Coal

An Overview of Critical Factors for Energy Resources

Introduction

America generates energy from a number of sources. At its most basic level, each source turns a
turbine to generate electricity. That power is then fed into the electrical grid to be distributed to
homes and businesses. America consumes 4 trillion kilowatt hours (kWh) of electricity per year.
The energy mix to generate this electricity is a blend of public policy and private action. Coal
was used to generate 19.3 percent of America’s electricity in 2020. It is also used directly for
industrial processes and other energy needs beyond electricity.

The utilization of coal as an energy source in the U.S. has rapidly declined in recent years.
Whereas coal was once the primary energy source for the transportation, industrial, residential,
and commercial sectors, its primary use today is electricity generation. This policy brief will
outline eight key factors that shape the current and future utilization of coal for American energy
needs. To help build a comprehensive picture of coal’s energy outlook, this brief will examine its
energy density, costs to generate energy, availability and reserves, land needed, overall safety
record, climate impact, long-term impact, and potential limitations of the energy source.

Basics of Coal

Coal is extracted from underground and surface-level mines across the United States. The type of
mining utilized for coal varies depending by region. In Appalachia, most coal mines are
underground or strip mines, as coal deposits are buried beneath mountains or can be exposed by
removing the top of a mountain.! In the Midwest and Western states, surface area strip mining is
more common due to the flat topography.2 Miners extract the coal and use heavy machinery to
transport resources to the surface. The large amounts of waste extracted alongside coal, called a
spoil, are formed into large piles outside the coal mine.3

There are four distinct types or ranks of coal depending on its age, hardness, and depth, which
implicate the amount of carbon the coal contains and the subsequent amount of heat energy the
coal can produce.* Anthracite coal is found deepest and usually has an over 87 percent carbon
content makeup with the highest heating value per ton.5 Bituminous coal is found just above that
and has a carbon makeup between 77-87 percent. Bituminous coal is extremely common, making
up over 50 percent of all coal U.S. production.® Sub-Bituminous coal is shallower, containing
anywhere from 71-77 percent carbon, but still contains substantial amounts of oxygen and
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hydrogen that limit its energy potential.” Lignite is closest to the surface and has the least energy
efficiency of coal, with a carbon content ranging from 60-70 percent.8

1. Density

Energy density is the heat potential of burning a single unit of the fuel. The energy density of
coal largely depends on the coal’s rank and carbon percentage. For example, anthracite having
the largest percentage of carbon contains 3.8 kWh/Ib to 4.4 kWh/Ib of energy (between 13,000
btu/lb and 15,000 btu/Ib of heat energy).%10 However, due to anthracite’s rarity in the U.S., it
only accounts for less than one percent of all coal utilized nationwide. Bituminous coal, which
accounts for over half of all coal consumed in the U.S., has a density range of 3.2 kWh/Ib to 3.8
kWh/1b (11,000 btu/Ib to 15,000 btu/lb) depending on the deposits methods of classifications.!!

Sub-bituminous coal makes up most of the coal deposits west of the Mississippi River and has a
density ranging from 2.5 kWh/Ib to 3.8 kWh/Ib (8,500 btu/Ib to 13,000 btu/lb) and is also widely
used for electricity generation in the U.S.12 Finally, lignite contains 1.2 kWh/Ib to 2.4 kWh/Ib
(4,000 btu/lb to 8,300 btu/lb) depending on the amount of moisture still present in it.!3 Lignite is
also utilized primarily for power generation.

Accounting for all ranks and the average thermal efficiency of plant during process of generating
electricity, the national average amount of coal used to generate one kWh in the U.S. in 2020 was
1.13 pounds!4 for an overall real-world energy density of 0.88 kWh/Ib.

To picture the energy density of coal, consider how much coal it would take to power a modern
house. The average U.S. household consumes 10,649 kWh of electricity per year. To run the
average household on coal for one year using the national average for all ranks and plants, it
would take 12,033 pounds of coal.

