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Overview of Environmental Regulations
That Affect Coal Combustion

Cortland F. Eble

OVERVIEW

Environmental regulations have had, and continue
to have, an effect on the combustion of coal. These regu-
lations largely affect the electric utility industry, the larg-
est consumer of domestic coal, but they ultimately af-
fecteveryone, because we all use electricity, and the cost
of compliance is usually passed on to the consumer, re-
sulting in higher electric bills.

The information in this summary was largely ob-
tained from reports by the U.S. Environmental Protec-
tion Agency (EPA) and the Energy Information Admin-
istration (EIA). If you would like to learn more about
environmental regulations and the effect they have on
coal combustion, a list of more detailed publications is
included in the “Recommended Reading” section of this
report.

WHAT Is THE CLEAN AIR AcT?

The first Federal initiatives to address air pollu-
tion in the United States date back to 1955, when legis-
lation was enacted to provide research and technical
assistance relating to air-pollution control. The Federal
government had no direct regulatory role in this initial
effort. Rather, it sought to remedy a growing air-pollu-
tion problem by supporting research and providing in-
formation and financial aid at the state level. In 1963
the first Clean Air Act was implemented, which, along
with the subsequent Air Quality Act of 1967, began to
expand the role of the Federal government in curbing
air pollution by direct regulation.

In response to limited action taken by state and
local governments to control air pollution, Congress
passed the first of a series of amendments to the Clean
Air Act in 1970. That year also saw the creation of the
Environmental Protection Agency (EPA), which was
given responsibility for setting and monitoring pollu-
tion standards. Additional amendments were passed by
Congress in 1977 and 1990. To date, the Clean Air Act
Amendments of 1990 (CAAA90) are the most stringent
set of regulations to limit gaseous emissions from fos-
sil-fuel combustion.

TiTLE IV oF THE CLEAN AIR AcCT

AMENDMENT oF 1990

Title IV of the CAAA90, which is called “Acid
Deposition Control,” was implemented to reduce so-
called acid rain. Acid rain is caused by the emission of
sulfur dioxide (SO,) and nitrogen oxides (NO,, mainly
in the form of NO,) during the combustion of fossil fuels
(for example, coal and gasoline). Both of these gases react
with atmospheric moisture to form sulfuric acid (H,SO,)
and nitric acid (HNO,), which returns to the earth’s sur-
face primarily as rain or snow. Title IV of the CAAA90
affects 261 individual coal-fired units across the United
States, and was implemented in two phases. Phase I took
effect in 1995 and required coal-fired utilities to reduce
SO, emissions by 5 million tons annually from 1995 to
2000, with a final emissions cap of 2.5 pounds of SO,
emitted for every million Btu generated (Ib SO,/ MM
Btu). Phase I also mandated a 2 million ton decrease in
nitrogen oxide emissions, to a level not exceeding 0.5 Ib
NO, /MM Btu for wall-fired units and 0.45 1b NO, /MM
Btu for tangentially fired boilers. Phase II, which became
effective January 1, 2000, required a further reduction
of SO, emissions from coal-fired power plants (by 10
million tons annually), and a new emissions cap of 1.2
Ib SO,/ MM Btu. The original nitrogen oxide emissions
cap for Phase Il was setat 0.46 Ib NO, /MM Btu for wall-
fired units and 0.40 Ib NO, /MM Btu for tangentially
fired boilers. A proposal has been submitted to lower
this ceiling to 0.15 Ib NO,/MM Btu for coal-burning
power plants in the Ohio River Valley.

How Have ELEcTRIC UTILITIES
REsPONDED 1O PHASE | SO2

RepucTioN MANDATES?

Electric utilities have complied with Phase I SO,
reduction mandates in a number of ways:
% Switching from high- to low-sulfur coal, or blending
coals to achieve a lower sulfur content. This has been
the most popular reduction option: 52 percent of

the affected units switched to, or blended in, low-
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sulfur coal to lower the total sulfur content (Fig.
1). This is also the least expensive option. Modify-
ing a high-sulfur, bituminous coal-fired power
plant to burn low-sulfur coal has been estimated
to cost between $113 and $167 per ton of SO, re-
moval (EIA, 1997), which is one-third to one-half
the cost of installing SO, reduction equipment
(such as flue-gas desulfurization, see below).

fuel switch

additional
allowances

- retire

scrubbers

- repower

Figure 1. Options for complying with Phase | Clean Air Act
mandates at 261 affected units (EIA, 1997).

