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ENVIRONMENTAL ASSESSMENTS OF ALTERNATIVE
ENERGY STRATEGIES IN THE UNITED STATES

S.W. Ballou
A.M. Katz

INTRODUCTION

Energy planning in the U.S. has changed radically over the
past decade. Two of the major influences contributing to this
change were the 1973 oil embargo and subsequent disruption of oil
flows into the U.S., and the increased public environmental con-
sciousness that occurred in the late sixties. These two influences
have resulted in an increased level of activity in the evaluation
of both conventional and non-conventional energy technologies,
especially for their environmental, social, and economic accepta-
bility. The increased environmental awareness of the public and,
consequently, of elected officials has resulted in the promulgation
of many environmental regulations. In addition, the stress placed
on the American economy due to oil shortfalls has resulted in the
increased interest by the U.S. Department of Energy (DOE) to develop
new sources of energy resources and/or improved efficiencies of
conventional technologies. Because of the environmental regulatory
constraints imposed on new technology development, long-term energy
planning by DOE requirer a thorough analysis of these energy tech-
nologies with respect to the environmental, health, social and
economic implications. Unlike the site-specific environmental
impact statements that are required under NEPA1 or similar
state-promulgated legislation, the emphasis of the DOE assessment
is regional. The focus is usually on ten multi-state regions desig-
nated by the Environmental Protection Agency (EPA)(Figure 1). The
regional approach is based on the premise that significant regional
differences exist regarding the environmental, institutional, social,
and public acceptability of different energy technologies. These
assessments are not site specific (i.e., projected energy facility
siting is not specified or it is specified at only a county level)
because the temporal range of a scenario nay extend from 1975 to
2000, and, therefore, go well beyond specific utility or industrial
development planning.
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Figure 1. Federal EPA regions and
designated National Labor-
atory responsibilities.

Increased coal production and use in the U.S. is expected
under most scenarios. Constraints to coal use, however, are
severe because of the different kinds of environmental regulations
that have been imposed on industries and utilities. This paper
will describe some of these regulations and their effects on coal
use in the U.S. by using the results of a recent assessment of the
Project Independence Evaluation System (PIES) Mid-Mid Range
Scenario. The impacts in Federal Region V are analyzed in this
paper because of the region's high level of coal production and
consumption. The complete analysis of Region V has been published
by Ballou et al. (1979a).

PROGRAM DESCRIPTION

The Regional Issues Identification and Assessment (RIIA)
program is an evaluation of the regional impacts of future energy
development. These studies are conducted for the Department of
Energy. The impacts described in this paper for 1990 are based
on a national energy projection (scenario) that assumes medium
energy demand and fuel supply through 1990, but does not incor-
porate the policies of the 1978 National Energy Act. The scenario
is one of six possible energy futures produced by the Energy Infor-
mation Administration of the Department of Energy for the Depart-
ment's 1977 Annual Report to Congress.

The RIIA study plan uses the predicted fuel mixes derived
from the PIES scenario as a starting point for its analysis.
County level patterns for utility, industry and mining activities
for 1990 were then developed from the federal region totals.
Energy sources addressed were coal, nuclear, oil, oil shale, gas,
geothermal, hydroelectric, and solar.



Six of the national laboratories, Argonne (ANL), Brookhaven
(BNL), Lawrence Berkeley (LBL), Los Alamos (LASL), Oak Ridge
(ORNL), and Pacific Northwest (PNL), undertook major responsi-
bilities to analyze the impact of these county-level patterns
of utility, industry, and mining activities on the airr water,
and land resources of the country and on the socioeconomic- and
health and safety aspects of the nation's welfare. Each labor-
atory had specific regional responsibilities for conducting the
environmental assessment (Figure 1).

Projected total energy production and consumption by 1990
for the U.S. was about 80 and 109 Quads respectively. In Region
V, a 36% increase in coal-fired electrical capacity was projected
for 1990 (Table 1).