2. Cost

The purely economic cost of producing energy using coal is extremely affordable. The capital
costs for a coal combustion turbine ranges from $500 to $1,000 per kW and the subsequent
operating costs for the turbine are only 0.02 to 0.04 $/kWh.15 Ultimately, overall costs depend on
the efficiency of the power plant. Traditional coal-fire plants are around 33 percent efficient,
while newer supercritical coal plants achieve up to 44 percent efficiency. The next generation of
ultra-supercritical coal plants may reach 50 percent efficiency, potentially costing more for
capital but converting a higher percentage of coal's dense energy potential into electricity.
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Factoring in capital costs, fixed operations and maintenance (O&M) costs, variable costs that
include O&M and fuel costs, financing costs, an assumed utilization rate for each plant type, and
waste management and storage, the total cost on a lifetime basis is estimated. Accordingly, the
leveled cost of electricity and storage outlook for ultra-supercritical coal is projected to be 7.28
cents per kWh.16.17

To power the average U.S. household on coal alone could cost an estimated $775.25 each year.
3. Availability and Reserves

Coal is readily available in several large deposits within the U.S., making it cost effective to
identify and retrieve, and explaining its high importance throughout U.S. energy history. Coal
deposits are located throughout the United States, with particular reserves in Wyoming and the
Appalachian region of Kentucky, West Virginia, and Pennsylvania; with additional smaller
deposits in southern Illinois and across the country in varied ranks.!8 U.S. coal is plentiful and
accessible either by surface mining or by underground mining, and reserves are in no danger of
being exhausted.!® The demonstrated reserves in the U.S. amount to over 946 trillion pounds.2?

Based on 2019 coal production data, the amount of coal that is left within the United States is
projected to last about 357 years, with reserves in mines that are currently operating projected to
last another 20 years.?! Overall, the U.S. contains the largest reserves of coal in the world, and
the ease of mining makes its future utilization for energy production feasible. Outside of the
United States, there remains an estimated 1.14 trillion short tons (2.28 quadrillion pounds) in
coal reserves.22

4. Land Required

The overall foot print to generate electricity from coal includes, coal mines, transportation,
refineries, power plants, and waste repositories that all take up physical space. Coal mines
require large areas to operate, taking up considerable acreage. Mining operations require the
large-scale movement of earth, construction of mine shafts and tunnels, waste heaps, and open
pits.23 Additionally, mine remediation is both a long-term and expensive process once the mine
has been depleted and could require additional land usage.24

Coal’s footprint has shrunk considerably in the last few years alone. Even since 2015, coal
production has slowed, power plants have shuttered, and coal’s share of the energy mix has
declined by nearly half. As of 2019, there were 308 coal-fired power plants, estimated to use 19
acres per MW.25.26 Accounting for coal mining operations, coal's share of transportation by rail,
and waste sites, the total acreage adds up to 600,000.27 Inclusion of power plants adds another
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estimated 50,000 acres. Using the total 650,000 acres of land?® and the 774 billion kWh
generated in 2020, the overall footprint of coal is 1,190,769.23 kWh/acre.

Factoring in all the land from mines to power plants, transportation, and waste disposal, to power
a single average American home for a year, coal infrastructure would require 0.0089 acres (or
36.02 square meters).

5. Safety

This brief examines coal’s overall safety record in terms of injuries and deaths to workers and
surrounding communities. Deaths in the coal industry reached an all-time low in 2020, with only
twenty-nine fatalities out of 63,612 U.S. coal miners.2? The latest injury data from 2017 showed
4,035 non-fatal accidents in the 1,216 then-active U.S. coal mines.30 The overall trend of deaths
and injuries in the U.S. coal industry demonstrates a decline. These trends are in part attributable
to higher safety standards and use of technology, but also against the backdrop of a waning
industry, which is closing mines and power plants every year.

