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Earl W. Mallick, Chairman 
William D. Fay, Administrator

February 1, 1990

Senator Albert Gore Jr.
393 Russell Senate Office Building 
Washington, DC 20510

Dear Senator Gore;

Enclosed for your consideration is a menioranduin 
discussing the reasons why the Southern and Midwestern 
regions of the nation may find unacceptable the acid rain 
provisions of S. 1630, and other proposals like it. The 
Clean Air Working Group believes that, on the whole, 
provisions of Title IV are scientifically insupportable and 
economically disastrous. Various regions of the country, 
however, will confront unique and burdensome problems if S. 
1630 is enacted without change. While the regional impacts 
of acid rain legislation have been widely debated, we hope 
that the information provided in this memorandum will 
provide a convenient summary of the impacts on the South and 
Midwest.

Sincerely,

William Fay

818 Connecticut Ave NW 
Suite 900

Washington, DC 20006 
(202) 857-0370



SOUTHERN OBJECTIONS TO GLBAN AIR ACT AMENDMENTS

I. General Objections

The South shares in the general objections that have been 
voiced nationally in opposition to enactment of additional 
legislation at this time. These objections may be grouped into 
four basic categories:

1. Additional acid rain legislation should not be considered 
until NAPAP releases its Final Report. In 1980, Congress 
established the National Acid Precipitation Assessment Program 
("NAPAP”) to conduct a comprehensive 10-year research program to 
determine whether additional emission controls are necessary to 
address acid rain. NAPAP's Final Report is due in 1990. It is 
clear that were Congress to act now — literally months before the 
Final Report is released — it would be wasting the almost one-half 
billion dollars and years of research that have gone into NAPAP. 
And why? No new information or scientific conclusions have 
suddenly emerged to dictate such a radical change in Congress' 1980 
game plan, and no abrupt deterioration of our environment has 
occurred in this "eleventh hour." Clearly, common sense should 
tell us that now is not the time to enact additional acid rain 
legislation.

2. Additional acid rain legislation is not supported bv 
current scientific knowledge. The Interim Assessment of NAPAP 
concluded that, 1) contrary to once popular belief, there is no 
impending acid rain crisis, and 2) the current Clean Air Act is 
successfully controlling emissions of sulfur dioxide (SOj) and 
nitrogen oxides (NOx). Indeed, the Interim Assessment issued in 
1988 concluded that there were very few instances of damage to the 
environment from acid rain and that at present emission rates (and 
of course these rates will be reduced in the future by the current 
Clean Air Act) acid rain will have little or no effect on our 
environment. Proponents of additional acid rain legislation, 
therefore, must look to some other justification as the basis for 
their proposals, for current scientific knowledge lends them no 
support.

3. The cost of implementing additional acid rain legislation 
is economically unjustifiable at this time. The current acid rain 
proposals will yield only a short-term acceleration of the SOj 
emission decreases already mandated by the current Clean Air Act. 
Each of these proposals, however, entails several billions of 
dollars in yearly compliance costs. Even more, they will have 
staggering, negative impacts on utility rates, the Consumer Price 
Index (CPI), inflation, the budget deficit, employment, and U.S. 
industrial competitiveness — impacts that have not even been 
quantified — and will cause a diversion of funds from clean coal 
technology research and development. The known compliance costs 
and unquantified macroeconomic impacts of additional acid rain 
legislation bear no reasonable relationship to the uncertain and 
unquantified benefits of a mere acceleration of the rate of



emission decreases. This combination of enormous costs and 
uncertain benefits demonstrates that the current proposals are 
economically unwise, especially at a time when our economy is once 
again teetering on the verge of recession.

4. Science cannot vet provide a clear risk/benefit analysis 
on which to support additional acid rain legislation. In recent 
testimony before the Senate Environmental Protection Subcommittee, 
the Administrator of the EPA could not quantify what the benefits 
of H.R. 3030 would be nor could he predict when they might arrive. 
Last year a U.S. Justice Department brief filed in the United 
States Court of Appeals for the District of Columbia stated as 
follows; ”... important scientific questions remain unresolved 
concerning acid deposition effects on forests, lakes, crops and 
building materials. Indeed, science cannot now accurately predict 
the effects that would result from source-specific emissions 
reductions of sulfur dioxide and nitrogen oxides on affected 
areas." These instances indicate exactly how unsettled science is 
at this time concerning the risks, if any, of proceeding under the 
current Clean Air Act versus the benefits of enacting additional, 
costly emission control measures. In light of the absence of any 
clear risk/benefit analysis. Congress should not be looking to 
purchase such a colossally expensive insurance policy or, at a 
minimum, should adopt an approach of flexibility and reasonableness 
rather than the current one of "command and control."

II. Regional Objections

Aside from the host of reasons demonstrating that additional 
acid rain legislation is not in our national interest, the current 
proposals are of particular concern to the South for several 
reasons:

1* The South is not, and is not likely to be. subject to the 
serious environmental problems to which these proposals 
are addressed:

* NAPAP's Interim Assessment establishes that the South 
is not experiencing significant environmental problems 
due to acid precipitation, much less an environmental 
crisis.

* NAPAP reports that the acidity of Southern rainfall 
is less than that of other areas of the country.

* NAPAP concludes that no significant deterioration of 
Southern forests, lakes, or crops is likely to occur at 
present emission levels—levels that will, of course, 
continue to decrease under the Clean Air Act.

* NAPAP reports that the acidification of surface waters 
is significantly more limited than first reported and
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that almost all of the affected lakes are in the 
Northeast. This problem has been found to be strongly 
influenced by lake bed geology rather than rainfall 
acidity. Acidic lakes found in Florida are believed to 
be naturally acidic due to organic acids.

* Several other regional scientific studies confirm 
NAPAP's findings concerning the South.

2. Implementation of additional emission controls in the 
Southern states will not affect the acid precipitation 
situation in the Northeast!

* EPA has concluded that sources of sulfur dioxide and 
nitrogen oxide emissions can have little, if any, effect 
on acidic deposition in areas greater than 600 miles 
away.
* Other scientific studies have placed the range of 
significant dispersion at even less than 600 miles.

* Most Southern states do not meaningfully contribute 
to acid precipitation levels in other areas of the 
country, including sensitive areas of concern such as the 
Adirondack Mountains of New York.

* Problem areas inventoried by NAPAP seem to be 
concentrated close to large urban centers in the North, 
reinforcing the concept that significant emission 
contributions are from local sources rather than from 
long-range transport from the South.

3• Current acid rain proposals unfairly burden the South.

* The individual livelihood of Southerners would be 
unfairly threatened by acid rain legislation, while other 
regions with already-higher standards of living will 
enjoy lower compliance reguirements and costs. Keep in 
mind these per capita income figures when considering 
acid rain legislation:
Mississippi - $9,187;
Alabama - $10,673;
Pennsylvania - $14,437;
Texas - $13,483;
New York - $16,050;
Massachusetts - $16,380.

