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PREFACE

Energy and Environmental Chemistry—they are inextricably entwined.
As. we progress toward an increasingly industrialized and energy hungry
wold the demands of producing more and more energy are going to require
greater care if we are to maintain a clean environment. There is no question
that we will continue to produce more energy—progress demands it and
people demand progress. The only question is how much we w1ll let our
continuous quest for energy affect our environment. _

Learning about the effects of energy production—directly or indirectly—
on the environment is one of the first steps to controlling adverse effects
of that production. That’s what these volumes are all about. They do not
cover it all-do not even come close; the subject area is much too large and
complex and we are only in the early stages of learning about the interrela-
tions of energy and environmental chemistry. But it is hoped that the in-
formation in these books will bring us one step closer to understanding
some of these relationships and hence to ulnmately controlling unwanted

pollution from energy production.

Lawrence H. Keith
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PART 1

POINT SOURCE EFFECTS

CHAPTER 1

THE EFFECTS ON THE ENVIRONMENT OF FOSSIL FUEL
USE BY ELECTRIC UTILITIES

E. Kleber, A. Dasti and A. Gakner

Federal Energy Regulatory Commission
Washington, DC 20426

Recent technical reports have highlighted growing concern about the
“acid-rain” problem. Brezonik et al, [1] made pH determinations on rain-
water in Florid.a during a recent year, where isolated measurements ranged to -
a low of 3.76, and volume-weighted measurements ranged from an average of
4.60 to a high of 5.80. Lewis and Grant [2] made measurements in Boulder
County, Colorado, over a recent three-year period which indicated a drop in
pH from 5.4 to 4.6 over that time span.

The causes and implications of these measurements have been argued
vigorously, and much -attention has been directed to the electric utility
industry, especially because of its combustion of coal with a high sulfur con-
tent for power generation. However, the inadequacy of data sufficient for
reaching scientific conclusions has become apparent, and led to the recent
enactment of federal legislation directed toward more thorough evaluation of
cause and effect. This legislation is contained in the Energy Security Act
[3], signed June 30, 1980. Title VII of the act is the Acid Precipitation
Program and Carbon Dioxide Study.*

*The act established a ten-year program to carry out the provisions of Title VIIA, with
the formation of a Task Force, having as joint chairmen the Secretary of Agriculture, the
Administrator of the Environmental Protection Agency, and the Administrator of the
National Oceanic and Atmospheric Administration. The latter is also named as the
director of the research program established by this act.



4 POINT SOURCE EFFECTS

Subtitle A of Title VII of the act is known as the Acid Precipitation Act
of 1980. One objective is the development of a comprehensive research plan
to identify causes and effects, and to identify actions to limit or ameliorate
the harmful effects of acid precipitation.*

Acid precipitation may be significantly affected by the electric utilities’
use of sulfur-bearing fossil fuels. The data that follow are based on informa-
tion available in Department of Energy (DOE) records.

In 1972 the Federal Power Commission (now the Federal Energy Regu-
latory Commission) initiated a new data-collection system, which required
filing of monthly reports (form 423) to the DOE of cost and quality of
fuels for electricity-generating plants. In its present form, this report requires
the filing of information on fossil-fuel shipments received by each electric-
power producer (both private and public) for each of its electric-generating
plants with a total combined (steam-electric, combustion turbine and in-
ternal combustion engine) generating capacity of 25 MW or more. The infor-
mation provided by the utility for each delivery of fuel during the reporting
month includes the following:

Type of plant: steam turbine, combustion turbine, internal combustion engine
Purchase type: (coal and oil) spot purchase, new contract, contract under which
price is changed because of automatic price adjustment, all other contracts
Contract expiration: within the next 24 months
Fuel type: coal, oil, gas
Coal mines: type (underground or surface);
origin (state and Bureau of Mines coal-producing district)

Fuel source: cdal-name of mine and county of origin;

oil—-supplier and refinery or port of entry

gas—pipeline or distributor, producing area or port of entry
Quantity received: tons, barrels, MCF
Quality received: Btu content, sulfur content, ash content
Delivered price: cents per million Btu.

The data as received are entered on a computer which makes possible
retrieval in diverse ways. Reports summarizing some of the data are issued
monthly (e.g., [4]). Annual reports, which include a variety of special studies,
also are published. The first annual report was published in 1975 [5] covering
the years 1973 and 1974. Subsequent reports have been expanded to include

3

-

*Section 704 provides for the development of the plan and its submission in draft form
to the Congress and for public review by December 30, 1980, and in final form by
- April 15, 1981. The plan is to include programs in 14 subareas of research, development
and assessment.



FOSSIL FUEL EFFECTS 5

additional, most frequently, requested analyses, and have been published
annually since then [6] .