Table 1. Projected Electrical Generating Capacity, Coal
Extraction, and Industrial Fuel Use - Region V

Energy Source 1975 1985 1990

Electrical Generating Capacity
(103 MW)

Coal
Oil
Gas
Nuclear
Combined Cycle
Hydro
Solar
Geothermal
Other

Total

Coal Production (10 tons)

Deep Mines
Surface Mines

Total

12
Industrial Fuel Use (10 Btu)

Coal
Oil
Gas

6 3 .
1 5 .

2 .
9 .
0 .
3 .
0
0
0

9
5
4
7
2
1

79.5
22.0

4 . 7
24.3

0 . 2
3 . 1
0 . 1
0
2 . 2

86.9
26.2

4 . 1
34.5

5 . 6
3 . 2
0 . 6
0
2.2

94.8

476.6
839.1

1315.7

136.1

629.8
851.7

1481.5

163.3

669.9
795.3

1465.2

16 .
296.

0 .

3
3
4

1056
459

0

. 7

. 3

. 3

1109.
531.

0 .

4
8
3

Total 313.0 1516.3 1641.5
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Oak Ridge National Laboratory assigned the projected increases
to particular counties according to economic (accessibility to
rail and large transport, nearest source of coal, etc.) and site
(population density, geological conditions, water availability,
etc.) considerations. Increased sited capacity for Region V
showed major electric increases in counties in the Chicago area,
eastern Michigan, southern Indiana, and southern Ohio. The fol-
lowing analysis highlights major environmental impediments to
such an increase.

EFFECTS OF ENVIRONMENTAL REGULATIONS
ON PROJECTED COAL USE IN REGION V

The states of Region V currently have over 80,000 MW of
installed coal burning utility capacity. This represents the
greatest use of utility coal in the nation. Industrial coal use
is also the highest in the nation. Major environmental problems
associated with such coal use include air, water, solid waste,
land use, crop damage, socioeconomic, and health impacts.

Long-Range Transport, Visibility

Although states have traditionally established and enforced
regulations restricting the placement and character of air pollu-
tant sources, the federal government has expanded its role in the
establishment of national programs that have an impact on develop-
ment of new major sources across the country. Most of the national
issues that have local and regional impacts have been dealt with
in the Clean Air Act Amendments of 1977. Such issues include the
establishment and promulgation of National Ambient Air Quality
Standards (NAAQS), designation of Prevention of Significant Deter-
ioration (PSD) Class I federal areas, visibility protection for
clean and pristine areas, federal new source performance standards
(NSPS), national emission standards for hazardous air pollutants
(NESHAP) and requirements for new state implementation plans (SIPs)
in nonattainment areas, i.e., areas that have not attained national
air quality standards. A description of these regulations and
their effects on national coal policy has been recently prepared
by the Office of Technology Assessment (1979).

Total exposure of the population to existing concentrations
of S02 and sulfates is high in Region V—average S02 and sulfate
concentrations due to long-range transport rank third in the
nation. Long-range transport of these pollutants adds to the
impact of local air quality, and the contributions to ambient
air quality from long-range transport increments of SOo and sul-
fate could make areas that currently have marginal air quality
into nonattainment areas. The number of "marginal attainment"
areas in Region V is large enough so that long-range transport
would be considered in attainment planning, although it is not
likely that long-range transport will have severe impact on energy
development in the Midwest.
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Another interregional impact of long-range transport is that
on local visibility. Congress has taken steps toward assuring
visibility protection in Class I areas. Although EPA regulations
will not be promulgated until 1980, it is safe to assume that
significant plume blights or significant decreases in visibility
will not be permitted in Class I areas. Region V has two states
where visibility protection regulations could influence projected
coal facility siting. In northeastern Minnesota, approximately
one-seventh of the proposed coal growth could be subject to
visibility protection regulations. In northern Michigan, small
increases in oil, coal, and combined-cycle generating capacities
are projected for counties adjacent to protected areas and may
be subject to visibility standards.