* The idea of an emissions cap would have a 
devastatingly chilling effect on economic growth in the 
South, possibly reversing the positive business climate 
we have worked so hard to create. The emissions cap 
would pressure utilities to use yet undeveloped 
"pristine” technologies, eliminating fossil-fired
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generation as an expansion option, expansion necessary 
to serve the region's growing demand. While "pristine" 
technologies such as wind and solar power seem prudent 
in concept, advanced generation alternatives prove to be 
unattractive when one considers their high installed cost 
and their technical risk due to lack of development. 
When Southern utilities chose the coal option in the 
past, they did not choose to pollute as some have stated; 
rather, they chose to provide reliable, affordable 
electricity. That is why electric rates in the South 
today consistently rank in the lower half of nationwide 
utility prices. Moreover, Southern coal units are not 
major acid rain contributors to the areas of concern.

* S. 1630 re(^ires Southern states to make larger 
emission reductions, at higher costs, than a number of 
other more pollution-prone states. For example, 
according to a recent Edison Electric Institute study by 
Temple, Barker and Sloane, seven of the fifteen states 
having compliance costs of over $500 million per year 
are in the South. Three Southern states are among the 
ten states responsible for making 90 percent of the SOj 
reductions. Yet, if emissions were to be measured for 
efficiency in terms of SOg emitted per customer or SO2 
emitted per kilowatt-hour of delivered electricity. 
Southern states move way down the list of emission 
contributors, far enough down to be out of the top 1/4 
contributors.

* The trading or selling of emission allowances 
optimistically predicted by the EPA is an empty hope 
since most compliance over-performers will choose to keep 
their own allowances rather than sell them. For regions 
expecting to grow and thus needing new generation, this 
is simply self-preservation through allowance self­
banking to accommodate their own projected emission 
growth. Most Public Service Commissions nationwide 
support this attitude since they are charged with 
insuring the economic well-being of their state or 
region. EPA has even implied that the EPA should own and 
disburse excess credits to ensure trading traffic. Since 
these credits would be made possible through increases 
in individual ratepayers' billings, such a solution is 
inequitable and would penalize those who over control to 
free up allowances for trading.
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The "Air Toxics** Title of S. 1630 should not apply to 
U.S. utilities.

* Title III of S. 1630 seeks to regulate the emission 
of nearly two hundred so-called "air toxics” or 
"hazardous air pollutants." Among the air toxics 
targeted by Title III are a number of metals and 
chemicals which are present naturally in coal and emitted 
as trace elements by coal-fired utility plants. Thus, 
Title III would result in the imposition of additional 
emission controls on utilities well beyond the emission 
controls already required by the "Acid Rain" Title of the 
bill—controls that would double to triple a utility's 
compliance costs for S. 1630. Given the fact that so 
little evidence is available, and that which is available 
reflects a very low risk associated with the trace 
amounts of elements emitted from utility power plants, 
mandating EPA to regulate utility emissions under the 
Title III of S. 1630 is premature at best. Instead,
S. 1630 should require, as does S. 1490 and H.R. 3030, 
that EPA study the health risks associated with utility 
emissions of air toxics and, before further regulating 
these sources under Title III, make a positive finding 
of the necessity for additional controls.

Our current estimates are that Title III will force all 
coal-fired powerplants to have costly scrubbers; many 
others, if not all, will also have to have "baghouses."

Promising Clean Coal Technologies should be permitted to 
work.

* A number of southern utilities are sponsoring clean 
coal demonstration projects to be co-funded by the 
Department of Energy. For example, some of these 
projects involve the development of advanced scrubber 
technologies for SOj removal and the control of NO^ 
emission through innovations in the combustion of coal.* 
These projects will take several years to complete. 
Unfortunately, these promising technologies that could 
further the use of Southern coal resources will not be 
eligible for the compliance extension granted to 
utilities utilizing clean coal technologies because they 
are not so-called repowering technologies. Therefore, 
despite the potential advantages of these clean coal 
technologies, and despite the funds already spent in 
perfecting them, S. 1630, as currently drafted, could 
limit their use by utilities. Provisions can be made for 
a compliance extension for all clean coal technologies, 
not just those that involve repowering.
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6. Compliance dates should be those provided for
Administration's proposal.

in the

* S. 1630, as amended in the Environment and Public 
Works Committee, alters the program timing of the 
Administration bill by pushing forward twelve months the 
Phase I and Phase II sulfur dioxide emission control 
deadlines from December 31, 1995 and December 31, 2001 
to January 1, 1995 and January 1, 2001, respectively. 
It makes little sense at this stage to undo the already 
stringent timetable developed by the Administration or 
to place unnecessary time and cost burdens upon Southern 
industries that will have to comply with the bill.

SUMMARY

The imposition of additional, nationwide emission 
controls at this time, especially in light of NAPAP's Interim 
Assessment and its upcoming Final Report in 1990, is 
environmentally unnecessary. The recent testimony of EPA's 
Administrator and the Justice Department's legal arguments 
only confirm this conclusion. But the current proposals are 
something much worse than scientifically unjustified, they are 
economically irresponsible, particularly when our global 
economic position is deteriorating. Additional emission 
controls will result in a host of potentially debilitating 
drains on the South's booming economy, negatives that will not 
be limited to electric rates. As utility rates rise, so will 
the price of goods and services of industries and businesses 
that rely on electricity; industries as divergent as metal 
shops and grocery stores. As these prices rise, the American 
consumers' standard of living will absorb the double blow of 
increased electric bills and increased costs of goods and 
services. In an effort to reduce expenses there is also a 
significant probability that thousands of jobs will be lost. 
Also, the South's momentum in areas of international 
competitiveness, such as textiles, will begin to falter under 
the weight of increased costs and decreased productivity. 
Clearly, these are costs the South cannot afford.

Requiring the South to incur these costs in the name of 
benefits that the EPA Administrator can neither quantify nor 
forecast will not significantly benefit our country, or any 
part of it, and the South should not be asked to make such a 
disproportionate, meaningless sacrifice.
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MIDWESTERN OBJECTIONS TO CLEAN AIR ACT AMENDMENTS

I. General Obiections

The Midwest shares in the general objections that have been 
voiced nationally in opposition to enactment of additional 
legislation at this time. These objections may be grouped into 
four basic categories:

1. Additional acid rain legislation should not be considered 
until NAPAP releases its Final Report. In 1980, Congress 
established the National Acid Precipitation Assessment Program 
("NAPAP") to conduct a comprehensive 10-year research program to 
determine whether additional emission controls are necessary to 
address acid rain. NAPAP's Final Report is due in 1990. It is 
clear that were Congress to act now — literally months before the 
Final Report is released — it would be wasting the almost one-half 
billion dollars and years of research that have gone into NAPAP. 
And why? No new information or scientific conclusions have 
suddenly emerged to dictate such a radical change in Congress* 1980 
game plan, and no abrupt deterioration of our environment has 
occurred in this "eleventh hour." Clearly, common sense should 
tell us that now is not the time to enact additional acid rain 
legislation.

2. Additional acid rain legislation is not supported bv 
current scientific knowledge. The Interim Assessment of NAPAP 
issued in 1988 concluded that, 1) contrary to once popular belief, 
there is no impending acid rain crisis, and 2) the current Clean 
Air Act is successfully controlling emissions of sulfur dioxide 
(SOj) and nitrogen oxides (NOx). Indeed, the Interim Assessment 
concludes that there are very few instances of damage to the 
environment from acid rain and that at present emission rates (and 
of course these rates will be reduced in the future by the current 
Clean Air Act) acid rain will have little or no effect on our 
environment. Proponents of additional acid rain legislation, 
therefore, must look to some other justification as the basis for 
their proposals, for current scientific knowledge lends them no 
support.