This switch to lower-sulfur coal has drasti-
cally affected regional coal production patterns.
Between 1990 and 1995, sales of low- to medium-
sulfur coal from the Powder River Basin of Wyo-
ming and Montana increased by 78 million tons.
Following this trend, sales of low-sulfur coal from
the central Appalachian region (Virginia, eastern
Kentucky, and southern West Virginia) increased
by 15 million tons, and sales of low-sulfur coal from
the Rocky Mountains (Colorado and Utah) in-
creased by 10 million tons (Fig. 2).

In contrast, for the same period sales of
higher-sulfur coal from the northern Appalachian
region (Maryland, Pennsylvania, Ohio, and north-
ern West Virginia) decreased by 29 million tons;
and sales from the Illinois Basin (Illinois, Indiana,
and western Kentucky) decreased by 40 million
tons (EIA, 1997).

Repowering, or switching to a fuel other than coal (such
as fuel oil or natural gas). Repowering has not been
an attractive compliance option (only 2 percent of
the affected Phase I units chose this option), be-
cause it requires a substantial capital investment
to retrofit existing infrastructure. Obtaining suffi-
cient quantities of the new fuel in a cost-effective
manner is also problematic. Utilities in a number

of different states have built, or are planning to
build, several small (typically less than 250-mega-
watt generating capacity) “peak generating” fa-
cilities, usually powered by natural gas. These
units are designed to be operated during times of
heavy consumer demand for electricity. Peak gen-
erating stations have an advantage over coal-fired
units in that their capital construction costs are
much lower, and they have fewer visible emissions
(smoke). Lack of smoke and their relatively small
size make them attractive options for heavily
populated areas.

Although peak generating units are cheaper
to build, and are more environmentally friendly
than their coal-fired counterparts, they are ham-
pered by higher overall operating costs and, for
many areas of the country, limited fuel availabil-
ity. Ultimately, the expanded use of natural gas
may be determined by a potential “carbon tax” on
fossil-fuel use that is being considered as part of
an effort to reduce carbon dioxide (CO,) emissions
in the United States. Coal is currently a much less
expensive fuel than natural gas, but it also emits
roughly twice as much CO, as natural gas, on the
basis of pounds of CO, emitted per kilowatt-hour
generated (EIA and EPA, 1999). A tax on CO, emis-
sions could conceivably make the cost of coal and

percent total U.S. coal receipts

100

80

60 —

40

20 —

1990
- low- to medium-sulfur

1995

l:l high-sulfur

Figure 2. Increased use of low- to medium-sulfur coal in
response to Phase | Clean Air Act mandates. Low- to medium-
sulfur coal is classified as coal emitting no more than 2.5 Ib
SO,/MM Btu (EIA, 1997).
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natural gas less disparate, making natural gas more
attractive.

Installing SO, emission-control equipment (flue-gas
desulfurization, fluidized-bed combustion). This has
been one of the least attractive compliance meth-
ods (only 10 percent of the affected Phase I units
chose this option), primarily because of its high
cost, estimated at $322/ton of SO, removal. Com-
pare this with switching to low-sulfur coal, which
costs an estimated $113 to $167 per ton of SO, re-
moval (EIA, 1997).

Purchasing or transferring emissions allowances. An
emissions allowance is simply the permission to
emit 1 ton of SO,. The number of allowances
granted for individual units is calculated using a
formula that takes into account the amount of fuel
consumed and SO, emitted from 1985 to 1987
(baseline years). Electric utilities may choose to
purchase additional allowances, which are avail-
able on the open market, to offset a unit that emits
more SO, than it has been granted credits for. Al-
ternatively, a utility can transfer allowances within
its system, from an overcompliant unit (one that
does not use all of its emissions allowances) to
another unit that is undercompliant (emits more
SO, than it has emissions allowances for). During
Phase I, the electric utility industry largely
overcomplied — they reduced emissions below
their mandated limits — which created a large sur-
plus of emissions credits. Thus, the price of emis-
sions allowances has been much lower than was
originally projected, making the purchase or trans-
fer of additional allowance credits a very cost-ef-
fective compliance option. In fact, it is the second
most popular Phase I compliance strategy (32 per-
cent of the affected units opted for this) (EIA, 1997).
Unit retirement. Only 3 percent of the 261 affected
Phase I units were taken out of service as a com-
pliance option. In fact, deregulation of the electric
utility industry, which places utilities in competi-
tion with one another, has extended the projected
operating lives of several older units in order to
keep generating rates as low as possible. By ex-
tending the lives of older units, utilities also avoid
the large capital expenditure of constructing new
units.

