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China’s energy markets send mixed signals about the nation’s policy intentions and
emissions trajectory. Renewable energy analysts tend to focus on China’s massive
renewable expansion and view the nation as a global clean energy leader; coal pro-
ponents and climate skeptics are more likely to focus on the number of coal plants in
China—both in operation and under construction—and claim its climate rhetoric is

more flash than substance.

In December 2016, the Center for American Progress brought a group of energy experts
to China to find out what is really happening. We visited multiple coal facilities—includ-
ing a coal-to-liquids plant—and went nearly 200 meters down one of China’s largest
coal mines to interview engineers, plant managers, and local government officials work-

ing at the front lines of coal in China.

We found that the nation’s coal sector is undergoing a massive transformation that

extends from the mines to the power plants, from Ordos to Shanghai. China is indeed
going green. The nation is on track to overdeliver on the emissions reduction commit-
ments it put forward under the Paris climate agreement, and making coal cleaner is an

integral part of the process.

From a climate perspective, the ideal scenario would be for China to shut down all

of its coal-fired power plants and switch over to clean energy full stop. In reality,
China’s energy economy is a massive ship that cannot turn on a dime. The shift toward
renewables is happening: China’s Paris commitment includes a promise to install 800
gigawatts to 1,000 gigawatts of new renewable capacity by 2030, an amount equiva-
lent to the capacity of the entire U.S. electricity system.' While China and the United
States have roughly the same land mass, however, China has 1.3 billion people to

the United States’ 325 million.” It needs an electricity system that is much larger, so
adding the renewable equivalent of one entire U.S. electricity system is not enough to
replace coal in the near to medium term. To bridge the gap, China is rolling out new
technologies to drastically reduce local air pollution and climate emissions from the

nation’s remaining coal plants.
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This issue brief covers three things American observers need to understand about coal

in China:

1. China’s new coal-fired power plants are cleaner than anything operating in the
United States.

2. China’s emissions standards for conventional air pollutants from coal-fired power

plants are stricter than the comparable U.S. standards.

3. Demand for coal-fired power is falling so quickly in China that the nation cannot
support its existing fleet. Many of the coal-fired power plants that skeptics point to as
evidence against a Chinese energy transformation are actually white elephants that

Chinese leaders are already targeting in a wave of forced plant closures.

Energy solutions that work well for China will not necessarily work well for the United
States. In addition to the massive population disparity, the United States has access to
cheap and plentiful shale gas, and China does not. If China is going to reduce emissions
substantially, more efficient coal generation has to be part of its equation, at least for the
near to medium term. In the United States, investing in next-generation clean coal plants
is not a good solution because natural gas is cheap, plentiful, and lower-emitting than all

but the most expensive coal-fired power.

Regardless of what works best in the U.S. market, understanding how Beijing is trans-
forming its coal sectors is critical for understanding what to expect from the Chinese
energy market going forward and how we should view China’s position in the global

effort to combat climate change.

China is greening its coal fleet

Beijing is stuck between a rock and a hard place. On the one hand, China cannot eradi-
cate coal-fired power from its energy mix overnight. China has not yet figured out how
to develop its own natural gas supplies—which are more difficult to access and there-
fore more expensive than those in the United States—and renewable energy expansion
takes time. On the other hand, Chinese citizens are demanding cleaner air, and they
want immediate improvements. Air quality is now a political priority for the Chinese
Communist Party on par with economic growth and corruption. This means that China
cannot continue to run the same high-pollution coal plants that were considered accept-
able decades ago. Beijing’s solution is to move full speed ahead with renewables while
simultaneously investing in what may become the most efficient, least polluting coal

fleet the world has ever seen.
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Not all coal-fired power is created equal. Emissions and efficiency—the latter being

the amount of coal consumed per unit of power produced, which also affects emis-
sions—vary dramatically based on the type of coal and coal-burning technology used.
What many U.S. analyses of China’s coal sector overlook is the fact that Beijing has been
steadily shutting down the nation’s older, low-efficiency, and high-emissions plants to
replace them with new, lower-emitting coal plants that are more efficient that anything

operating in the United States.

To better understand where China’s coal fleet is going, CAP compared the top 100 most
efficient coal-fired power units in the United States with the top 100 in China. (see Table
Al and A2) The difference is astounding.

Compared with the Chinese coal fleet, even the best U.S. plants are running older,
less efficient technologies. Coal-fired power plants can generally be broken down into

three categories:

1. Subcritical: In these conventional power plants, coal is ignited to boil water, the
water creates steam, and the steam rotates a turbine to generate electricity.’ The term
“subcritical” indicates that internal steam pressure and temperature do not exceed the

critical point of water—70S degrees Fahrenheit and 3,208 pounds per square inch.*

2. Supercritical: These plants use high-tech materials to achieve internal steam tempera-
tures in the 1,000-1,050 degrees Fahrenheit range and internal pressure levels that
are higher than the critical point of water, thus spinning the turbines much faster and

generating more electricity with less coal.®

3. Ultra-supercritical: These plants use additional technology innovations to bring
temperatures to more than 1,400 degrees Fahrenheit and pressure levels to more than

5,000 pounds per square inch, thus further improving efficiency.®

The U.S. coal fleet is much older than China’s: The average age of operating U.S. coal
plants is 39 years, with 88 percent built between 1950 and 1990.” Among the top 100
most efficient plants in the United States, the initial operating years range from 1967 to
2012. In China, the oldest plant on the top 100 list was commissioned in 2006, and the

youngest was commissioned in 2018.

The United States only has one ultra-supercritical power plant.® Everything else is
subcritical or, at best, supercritical. In contrast, China is retiring its older plants and
replacing them with ultra-supercritical facilities that produce more energy with less
coal and generate less emissions as well. Out of China’s top 100 units, 90 are ultra-

supercritical plants.
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FIGURE 1
Comparing coal-fired power technology in the United States and China

Technical makeup of each nation's 100 most efficient coal-fired power units
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Sources: Chinese coal-fired power unit data are from China Electricity Council, Zhong guo dian li hang ye nian du fa zhan bao gao (China Electricity
Industry Development Annual Report 2016) (Beijing: China Market Press, 2016). U.S. unit data are authors' calculations based on U.S. Energy
Information Administration, "Electricity: Form EIA-860 detailed data," October 6, 2016, available at https://www.eia.gov/electricity/data/eia860/; U.S.
Energy Information Administration, "Electricity: Form EIA-923 detailed data," April 26, 2017, available at https://www.eia.gov/electricity/-
data/eia923/; U.S. Environmental Protection Agency, "Air Markets Program Data," available at https://ampd.epa.gov/ampd/ (last accessed April
2017); International Energy Agency Coal Industry Advisory Board, "Power Generation from Coal: Measuring and Reporting Efficiency Performance
and CO2 Emissions" (2010), available at https://www.iea.org/ciab/papers/power_generation_from_coal.pdf. For additional detail on methodology,
see Melanie Hart, Luke Bassett, and Blaine Johnson, "Research Note on U.S. and Chinese Coal-Fired Power Data" (Washington: Center for American
Progress, 2017), available at https://www.americanprogress.org/?p=432136.