Outside of the U.S., the worldwide rate of deaths directly or indirectly attributable to the coal
industry per terawatt hour stands near 100, which is largely skewed by China.3! For the U.S. this
number is estimated up to 10 human casualties per terawatt hour (1 billion kWh), and accounts
for mortality attributed not only to mining and transport, but pollution-induced respiratory
complications.32 Of note, these statistics are 10 years old, and during this window technological
innovations have likely made marginal reductions in the fatality rate of coal within the U.S.33.34.35

Safety incidents can also impact the surrounding environment and local wildlife. Large-scale
mines severely alter the surrounding environment and can render land barren if proper
remediation methods are not undertaken once a mine has been exhausted.3¢ Coal mining exposes
several toxic pollutants to the environment and atmosphere that can adversely affect human
health. For example, sulfur dioxide and nitrogen oxide can both cause lung cancer, nitrogen
oxide weakens the human immune system, and sulfur dioxide can burn the skin and cause eye
irritation.37 Finally, mercury exposed during the coal mining process can kill local wildlife and
contaminate the environment due to the toxicity of both its vapor and liquid forms.38 In the U.S.
health and safety standards largely require these pollutants to be scrubbed, captured, or
mitigated.

The number of casualties associated with powering a single average American home with coal

for a full year would be under 0.000106. At this rate, over 9,400 homes would be powered before
there was a death attributable to the coal industry.
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6. Climate Impact

Because the carbon content of coal is the primary factor that determines its energy density, coal
is generally associated with CO2 emissions. Burning coal to generate electricity also releases
several other emissions, as well as heavy metals, arsenic, and volatile organic compounds
(VOCs).3? In 2019, coal generated 2.21 pounds/kWh of carbon dioxide emissions on average and
generated a total of 947,891 million kWh of electricity.40

Subsequently, the total carbon dioxide emissions from the 2,098,000 pounds of coal used for
electricity generation in the same year was 952 million metric tons.#!:#2 This does not account for
emissions from coal for uses beyond electricity generation, like heat generation and industrial
processes. Anthracite, bituminous, sub-bituminous, and lignite all produce differing levels of
emissions and have different temperatures at which volatiles are released during the combustion
process. Overall, coal's total emissions make it a high-emitting energy source, and its emissions
are increasingly seen as more of a cumulative health, safety, and environmental cost. While coal
itself emits these substances when burned, the process to combust coal is highly controlled and
atmospheric emissions per kWh have fallen in recent decades. Technologies like coal scrubbers,
filters, and pollution mitigation have helped to reduce the particulate matter pollutants and other
emissions like sulfur dioxide and nitrogen oxide emitted into the atmosphere, even while CO»
remains common.43.44

In order to fulfill the energy needs of the average U.S. household, 23,534 pounds of carbon
dioxide emissions would be emitted in one year.

7. Long-Term Impact

Long term coal mining has several effects on both the landscape and on waste disposal. Long-
term impact also varies depending on the type of coal mining that is carried out. For instance,
strip mines displace large amounts of topsoil, which can severely inhibit restoration efforts as
vegetation needs topsoil in order to grow.*5 Additional soil erosion concerns exist, and metallic
dust from waste heaps can linger long after mining operations have ceased, causing additional
problems for vegetation growth.¢ This damage to the environment means high remediation costs
for the restoration of large open pit mines and many companies do not have the funds to fully
clean up waste piles and larger-scale mines.*’

Most coal mine cleanup funds come from the Abandoned Mine Land Fund (AML), an industry-
funded initiative that is used to secure, clean up, and restore mine sites.*® However, as coal has
become less popular as an energy source in the United States, the AML’s budget has been
severely reduced in recent years, limiting the ability of many companies to clean up their mines
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and creating additional financial difficulties when coal companies declare bankruptcy.*® The
longer term health effects of coal ash — a mixture of byproducts from the burning of coal — is the
single biggest long-term threat to environmental and human health.’? Coal ash's mixture of heavy
metals, chemicals, and other coal byproducts can cause multiple types of cancer, developmental
problems, mental health problems, and can prevent vegetation from growing as it smothers small
shrubs and trees.’!