Recently, however, the Environmental Pro-
tection Agency has intervened, and filed a num-
ber of lawsuits against several utilities that con-
tinue to keep older units in service. The EPA is
claiming that the targeted units have violated New
Source Review (NSR) initiatives, a program put
in place by the Clean Air Act Amendments. The
NSR program requires utilities to undergo a re-

view process if they propose to construct new elec-
tricity-generating units, primarily to ensure that
new facilities install the best available technology
for reducing emissions from a given source. The
program also applies to units that are modified to
the point that the physical or operational changes
result in an increase in emissions of a regulated
pollutant. The principal issue at the root of law-
suits is whether older units that are kept in service
should be subjected to NSR review. The electric
utilities claim they need to keep the older units
operational to keep generating costs down, and to
meet increased consumer demand. The EPA claims
they should be subject to review, and either retro-
fitted with modern pollution-control equipment,
or retired outright. Basically, it is a difference of
opinion.

How AReE ELEcTRIC UTILITIES
REsPoNDING TO PHASE I SO2
RepucTioN MANDATES?

Electric utilities have complied with Phase I SO,

reduction mandates by:

o,
°n

Fuel switching to lower-sulfur coal, or blending in
lower-sulfur coal. This is still the predominant strat-
egy used by utilities to comply with Phase II of
the CAAA90, just as it was for Phase I. Compared
to scrubbing, the fuel switching/blending strategy
is lower cost, takes less time to implement, and
offers flexibility in meeting future emission re-
quirements.

SO, allowance acquisition. This is currently the sec-
ond most popular choice for Phase II compliance.
Purchasing allowance credits is a much less ex-
pensive option than installing pollution-control
equipment. Also, many utilities that overcomplied
during Phase I are saving their extra allowances
for Phase II. Allowance prices are much lower than
expected, primarily because of the reduction in
low-sulfur coal prices.

Flue-gas desulfurization. New units planned for
Phase II implementation have largely been de-
ferred. For the most part, utilities that are
overcomplying with Phase I have allowance cred-
its they can use to delay their own Phase II scrub-
bing. They can also sell their credits to other utili-
ties that want to delay Phase II actions. This cre-
ates the possibility of running a pollution-control
system as a revenue source, at least in the short
term.

Repowering. Although converting a coal-fired
power plant to one that uses natural gas or fuel oil
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has several advantages, including decreased 802,
NOX, and CO2 emissions, very few utilities have
opted for this compliance method, in part because
of the high cost of retrofitting existing infrastruc-
ture. Repowering older coal-fired units that would
otherwise be retired, as well as expanding the use
of peak generating units that use natural gas, may
become more attractive if limitations are imposed
on CO, emissions from fossil-fuel combustion,
however.

How HaAve ELEcTRIC UTILITIES
Repucebp NITROGEN OXIDE
EMissiONs?

Two hundred thirty-nine coal-fired units were re-
quired to meet the NO, emissions limitations of the first
phase of Title IV of CAAA90. Control of nitrogen oxide
emissions has largely been achieved by installing low-
NO, burners, the burner being the mechanism that regu-
lates the fuel-air mixture that is injected into the fur-
nace. Overall, the utilities that operate the affected units
achieved a 40 percent reduction in NO, emissions be-
tween 1990 and 1996. Most utilities have also met Phase
II NO, emissions limitations by using low-NO, burner
technology.