3. The cost of implementing additional acid rain legislation 
is economically unjustifiable at this time. The current acid rain 
proposals will yield only a short-term acceleration of the SOj 
emission decreases already mandated by the current Clean Air Act. 
Each of these proposals, however, entails several billions of 
dollars in yearly compliance costs. Even more, they will have 
staggering, negative impacts on utility rates, the Consumer Price 
Index (CPI), inflation, the budget deficit, employment, and U.S. 
industrial competitiveness — impacts that have not even been 
quantified — and will cause a diversion of funds from clean coal 
technology research and development. The known compliance costs 
and unquantified macroeconomic impacts of additional acid rain 
legislation bear no reasonable relationship whatsoever to the 
meager benefits of a mere acceleration of the rate of emission



decreases and that the current proposals are economically unwise, 
especially at a time when our economy is once again teetering on 
the verge of recession.

4. Science cannot vet provide a clear risk/benefit analysis 
on which to support additional acid rain legislation. In recent 
testimony before the Senate Environmental Protection Subcommittee, 
the Administrator of the EPA could not quantify what the benefits 
of H.R. 3030 would be nor could he predict when they might arrive. 
Still more recently, in 1989 a U.S. Justice Department brief filed 
in the United States Court of Appeals for the District of Columbia 
stated as follows: "... important scientific questions remain 
unresolved concerning acid deposition effects on forests, lakes, 
crops and building materials. Indeed, science cannot now 
accurately predict the effects that would result from source- 
specific emissions reductions of sulfur dioxide and nitrogen oxides 
on affected areas." These instances indicate exactly how unsettled 
science is at this time concerning the risks, if any, of proceeding 
under the current Clean Air Act versus the benefits of enacting 
additional, costly emission control measures. In light of the 
absence of any clear risk/benefit analysis. Congress should not be 
looking to purchase such a colossally expensive insurance policy 
or, at a minimum, should adopt an approach of flexibility and 
reasonableness rather than the current one of "command and 
control."

II. Regional Objections

Aside from the host of reasons demonstrating that additional 
acid rain legislation is not in our national interest, the current 
proposals are of particular concern to the Midwest for several 
reasons:

Current legislative proposals not provide
sufficient flexibility for the Midwest. It is clear that 
if any of the current acid rain legislative proposals are 
enacted, the Midwest will be forced to use existing 
technology. And, as we are all aware, scrubbing is an 
extremely expensive control technology. Indeed, a single 
scrubber may cost $100 million or more, and capital costs 
for adding scrubbers to older plants can sometimes equal 
or even exceed the original plant investment. Even 
worse, increased dependence on scrubber technology will 
drain precious resources away from cost-effective, 
energy-efficient clean coal technologies that offer the 
nation a more cost effective permanent solution to acid 
rain.

* If additional controls are enacted, sources closer to 
the areas of concern should be targeted for Phase I 
reductions. Common sense and a host of scientific 
reports say that a ton of emissions reductions close to
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the so-called affected areas is more important than a ton 
of emissions reductions hundreds of miles away.

* Additional acid rain controls will further increase 
the Midwest's competitive disadvantage. Without 
question, the largest share of compliance costs for 
additional acid rain legislation will fall upon the 
Midwest. This will place the Midwest at a further 
competitive disadvantage with other regions of the 
country.

* An emissions “cap” will stifle Midwestern growth. 
The idea of an emissions cap would have a devastatingly 
chilling effect on economic growth in the Midwest, 
possibly reversing the positive business climate it has 
worked so hard to create. The emissions cap would 
pressure utilities to use yet undeveloped "pristine” 
technologies, eliminating fossil-fired generation as an 
expansion option, expansion necessary to serve the 
region's growing demand. While "pristine" technologies 
such as wind and solar power seem prudent in concept, 
advanced generation alternatives prove to be unattractive 
when one considers their high installed cost and their 
technical risk due to lack of development.

* Proposed "allowance" programs are unrealistic and 
unfair. The trading or selling of emission allowances 
optimistically predicted by the EPA is an empty hope 
since most compliance over-performers will choose to keep 
their own allowances rather than sell them. For regions 
expecting to grow and thus needing new generation, this 
is simply self-preservation through allowance self­
banking to accommodate their own projected emission 
growth. Most Public Service Commissions nationwide 
support this attitude since they are charged with 
insuring the economic well-being of their state or 
region. EPA has even implied that the EPA should own and 
disburse excess credits to ensure trading traffic. Since 
these credits would be made possible through increases 
in individual ratepayers' billings, such a solution is 
inequitable and would penalize those sources who over 
control to free up allowances for trading.

* The "Air Toxics" Title of S. 1630 should not apply to 
U.S. utilities. Title III of S. 1630 seeks to regulate 
the emission of nearly two hundred so-called "air toxics" 
or "hazardous air pollutants." Among the air toxics 
targeted by Title III are a number of metals and 
chemicals which are present naturally in coal and 
emitted as trace elements by coal-fired utility plants. 
Our current estimates are that Title III will force all 
coal-fired powerplants to have scrubbers; many others, 
if not all, will also have to have "baghouses." Thus,
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Title III would result in the imposition of additional 
emission controls on utilities well beyond the emission 
controls already required by the "Acid Rain" Title of the 
bill—controls that would double to triple a utility's 
compliance costs for S. 1630. Given the fact that so 
little evidence is available, and that which is available 
reflects a very low risk associated with the trace 
amounts of elements emitted from utility power plants, 
mandating ERA to regulate utility emissions under the 
Title III of S. 1630 is premature at best. Instead, S. 
1630 should require, as does S. 1490 and H.R. 3030, that 
EPA study the health risks associated with utility 
emissions of air toxics and, before further regulating 
these sources under Title III, make a positive finding 
of the necessity for additional controls.

* Since 1985, Congress has appropriated a total of 
$2,747 billion for the clean coal program. When that sum 
is combined with those invested by private entities, DOE 
estimates that a total of $6.25 billion will be spent on 
clean coal demonstration projects during the life of the 
program. The government-industry clean coal technology 
program is yielding promising results, and, in fact, 
clean coal technologies should be readily available soon 
that can achieve the same results of flue-gas 
desulfurization, or scrubbing, at a much lower cost. 
Supporters of the Clean Coal Technology Program in the 
Midwest are concerned about the limited role that clean 
coal technologies play in S. 1630, as amended by the 
Environment and Public Works Committee. Without changes, 
S. 1630 could slow or halt development of certain clean 
coal technologies. It would do this by denying 
compliance extensions to those companies that wish to 
retrofit clean coal technologies and whose research will 
not be complete in time for adequate consideration in 
so-called Phase I or Phase II of the compliance program 
established in S. 1630.