8. Limitations

The largest limitation of coal as an energy source is its impact on the climate through
atmospheric emissions of carbon dioxide. Cleaner burning natural gas, as well as renewable
alternative energy sources have slowly taken coal’s place in the U.S. energy market due to the
large amount of pollutants that coal releases when burned.52 Coal emits the largest amount of
carbon dioxide per kWh of all fossil fuels, which inherently limits its use in widespread energy
generation in a climate-conscious world.33 This makes coal’s greatest limitation political in
nature.

Additionally, when not appropriately scrubbed and filtered, coal produces both nitrous oxide and
sulfur dioxide, two gases that mix together in the atmosphere and produce acid rain. Acid rain
can erode crucial infrastructure, stunt vegetation growth, and damage entire ecosystems.54 A
combination of investors choosing to back cleaner burning fossil fuels, increasing regulations to
combat climate change, and pressure from environmental campaigners have made coal energy
more politically difficult to support and finance.5>

Conclusion

Coal has been the standard source of energy for the United States and the world since the
Industrial Revolution. The progression of science and technology has brought about new energy
sources as competition, leading to innovations in cleaner coal and improved efficiency while also
supplanting coal’s place in the energy mix. Coal itself remains highly energy dense, relatively
low cost, and widely available. Accounting for its easy access and energy potential, along with a
century of infrastructure already built for it, coal can continue to supply energy in the United
States.

Coal reserves have the capability to supply the U.S. energy grid for hundreds of years, and while
coal itself is a high emitter of carbon dioxide and other harmful gases and particulates, scrubbers
and filters are increasingly capable of limiting the negative outputs. This means that the future of
coal is largely dependent on technological innovations that can neutralize its impact. While
enormous amounts of energy will be needed in the coming energy revolution, coal may still have
a prominent role in providing the power for massive industrial, mining, and building processes.

Aii.org | Alliance for Innovation and Infrastructure 6



Citations and Notes

1'"Coal: Research and development to support national Energy policy” at NAP.edu. National Academies Press:
OpenBook. (2007). https://www.nap.edu/read/11977/chapter/15.

2 Ibid.

3 U.S. energy Information administration - eia - independent statistics and analysis. Coal mining and transportation -
U.S. Energy Information Administration (EIA). (2020, December 10). https://www.eia.gov/energyexplained/coal/
mining-and-transportation.php.

4 U.S. energy Information administration - eia - independent statistics and analysis. Coal explained - U.S. Energy
Information Administration (EIA). (2020, October 8). https://www.eia.gov/energyexplained/coal/.

5 King, H. M. (2021). Coal. Geology. https://geology.com/rocks/coal.shtml.

6 Tbid.

7 United States Geological Survey. (2021). What are the Types of Coal. USGS. https://www.usgs.gov/faqs/what-are-
types-coal?qt-news_science products=0#qt-news_science products

8 What are the different types of coal? American Geosciences Institute. (2019, January 4). https://
www.americangeosciences.org/critical-issues/fag/what-are-the-different-types-of-coal.

9 Bowen, B.H. & Irwin, M.W. Indiana Center for Coal Technology Research. (2008). Coal Characteristics. The
Energy Center at Discovery Park. Purdue University. https://www.purdue.edu/discoverypark/energy/assets/pdfs/cctr/
outreach/Basics8-CoalCharacteristics-Oct08.pdf.

10 Environmental Protection Agency. External Combustion Sources: 1.1 Bituminous And Subbituminous Coal
Combustion. U.S. Environmental Protection Agency. https://www?3.epa.gov/ttnchiel/old/ap42/ch01/s01/final/
c01s01 oct1996.pdf.

11 Supra notes 9 and 10.

12 Supra notes 9 and 10.

13 Supra notes 9 and 10.

14 Frequently asked Questions. United States Energy Information Administration. (2021). https://www.eia.gov/tools/
faqs/faq.php?id=667&t=3.

15 Blumsack, S. (2021). Basic economics of power generation, transmission and distribution. Basic economics of
power generation, transmission and distribution. https://www.e-education.psu.edu/eme801/node/530.

16 U.S. Energy Information Administration. (2021, February 21). Levelized Costs of New Generation Resources in
the Annual Energy Outlook 2021. https://www.eia.gov/outlooks/aeo/pdf/electricity generation.pdf.