When the capacity of each of the top 100 units in each nation is taken into account,
ultra-supercritical technology accounts for 92 percent of Chinese top 100 capacity and
less than one percent—0.76 percent—of U.S. top 100 capacity. Because the technologi-
cal makeup of the Chinese plants is different, their emissions levels are different as well.
In the United States, the total nameplate capacity of our top 100 most efficient coal-fired
power units is 80.1 gigawatts, and their cumulative annual carbon emissions amount to
361,924,475 metric tons.” Meanwhile, the total nameplate capacity of China’s top 100
units is 82.6 gigawatts, and their cuamulative annual carbon emissions are an estimated
342,586,908 metric tons." Since China’s fleet uses more advanced technology, it also
consumes less coal: an average of 286.42 grams of coal equivalent, or gce, consumed per
kilowatt-hour of power produced in China versus 374.96 gce consumed per kilowatt-

hour produced at lower heating value in the United States.
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FIGURE 2
Comparing coal-fired power emissions and efficiency in the
United States and China

Average annual performance of each nation's 100 most efficient coal-fired power units
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Note: U.S. emissions and efficiency figures are authors' calculations based on U.S. unit-level coal-fired power data from the U.S. Energy Information
Administration, the International Energy Agency, and the U.S. Environmental Protection Administration using a methodology outlined by the
International Energy Agency. Chinese emissions figures are authors' calculations using CoalSwarm estimates. Chinese efficiency figures are authors'
calculations using Chinese unit-level coal-fired power data from S&P Global Platts.

Sources: U.S. Energy Information Administration, "Electricity: Form EIA-860 detailed data," October 6, 2016, available at https://www.eia.gov/elec-
tricity/data/eia860/; U.S. Energy Information Administration, "Electricity: Form EIA-923 detailed data," April 26, 2017, available at https://ww-
w.eia.gov/electricity/data/eia923/; U.S. Environmental Protection Agency, "Air Markets Program Data," available at https://ampd.epa.gov/ampd/
(last accessed April 2017); International Energy Agency Coal Industry Advisory Board, "Power Generation from Coal: Measuring and Reporting
Efficiency Performance and CO2 Emissions" (2010), available at https://www.iea.org/ciab/papers/power_generation_from_coal.pdf; S&P Global
Platts, "World Electric Power Plants Database, March 2017," available at https://www.platts.com/products/world-electric-power-plants-database
(last accessed May 2017); CoalSwarm, "Global Coal Plant Tracker," available at http://endcoal.org/tracker/ (last accessed May 2017). For additional
detail on methodology, see Melanie Hart, Luke Bassett, and Blaine Johnson, "Research Note on U.S. and Chinese Coal-Fired Power Data"
(Washington: Center for American Progress, 2017), available at https://www.americanprogress.org/?p=432136.

To be sure, China still has plenty of older coal-fired power units that are not using the
most advanced technology. According to the latest third-party research from S&P
Global Platts, which provides research on global energy infrastructure, when the data
set is expanded to include all operating coal-fired power capacity in China—which
totals 920 gigawatts—approximately 19 percent uses ultra-supercritical technology,
2S5 percent uses supercritical technology, and 56 percent uses subcritical technol-
ogy." However, the new builds are increasingly ultra-supercritical plants, and Beijing
is steadily ratcheting up the emissions requirements and efficiency standards for those

older plants as well.

By 2020, every existing coal-fired power unit in China must meet an efficiency standard
of 310 gce per kilowatt-hour; any units that do not meet that standard by 2020 will be
retired. In contrast, none of the current top 100 most efficient U.S. coal-fired power

units would meet that same efficiency standard today. (see Table A2)
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FIGURE 3
China's shift toward cleaner coal-fired power technology
Technical makeup of China's coal-fired power capacity additions, 1980-2016
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Source: Authors' calculations are based on S&P Global Platts, "World Electric Power Plants Database, March 2017," available at https://ww-
w.platts.com/products/world-electric-power-plants-database (last accessed May 2017).

The simple fact is that the United States has a wide array of cheap and abundant energy
options that now compete with coal-fired electricity generation—particularly shale

gas and renewables. Given the additional context of falling U.S. electricity demand and
improving efficiency, even U.S. electric utility executives have indicated that their busi-
ness models are rebalancing toward these options—and away from coal."? Although
higher-tech plants, such as ultra-supercritical plants, have lower operation and mainte-
nance costs than their less efficient counterparts, overnight capital costs are, on average,
around 17 percent higher.”® In a market where even the least expensive coal-fired plants
are struggling to compete with shale-gas-fired plants, those investments do not make

good financial sense.

One thing China’s experience makes very clear is that even if the United States were to
invest in newer, more efficient coal plants, it would not be a major jobs generator on par
with renewable energy. As China’s power plants are becoming more efficient in their
energy consumption and emissions, they are also becoming more efficient in terms of
labor. The CAP research team visited the Shanghai Waigaogiao No. 3 power station. That
plant runs two 1,000 megawatt ultra-supercritical units and supports 250 employees.'* In
contrast, the nearby Waigaoqgiao No. 1 and Shidongkou No. 1 power stations each run four

300 megawatt subcritical units and employ 600 people and 1,000 people, respectively.”
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The same thing is happening in China’s coal mines. As the operations become higher
tech, they become cleaner and more efficient, and those jobs decrease as well. This is
one reason Beijing expects its coal sector to lay off 1.3 million workers from 2016 to
2020.' Chinese leaders view renewable energy as a much more dependable employ-
ment generator; they expect the nation’s renewable sectors to generate 13 million new
jobs by 2020."