With this wealth of data available, attention has been focused on the
sulfur content of the fuels, and some of the possible implications of com-
bustion of these fuels with the corresponding introduction of sulfur-con-
taining species into the atmosphere. These data are shown here in a series
of tables which represent the maximum potential for sulfur dioxide emis-
sions into the atmosphere by fuel combustion. These are based on the as-
sumption that the entire sulfur content of the fuel is converted into sul-
fur dioxide, all of which finds its way into the atmosphere. Ignored for the
purposes of this calculation are estimations of any quantities that do not
enter the atmosphere by virtue of either retention of any portion of the
sulfur in the ash, or the removal of sulfur oxides by stack gas scrubbing.

The data in Table 1 put into perspective the reliance of the electric utility
industry on coal as a source of fossil fuel for the generation of electricity.
The data cover the period since 1962 in five-year increments. Generation
from fossil fuel sources was based on the Btu content of the fuels; nuclear
and hydro generation were calculated from kWh statistics, using a conversion
factor of 10,000 Btu/kWh. The major portion of the increase in electricity
generation in the decade of the 1960s was from the increased use of fossil
fuel; in the 1970s, following the oil embargo, increases in total electricity
generation and in fossil-fuel demand have been very small.

Detailed data for the period 1975-1979 are also shown in Table 1. Whereas
total generation increased at a 3.9% annual rate, coal-fired generation in-
creased at a 6.2% annual rate. (The data included for 1980 are based on
extrapolations from five months of statistics.) The decrease in 1978 in coal-
fired generation does not represent a real trend—it was caused by an unusually
long (four-month) strike by coal miners in the East. The drop in oil-fired
electricity generation is real, caused by the deliberate push for economic and
political reasons to switch away from oil as a fuel source. The dip in hydro-
generation in 1977 was caused by a severe water shortage in the’western
United States that year.

Total national emissions of sulfur dioxide, using the aforementioned
assumptions, are shown in Table 2. In general, one can observe that the
increasing tendency to use coals of lower sulfur content has resulted in
relatively constant levels of total sulfur dioxide emissions, despite significant
increases in coal quantities delivered. Contributions to total sulfur dioxide
emissions by oil utilization have been much smaller, and on a national basis,
do not alter the totals markedly.

For comparative purposes, it may be noted that the U.S. Environmental
Protection Agency (EPA) has estimated [7] that the total emissions of SOy
(x not specified) including those from nonelectric sources have ranged from
24,500 x 10® tons in 1950 to 29,900 x 10° tons in 1976, with a high of
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FOSSIL FUEL EFFECTS 7

32,700 x 10® tons in 1973. The EPA attributes the principal source of the
SOy to fuel combustion from stationary sources.

National data can be disaggregated to provide regional information. Sum-
maries of total sulfur dioxide emissions (again with assumptions utilized) as
compiled by geographic regions are shown in Table 3. Total contributions
for each region in 1979, as a percentage of the national totals are shown in
Table 4. Aggregations of the data may be made in many ways: one such
would show that power plants east of the Mississippi were responsible for
83% of total sulfur dioxide emissions nationally while providing only 62%
of electricity generation.

One feature of the regional data is the indication of the relative constancy
of total sulfur dioxide emissions from electric utility power plants over the
past five years. The only exceptions are in three geographic regions with less
than 10% of total emissions—New England, West South Central, Mountain—
where there has been some increase in recent years. Further detailed data
analyses may be made using any mode of aggregation to provide an input into
specific studies such as those cited [1,2]. ,

It is interesting to combine sulfur dioxide emission data with rainfall
data. If one assumes that: (1) all the sulfur dioxide emitted to the atmosphere
is quantitatively converted to sulfur trioxide; (2) the latter is quantitatively
converted to sulfuric acid by contact with rainwater; and (3) all the sulfuric
acid reaches the earth as acid rain with no precipitation in dry form as neutral
sulfate dusts; then the maximum acidity of the corresponding rain due to
sulfuric acid can be calculated. Table 5 shows the results of these calculations
using 1977 data for rainfall. West of the Mississippi, the calculations of
sulfuric acid content in rainfall yield concentrations of 0.5 to 2.5 x 10%
molal; east of thg Mississippi, the concentrations are calculated to range from
2 to 17 x 107 molal. Calculations may be made for any geographic area: for
example, data for the state of Florida, using all of the assumptions above,
show a sulfuric acid concentration of 5 x 105 molal.

Future trends may also be forecast with the aid of these data.

1. Coal uszge will accelerate significantly. A recent unalysis prepared in this
office [9] indicates that demand due to new plants will be for an additional
170,000 tons of coal in 1983 (a 25% increase) and 395,000 tons by 1988
(>50% increase). (These do not take into account any reduction in demand
due to retirement of old plants.)

2.  Theze will be an increasing trend toward use of low-sulfur coal, to the extent
that much more low-sulfur Western coal can be made available. The net
effect of these two factors will be a relative constancy in total emissions of
sulfur dioxide to the atmosphere, paralleling the trends of recent years.

3. The effects of the installation of flue gas desulfurization systems may be
ignored for the near-term future. Data summarized by the EPA [10] indicate
that, as of March 1980, 10% of the capacity of all coal-fired units have the
capability to scrub sulfur dioxide. Operationally, however, the percentage of
coal-fired scrubbed electric generation is much less.