Local Air Quality

In Region V, Michigan, Wisconsin, and Ohio are the states
most likely to experience regulatory impediments as a result of
the scenario-projected energy development (Figure 2). Michigan's
primary air quality problems are expected to be in the eastern
portion of the state where utility coal growth is projected to
occur in nonattainment areas. Wisconsin has similar problems
in its southeastern and central portions. Additional emission
offsets and improved control efficiencies will not significantly
mitigate air quality problems in these areas. Nearly 30% of the
projected utility coal growth in Ohio could be restricted because
of air quality regulations, primarily NAAQS.

PROJECTED
NONATTAINMENT
rrsp)

POTENTIAL
VISIBILITY
PROTECTED AREA

Figure 2. Region V areas with potential
air quality constraints.
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The projected growth of utility oil capacity in nonattainment
areas appears to be greatest in the industrial states in Illinois,
Indiana, and Ohio. Mitigation of impacts through fuel purchasing
practices could greatly reduce the air quality impact from these
facilities. Specific areas, such as the four-county nonattainment
area surrounding Chicago, might require special attention.

Industrial growth projected by the scenario could be restricted
by nonattainment air quality regulations in industrialized areas
like Chicago, St. Louis, Detroit, and Cleveland. Specific restric-
tions will depend on fuel selection and available emission offsets
in each locality.

Water Quality, Availability

The Clean Water Act regulates effluents from surface and
deep mining, preparation plants, and combustion facilities. Among
other things, the act requires monitoring of chemical effluents;
the number of effluents requiring such monitoring has increased
substantially over the past several years.

The utility activities analyzed for water-related impacts
were coal, gas, oil, combined-cycle (assuming coal type) and
nuclear. Of these categories, 8.8% of the projected incremental
increase in utility activity up to 1990 was identified as having
a potential water-related impact (assuming that effluent treatment
beyond statutory point-source requirements is implemented and/or
that the 7-day/10-year low flow is maintained). This fraction
represents 2.1% of the total utility activity projected by 1990
for Region V.

Initiatives to improve water quality in the Great Lakes,
involving waste load reductions and limitations on additional
loads, particularly to Lake Erie and Lake Michigan, are likely
to be an issue in realizing the projected increases in utility
activity. Technologies with phosphorus effluents (primarily
coal-fired utilities and industries) will conflict with efforts
to slow eutrophication in Great Lakes bays and shorelines, and
advanced waste treatment involving phosphorus loading reductions
of 80-90% may be required. A United States Supreme Court ruling
that limits water withdrawals from Lake Michigan in Illinois will
constrain energy development on the Illinois shoreline. Projected
increases would result in further allocations of withdrawals and
may create regional water-use conflicts.

Inland and Coastal Water Resources

The water quality of the Great Lakes is a matter of inter-
national treaty between the United States and Canada, and adverse
impacts from energy-related activity would be addressed by the
two countries. Therefore, effluent discharges from energy activity
to the lakes are expected to be closely monitored and movement of
energy activity away from the Lakes may be necessary. The water
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levels of Lake Michigan are a subject of regional concern. Energy
activity withdrawals sufficient to affect lake levels may create
interstate conflicts in Wisconsin, Michigan, Illinois, and
Indiana.

Solid Waste

The quantity of residuals generated from industrial coal use
is the highest in the nation (3.7 million tons in 1975). Industrial
coal use is projected to increase 38% by 1990; however, land re-
quirements for solid waste disposal are expected to grow by nearly
400% because the application of flue gas desulfurization (FGD)
systems will increase the amount of solid waste generation.