China’s energy employment shifts follow a pattern that has been unfolding in the United
States for decades. U.S. coal mining employment peaked in the 1920s and then began
along and steady decline. From 1983 to 2014, U.S. coal production increased more

than 28 percent, but employment still fell 59 percent.'® This reflects a shift in U.S. coal
production from more labor-intensive underground mining in the eastern United States
to more highly mechanized and easily accessible surface mining in the west." Falling
U.S. electricity demand, rising energy efficiency, and sharp price drops for natural gas,
solar, and wind compounded U.S. energy employment shifts by reducing utilities’
dependence on and demand for coal.?’ At year-end 2016, the United States had a total of
54,030 coal operator employees nationwide.” In contrast, between 2015 and 2016, the
United States added 73,615 new jobs in solar energy generation—a nearly 25 percent
year-on-year increase—bringing the total number of U.S. solar energy generation jobs to
373,807 nationwide.?

China's emissions standards are stronger than ours

One of the levers that Beijing is pulling to move China’s coal-fired power fleet toward
the cleanest, most efficient technologies on the market is steadily tightening pollution

emissions standards.

China hit an inflection point on air pollution in late 2011. That fall, a series of pollu-
tion crises highlighted the fact that Beijing’s public air quality reporting system—which

measured air quality based on the number of “blue sky days™

achieved per year, some of
which looked decidedly gray to citizen observers—did not provide Chinese citizens with
accurate information about local air quality.”* Chinese citizens demanded more accurate
information—particularly on small-particulate pollution, or PM 2.5, which the Chinese
government was refusing to share—and refused to back down.* Facing a rising political
crisis, Chinese leaders shifted their strategy.” Instead of continuing to hide air quality
information from its citizens to give polluters more leeway to pursue breakneck growth,
Beijing flipped the script by going public with the nation’s pollution data and using citizen
anger as a lever to force polluters to comply with the nation’s environmental regulations.”’
As part of that broader strategy, Beijing rolled out a new air quality monitoring system

that now provides real-time information on air quality across the nation.*®
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Prior to this shift, Chinese citizens knew the air was bad but did not have the scientific
information they needed to tie air quality to specific health effects. Today, Chinese citi-
zens assess local PM 2..S levels throughout the day and know what those particulates are
doing to their children.” For the Chinese Communist Party, there is no going back—

this is now a political survival issue, and recent regulatory trends reflect that.

Starting in 2014,* China rolled out new air pollution emissions standards for new and
existing coal-fired power plants that are stronger than the comparable standards from
the European Union and the United States. When visiting coal facilities in China, CAP
found that some coal-fired power facilities display real-time emissions levels for these
key local air pollutants on large billboards outside the main gate, particularly the cleaner

plants that want to advertise their technical superiority.

TABLE 1
Coal-fired power emission standards in China, the United States,
and the European Union

Conventional air pollution standards for new and existing power plants,
in milligrams per cubic meter (mg/m3)

China United States European Union

Existing 100* 135 200
Nitrogen oxide

New 50 95 150

Existing 50/100/200%* 185 200
Sulfur oxide

New 35 136 150

Existing 20/30%** 19 20
Particulate matter

New 10 12 10

* Some older units, or those with particular technology, are allowed to meet a lower 200 mg/m3 standard on par with EU emission standards. This
exception applies for units with thermal power boilers using an arch-fired furnace, existing coal-fired circulating fluidized bed boilers, and viable power
generation boilers that were commissioned or that received environmental impact assessment approval prior to December 31, 2003.

** China's sulfur oxide standards for existing plants vary by province and by construction year. The strictest standard for sulfur oxides—50 mg/m3—
applies to plants in the “key regions”for pollution control, which account for more than 66 percent of China's gross domestic product. Those regions
include Beijing; Tianjin; Hebei province; the Yangtze River Delta region; the Pearl River Delta region; central Liaoning province; Shandong province;
Wuhan city and surrounding areas; Changsha city; Zhuzhou city; Xiangtan city; Chengdu and Chonggqing city; coastal areas of Fujian province; central
and northern Shanxi province; Guanzhong region of Shaanxi province; Gansu province; Ningxia province; and Uriimgi, Xinjiang Uyghur Autonomous
Region. Nationally, coal plants must meet the 100 mg/m3 standard if they were built, upgraded, or retrofitted with environmental permits granted after
January 1, 2012, while the 200 mg/m3 standard applies for plants that were in operation or had environmental permits issued before January 1, 2012.
Coal plants in four areas—the Guangxi Zhuang Autonomous Region, Chongging city, Sichuan province, and Guizhou province—are allowed to devi-
ate from the nationwide system. In those four areas, the standard for sulfur oxides is 200 mg/m3 for plants with environmental permissions granted
after January 1, 2012, and 400 mg/m3 for plants in operation or with environmental permissions granted prior to 2012.

***The 20 mg/m3 standard applies to coal plants in the “key regions”for pollution control, which account for more than 66 percent of China's gross
domestic product. Plants elsewhere must meet a 30 mg/m3 standard.

Note: "Key regions"for pollution control is an official term with an according definition in People's Republic of China’s Ministry of Environmental
Protection and General Administration of Quality Supervision, Inspection and Quarantine, “Huo dian chang da gi wu ran wu pai fang biao zhun”
(“Emission standard of air pollutants for thermal power plants”) (2011), available in Chinese at http://kjs.mep.gov.cn/hjbhbz/bzwb/dghjbh/dggdwry-
wrwpfbz/201109/W020130125407916122018.pdf. For a list in English, see Xing Zhang, “Emission standards and control of PM2.5 from coal-fired power
plant”(London: IEA Clean Coal Centre, 2016), available at https://www.usea.org/sites/default/files/Emission%20standards%20and%20control%200f%20
PM%202.5%20from%20c0al%20fired%20power%20plant%20-ccc267.pdf.