* S. 1630, as amended in the Environment and Public 
Works Committee, alters the program timing of the 
Administration bill by pushing forward twelve months the 
Phase I and Phase II sulfur dioxide emission control 
deadlines from December 31, 1995 and December 31, 2001 
to January 1, 1995 and January 1, 2001, respectively. 
It makes little sense at this stage to undo the already 
stringent timetable developed by the Administration or 
to place unnecessary time and cost burdens upon 
Midwestern industries that will have to comply with the 
bill.
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SUMMARY

The imposition of additional, nationwide emission 
controls at this time, especially in light of NAPAP's Interim 
Assessment and its upcoming Final Report in 1990, is 
environmentally unnecessary. The recent testimony of EPA's 
Administrator and the Justice Department's legal arguments 
only confirm this conclusion. But the current proposals are 
something much worse than scientifically unjustified, they are 
economically irresponsible, particularly when our global 
economic position is deteriorating. Additional emission 
controls will result in a host of potentially debilitating 
drains on the Midwest's struggling economy, negatives that 
will not be limited to electric rates. As utility rates rise, 
so will the price of goods and services of industries and 
businesses that rely on electricity; industries as divergent 
as metal shops and grocery stores. As these prices rise, the 
American consumers' standard of living will absorb the double 
blow of increased electric bills and increased costs of goods 
and services. In an effort to reduce expenses there is also 
a significant probability that thousands of jobs will be lost. 
Also, the Midwest's momentum in areas of international 
competitiveness will begin to falter under the weight of 
increased costs and decreased productivity. Clearly, these 
are costs the Midwest cannot afford.

Requiring the Midwest to incur these costs in the name 
of benefits that the EPA Administrator cannot quantify nor 
forecast will not significantly benefit our country, or any 
part of it, and the Midwest should not be asked to make such 
a sacrifice.
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EXECUTIVE SUMMARY

Overview
This past year has witnessed a resurgence of interest in 

problems of atmospheric pollution. Two broad scale atmospheric 
problems have dominated the news: acid rain and global warming.
Each has engendered significant national and international policy 
debate, but they have not been addressed as linked problems. 
Instead, the constituencies supporting or opposing various policy 
initiatives have pursued very narrowly focused objectives. This 
narrowed vision is a primary source of the complex and 
conflicting mandates of the current Clean Air Act. The current 
momentum toward reauthorizing the Act should be viewed as a 
major opportunity for reform which should begin with the 
recognition of trade-offs among environmental objectives. Chief 
among these opportunities are SOj control strategies which 
would also reduce COj, the primary greenhouse gas.

This report identifies and estimates the COj implications 
of alternative acid rain control strategies. The primary 
competing policy opinions under consideration are regulations 
requiring the use of specific control technologies such as flue 
gas desulphurization devices versus allowing each source to 
determine its least cost solution including overcontrol at a 
smaller number of plants. While each proposal has its CO^ 
effects, the market incentives provided by emissions trading 
would produce a pattern ol pollution control investments which

..maximizes the reduction of COj discharges. If a proposal to"-------
regulate only 20 plants in the first phase, coupled with 
subsidies is adopted, it is doubtful whether either the allowance 
market or the attendant CO, reductions that it would spur 
would ever materialize. If the options assessed in this report 
are adopted and if the integrity of the market and its 
incentives are maintained, we expect a reduction of between 
5.4-6.0% in utility COj emissions otherwise expected to occur ^ 
over the next 15 years. Each of the options analyzed — 
interfuel sxibstitution, cogeneration, demand management, and 
energy efficiency investments — are economically and 
environmentally advantageous under emissions trading for acid 
rain control. The CQ^ reductions are a bonus.

In addition to this bonus, another important linkage 
exists, for the problems of global warming and acid rain share a 
key feature. For each, what matters is the total amount of 
relevant emissions — CO, for global warming, SOj and 
for acid rain — released to the atmosphere. Within broad 
geographic ranges, it makes little difference precisely where the 
pollutant reductions occur, as long as they do in fact take 
place.

1
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This feature of both problems offers an opportunity to 
design strategies that achieve a "bottom line" of a defined 
overall reduction in pollutants, without requiring all sources to 
employ similar methods irrespective of their differing 
technological circumstances. The resulting flexibility can yield 
major cost savings for achieving a given environmental goal. By 
implementing this approach for acid rain now, we can demonstrate 
its vicdDility in time to provide a proven tool for attacking the 
even more complex problem of global warming.

As the United States enters the decade of the 90's, will 
policy mzdcers rise to the challenge of developing tools for a new 
era of pollution reductions or will regional factionalism 
continue to shackle the future? The rest of the world is 
looking to the U.S. for its response to global environmental 
problems. The Clean Air Act is the first best chance to 
demonstrate the resolve to reduce our share of greenhouse 
pollution. We do not need to wait for the development of grand 
international agreements before progress on reducing greenhouse 
gases can be made. The market based approach to controlling acid 
rain leads the way.

Manor findings:

Using data from the U.S. Environmental Protection Agency, 
its contractors, the American Gas Association, and other sources, 
we estimate that enactment of an unconstrained emissions trading 
program for acid rain would cause utilites to emit 1.5 to 1.7 
billion tons less COj than they would otherwise discharge 
between 1995 and 2005. The cximulative reductions that would 
result from these antipated changes in utility behavior are 
estimated to be as follows:

(million tons)
Switching from residual fuel oil I'l'? r-lOTv
to natural gas........................................................ 411 - 459

Increased use of cogeneration..................  424

Decreased use of electricity by 
consumers in response to minor
rate increases ......................................................... 129

Conseirvation investments by
utilities......................................  729

Total projected decreases ..................................... 1693 - 1741

- 2 -



At the same time, enactment of an emissions 
would also prompt some individual utilities {or plants) to b^av 
TniavS that increase emissions, i.e., by adding scrubbers at 
some ^nits and/or by burning certain types of low-sulphur coal 

hSLwer energy content (sub-Bituminous coals). These 
that tias estimated to produce the following cumulative

in utility Go-between 1995-2005;
(million tons)

Added scrubbing ...................

Sub-Bituminous coal use .. 

Total projected increases

31 - 125 

10 - 19 

41 - 144

romhinincr the projected CO, decreases and increases providers net total of COj emission decreases for the decade
between 1995 - 2005:

(million tons)

1693 — 1741Projected decreases ................... ....................................
41 - 144Projected increases .......................................................

net total decreases ........................................This total represents a net CO^ savings of 5.4% to 6% of all ^
CO2 emissions by utilities over that decade. /

rnncilusion

Regardless of any other changes influencing future 
emissions, emissions trading for SO2 and NO^ will

-rci:
Smultaneously! Because emissions trading involves a market, it

the environment.

- 3 -



1 OVERVIEW

This past year has witnessed a resurgence of interest in 
problems of atmospheric pollution. Two broad scale atmospheric 
problems have dominated the news: acid rain and global warming. 
Each has engendered significant national and international policy 
debate, but they have not been addressed as linked problems. 
Instead, the constituencies supporting or opposing various policy 
initiatives have pursued very narrowly focused objectives. This 
narrowed vision is a primary source of the complex and conflict­
ing mandates of the current Clean Air Act. The current momentum 
toward reauthorizing the Act should be viewed as a major 
opportunity for reform which should begin with the recognition of 
trade-offs among environmental objectives. Chief among these 
opportunities are SOa control strategies which would also reduce 
COa, the primary greenhouse gas.