Industrial disposal requires a large number of small sites.
Some industries have their own disposal sites, and others use
municipal facilities. In crowded urban and industrialized areas,
finding available land can be a problem; however, the institutional
constraints associated with siting a new disposal facility can be
an even greater problem. In most areas, technically feasible and
environmentally acceptable sites can be found, but local opposition
may block the construction of new landfills in those areas.

The Resource Conservation and Recovery Act of 1976 seeks to
control open dumping. All types of wastes are covered including
hazardous and non-hazardous substances. The New Source Performance
Standards will create substantially more wastes in the form of
FGD sludge (Figure 3).

Solid Watt*,
10s Ton«/Y«ar
15

10

Coal A«h
F3D Sludg*

1975 1985 1990

Figure 3. Projected increases in solid waste pro-
duction for the years 1985 and 1990.
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There are uncertainties about the RCRA program and the ability
of both state and federal governments to implement it. The Environ-
mental Protection Agency's (EPA) solid waste program has been small,
with no regulatory responsibilities, and most states have limited
solid waste management programs. When the 1970 Clean Air Act and
the 1972 Water Pollution Control Act were enacted, there already
existed extensive pollution control programs operated on a state
and regional basis by both EPA and well-staffed state agencies.
The implementation of this ambitious new regulatory program will
be an extremely important issue in this region.

Ecology/Land Use

The large acreages disturbed by surface mining present the
greatest possibility for adverse ecological and land use impacts
in the region. Mining in the region is projected to occur in
cental and southern Illinois, southwestern Indiana, and eastern
Ohio, areas where the present land use is a mix of forested tracts
and row crop agriculture (Figure 4). The Surface Mining Control
and Reclamation Act of 1977 was promulgated to change coal mining
practices that generate severe social and environmental costs and
to prohibit mining in areas that cannot be reclaimed. The act
requires that mined lands be returned to their original producti-
vity and land use. Reclamation costs in Region V will be high
since mining in the region is most likely to disturb row crops
or forested land. Mining in forested areas will have additional
ecological impacts since restoration of the original ecosystem,
if it occurs at all, would have to occur naturally over a long
period of time (Council of Environmental Quality, 1979).

>25*OFAREA
COVERED BY
VEGETATION
SENSITIVE TO
PROJECTED S02
LEVELS

AREAS AFFECTED BY
COAL MINING

Figure 4. Coal mining areas and potential
SO2-induced vegetation damage.
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An analysis of the acute effects of increased sulfur dioxide
j) on crops and natural vegetation was conducted at ANL. The

analytical procedure identified SO- sensitive vegetation and their
geographic distribution, and established reported damage levels
for 46 crops (Bal.lou et al., 1979b). The analysis indicated that
levels of SO- are projected to decrease below damage thresholds
throughout tne region in 1985, but in some urban-industrialized
areas they are projected to increase again in 1990, primarily
because of industrial coal use. Levels would be high enough in
these areas to cause damage to regionally important crops such
as soybeans, wheat, and fruit trees (Figure 4).

Socioeconomic

A great amount of attention has been given to the community
impacts resulting from rapid development in sparsely populated
regions of the U.S. Changes caused by the rapid in-migration of
construction workers with different social values has caused
disruption in community patterns of living. These communities,
commonly referred to as "boom towns" have experienced increased
pressures on community facilities, such as schools, shopping areas,
housing, etc. To evaluate the potential effects of projected
energy development in areas throughout the U.S., a model (SEAM)
has been developed and used in the regional assessments (Stenejhem,
1978). The approach classifies all counties in the U.S. into 4
classes depending upon the county's ability to adequately assimilate
increased in-migration. The model evaluates at the county-level
all projected energy activities and identifies areas where socio-
economic disruptions may occur.