Sources: People’s Republic of China's Ministry of Environmental Protection and General Administration of Quality Supervision, Inspection and
Quarantine, “Huo dian chang da gi wu ran wu pai fang biao zhun”(“Emission standard of air pollutants for thermal power plants’) (2011), available in
Chinese at http://kjs.mep.gov.cn/hjbhbz/bzwb/dghjbh/dggdwrywrwpfbz/201109/W020130125407916122018.pdf. For information in English, see Xing
Zhang, "Emission standards and control of PM2.5 from coal-fired power plant” (London: IEA Clean Coal Centre, 2016), available at https://www.usea.
org/sites/default/files/Emission%20standards%20and%20control9%200f%20PM%202.5%20from%20coal%20fired%20power%20plant%20-ccc267.pdf;
People’s Republic of China's National Development and Reform Commission, Ministry of Environmental Protection, and National Energy Administration,
“Mei dian jie neng jian pai sheng ji yu gai zao xing dong ji hua" ("Coal Electricity Energy Conservation, Emission Reduction, Upgrade, and Transformation
Action Plan (2014-2020)") (2014), available for download in Chinese at http://www.sdpc.gov.cn/gzdt/201409/t20140919_626240.html.
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Currently, Beijing is primarily concerned with tightening emissions standards for con- If current U.S.
ventional air pollution, since that is the primary concern of the Chinese public. The next

round of regulatory tightening will target carbon dioxide. regu lato ry tren ds

Beijing is already moving to address carbon pollution by rolling out strict new standards ~ COIN tinue, by 2020,
for plant efliciency. These standards force Chinese plants to reduce the amount of coal
consumed—and thus the amount of carbon emitted—per unit of power produced. By every COa | ) lant
2020, all coal-fired units nationwide must achieve the following efficiency standards
or shut down: 300 gce per kilowatt-hour for all new plants and 310 gce per kilowatt- ope ratin g in the
hour for all existing plants.*' No plant on the U.S. top 100 list can currently meet these
efficiency standards. The United States currently does not have any enforceable federal United States would
emissions standards for carbon pollution from power plants, and the Trump adminis-
tration is in the process of reviewing—and potentially weakening or nullifying—the be il |eg altoo perate
Obama-era carbon emissions standards for new and existing power plants.*
in China.
If current U.S. regulatory trends continue, by 2020, every coal plant operating in the
United States would be illegal to operate in China.

China’s recent construction boom was a provincial pipe dream

One thing that continually confuses American observers is the fact that although China’s
coal consumption peaked in 2013, the following years brought a boom in plant con-
struction. China added approximately 51,294 megawatts of new capacity in 2015—of
which 11 percent was subcritical, 30 percent was supercritical, and 48 percent was ultra-
supercritical—and 35,509 megawatts of new capacity in 2016—of which 11 percent

was subcritical, 38 percent was supercritical, and 51 percent was ultra-supercritical **

What American observers need to know is that many of those new plants are white
elephants that China cannot fully utilize. They represent a blip rather than a trend, and

Beijing is already moving to shut down many of these new plants.

In 2014, energy policy collided with a parallel Chinese bureaucratic initiative to reduce
red tape. Prior to 2014, constructing a new coal plant required central government
approval; in October 2014, Beijing devolved that approval authority down to the
provinces.* Since local government officials understand their regional demand circum-
stances better than central planners, Beijing assumed that local officials could make
faster and better project approval decisions, thus improving administrative efficiency.
The problem was that Beijing underestimated the other interests affecting those deci-

sions at the local level.

Out in the provinces, Chinese investors knew a crackdown on coal-fired power was
already underway and wanted to build their own plants before the window of oppor-
tunity closed. They also knew Beijing had not yet dismantled the top-down purchase
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quotas and state-controlled pricing system for coal-fired power. Those systems are
holdovers from the planned economy: The nation’s two state-owned grid companies
sign annual contracts to purchase electricity at state-fixed rates from all operating coal-
fired power plants; even if electricity demand falls, the price of coal falls, or grid compa-
nies could purchase electricity more cheaply from other sources, those grid companies
cannot abandon these coal power purchasing contracts.** China’s economic planners
do adjust the state-fixed rates to reflect market conditions, but adjustments happen
only a few times per year and tend to be much smaller than the commodity market
shifts that affect generation costs.*® This system is much more rigid than the U.S. system
in which spot markets allow grid companies to purchase electricity from a variety of
sources based on the lowest bid price at intervals of every few minutes.*” China’s system
is much less efficient, but from an investor standpoint, it provides a guaranteed rate of
return. In 2014 and 2015, those returns looked particularly rosy because coal prices
were hitting record lows.*® Power plants could buy coal on the open market at rock-
bottom prices and sell the power to China’s utilities at state-controlled rates. Despite
the fact that the nation’s coal fleet was already underutilized and demand was steadily
falling, investors still knew they could make a profit in the short term, so they flooded

provincial officials with applications to construct new coal-fired power plants.*

Local officials—who suddenly found themselves empowered to approve those applica-
tions—knew demand was falling but wanted the tax revenue and jobs these projects
would bring. Local officials also knew Beijing was steadily shutting down the nation’s
outdated, pollution-intensive coal plants—including many in their own provinces—and
wanted to quickly bring cleaner plants on line to keep coal jobs and coal tax revenue in
their district. Provinces that cannot supply their own power must import power from
their neighbors, and officials would generally prefer to be on the exporting side of that

exchange, since the exporter has more revenue-seeking opportunities.*’

Beijing ordered local officials to assess new project applications based on local
demand conditions and central government energy policy priorities, which included
a shift away from coal-fired power.*' Instead, local officials all raced to be the last coal-

fired province standing.

The result was a glut of coal plants that the nation could not actually use.* Grid opera-
tors responded by spreading purchase quotas thinner and thinner among the nation’s
expanding fleet of coal-fired power plants. Currently, Beijing is forcing every plant in the
nation to run at the same utilization rate, which is approximately 47.7 percent of total
plant capacity.* In 2016, plant utilization fell to levels that China had not seen since the
1970s, when the nation was just emerging from the cultural revolution.
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FIGURE 4
China's coal-fired power capacity bubble

Disconnect between supply and demand drags down utilization rates nationwide
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Sources: Utilization rates and thermal power capacity are authors' calculations from 2011-2016 China Electricity Council annual reports available in
Chinese at cecorg.cn.

As soon as Chinese leaders saw what was happening they issued a series of orders aimed
at reigning in this behavior. (see text box: China regulatory timeline) They started out
ordering local officials to do a better job matching project approvals to local demand
and to Beijing’s energy policy dictates; when that failed to stem the tide, Beijing started
intervening to cancel projects, including many projects that were already under con-
struction. Earlier this year, China’s National Energy Administration canceled 103 coal-
fired power projects across 13 provinces that, if completed, would have added 120,000
megawatts of coal-fired power to the grid.* Beijing is also steadily shutting down older,

existing plants that cannot meet the nation’s increasingly tight emissions regulations.

In Beijing, Chinese leaders have a clear policy vision. They want to grab the clean energy
bull by the horns and leverage those technologies to create new jobs at home and new
export opportunities abroad.* When local officials went on a coal-fired power construc-
tion approval spree, Beijing recognized that local incentive structures did not match
national priorities and cracked the whip. Now thermal capacity growth is dropping, and

that drop is likely to accelerate going forward.
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Conclusion

The United States has a broader array of energy options than China does. However,
China is innovating and investing heavily in what it has, and some of the transforma-

tions it is achieving already are truly impressive.