Recently, however, the EPA has proposed addi-
tional restrictions for coal-burning utilities in the Ohio
Valley, citing them as a cause of ozone non-attainment
(ground-level smog) in the northeastern United States.
The proposed ceiling of 0.15 Ib NO,/MM Btu has
prompted several utilities in Kentucky to begin install-
ing selective catalytic reduction (SCR) at their facilities.
SCR works by injecting ammonia into the flue-gas
stream, which then passes over a special catalyst that
reduces the NO, in the flue-gas stream to elemental ni-
trogen and water. Although highly effective, SCRis also
very expensive.

TiTLE Il oF THE CLEAN AIR ACT

AMENDMENTS oF 1990

Title III of the CAAAO90, entitled “Hazardous Air
Pollutants,” lists 189 substances (mainly chemical com-
pounds) that have the potential to be regulated. Among
these 189 substances are 15 elements that naturally oc-
cur in bituminous coal. They are
listed in Table 1.

other 12 elements, though initially volatilized in the fire
box, adhere to the ash by-product, which is collected as
furnace slag (coarse ash) or downstream fly ash (fine
ash). Both types of ash can either be reused in a variety
of applications or disposed of in landfills (which is what
occurs most of the time). Currently, the EPA is collect-
ing data for two Title III elements, mercury and chlo-
rine (two of the three “volatile” elements), in an effort
to determine the amounts and range of values of these
two elements in utility feed coal.

Although the implementation of flue-gas desulfu-
rization is largely on hold for now by most utilities, limi-
tations placed on any of the elements listed above may
accelerate scrubber implementation. Scrubbers effec-
tively control fly-ash particles that are not entrained by
particulate control devices, such as electrostatic precipi-
tators or baghouses. Because many of the elements listed
above adhere to fly-ash particles during the combus-
tion process, they are effectively controlled as well. In
addition, scrubbing has been shown to be highly effec-
tive in preventing the atmospheric liberation of hydro-
gen chloride and hydrogen fluoride aerosols, and par-
tially effective in controlling mercury emissions (EIA,
1997).

Toxics RELEASE INVENTORY (TRI)

The Toxics Release Inventory (TRI) is part of the
Emergency Planning and Community Right-to-Know
Act of 1986. Users of chemicals that fall under certain
Standard Industrial Classification codes are required to
report to the EPA the levels of listed chemicals that they
release into the environment. Currently, over 600 chemi-
cals are on the TRI list, or about twice as many as were
listed in the first TRI report published in 1987. Keep in
mind that TRI is just a reporting mechanism. It does not
contain any information on levels of toxicity or health
risks posed by exposure to a reported substance. It is
simply a tracking system.

In 1997, several new industries were added to the
TRI. Among them were electric utilities, metal mining,
and coal mining. Although the full impact of these in-
dustries being added to TRI is unclear, there are con-
cerns about the use and potential misuse of the reported
data. For example, the ash by-product of coal combus-
tion contains most of the elements that must be reported
to TRI. Most of this ash is transferred directly from a
power plant to a nearby landfill. Thus, electric utilities

Three of these elements, Table 1. Title Il elements that naturally occur in coal.
chlorine, mercury, and sele- 1onuo, ono arsenic beryllium cadmium chlorine
nium, remain largely volatile -
duri . cobalt chromium lead manganese mercury

uring the combustion process : - . -
and escape with flue gases. The nickel phosphorus  [selenium thorium uranium
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are required to report, in many instances, the release of
large amounts (greater than 100,000 Ib) of elements such
as arsenic, cobalt, chromium, and lead into the environ-
ment. On the surface, this is disturbing news, to say the
least. What TRI does not tell you, however, is that coal
ash is primarily a glass-like material, and as such is an
essentially inert substance. This property immobilizes
the elements contained within the ash to the point that
the EPA classifies coal ash as a nonhazardous material.

ELecTRIC UTILITY DEREGULATION

The U.S. electric utility industry has traditionally
been made up of regulated monopolies serving pre-
scribed state service areas. In effect, a consumer was
able to obtain electricity from only one company. This
changed in 1996 when the Federal Energy Regulatory
Commission recommended that the industry be deregu-
lated in an effort to promote a competitive marketplace
for electricity. Currently, 22 states have passed deregu-
lation legislation, and six more states have pending leg-
islation in place. Kentucky is not one of these states, al-
though an electricity restructuring task force has been
looking at this issue since 1998.