This report identifies and estimates the COa implications of 
alternative acid rain control strategies. The primary competing 
policy options under consideration are regulations requiring the 
use of specific control technologies such as flue gas desulphuri­
zation devices versus allowing each source to determine its least 
cost solution including overcontrol at a smaller number of 
plants. While each proposal has its COa effects, the market 
incentives provided by emissions trading would produce a pattern 
of pollution control investments which maximizes the reduction of 
COa discharges. If a proposal to regulate only 20 plants in the 
first phase, coupled with subsidies is adopted, it is doubtful 
whether either the allowance market or the attendant COa reduc­
tions that it would spur would ever materialize. If the options 
assessed in this report are adopted and if the integrity of the 
market and its incentives are maintained, we expect a reduction 
of between 5*. 4-6.0% in utility COa emissions otherwise expected 
to occur over the next 15 years. Each of the options analyzed— 
interfuel substitution, cogeneration, demand management, and 
energy efficiency investments—are economically and 
environmentally advantageous under emissions trading for acid 
rain control. The COa reductions are a bonus.

In addition to this bonus, another important linkage exists, 
for the problems of global warming and acid rain share a key 
feature. For each, what matters is the total amount of relevant 
emissions—COa for global warming, SOa and NOx.for acid rain— 
released to the atmosphere. Within broad geographic ranges, it 
makes little difference precisely where the pollutant reductions 
occur, as long as they do in fact take place.



This feature of both problems offers an opportunity to 
design strategies that achieve a "bottom line" of a defined over­
all reduction in pollutants, without requiring all sources to 
employ similar methods irrespective of their differing 
technological circumstances. The resulting flexibility can yield 
major cost savings for achieving a given environmental goal. By 
implementing this approach for acid rain now, we can demonstrate 
its viability in time to provide a proven tool for attacking the 
even more complex problem of global warming.

As the United States enters the decade of the 90's, will pol­
icy makers rise to the challenge of developing tools for a new 
era of pollution reductions or will regional factionalism 
continue to shackle the future? The rest of the world is looking 
to the U.S. for its response to global environmental problems.
The Clean Air Act is the first best chance to demonstrate the 
resolve to reduce our share of greenhouse pollution. We do not 
need to wait for the development of grand international agree­
ments before progress on reducing greenhouse gases can be made. 
The market based approach to controlling acid rain leads the way.



2 INTRODUCTION!
In the absence of a comprehensive U.S. approach, energy pol­

icy is actually made by the Environmental Protection Agency under 
its mandates from the Clean Air Act (CAA). Because the emission 
of many atmospheric pollutants are the result of energy produc­
tion decisions, the regulation of sulphur dioxide (SOa), nitrogen 
oxides (NO»c), particulates, etc. directly affects those 
decisions. In the simplest terms, controlling these pollutants 
changes the relative costs between alternative energy sources 
increasing the cost of those that produce larger discharges.
These differential environmental control costs alter energy pur­
chase and investment patterns changing both quantities of energy 
consumed and the method of production. Consequently, 
environmental policy influences energy production and use deci­
sions more than any other factor except relative fuel prices as 
determined by market forces.

The last twenty years has witnessed a continual evolution of 
the CAA both in terms of the pollutants that it controls and in 
the policies used to effect that control. In general, however, 
management has proceeded on a pollutant by pollutant basis with­
out regard for any cross pollutant effects. Ignoring these cross 
effects can have serious consequences for both the cost and 
performance of any environmental policy. This short pa^er will 
attempt to explore one particular set of pollutant trade-offs.

In the current debate over reauthorization of the CAA, one of 
the most hotly contested titles deals with acid rain. The Bush 
Administration has proposed an innovative emissions trading pro­
gram to reduce SOa and NO>e, the precursors of acid deposition.2 
Many previous proposals relied upon the use of mandated controls 
such as flue gas desulphurization (FGD) to achieve reductions.
The Bush proposal would allow affected sources to achieve reduc­
tions in any manner they chose including investment in over­
control at other locations. Plants that can achieve reductions 
at lower cost are encouraged to produce excess reductions for 
transfer or sale to plants with higher reduction costs. Since 
the objective is to reduce emissions discharge as expeditiously 
and inexpensively as possible, it is critical to take advantage 
of the cost differences among plants and utilities to achieve 
these aims. Requiring one specific control technology, e.g. 
scrubbers, would obliterate the cost savings inherent in these 
plant differences. The current debate in Congress swirls around 
these two alternative methods of achieving reductions.

Since both of these policy alternatives would affect opera­
tions at the nation's fossil fuel fired electric generating sta­
tions, the relevant cross pollutant of concern is carbon dioxide 
(CO2) emissions. As hotly debated as the acid rain policy is the 
issue of U.S. commitment to control the emissions of greenhouse



gases causing global climate changes. On a global basis, COa 
emissions are thought to account for roughly 50% of the expected 
warming. In the U.S. which accounts for 23% of global COa con­
tributions, roughly 30% of total COa emissions originate from 
electric utilities. Figure 1 shows the growth in utility COa 
emissions under EPA's base case forecast for high SOa emissions. 
This forecast assumes no national acid rain control program and 
continued low energy prices.

Figure 1. Utility COa Emissions Under the High Base Case
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The conventional wisdom is that action to reduce COa emis­
sions or even to damp their growth will be expensive. The main 
topic explored in this paper is the nature of the relationship 
between SOa and NO,* control on the one hand and COa emissions on 
the other. Are there serendipitous gains in COa reductions that 
could be achieved as a result of choosing one policy over another 
for acid rain control? If we are to expend resources controlling 
acid deposition precursors, why not increase the benefits of



those expenditures by maximizing the opportunities for COa reduc­
tions as well? Many of the options for reducing SOa emissions 
should also produce changes in COa emissions since both gases are 
the by-products of fossil fuel combustion.

3 REDXJCXIOlSrS IN

Acid rain control expenditures can either increase or 
decrease COa emissions depending upon the type of policy and the 
mix of control technologies. The policy choice matters because 
it may constrain control options available to affected sources. 
For example, it might limit interfuel substitution which could 
produce COa savings. Over time these constraints would operate 
to stifle any incentive for innovation in pollution control tech­
nology as markets would have been foreclosed by regulators. Pol­
icy also matters because it is a significant determinant of cost 
which influences electricity demand and therefore atmospheric 
emissions including COa. In fact, this latter effect presents an 
interesting trade-off. The more expensive the acid rain control 
program, the greater the impact on utility rates, the greater the 
electricity demand reduction by customers, and the greater the 
COa reduction from avoided energy production. However, the more 
expensive the acid rain program, the less likely it is to be 
politically feasible due to the more severe impact on the econ­
omy. Overall, least cost options tend to be COa reducing. For 
example, when control technologies are mandated, there is no 
incentive for conservation by utilities. Not only is the acid 
rain program more expensive, but any COa reductions are driven 
solely by electricity consumers^ responses. Conservation is not 
tapped as an emissions reductions tool, even when it is the least 
cost method.

Since the impacts of SOa control have both positive and nega­
tive impacts on COa, it is important to assess cross-pollutant 
effects with a systematic accounting framework. The remainder of 
this paper develops this framework.