China’s leaders have made a strategic choice about the direction of the country: They are
aiming to shift from an economy based on heavy, polluting industries to one driven by
technology and innovation. The political will for this upgrade has roots in both interna-
tional geostrategic ambitions and domestic popular grievances about lagging standards
ofliving—and it is beginning to bear fruit. In the process, however, vested interests and
technical stumbling blocks have wasted resources and acted as a ballast against Chinese
progress. China has the potential to do much more, and the international community

should push it to achieve that potential.

For the United States, the signal should be clear: We cannot compete with China on
coal-fired power, nor should we aspire to do so. Mimicking China’s development path
with regards to intensive coal development would ignore economic reality and the

United States’ competitive advantages in the electricity sector and beyond.

Authors’ note: The analysis conducted for this issue brief relied on extensive research of U.S.
and Chinese coal data, and an accompanying research note describes those data sets, the

authors’ methodologies, and key lessons learned.*

Melanie Hart is a Senior Fellow and Director of China Policy at the Center for American
Progress. Luke H. Bassett is the Associate Director of Domestic Energy and Environment
Policy at the Center. Blaine Johnson is a China and Asia Policy Analyst at the Center.
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Appendix

China regulatory timeline: Beijing aims to rein in the nation’s
coal-fired power bubble

October 2014

“Government Approvals for Investment Projects Catalogue 2014 Version” (State Council ):¥’
Gives provincial-level officials the authority to issue construction permits for new
coal-fired power plants. Previously, only central government officials could issue those
permits. This 2014 notice delegated permitting authority down to the provinces but also

instructed provincial officials to strictly follow central government coal control plans.

November 2015

“Notice on the Appropriate Use of Project Approvals for Electric Power Plants Under
Decentralized Authority” (National Development and Reform Commission and National
Energy Administration):* Orders provincial authorities to stay within the boundaries of
China’s national coal control objectives. States that provincial authorities must base new
coal plant approval decisions on local demand conditions and complete the closing down
and elimination of outdated coal-fired power plants before approving new ones. This
notice also warns local officials that the National Energy Administration will monitor

regional coal-fired power capacity and force officials in overcapacity regions to make cuts.

March 2016

“Notice on Promoting the Orderly Development of Coal Power” (National Development and
Reform Commission and National Energy Administration):* Calls for a phaseout of older
coal-fired power units that fail to meet efficiency, environment, or safety standards.
Orders local officials to shut down and eliminate smaller coal-fired power units—300
megawatts and below—and those that have been in operation for 20 years or more.
Orders 13 provinces and regions with excess coal-fired power capacity—Anhui, Fujian,
Gansu, Guangdong, Heilongjiang, Henan, Hubei, Inner Mongolia, Jiangsu, Ningxia,
Shandong, Shanxi, and Yunnan—to halt all new project approvals until 2017. Orders 15
provinces—Gansu, Guangdong, Guangxi, Guizhou, Heilongjiang, Henan, Hubei, Inner
Mongolia, Jiangsu, Liaoning, Ningxia, Shaanxi, Shandong, Shanxi, and Yunnan—to

delay the construction of approved projects until after 2017.

March 2016

“Notice on Establishing a Coal Power Planning and Construction Risk Early Warning
Mechanism” (National Energy Administration):* Establishes a “traffic light” system to
curtail the construction of new coal-fired power plants. Gives provinces a red light,
orange light, or green light designation based on three factors: resource constraints; coal
plant profitability; and existing coal-fired power capacity. Provinces with a red score in

any of the three categories must immediately stop approving new projects; provinces
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with an orange score must proceed with caution. If a province suffers from severe air
pollution, insufficient water resources, excess coal-fired power consumption, or excess
production capacity, the province automatically receives a red light. This notice desig-
nated 26 provinces and municipalities as red light areas required to immediately halt all

new coal plant construction projects.

April 2016

“Notice on Moving Forward to Phase Out Outdated Production Capacity in the Coal
Power Industry” (National Development and Reform Commission and National Energy
Administration):>' Defines standards and procedure for phasing out 20 gigawatts of out-
dated coal-fired power as required under the 13th five-year development plan for 2016
to 2020. Coal-fired power units targeted for retirement include smaller units without
combined heat and power, units that fail to meet 2013 coal consumption efficiency
standards, and units that fail to meet emissions standards. This notice orders utility
companies to disconnect retired units from the electric grid and states that electricity
generation companies that fail to comply with unit retirement orders will be punished.
The notice also holds generation companies responsible for “properly handling the
aftermath” with laid-oft workers—for example, by assisting with worker retraining and

transfers to other employment opportunities—to avoid triggering social unrest.

September 2016

“Notice Canceling Multiple Coal Power Projects Lacking Approved Construction Conditions”
(National Energy Administration):5> Orders provincial authorities to cancel specific coal-
fired power projects as part of implementing the March 2016 “Notice on Promoting the
Orderly Development of Coal Power.” Targets 15 coal-fired power construction projects
for cancelation—totaling 12.4 gigawatts—across 9 provinces. If the targeted projects
have already commenced construction, then those activities must be halted regardless
of the ramifications for investors. Warns provincial officials that the National Energy
Administration will be on the lookout for “fake cancel, actually build” schemes and that
any companies caught violating coal cancellation orders will be placed on a nationwide
blacklist. The notice orders financial institutions, grid companies, licensing entities, and
other relevant government agencies to refrain from issuing loans, business licenses, coal-
fired power construction permits, and electric grid connection permits to companies

violating this notice.

November 2016

“13th Five-Year Development Plan for the Electricity Sector (2016-2020): "% Issues multiple
five-year coal control targets including: reducing coal dependence from 59 percent of
electricity production at year-end 2015 to no more than 55 percent by 2020; capping
national coal-fired power capacity at 1,100 gigawatts; reducing sulfur oxide and nitrogen
oxide emissions from coal-fired power plants more than 300 megawatts in size by at least
50 percent by 2020; and reducing carbon dioxide emissions to no more than 865 grams

per kilowatt-hour. Also requires coal-fired power plants to achieve average coal con-
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sumption rates of no more than 300 grams of coal equivalent per kilowatt-hour for new
plants and no more than 310 gce per kilowatt-hour for existing plants. Coal-fired power
plants that cannot meet the new efficiency and emissions standards are to be shut down
and disconnected from the grid. New coal-fired power construction projects that push

regional and national capacity beyond the 1,100 gigawatt cap are to be canceled, includ-

ing projects that have already commenced construction.