A competitive marketplace has made low-cost
power generation a top priority for electric utilities. The
effects utility deregulation will have on coal as the fuel
of choice for electric utility generation are mixed. On
the one hand, utilities will want to keep using coal-based
generating infrastructure as long as possible, extending
the demand for coal. Utilities want to avoid any large
capital investment, such as the construction of new units,
to keep generating costs as low (and competitive) as
possible. They will, however, be seeking low-cost coal,
which will affect the profit margin of the coal producer.
Utilities will also want Phase II-compliant low-sulfur
coal, since the construction of additional scrubbing ca-
pacity, which would allow the use of higher-sulfur coal,
has largely been put on hold.

CARBON Dioxipe EmiSSIONS
LiMITATIONS

Because coal produces the most CO, emissions of
any fossil fuel currently used for large-scale electricity
generation, any emissions limitations would have a se-
rious impact on coal utilization. Carbon dioxide is a
greenhouse gas that has been blamed by some for a gen-
eral rise in the world’s temperature during the last dec-
ade. Efforts in this country to curtail CO, emissions in-
clude the increased use of natural gas and accelerated
efforts to introduce new, emissions-free energy technolo-
gies, such as advanced coal combustion/conversion
technologies and hydrogen fuel cells, into the power-

generation mix as quickly as possible. Research into the
sequestration of post-combustion CO,, by a variety of
methods, is rapidly expanding as well.

SUMMARY

Although our nation continues to rely on coal for
the generation of electricity, environmental regulations
have made its combustion more and more of a challenge.
The Clean Air Act Amendments of 1990 impose strict
limitations on the amounts of sulfur dioxide and nitro-
gen oxides that can be emitted into the atmosphere.
These amendments also identify 15 elements that natu-
rally occur in coal for possible emissions regulation. Elec-
tric utilities, the primary consumers of domestic coal,
have largely complied with CAAA90 mandates by
switching to, or blending in, low-sulfur coal to reduce
SO, emissions. Purchasing or transferring emissions al-
lowances has also been an effective option. Compliance
with NO, emissions limits has mainly been achieved
through the implementation of low-NO, burner tech-
nology. Stricter limitations being considered for power
plants in the Ohio Valley region has prompted many
utilities to install selective catalytic reduction units in
several power plants in this area. Currently, no limita-
tions have been placed on any of the elements in coal
that are included in Title III of the CAAA90, but the
EPA is collecting data to determine the amount of mer-
cury and chlorine in utility feed coal, suggesting that
emissions limits for these two elements may be pend-
ing.

In 1998, electric utilities were required to start re-
porting to the Toxics Release Inventory. TRI is a track-
ing mechanism, and does not report any information
about the relative mobility of a substance released to
the environment (that is, very mobile versus essentially
inert), nor does it contain any information about levels
of toxicity or health risks posed by exposure to a re-
ported substance.

The electric utility industry, which has historically
consisted of regulated monopolies, each providing elec-
tric power to prescribed service areas, was deregulated
in 1996 by the Federal Energy Regulatory Commission.
The response to this mandate has been swift: 22 states
have passed deregulation legislation, and six more have
legislation pending. Deregulation has forced utilities to
keep electric-power production costs as low and com-
petitive as possible. Competition has forced several com-
panies to delay, or even abandon, plans to build new
units or retrofit older units with more modern technol-
ogy; instead, they have chosen to prolong the working
life of existing generating facilities.

Perhaps the greatest challenge coal will face in the
new millennium is a proposal to limit CO, emissions
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from fossil-fuel combustion. Because coal emits more
CO,, on an energy-equivalent basis, than other fossil
fuels such as petroleum or natural gas, any limitation
would have serious impacts. Currently in the United
States, research is being conducted to develop new tech-

nologies that limit or trap the CO, produced from coal
utilization. These new technologies will doubtless play
a vital role in the future of coal as a principal energy
resource.
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Kentucky Geological Survey

KGS Bulletin 2 (ser. 11): Geology and stratigraphy of the Western Kentucky Coal Field, by S.F. Greb and others,
1992, 77 p.

KGS Bulletin 3 (ser. 11): Stratigraphic and structural framework of the Carboniferous rocks of the central
Appalachian Basin in Kentucky, by D.R. Chesnut Jr., 1992, 42 p., 8 plates.