For the PIES evaluation, the scenario indicates that the
majority of new sited facilities are to be located in low and
extra-low assimilative capacity counties. Depending on the pro-
posed timing of the developments, size of the facilities, and
the types of technologies to be sited, adverse socioeconomic
impacts (resulting from a population increase greater than 10%
during only one year) will occur in many of these counties (Figure
5). There are other sited energy developments throughout the
region that will incur adverse impacts, but the negative effects
encountered will be overshadowed by increases in employment,
growth in local income and tax base, and other beneficial socio-
economic effects. These counties possess a moderate or high
assimilative capacity and because of their economic and demo-
graphic characteristics, the projected population growth due
to the employment and capital requirements of the sited develop-
ment: (s) did not exceed 10% of the baseline population.

Severe socioeconomic impacts are projected in counties
absorbing 25% of the region's proposed coal-capacity increases,
23% of the nuclear increases, 7% of the oil increases, 21% of
the combined-cycle increases, and 20% of the new mine workers.
These capacity increases represent from 1% to 8% of total regional
generating capacity. This conservatively-estimated range indicates
the percentage of the megawatt capacity increases projected for
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Figure 5. Areas in Region V potentially
subject to adverse socio-
economic impacts.

if the present siting distribution is realized. There are seven
counties in Region V that could experience rapid population in-
creases, extensive economic growth, sociocultural impacts, and
institutional problems. These counties are expected to incur
more of the negative adverse consequences of resource development
since their existing workforce and infrastructure are insufficient
to satisfy the manpower demands during the construction phase(s)
and therefore require the in-migration of a transient labor force.
In Indiana, Illinois, and Wisconsin the negative effects of develop-
ment are primarily attributable to coal and nuclear facility con-
struction. The states of ilichigan and Minnesota are not projected
to incur severe negative impacts; Ohio has the potential of a
larger than marginal impact if demands for the state's high sulfur
coal are increased beyond the scenario specification.

The effects of the energy developments are projected to be
pervasive within the seven susceptible counties. It is expected
that the communities in these areas will experience shortfalls
in facilities and services needed to house and provide for the
in-migrants and that the frustrations caused by an overburdened
social infrastructure will tend to increase turnover at the work-
place with increasingly frequent in- and out-migration. Such
experiences are not uncommon in these situations and often lead
to social dissolution and deterioration (Baldwin and Poetsch,
1977; Stenejhem et al., 1977; Metzger et al., 1978). Such impacts
and their effects on energy development cannot be aggregated to
a regional level and therefore must remain a component of site-
specific analysis.
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The affecced counties are expected to experience a population
increase of 30,000 new permanent employees and their dependents
by 1990, or 0.07% of the current regional population (1976). This
estimate cf the extent of in-migration is conservative since it
is based on a projected population growth profile of the region
that did not incorporate a detailed skill classification category.
The exclusion of this variable may understate the true external
workforce requirements for the affected sub-regions, and conse-
quently, the region as a whole.

Health and Safety

Environmental regulations, such as the Clean Air Act, the
Federal Mine Safety and Health Act, the Resource Conservation
Act, the toxic substances control act, and others, were promul-
gated primarily because of public or occupational health concerns.
As part of the regional analysis, public and occupational health
hazards are addressed for areas within the region where these,
and other acts, are projected to be violated. The analysis
attempts to answer the question, "What are the public health
risks when violations occur"?

Extraction, specifically coal extraction, presents the highest
risk of occupational health impacts. Occupational impacts of deep
mining—injuries, disease, and deaths—are historically more severe
than those from strip mining because of differences in dust expo-
sure and accident risk (U.S. Department of Labor, 1975). Illinois,
Indiana, an jhio contain the major coal reserves found in Region V.
Death, injuries, and disease from coal extraction in Region V
account for approximately three-quarters of all energy-related
occupational health impacts even if all requirements of the ?:ine
Safety and Health Act are met. Regional impacts of oil and gas
extraction and refining and electricity generation are minimal,
although these activities account for a significant percentage of
the health and safety impacts in Michigan, Wisconsin, Minnesota;
states where coal extraction does not occur.