January 2017

Letter Regarding Scale of Coal Production Being Put into Operation Across Multiple
Provinces in 13th Five-Year Plan Period (National Energy Administration):** Orders 13
provinces—Gansu, Guangdong, Guangxi, Henan, Inner Mongolia, Liaoning, Ningxia,
Qinghai, Shaanxi, Shandong, Shanxi, Sichuan, and Xinjiang—to halt construction
activity and planning work for more than 102 gigawatts of new coal-fired power projects
previously approved by provincial authorities. Provincial authorities approved those
projects despite falling market demand and central government orders to reduce the

nation’s dependence on coal and other fossil fuels.

TABLE A1
China’s top 100 most efficient coal-fired power units

Sorted by consumption rate, or grams of coal equivalent consumed per kilowatt-hour of power produced

Rank Plant name Unit ID Province (mc:gpaavjiattyts) Operating year C?:l:?;::;:\fvﬂ?n Technology

1 Funeng Fujian Hongshan 2 Fujian 600 2011 271.56 Supercritical

2 Funeng Fujian Hongshan 1 Fujian 600 2011 27415 Supercritical

3 Huaneng Nanjing Jinling 1 Jiangsu 1000 2009 276.45 Ultra-supercritical
4 Guodian Zhejiang Beilun 6 Zhejiang 1000 2008 278.80 Ultra-supercritical
5 Huaneng Nanjing Jinling 2 Jiangsu 1000 2012 278.87 Ultra-supercritical
6 Guojia Diantou Anhui Tianji Er 3 Anhui 660 2013 278.94 Ultra-supercritical
7 Guodian Jiangsu Jianbi 13 Jiangsu 1000 2011 279.15 Ultra-supercritical
8 Huadian Shandong Laizhou 2 Shandong 1050 2012 279.18 Ultra-supercritical
9 Guodian Jiangsu Jianbi 14 Jiangsu 1000 2012 279.55 Ultra-supercritical
1 Jiangsu Nantong Fadian 1 Jiangsu 1050 2015 279.95 Ultra-supercritical
10 Huadian Shandong Laizhou 1 Shandong 1050 2012 279.95 Ultra-supercritical
12 Huaneng Guangdong Haimen 4 Guangdong 1000 2013 280.28 Ultra-supercritical
13 Guodian Zhejiang Beilun 7 Zhejiang 1000 2009 280.50 Ultra-supercritical
14 Huaneng Zhejiang Yuhuan 3 Zhejiang 1000 2007 280.51 Ultra-supercritical
15 Guojia Diantou Shanghai Caojing 1 Shanghai 1000 2010 281.13 Ultra-supercritical
16 Huadian Shandong Zouxian 8 Shandong 1000 2007 281.17 Ultra-supercritical
17 Guojia Diantou Anhui Tianji Er 4 Anhui 660 2014 281.33 Ultra-supercritical
18 Huarun Xuzhou Pengcheng 5 Jiangsu 1000 2010 281.36 Ultra-supercritical
19 Huaneng Shandong Weihai 5 Shandong 680 2010 281.46 Ultra-supercritical
20 Zheneng Anhui Fengtai 3 Anhui 660 2013 281.84 Ultra-supercritical
21 Guodian Hubei Hanchuan 5 Hubei 1000 2012 282.04 Ultra-supercritical
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
58
56
57
59
60
61
62

Zheneng Anhui Fengtai

Jiangsu Nantong Fadian
Huaneng Zhejiang Yuhuan
Guotou Tianjin Jinneng

Huadian Anhui Liu‘an

Huaneng Zhejiang Changxing
Huaneng Shanghai Shidongkou Er
Huadian Jiangsu Wangting
Guojia Diantou Shanghai Caojing
Huaneng Henan Qinbei
Huaneng Guangdong Haimen
Huaneng Zhejiang Changxing
Zheneng Zhejiang Yueqing
Huaneng Guangdong Haimen
Wanneng Anhui Tongling
Huaneng Guangdong Haimen
Huaneng Henan Qinbei

Huadian Shandong Zouxian
Huaneng Zhejiang Yuhuan
Huaneng Zhejiang Yuhuan
Shenhua Jiangsu Chenjiagang
Zheneng Zhejiang Yueqing
Guojia Diantou Jiangsu Changshu
Huadian Anhui Wuhu

Datang Jiangsu Lvsigang
Huaneng Shandong Weihai
Huaneng Fujian Fuzhou

Guodian Jiangsu Taizhou
Guodian Jiangsu Taizhou
Shenhua Jiangsu Xuzhou
Shenhua Jiangsu Xuzhou

Guojia Diantou Henan Luyang
Guojia Diantou Anhui Wuhu
Huadian Jiangsu Wangting
Datang Jiangsu Nanjing
Huaneng Shanghai Shidongkou Er
Guotou Tianjin Jinneng

Guojia Diantou Henan Luyang
Zheneng Zhejiang Liuheng
Huadian Anhui Liu'an

Zheneng Zhejiang Jiaxing Er

Anhui
Jiangsu
Zhejiang
Tianjin
Anhui
Zhejiang
Shanghai
Jiangsu
Shanghai
Henan
Guangdong
Zhejiang
Zhejiang
Guangdong
Anhui
Guangdong
Henan
Shandong
Zhejiang
Zhejiang
Jiangsu
Zhejiang
Jiangsu
Anhui
Jiangsu
Shandong
Fujian
Jiangsu
Jiangsu
Jiangsu
Jiangsu
Henan
Anhui
Jiangsu
Jiangsu
Shanghai
Tianjin
Henan
Zhejiang
Anhui

Zhejiang

660
1050
1000
1000

660

660

660

660
1000
1000
1000

660

660
1000
1050
1000
1000
1000
1000
1000

660

660
1000

660

660

680

660
1000
1000
1000
1000
1000

660

660

660

660
1000
1000
1000

660
1000

2013
2015
2007
2009
2014
2014
2009
2009
2010
2013
2009
2014
2010
2013
2011
2009
2012
2006
2006
2006
2012
2010
2013
2008
2010
2011
2010
2008
2007
2011
201
2010
2011
2011
2010
2009
2009
2010
2014
2014
2011