3.1 Interf TJ-el Sia.t>s tz i tu-t ion
Some of the most direct COa reductions under a flexible, mar­

ket based acid rain control program could be produced as a conse­
quence of interfuel substitution. Since fossil fuels differ in 
their carbon content, they differ in the amount of COa produced 
during their combustion. Table 1 presents average carbon content 
for the primary fossil fuels and illustrates the potential for 
COa reduction. For example, substituting 1,000 Btu from coal 
combustion with a 1,000 Btu from natural gas reduces COa emis­
sions by over 42%. Similarly, the substitution of natural gas 
for oil would reduce COa production by over 28%.



TABLE 1. Carbon Dioxide Differences Among Fuels

Fuel

Coal
Oil
Natural Gas

Carbon
Content

(gC/kBtu)
25.109
20.256
14.454

% COa 
Reduced

19.33
42.44

% COa 
Reduced

28.65

SOURCE: Edmonds and Reilly, 1985.

While the calculations presented in Table 2 are straightfor­
ward, there is some uncertainty that these would be the exact 
reductions achieved when viewed from the vantage of creating a 
net reduction in greenhouse gas emissions. For example, as 
researchers have attempted to refine our understanding of the 
sources and sinks for methane (natural gas) attention has been 
focused on potential losses from pipelines and gas fields. If 
pipelines and gas fields leak, then using additional natural gas 
may increase fugitive methane discharges to the atmosphere.
Since methane is a more potent greenhouse gas, the benefits of 
reducing COa from interfuel substitution might be offset.
Research into the sources of methane increases in the atmosphere 
is continuing. Theoretical considerations indicate that natu­
rally occurring leakage from a gas field is lessened once the 
field is developed and tapped (Gold, 1988). Gas that is stolen 
or erroneously metered could also be confused with leaks in the 
distribution system (see section 4.3 for a more complete discus­
sion).

Other factors which might alter the actual change in COa pro­
duced as a result of interfuel substitution include any addi­
tional transportation of substituted fuels. For example, to the 
extent that nearby coals are replaced with more distant fuels, 
any COa produced as a result of added transport should be netted 
out. In practice, such changes may be very difficult to estimate 
as any increased transport would occur either by rail or water 
each with very different COa implications.3

Gas3 . X . 1. RosiduaX FtaaX OXX bo NabuxraX

The amount of substitution of natural gas for residual fuel 
oil was estimated based on the American Gas Association's (AGA) 
and Gas Research Institute's (GRI) forecasts of fuel prices and 
the estimated value of SOa emissions permits assuming the Admin­
istration's proposed acid rain legislation is passed. The dif­
ference in the forecast prices of residual fuel oil (resid) and 
natural gas was used to calculate the cost per ton of SOa



reduction achieved by fuel switching4. This price difference was 
compared to the value of a permit. No consideration was given to 
the capital costs involved in switching, which should be rela­
tively low, or to the value of NO»c reductions that would also be 
produced from the substitution. The asuumption is that most, if 
not all, of the resid-fired plants are capable of firing natural 
gas and that they will have access to gas supplies.

Table 3 presents the results of these calculations. The cost 
effective SOa emissions rate is the emissions rate at which the 
cost per ton of SOa reduced by fuel switching equals the expected 
market value of a permit. At a SOa emissions rate above this 
rate, the utility can switch from resid to natural gas and 
achieve reductions at a lower cost than by buying permits. This 
analysis uses the equilibrium market values predicted by the EPA 
and IGF in their analysis of the Administration's proposal. This 
ignores any economic incentive to bank emissions over time.
Given this opportunity and the time cost of capital, we would 
expect the equilibrium values of SOa permits to be monotonically 
increasing over time unless a radically new control technology 
shifts the supply curve and reduces the marginal cost of control. 
The total m^tus of heat generated by resid burning utilities 
with SOa emissions rates above the cost effective rate were 
derived from the NURF85 data base.5 Total mmBtus generated from 
oil were obtained from the EPA high emissions base case forecast.

If the relative price changes forecast by AGA materialize, 
then resid will be more expensive than natural gas by 1995. On 
that basis alone, one would expect natural gas to replace resid. 
GRI, however, expects gas prices to remain above residual fuel 
oil prices. Nonetheless, incentives to switch to natural gas are 
provided under emissions trading. To the extent that excess SOa 
reductions are more valuable than estimated by the EPA analyses 
of H.R. 3030 (S.1490), cost-effective substitutions of natural 
gas for resid would be relatively greater not only to meet SOa 
control obligations, but also to produce revenue from allowance 
sales. Another uncertainty in this analysis is natural gas 
prices. To the extent that gas substitution becomes aggressively 
exploited as an emission reduction strategy, natural gas prices 
could rise as a result of increased demand if supplies do not 
expand. Natural gas supplies are currently tightest in the 
Northeast. However, gas storage could overcome capacity restric­
tions while pipeline capacity is being expanded.



TABLE 3. Substitution of Natural Gas for Residual Fuel Oil

AGA PIUCE FORIJCASTS GRI PRICE FORI CASTS
1995 2000 2005 1995 2000 2005

Total Oil Use 
(Million 
mmBtus)

2070 2190 1720 2070 2190 1720

Cost-Effective
SOa

Emissions Rate 
(Ibs/mmBtu)

0.0 0.0 0.0 0.68 0.026 0.46

Affected 
mmBtus 

(above cost 
effective 
emissions 

rate) (Mil­
lions )

2070 2190 1720 1556.64 2183.43 1419.00

COa Reductions 
(millions of 
tons/year)

46.58 49.28 38.70 35.02 49.13 31.93

Cumulative COa Reductions 1995-2005 —
411.44 - 459.60 

million tons

Regardless of relative prices, provisions of S.1630 support 
substitution to natural gas by accommodating any emergency inter­
ruptions of gas supplies without any emission penalties if resid 
is used temporarily. Under these provisions (Section 405(h)), 
owners of plants using primarily natural gas can receive addi­
tional allowances from EPA to cover any SOa generated from 
switching to residual fuel oil during emergency weather 
conditions. By anticipating the potential operating conditions 
that this class of plants would face, S.1630 encourages natural 
gas substitution and the resulting COa reductions.

1. . z Na'b.ujraX Oas JPane-bira-t:.i. on /Vsaa.ns'b o-bhiaar FvieXs

A number of SOa control options which use natural gas have 
been identified. For example, gas reburn alone and gas reburn 
combined with sorbent injection would achieve about a 9% COa 
reduction for a 20% natural gas substitution in existing large 
coal-fired units (AGA, 1989). Most current studies of the rela­
tive economics of alternative SOa and N0»e control technologies



conclude that natural gas is likely to be too expensive to expect 
these alternatives to be very widespread (ICF, 1989). Nonethe­
less, these expectations about natural gas substitution are based 
upon future relative fuel prices, notoriously difficult 
quantities to predict. The critical point is that a flexible 
emissions trading program would not preclude the use of such 
options if they became economic at a later date.

Another indication of the potential for natural gas substitu­
tion is presented in a DOE study of fuel substitution without any 
new capital investment (DOE, 1989). In that study DOE estimated 
that roughly 6 billion mmBtu of coal could be replaced with natu­
ral gas. If indeed no new capital investments would be required, 
and if gas supplies were not constraining, this substitution 
would reduce cumulative COa emissions by 2.44 billion tons in the 
1995-2005 period. Clearly, gas supplies and prices would be the 
critical factors in determining how much of this substitution 
occurred.