17 The levelized cost of energy (LCOE), or levelized cost of electricity, is a measure of the average net present cost
of electricity generation for a generating plant over its lifetime. This calculation uses 2020 dollars.

18 U.S. Energy Information Administration. (2021). U.S. energy Information administration - eia - independent
statistics and analysis. Where our coal comes from - U.S. Energy Information Administration (EIA). https://
www.eia.gov/energyexplained/coal/where-our-coal-comes-from.php.

19 Which states are the largest producers and consumers of coal? American Geosciences Institute. (2021, July 1).
https://www.americangeosciences.org/critical-issues/fag/which-states-are-largest-producers-and-consumers-coal.
20 U.S. Energy Information Administration. (2021). U.S. Coal Reserves. https://www.eia.gov/coal/reserves/

21 U.S. energy Information administration - eia - independent statistics and analysis. How much coal is left - U.S.
Energy Information Administration (EIA). (2021). https://www.eia.gov/energyexplained/coal/how-much-coal-is-
left.php.

22 Tbid.

23 United States Department of Energy. (2021). Geothermal power plants - Minimizing Land Use and Impact.
Energy.gov. https://www.energy.gov/eere/geothermal/geothermal-power-plants-minimizing-land-use-and-impact.
24 WP Company. (2020, February 13). The Green Miles. The Washington Post. https://www.washingtonpost.com/
graphics/2020/lifestyle/magazine/appalachia-kentucky-reforestation/.

25 U.S. Energy Information Administration. (2020). Count of Electric Power Industry Power Plants, by Sector, by
Predominant Energy Sources within Plant, 2009 through 2019. https://www.eia.gov/electricity/annual/html/
epa_ 04 01.html

Aii.org | Alliance for Innovation and Infrastructure 7



26 Office of Energy Efficiency and Renewable Energy. Geothermal Technologies Office. Geothermal Power Plants —
Minimizing Land Use and Impact. U.S. Department of Energy. https://www.energy.gov/eere/geothermal/geothermal-
power-plants-minimizing-land-use-and-impact#:~:text=An%?20entire%20geothermal %20field%20uses,acreages
%20for%20mining%?20their%?20fuel.

27 Merrill, D. (2021). The U.S. Will Need a Lot of Land for a Zero-Carbon Economy. Bloomberg Green. https://
www.bloomberg.com/graphics/2021-energy-land-use-economyy/.

28 This excludes the 4.8 million total acres of easements for the nation’s power lines. This infrastructure is used to
transmit all electricity from the nation's energy mix. While natural gas is a share of the electricity going into the grid,
we do not calculate the share in this brief. Natural gas can be used to generate power close to urban centers and
consumers of electricity. Calculating power lines as a share of natural gas's energy mix would over count its
footprint.

29 Safety+Health Magazine. (2021, January 24). MSHA: Deaths among coal Miners reach 'HISTORIC low'in 2020.
Safety+Health Magazine. https://www.safetyandhealthmagazine.com/articles/2074 1-msha-deaths-among-coal-
miners-reach-historic-low-in-2020.

30 Coal mining accident and injury statistics. edgarsnyder.com. (2019, August 8). https://www.edgarsnyder.com/job-
site-accident/mining-accidents/coal-mining-accidents/accident-statistics.html.

31 Jaganmohan, M. (2021, January 29). Mortality rate globally by energy source 2012. Statista. https://
www.statista.com/statistics/494425/death-rate-worldwide-by-energy-source/.

32 Conca, J. (2017, March 28). How deadly is your kilowatt? We rank the killer energy sources. Forbes. https://
www.forbes.com/sites/jamesconca/2012/06/10/energys-deathprint-a-price-always-paid/?sh=20c2b043709b.

33 Deaths attributed to coal from a public health standpoint relate to particulate matter and atmospheric pollutants,
which have been significantly addressed through regulatory requirements and technological innovations in the U.S.
34 Environmental Protection Agency. (2021). Air Quality - National Summary. U.S. Environmental Protection
Agency. https://www.epa.gov/air-trends/air-quality-national-summary.

