regulations

Switch to gas
Environmental objectives

Environmental objectives,
cheaper to run gas
Switch to gas

State law, federal law
preparation for cutting carbon
dioxide

MATS, other regulations,
environmental objectives
Federal regulations, aging plant,
switch to gas

Duke Energy shutting down all
non-scrubbed coal units, aging
plant, reduce emissions
MATS, aging plant

Compliance costs, fuel delivery
costs, low demand growth, low
gas prices

Compliance costs
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KY

PA

NC
SC

OH

PA

PA

SC

NC

OH

M
GA
PA

KY

MN

PA

GA

MT
SC
TN
Wv
Wv

Coleman

Crawford

Cromby

Dan River

Dolphus
Grainger
Dubuque

Eastlake

Eddystone

Elrama

Fair Station
Fisk
Frank E Ratts
Gadsden
Glen Lyn

Green River

HB Robinson

HF Lee

Hamilton
Municipal
Power Plant
Harbor Beach

Harllee Branch

Hatfield's Ferry
Henderson
High Bridge

Hunlock Creek

Hutsonville

Jack
McDonough
JE Corette

Jeffries
John Sevier
Kammer

Kanawha River

1969

1958
1954

1949
1966

1941
1953

1959

1952

1967
1959
1970
1949
1944
1954

1960

1951

1964

1968
1965
1969

1968

1942

1959

1953
1963

1968
1970
1955
1958
1953

2014

2012
2011

2012
2015

2011
2012

2011

2012

2013
2012
2015
2015
2015
2015

2012

2013

2015

2015
2015
2013

2008

2006

2015

2012
2012

2015
2015
2013
2015
2015

45

54
57

63
49

70
59

52

60

46
53
45
66
71
61

52

62

51

47
50
44

40

64

56

59
49

47
45
58
57
62

527

600
162

335
192

94
1510

693

535

50
360
288
402
380
197

193

444

76

110
1750
1847

28

1300

50

169
570

139
342
840
690
484

93.08

93.08
93.08

93.08
93.08

93.08
93.08

93.08

93.08

93.08
93.08
93.08
93.08
93.08
93.08

93.06

93.04

93.42

93.07
93.08
93.06

93.07

93.08

97.35

93.08
93.00

93.08
93.08
93.08
93.08
93.08

Loss of major service territory
customer
Compliance costs

Decreased demand, gas prices,
increased operating costs, aging
plant

Coal ash waste problem

Compliance costs, aging plant

Switch to gas

MATS, other regulations,
compliance costs, aging plant
Decreased demand, gas prices,
increased operating costs, aging
plant

High price of coal, lower
demand, aging plant
Compliance costs, aging plant

Compliance costs
Compliance costs
Switch to gas, federal standards
Compliance costs

Federal regulations, aging plant,
switch to gas

Duke Energy shutting down all
non-scrubbed coal units, aging
plant, reduce emissions