Another longer run possibility for natural gas substitution 
under the acid rain titles of proposed legislation is offered by 
the repowering provisions. Converting large coal-fired boilers 
to 100% natural gas is estimated to reduce COa emissions by 43%. 
Combined cycle conversion would increase this reduction to 64% 
(AGA, 1989).

3.2 Cosene 2T£Lt= j. orx

There are two types of cOa reductions that result from the 
replacement of standard electric utility generation by cogenera­
tion. The first is a result of fuel switching if the fuel used 
by the electric utility has a higher COa emissions rate than the 
fuel used by the cogenerator. The second type of reduction is 
the result of greater efficiency in the cogeneration unit in the 
production of both electricity and steam.

Estimates of new cogenerated and small power electricity were 
obtained from a report entitled "Background Documentation for 
1989 Base Case Forecasts, Final Report" prepared for the EPA by 
RCG/Hagler Bailly. The difference between the new cogenerated 
electric power forecasts in the high and low emissions scenarios 
was taken as an estimate of additional cogeneration that would 
occur along with the Administration's proposed acid rain legis­
lation. Because the legislation would cause electricity rates to 
increase and would require SOa emissions permits to be obtained 
for new electric utility capacity, it would stimulate development 
of new cogeneration capacity by industrial users who face higher 
rates and would strengthen a preference in utilities to buy new 
capacity from outside.6



The differences in forecasted electricity obtained from new 
cogenerated sources in the two scenarios were multiplied by 90% 
on the assumption that 10% of these estimates represent new small 
power sources that are not cogeneration units. The results of 
this calculation are the numbers listed as "new kwh cogenerated" 
in Table 5.7

Total COa reductions from cogeneration are calculated by 
first adding the COa emissions from the production of electricity 
in coal fired electric utility power plants and the COa emissions 
from industrial processes using regular industrial boilers to 
obtain total COa emissions from the energy production that the 
cogenerated energy is replacing. Subtracting the total COa emis­
sions of the cogeneration facilities produces the estimate of COa 
reductions attributable to cogeneration.

TABLE 4. COa Reductions due to Cogenerations

1995 2000 2005
New KWH Cogenerated 
(billions)

18.0 74.7 114.3

COa Generated by Electric 
Utilities from Coal, 
displaced by Cogeneration 
(million tons)

18.18 75.45 115.44

COa Generated from 
Industrial Processes, 
displaced by Cogeneration 
(million tons)

21.78 136.01 208.11

Total COa Displaced by 
Cogeneration 
(million tons)

39.96 211.46 323.55

COa Generated by 
Cogeneration from Coal 
and Gas (million tons)

27.68 166.90 255.37

Annual Net COa Reduction 
Attributable to 
Cogeneration 
(million tons)

12.28 44.56 68.18

Cumulative COa Reduction 1995-2005 — 423.92 million tons

The offset requirement for new SOa sources would increase the 
relative costs of coal-fired cogenerating plants. Coal-fired 
capacity is expected to be 30% of expected increases in 1995 and



50% thereafter. After 2000 when offsets would have to be secured 
to maintain the national SOa cap, allowances are expected to cost 
between $650-$771 per ton. Independent power producers possess a 
number of significant cost advantages which should allow them to 
easily absorb these added costs. Of course, some concern has 
been expressed that independent power producers (IPPs) would be 
shut out of the market by anti-competitive behavior on the part 
of utilities, the main allowance holders. To combat these per­
ceived problems, several policy modifications have been either 
proposed or introduced. S.1630 would withhold 2% of the 
allowance allocation in an Administrator's reserve which would be 
sold to sources unable to purchase allowances in the market at a 
fixed price of $1500 per ton. An alternative which has received 
wide discussion is to auction annually 5% of allowance alloca­
tions. This alternative would also serve a price discovery func­
tion and reduce uncertainties about allowance values. In any 
event, the offset provisions will not pose a barrier to the 
continued penetration of cogeneration.

3.3 Klectaro-city Dema.n.d Re s p>ons e

One of the most easily quantified COa reductions would stem 
from the reduction in electricity demanded as utility rates rise 
in response to SOa control costs. The strength of this response 
depends both upon the cost of the control program (and therefore 
the size of the rate hikes) and the responsiveness of demand (the 
price elasticity of demand). Another issue in the estimation of 
this effect is any time lag between the rate hikes and demand 
response.

Estimates of the long run price elasticity of demand are at 
best uncertain. A fairly recent survey of elasticity analyses 
(Bohi and Zimmerman, 1984) published a "consensus" estimate for 
the residential demand sector, but found that estimates for the 
industrial and commercial sectors were too few and varied to per­
mit identification of a similar "consensus" estimate. For exam­
ple, while the survey found 20 studies that estimated the price 
elasticity of demand for the residential sector, there were only 
2 for the commercial sector, and 6 for the industrial sector.
The "consensus" estimate for the residential sector was -0.7, 
i.e. a 1% price increase would produce a 0.7% reduction in the 
quantity demanded. The estimates for the "commercial" sector 
ranged from -1.05 to -4.56 while estimates for the industrial 
sector ranged from -0.12 to -3.55. Despite the uncertainty 
regarding elasticity estimates for the commercial and industrial 
sectors, the consensus opinion is that they are more elastic than 
those for residential demand. In part, the uncertainty in price 
elasticities is compounded by the need to produce an estimate for 
the nation as a whole as responsiveness also varies across



regions as well as sectors. The long run elasticity used in 
Table 5 was -0.85 in part to account for greater responsiveness 
in the commercial and industrial sectors.

The potential for lags in response time also complicate the 
analysis. Electricity consumption decisions are conditioned, in 
part, by the efficiency of various capital equipment whether 
appliances or machinery. In the short run, consumers may have 
very limited options in response to price increases. This is not 
to say that they are nonexistent as simply devoting more atten­
tion to use decisions and patterns can reduce consxamption. How­
ever, over the long run, adjustments can also include investment 
in complementary goods such as more energy efficient appliances.

Table 5 shows the effect of forecast electricity rate 
increases on demand for electricity and on COa emissions result­
ing from electricity generation. Price increases were taken from 
ICF's analysis of the Administration's proposed acid rain 
legislation. Rate hikes from that report were adjusted upward to 
reflect the percent change in real terms from rates in 1988. The 
short-run elasticity of demand for electricity of -0.25 was used 
to estimate the demand response in order to avoid double-counting 
with the conservation investment analysis which follows. It was 
also assumed that the reduction in electricity consumption dis­
placed electricity generated at coal burning facilities. To the 
extent that reduced demand displaces natural gas fired peaking 
units first, these estimates are biased upwards by the difference 
in COa between coal and natural gas.

Although the wise Bill (H.R. 3211) is substantially more 
expensive than S.1630 at $3.0 billion in 1995 and $5.8 billion in 
2000 due to the emphasis on control technology and subsidies, 
electricity rate hikes are comparable. ICF forecasted national 
average utility rate increases of 1.8% in 1995 and 1.7% in 2000. 
COa reductions are consequently slightly lower although compara­
ble on the basis of demand response (see Section 4.1 for other 
COa implications).