282.05
282.06
282.52
282.68
283.23
283.26
283.27
283.40
283.44
283.45
283.74
283.87
284.26
284.28
284.72
284.80
284.82
284.90
285.08
285.23
285.35
285.55
285.99
286.09
286.18
286.28
286.29
286.44
286.45
287.05
287.23
287.24
287.29
287.31
287.58
287.58
287.58
287.63
287.84
287.90
287.92
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Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical

Ultra-supercritical



63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

Guoxin Jiangsu Xinhai

Guojia Diantou Jiangsu Changshu
Zheneng Zhejiang Jiaxing Er
Shenhua Zhejiang Ninghai
Datang Jiangsu Lvsigang
Datang Jiangsu Lvsigang
Zheneng Zhejiang Liuheng
Shenhua Jiangsu Chenjiagang
Huadian Liaoning Tieling
Huadian Liaoning Tieling
Shenhua Zhejiang Ninghai
Huaneng Fujian Fuzhou
Datang Guangdong Sanbaimen
Huadian Anhui Wuhu
Guodian Jiangxi Jiujiang
Datang Henan Huayu

Datang Jiangsu Lvsigang
Huarun Xuzhou Pengcheng
Huarun Zhejiang Wenzhou
Datang Henan Huayu

Datang Fujian Ningde

Guojia Diantou Anhui Wuhu
Datang Henan Yuzhou
Huaneng Hunan Yueyang
Huaneng Hunan Yueyang
Huaneng Jilin Jiutai

Datang Jiangsu Nanjing
Huarun Zhejiang Wenzhou
Datang Guangdong Sanbaimen
Zheneng Zhejiang Yueging
Huadian Anhui Suzhou
Huarun Shandong Heze
Guodian Shanxi Datong
Huadian Anhui Suzhou
Huaneng Shandong Rizhao
Guodian Fujian Quanzhou
Datang Henan Yuzhou

Guodian Fujian Quanzhou

10

S~ B~ b

3

Jiangsu
Jiangsu
Zhejiang
Zhejiang
Jiangsu
Jiangsu
Zhejiang
Jiangsu
Liaoning
Liaoning
Zhejiang
Fujian
Guangdong
Anhui
Jiangxi
Henan
Jiangsu
Jiangsu
Zhejiang
Henan
Fujian
Anhui
Henan
Hunan
Hunan
Jilin
Jiangsu
Zhejiang
Guangdong
Zhejiang
Anhui
Shandong
Shanx
Anhui
Shandong
Fujian
Henan

Fujian

1000
1000
1000
1000
660
660
1000
660
600
600
1000
660
1000
660
660
660
660
1000
1000
660
660
660
660
600
600
670
660
1000
1000
660
630
645
660
630
680
670
660
670

2012
2013
2011
2009
2010
2010
2014
2012
2008
2008
2009
2010
2010
2008
2013
2009
2010
2010
2014
2009
2008
2010
2009
2012
2011
2009
2010
2014
2010
2008
2007
2011
2009
2007
2008
2012
2009
2011

287.94
287.98
288.14
288.15
288.26
288.50
288.98
288.99
289.42
289.83
289.91
289.95
290.17
290.93
290.93
291.00
291.12
291.42
291.74
291.94
291.99
292.05
292.25
292.35
292.35
292.45
292.46
29291
293.05
293.37
293.64
293.75
293.76
294.01
294.02
294.31
294.63
294.88

Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Supercritical
Ultra-supercritical
Ultra-supercritical
Ultra-supercritical
Supercritical
Supercritical
Ultra-supercritical
Supercritical
Supercritical
Supercritical
Supercritical
Ultra-supercritical

Supercritical

Note: Names here are denoted in pinyin of the abbreviated plant names listed in the China Electricity Council report. Researchers are happy to provide full Chinese character names for specific plants on this list upon request.

Source: China Electricity Council, Zhong guo dian li hang ye nian du fa zhan bao gao (China Electricity Industry Development Annual Report 2016) (Beijing: China Market Press, 2016).
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TABLE A2
United States’ top 100 most efficient coal-fired power units

Sorted by consumption rate, or grams of coal equivalent per kilowatt-hour at lower heating value

Nameplate capacity Coal consumption rate

Rank Plant name Unit ID State (megawatts) Operating year (gce/kWh at LHV) Technology
1 Roxboro 2 NC 657.0 1968 335.10 Subcritical
2 Williams WIL1 SC 632.7 1973 340.75 Supercritical
3 Belews Creek 1 NC 1245.6 1974 345.83 Supercritical
4 Cliffside 6 NC 909.5 2012 346.90 Supercritical
5 Belews Creek 2 NC 1245.6 1975 347.58 Supercritical
6 Gibson 5 IN 667.9 1982 347.94 Supercritical
7 Montour 2 PA 893.0 1973 349.99 Supercritical
8 Seminole (136) 1 FL 735.9 1984 353.60 Subcritical
9 Trimble County 2 KY 834.0 2011 354.26 Supercritical
10 Gen. James M. Gavin 2 OH 1300.0 1975 354.63 Supercritical
1 John W. Turk Jr. SN-01 AR 609.0 2012 355.80 Ultra-supercritical
12 Longview 1 Wwv 807.5 2011 356.11 Supercritical
13 Cumberland 1 TN 1300.0 1973 356.16 Supercritical
14 Gibson 1 IN 667.9 1976 357.97 Supercritical
15 Morgantown 2 MD 626.0 1971 358.79 Supercritical
16 latan 2 MO 914.0 2010 359.32 Supercritical
17 William H. Zimmer 1 OH 1425.6 1991 360.23 Supercritical
18 Bruce Mansfield 2 PA 913.7 1977 360.29 Supercritical
19 Brayton Point 3 MA 642.6 1969 360.86 Supercritical
20 Bowen 3BLR GA 952.0 1974 360.99 Supercritical
21 Cliffside 5 NC 621.0 1972 361.06 Subcritical
22 Walter Scott Jr. 4 1A 922.5 2007 361.40 Supercritical
23 Rush Island 2 MO 621.0 1977 361.56 Supercritical
24 Cardinal 2 OH 615.2 1967 362.07 Supercritical
25 John E. Amos 1 WV 816.3 1971 362.87 Supercritical
26 Labadie 3 MO 621.0 1972 364.11 Subcritical
27 Monroe 4 MI 817.2 1974 364.23 Supercritical
28 Four Corners 4 NM 818.1 1969 364.39 Supercritical
29 Labadie 4 MO 621.0 1973 366.06 Subcritical
30 Harrison 1 Wy 684.0 1972 366.71 Supercritical
31 Bruce Mansfield 1 PA 913.7 1976 366.77 Supercritical
32 Cardinal 1 OH 615.2 1967 366.98 Supercritical
33 John E. Amos 3 wv 1300.0 1973 368.23 Supercritical
34 Conemaugh 2 PA 936.0 1971 368.97 Supercritical
35 Pleasants 2 wv 684.0 1980 369.10 Supercritical
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36 Monroe 3 MI 822.6 1973 369.15 Supercritical