Duke Energy shutting down all
non-scrubbed coal units

No information

MATS compliance costs
MATS compliance costs

MATS compliance costs, low
demand

Rising costs, environmental
regulations

Environmental objectives, switch
to gas

Switch to gas ("way to go in PA"),
efficiency, federal standards
CSAPR

Environmental objectives, switch
to gas
MATS compliance costs

Compliance costs, aging plant
Aging plant, enforcement action
Compliance costs

Compliance costs
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NC

OH

NV
OH

Wv

MN

NC

NC

OH

Wv
OH
PA

PA

VA

KS
OH
OH
NC
MN
KS

Wv
MN

IA

LV Sutton
Lake Shore

Lakeside

Laskin Energy
Center
Manitowoc

Martins Creek
Meredosia
Milton L Kapp
Mitchell

Mohave

Muskingum
River
North Branch

Northeast

NC Renewable
Power -
Elizabethtown
NC Renewable
Power -
Lumberton
OH Hutchings

Pella

Phil Sporn
Picway

Piney Creek
Portland
Potomac River

Quindaro

RE Burger
Richard Gorsuch

Riverbend

Riverside

Riverton

Rivesville

Silver Lake

Sixth Street

1954

1962

1961
1953

1957
1954
1948
1967
1963

1970
1953

1992

1971

1985

1985

1948
1963

1950
1955
1992

1958

1949

1965
1950
1951
1952
1949
1949

1944
1969

1940

2014

2012

2009
2015

2015*
2007
2012
2015
2013

2006
2015

2012

2012

2015*

2015*

2013
2011

2015
2013
2013

2014

2012

2015
2011
2012
2013
2009
2015

2012
2015

2008

60

50

48
62

58
53
64
48
50

36
62

20

41

30

30

65
48

65
58
21

56

63

50
61
61
61
60
66

68
46

68

673

230

74
120

110
300
662
121
309

1660
1630

274

32

52

104

414
85

1180
115
40

437

510

220
1216
817
553
445
98

149
60

419

93.04

93.08

93.08
93.08

93.58
93.07
93.08
93.08
93.08

93.03
93.08

93.08

93.08

93.52

93.05

93.43
93.08

93.08
93.08
94.38

93.08

93.08

92.75
93.07
93.08
93.08
93.08
92.48

93.08
92.52

87.74

Duke Energy shutting down all
non-scrubbed coal units
MATS compliance costs, aging
plant

Compliance costs, aging plant

Compliance costs, aging plant

No information

State regulatory settlement
CSAPR

Switch to gas, reduce emissions

MATS compliance costs, low
demand
Regulatory settlement

Compliance costs

Closed in agreement with state
to build cleaner gas plant
elsewhere

Switch to gas, federal
regulations, cheaper to operate
No information

No information

MATS compliance costs

Compliance costs, aging plant,
small plant
Compliance costs

Compliance costs

Energy prices too low,
compliance costs high
Regulatory settlement, switch to
oil

Low gas prices, high compliance
costs expected

Regulatory settlement

Federal regulations

Regulatory settlement

Federal regulations

Switch to gas, reduce emissions

MATS, other regulations, switch
to gas
MATS compliance costs

Regulations, anticipated
enforcement action, economics
Flooding
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NC

SC
Wv
GA

Note:

Southampton 1992 2013 21 186 93.08 Switch to wood, reduce

emissions
State Line 1955 2012 57 582 93.08 Anticipated enforcement action,
reduce emissions
Stoneman 1949 2008 59 70 92.23  Switch to wood, environmental
objectives
Sutherland 1955 2015 60 424 93.07 Switch to gas, reduce emissions
Tanners Creek 1951 2013 62 1183 93.08 Limited demand growth
Titus 1951 2015 64 270 93.08 MATS compliance costs
Tyrone 1953 2015 62 80 93.08 Federal regulations, aging plant,
switch to gas
Urquhart 1955 2012 57 110 93.08 Switch to gas, compliance costs,
aging plant, small plant
Valley (WEPCO) 1968 2015 47 792 93.08 Switch to gas, lower natural gas
prices, reduce emissions
Vermilion 1955 2011 56 189 92.83  Aging plant, small plant, fuel

delivery costs, low demand
growth, low power prices,
regulatory uncertainty

WH 1949 2012 63 195 93.06 Duke Energy shutting down all
Weatherspoon non-scrubbed coal units
WS Lee 1951 2014 63 430 93.08 Environmental objectives
Willow Island 1949 2012 63 274 93.08 MATS compliance costs
Yates 1950 2013 63 1407 93.08 MATS compliance costs

Year Opened: year oldest continuously operating coal unit opened at the facility
Year Closed: year coal generation ended at the facility
o *Exact year of closure could not be determined; however, the facility was

definitely closed within the time period in which it is grouped. The year closed is
indicated as the final year of the analysis, which was used to calculate the age of
the plant as well.

Capacity: coal capacity only (does not include other fuel capacity if plant runs on

multiple fuels), this is the amount of capacity that closed

Emissions Rate: calculated for first year of time period in which is closed (either 2000 or

2005)
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