35 Environmental Protection Agency. (2021). National Air Quality: Status and Trends of Key Air Pollutants. Air
Quality Trends. U.S. Environmental Protection Agency. https://www.epa.gov/air-trends/air-quality-national-
summary.

36 U.S. Energy Information Administration. (2021). U.S. Energy Information Administration - eia - independent
statistics and analysis. Coal and the environment . https://www.eia.gov/energyexplained/coal/coal-and-the-
environment.php.

37 South Carolina Department of Health and Environmental Control. (2012). Fact Sheet Nitrogen Dioxide and Sulfur
Dioxide. scdhec.gov. https://scdhec.gov/sites/default/files/Library/CR-008071.pdf.

38 Environmental Protection Agency. (2021). Basic Information about Mercury. EPA. https://www.epa.gov/mercury/
basic-information-about-mercury.

39 Coal and Air Pollution. Union of Concerned Scientists. (2017, November 19). https://www.ucsusa.org/resources/
coal-and-air-pollution.

40 Frequently asked Questions - U.S. Energy Information Administration . Frequently Asked Questions (FAQs) -
U.S. Energy Information Administration (EIA). (2021). https://www.eia.gov/tools/fags/faq.php?id=74&t=11.

41 Ibid.

42 Coal generated 170 billion fewer kWh of electricity in 2020, in turn generating fewer total emissions, but roughly
the same emissions per kWh.

43 U.S. Energy Information Administration - eia - independent statistics and analysis. Coal and the environment -
U.S. Energy Information Administration (EIA). (2020, December 1). https://www.eia.gov/energyexplained/coal/
coal-and-the-environment.php.

44 Office of Fossil Energy and Carbon Management. Science and Technology. Office of Clean Coal and Carbon
Management. U.S. Department of Energy. https://www.energy.gov/fe/science-innovation/office-clean-coal-and-
carbon-management.

45 Kinhal, V. (2020). How does mining impact the environment? LoveToKnow. https://greenliving.lovetoknow.com/
How_Does Mining_Affect the Environment.

46 Massachusetts Institute of Technology (MIT). (2016). Environmental Risks of Mining . MIT Missions: 2016.
http://web.mit.edu/12.000/www/m2016/finalwebsite/problems/mining.html.

47 NewsHour, P. B. S. (2016, November 28). Why cleaning up abandoned coal mines is so important -- and difficult.
PBS. https://www.pbs.org/newshour/show/cleaning-abandoned-coal-mines-important-difficult.

Aii.org | Alliance for Innovation and Infrastructure 8



48 Aml reclamation program: How revenue works. AML Reclamation Program | How revenue works | Natural
Resources Revenue Data. (2021). https://revenuedata.doi.gov/how-revenue-works/aml-reclamation-program/.

49 Abandoned mine Land trust fund. epcamr.org. (2016, August 22). http://epcamr.org/home/content/legislative-
front-and-petitions/abandoned-mine-land-trust-fund/.

30 Environmental Protection Agency. (2021). Coal Ash Basics. EPA. https://www.epa.gov/coalash/coal-ash-basics.
51 Southern Alliance for Clean Energy. (n.d.). Public health impacts. Southeast Coal Ash. http://
www.southeastcoalash.org/about-coal-ash/public-health-impacts/.

52 - Coal Power - What are the pros and cons of coal energy? OWOE. (2019). https://www.ourworldofenergy.com/
vignettes.php?type=coal-power&id=2.

53 Ibid.

54 Environmental Protection Agency. (2021). What is Acid Rain? EPA. https://www.epa.gov/acidrain/what-acid-
rain.

55 Pearce, F. (2020, March 10). As investors and insurers back away, the economics of coal turn toxic. Yale E360.
https://e360.yale.edu/features/as-investors-and-insurers-back-away-the-economics-of-coal-turn-toxic.

Aii.org | Alliance for Innovation and Infrastructure 9