The scenario projects an overall 11% increase in tons of coal
extracted in Region V, and an increase in the proportion mined
underground (from 36% in 1975 to 45% in 1990). This could cause
a 20-40% increase in the number of accidental deaths and injuries
due to coal mining (Figure 6) during the scenario timeframe.
Cases of chronic respiratory disease (CRD) and deaths due to CRD
could increase 35-40% (Figure 7).

Public health impacts that may result from increased energy
demands are dependent on the amount and type of pollutants released
throughout the energy cycle and on the magnitude, age structure,
and location of the exposed population. Utility and industrial
fossil fuel use is the primary source of energy-related effluents
that affect public health in Region V.
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CHRONIC RESPHUTMY
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Figure 6. Range of potential
accidental deaths in
Region V coal mines
due to implementation
of the Mid-Mid Scenario.

Figure 7. Range of potential
deaths and cases
of chronic respir-
atory Disease (CRD)
in Region V due to
coal mining occupa~
tional exposure
under the Mid-Mid
scenario.

Most fossil fuel use occurs near densely populated areas, which
increases the probability of adverse health impacts. Although
combustion of fossil fuels produces may effluents, the adverse
impacts of sulfur oxides (SO-) and particulates are best documented.
Inhalation of these pollutants can adversely affect exposed popu-
lations. Most severely affected would be the high risk groups
such as asthmatics and yound children, cardio-vascular patients
and the elderly (Calabrise, 1978). Currently, fifty to sixty
percent of all deaths in Region V are attributable to cardio-
vascular and respiratory diseases, both of which are aggravated
by emissions from fossil fuel use (Public Health Service, 1977).

Public health impacts of sulfates released from industrial
and utility fuel combustion in Region V are projected to decrease
despite an increase in electricity generation of 40% and an
increase in industrial fuel use of 240% by 1990. The decrease
is orimarilv due to sulfur emission controls expected to be
instituted during the assessment time frame as dictated by the
Clean Air Act. Public health impacts, measured in terms of
individual risk and potential number of deaths, will drop by 48%
and 35% respectively. The interregional, easterly dispersion
pattern and long residence time of sulfate in the atmosphere can
increase the adverse health impact in the eastern sections of
the region.
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CONCLUSIONS

Environmental regulations in the U.S. play a significant role
in developing long-term energy policies in the U.S. These regula-
tions act to constrain the ease with which energy development can
occur. In Region V? for instance, increased coal consumption is
likely to be constrained by air and water quality regulations and
by conflicts in land use.

The analysis described in this paper illustrates the regional-
level, multidisciplinary assessments currently underway for the
U.S. Department of Energy. Additional assessments will be done in
the future using different scenarios reflecting a bigh market pene-
tration of solar technologies, increased synfuel production and
use, and other energy strategies in the U.S. These studies will
contribute to an analysis of the potential energy, economic, and
environmental trade-offs required by proposed energy policies.
The regional analysis provides the Department of Energy and other
energy policy makers with a regional viewpoint that can contribute
to sensitive and responsible planning by identifying issues unique
to particular states or regions that may significantly affect the
costs and benefits of chosen energy policies.

-13-



NOTES

1. The National Environmental Policy Act (NEPA) requires
that an Environmental Impact Statement be prepared for
all actions judged "significant" that occur on federal
facilities, or that involve federal funding.

2. The Prevention of Significant Deterioration (PSD) program
was promulgated to protect areas where air quality was
already cleaner than required by the National Air Quality
Standards. The program divides "clean" air areas into
3 classes and specifies the maximum increases in ambient
levels of pollutants for each class. Class I areas
include national parks and wilderness areas and are sub-
ject to the lowest PSD increments. The rest of the
country, except those areas already exceeding NAAQS,
is designated as Class II, with larger increments allowed.
Class II areas can be redesignated as Class I or Class III
upon petition by the area's government. The largest
increments are allowed in Class III areas, though the
resultant concentrations must not exceed the national
standard.
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