KGS Information Circular 23 (ser. 10): Coal production in Kentucky, 1790-1975, by J.C. Currens and G.E. Smith,
1977, 66 p.

KGS Information Circular 8 (ser. 11): Stratigraphic framework of coal-bearing rocks in the Western Kentucky
Coal Field, by D.A. Williams and others, 1982, 201 p.

KGS Information Circular 12 (ser. 11): Geologic descriptions and coal analyses for 1982 coal drilling in the
Daniel Boone National Forest, eastern Kentucky, by R.R. Bergeron and others, 1983, 243 p.

KGS Information Circular 13 (ser. 11): General coal reflectance and rank study of the Eastern Kentucky Coal
Field, by D.A. Williams, 1984, 47 p.

KGS Information Circulars 18-23 (ser. 11): Analyses of coal samples from the Princess, Hazard, Big Sandy,
Southwestern, Upper Cumberland, and Licking River Districts

KGS Information Circular 29 (ser. 11): Predicting the impact of changes in the EPA compliance standard for
sulfur emissions on the coal resources of eastern Kentucky, by J.C. Cobb and others, 1989, 9 p.

KGS Information Circular 38 (ser. 11): Sulfur in Kentucky coal and the Clean Air Act Amendments of 1990,
by J.C. Cobb and C.F. Eble, 1992, 14 p.

KGS Information Circulars 42, 43, 47 (ser. 11): Available coal resources of the Booneville, Handshoe, and
Salyersville South 7.5-minute quadrangles

KGS Information Circular 48 (ser. 11): Trace elements in coal: The next challenge, by C.F. Eble and J.C. Cobb,
1994, 4 p.

KGS Information Circular 59 (ser. 11): Kentucky’s coal industry: Historical trends and future opportunities,
by G.A. Weisenfluh and others, 1998, 9 p.

KGS Map and Chart Series 20 (ser. 11): Total coal thickness of the Lower Elkhorn coal in eastern Kentucky, by
E.E. Thacker and others, 1998, 1 sheet

KGS Report of Investigations 6 (ser. 10): Pennsylvanian cross sections in western Kentucky — Coals of the lower
Carbondale Formation, part 1, by G.E. Smith, 1967, 14 p.

KGS Report of Investigations 5 (ser. 11): Amos and Foster coals: Low-ash and low-sulfur coals of western
Kentucky, by D.A. Williams and others, 1990, 34 p.

KGS Report of Investigations 14 (ser. 11): Compositional variations in the Fire Clay coal bed of eastern Kentucky:
Geochemistry, petrography, palynology, and paleoecology, by C.F. Eble and others, 1999, 18 p.

KGS Report of Investigations 2 (ser. 12): Geology of the Fire Clay coal in part of the Eastern Kentucky Coal
field, by S.F. Greb and others, 1999, 37 p.

KGS Report of Investigations 3 (ser. 12): Available resources of the Fire Clay coal in part of the Eastern Kentucky
Coal Field, by S.F. Greb and others, 1999, 18 p.

KGS Reprint 7 (ser. 11): Coal in Kentucky, by R.A. Brant and N.C. Hester, 1980, 11 p.
KGS Reprint 20 (ser. 11): Kentucky coal, by J.C. Cobb and others, 1985, 20 p.

KGS Reprint 36 (ser. 11): Determination of fluorine in coal and coal fly ash by proton-induced gamma-ray
emission analysis, by A.S. Wong and others, 1993, 7 p.

KGS Special Publication 21 gser. 11): Impact of hazardous air pollutants on mineral producers and coal-burning
plants in the Ohio Valley, 1995, 25 p.

UK Institute for Mining and Mineral Resources publications: Coal resources of the Big Sandy, Hazard, Licking
River, Princess, Southwestern, and Upper Cumberland Districts

USGS Miscellaneous Field Studies Map MF-2275: Revised correlation chart of coal beds, coal zones, and key
stratigraphic units, Pennsylvanian rocks of eastern Kentucky, by C.L. Rice and J.K. Hiett, 1994, 1 sheet.

For information on obtaining copies of this publication and other Kentucky Geological Survey maps
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