37 Marshall 4 NC 711.0 1970 369.34 Supercritical
38 Bull Run 1 N 950.0 1967 370.90 Supercritical
39 Harrison 2 Wwv 684.0 1973 371.13 Supercritical
40 Marshall 3 NC 711.0 1969 371.96 Supercritical
41 Montour 1 PA 864.9 1971 372,54 Supercritical
42 Gibson 2 IN 667.9 1975 37331 Supercritical
43 Brunner Island 3 PA 847.8 1969 37339 Supercritical
44 Morgantown 1 MD 626.0 1970 373.54 Supercritical
45 W. H. Sammis 7 OH 680.0 1971 374.26 Supercritical
46 Pleasants 1 wv 684.0 1979 374.86 Supercritical
47 Bruce Mansfield 3 PA 913.7 1980 375.25 Supercritical
48 Mitchell (WV) 2 wv 816.3 1971 375.43 Supercritical
49 Prairie State 2 IL 883.0 2012 375.73 Supercritical
50 [S)::;E;ttg ’;e’ati”g com- 1 NY 655.1 1984 375.88 Subcritical
51 Conemaugh 1 PA 936.0 1970 376.35 Supercritical
52 John E. Amos 2 WV 816.3 1972 376.89 Supercritical
53 Gibson 4 IN 667.9 1979 376.92 Supercritical
54 Rush Island 1 MO 621.0 1976 377.07 Supercritical
55 Cumberland 2 N 1300.0 1973 377.36 Supercritical
56 W. H. Sammis 6 OH 680.0 1969 377.68 Supercritical
57 Seminole (136) 2 FL 7359 1984 378.42 Subcritical
58 Chesterfield 6 VA 693.9 1969 378.68 Subcritical
59 Comanche (470) 3 co 856.8 2010 379.20 Supercritical
60 Newton 2 IL 617.4 1982 380.40 Subcritical
61 Mitchell (WV) 1 wv 816.3 1971 380.48 Supercritical
62 W. A. Parish WAP7 TX 614.6 1980 380.54 Subcritical
63 Thomas Hill MB3 MO 738.0 1982 380.57 Subcritical
64 Monroe 1 Mi 817.2 1971 380.73 Supercritical
65 Gerald Gentleman 1 NE 681.3 1979 381.16 Subcritical
66 Keystone 1 PA 936.0 1967 383.22 Supercritical
67 W. A. Parish WAP5 X 734.1 1977 383.58 Subcritical
68 Gerald Gentleman 2 NE 681.3 1982 384.93 Subcritical
69 Four Corners 5 NM 818.1 1970 385.03 Supercritical
70 Independence 1 AR 900.0 1983 385.71 Subcritical
71 Scherer 1 GA 891.0 1982 385.88 Subcritical
72 Keystone 2 PA 936.0 1968 386.36 Supercritical
73 Nebraska City 2 NE 738.0 2009 386.51 Subcritical
74 Jim Bridger BW71 WY 608.3 1974 388.09 Subcritical
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75 Bowen 4BLR GA 952.0 1975 388.32 Supercritical

76 Homer City 2 PA 660.0 1969 388.39 Supercritical
77 J.M. Stuart 3 OH 610.2 1972 388.40 Supercritical
78 W. A. Parish WAP8 X 654.0 1982 388.61 Subcritical
79 Prairie State 1 IL 883.0 2012 388.83 Supercritical
80 Plum Point 1 AR 720.0 2010 389.63 Subcritical
81 Conesville 4 OH 841.5 1973 389.92 Supercritical
82 Rockport MB2 IN 1300.0 1989 390.70 Supercritical
83 Walter Scott Jr. 3 1A 725.8 1978 391.00 Subcritical
84 Boardman 15G OR 642.2 1980 391.31 Subcritical
85 Monroe 2 MI 822.6 1973 391.47 Supercritical
86 Homer City 3 PA 692.0 1977 392.16 Subcritical
87 George Neal South 4 1A 695.9 1979 392.51 Subcritical
88 Elm Road 2 Wi 701.3 2011 393.77 Supercritical
89 Coleto Creek 1 X 622.4 1980 393.99 Subcritical
90 Limestone LIM2 > 956.8 1986 396.03 Subcritical
91 Gibson 3 IN 667.9 1978 394.98 Supercritical
92 Intermountain 1SGA ut 820.0 1986 395.00 Subcritical
93 Barry 5 AL 788.8 1971 395.04 Supercritical
94 Mountaineer (1301) 1 Wv 1300.0 1980 395.04 Supercritical
95 J.M. Stuart 4 OH 610.2 1974 395.36 Supercritical
96 Sherburne County 3 MN 938.7 1987 395.64 Subcritical
97 Homer City 1 PA 660.0 1969 395.72 Supercritical
98 Jim Bridger BW72 Wy 617.0 1975 395.91 Subcritical
99 Nebraska City 1 NE 651.6 1979 396.99 Subcritical
100 Cardinal 3 OH 650.0 1977 397.13 Supercritical

Note: In its 2015 reporting to the U.S. Energy Information Administration, power company NRG's Limestone power plant unit LIM2 used approximately 55 percent subbituminous coal and 45 percent lignite.

Sources: Authors' calculations are based on data from U.S. Energy Information Administration, “Electricity: Form EIA-860 detailed data,’ October 6, 2016, available at https://www.eia.gov/electricity/data/eia860/; U.S. Energy Information
Administration, “Electricity: Form EIA-923 detailed data,’ April 26, 2017, available at https://wwuw.eia.gov/electricity/data/eia923/; U.S. Environmental Protection Agency, "Air Markets Program Data,’available at https://ampd.epa.gov/
ampd/ (last accessed April 2017); International Energy Agency Coal Industry Advisory Board, “Power Generation from Coal: Measuring and Reporting Efficiency Performance and CO2 Emissions” (2010), available at https://www.iea.
org/ciab/papers/power_generation_from_coal.pdf.
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