TABLE 5. Effect of Higher Electricity Prices

Short Run Elas«lel«v Lona

1995 2000 2005 1995 2000 2005
% Price
Increase

0.23 1.70 1.95 0.23 1.70 1.95

Electricity
Demand
(billions kwh)

3080.7 3524.0 3957.6 3080.7 3524.0 3957.6

Demand Change 
(billions kwh)

-1.771 -14.977 -19.293 -6.023 -50.922 -65.597

Demand Change
(billion
mmBtu)

-0.018 -0.150 -0.193 -0.060 -0.509 -0.656

COa Change
(million
tons/year)

-1.79 -15.13 -19.49 -6.08 -51.43 -66.25

Cumulative COa Reductions 1995-2005 — 
128.85 - 438.00 Million Tons

3 . A. Energy Gons< . t d_ 0X1 I nve s tzmexitz s

The Administration's proposed acid rain legislation will 
allow utilities to invest in conservation programs as a cost 
effective SOa emissions control measure. To the extent the pro­
grams are successful, they will result in reduced COa emissions 
as well. Examples of cost-effective conservation measures 
include increasing the efficiency of residential appliances such 
as refrigerators and freezers, removing excess fluorescent light­
ing and reducing air flow rates in commercial spaces, and instal- 
ing more efficient lighting and motors in the industrial sector.

In order to estimate the amount of conservation that can be 
induced as cost effective SOa emissions control, two cost curves 
were developed to determine feasible conservation levels. The 
first is the marginal cost per ton of SOa emissions reductions 
under the Administration's proposal plotted against total amount 
of-reduction below 1980 levels.9 As would be expected, marginal 
cost increases as more tons of SOa emissions are eliminated.



The second curve represents the marginal cost of conservation 
measures per ton of SOa emissions reductions plotted against 
total amount of reductions below 1980 levels. This curve was 
derived as a weighted average of regional conservation cost 
curves from New York state, the Pacific Northwest, and the Mid­
west from a set of engineering-economic analyses. Each of these 
curves represents the maximum kwh saved for a given level of 
investment per kwh.10 These curves were translated into total 
tons of SOa reduced and dollars per ton of SOa reduced using the 
assumption of a 2.0 pounds per mmBtu SOa emissions rate and a 
standard electric utility heat rate of 10,000 Btus/kwh. A 2.0 
Ib/mmBtu SOa emissions rate is the average emissions rate for all 
coal to be burned under the proposed legislation, as estimated by 
IGF.

Figure 2. The Supply of SOa Reductions from Conservation

Marginal Cost of S02 Reductions via Conservation

Cmn iilntri e S02 Reduciions {million tons)



The two curves were then compared for each of the three years 
(1995, 2000 and 2005) to find the point at which the following 
two conditions hold: 1. the marginal cost of conservation mea­
sures per ton SOa reduced equals the marginal cost of other SOa 
control measures —i.e. the marginal costs on the two curves are 
equal and 2. total tons SOa reduced from both curves equals the 
mandated level of SOa reductions. This result is equivalent to 
determining the level at which the conservation programs are cost 
effective SOa control measures.

Once this level was determined, the COa reductions for the 
kwh saved by conservation were calculated using the standard COa 
emissions rate for coal and the standard heat rate for the elec­
tric utility. It was assumed that the conservation measures dis­
place the use of coal, the dominant fuel consumed by the nation^s 
electric utilities. To the extent that more expensive sources of 
electricity such as natural gas peaking units are eliminated 
through conservation first, this analysis overstates the SOa and 
COa reductions.

TABLE 6. Effect of Conservation Investments in Reducing COa

1995 2000 2005 2010
Marginal Cost of SOa 
Emission Reductions 
($/ton)

$120 $500 $500 $500

Potential Electricity 
Savings from
Conservation (GWh/year)

32,214 86,283 96,672 108,313

Potential SOa Emissions 
Reductions from 
Conservation 
(million tons)

0.35 0.91 1.02 1.15

Potential COa Emissions 
Reduced from
Conservation 
(million tons)

32.54 87.15 97.64 109.40

Cumulative COa Reductions 1995-2005 — 728.62 MILLION TONS



There are two conditions which must be met for these conser­
vation benefits to be realized. The first is the adoption of the 
emissions trading program for acid rain. Without a system which 
credits conservation investments with the reductions they pro­
duce, conservation remains an opportunity without motivation or 
incentive. The second condition is the removal of any remaining 
institutional barriers against conservation investments. This 
latter condition is more difficult to evaluate. However, one 
potential remedy may be to increase the incentives created by the 
Clean Air Act.

One possibility for the creation of new incentives would be 
to create a pool of bonus allowances which would be available to 
sources within states that adopted programs designed to encourage 
conservation investments. Examples of such programs include 
least cost planning, incentive rate of return, and energy supply 
bidding. One potential source of the bonus allowances could be 
the allocations made to the clean plants under S.1630. Under 
that proposal, each clean plant would receive allowances equal to 
120% of its baseline (defined as its average 1985-87 fuel use) 
times the lesser of its allowable 1985 emissions rate or its 
actual 1985 emissions rate. Alternatively, 20% of those allow­
ances could be held back to form the bonus pool. As Figure 3 
shows such a program would involve nearly every state and thus 
would not be inherently unfair in redistributing allowances.
This bonus pool would serve as a powerful additional incentives 
to the adoption of programs which would further encourage conser­
vation investments.

Other measures to increase the incentives for energy effi­
ciency investments could be introduced into the CAA. For exam­
ple, the revenues generated by S.1630's 2% allowance withholding 
could have redistribution limited to sources in those states in 
which conservation programs exist. This same stricture could be 
applied to revenues from any auction of allowances as well.
These added incentives could insure that the substantial emis­
sions reductions available through energy efficiency investments 
are tapped in fact.



Figure 3. Regional Distribution of Emissions from Coal-Fired
Plemts Below 1.2 lbs SOa/mmBtu
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In order to properly estimate the effect of alternative acid 

rain control policies upon greenhouse gas emissions, any poten­
tial source of emission increases must also be assessed. Cer­
tainly, relative to no control scenarios, investments to control 
acid rain precursors will affect COa emissions as energy 
production and use decisions are altered.
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The use of flue gas desulphurization, or scrubbing, as a SOa 
emissions control measure increases COa emissions primarily 
because extra energy in required to operate the scrubbers. The 
extra energy is obtained from additional coal burning which 
results in higher levels of COa emissions for the same amount of 
electricity generation. In addition, some COa is produced in the 
reaction of the limestone agent with SOa. The range of the total



increase in COa emissions attributable to scrubbing is from 2% to 
6%, with a probable average of 4%. (Source Memo from Bruce 
Braine, ICF to Rob Brenner, EPA December 1988.)

Assuming a 4% increase in COa emissions as a result of scrub­
bing, the following table shows the extent of additional COa 
emissions under the Administration's proposed acid rain 
legislation. Estimates of new scrubbing capacity come from the 
"Economic Analysis of Title V of the Administration's proposed 
Clean Air Act" prepared by ICF for the EPA. The total increase 
in COa over the period from 1995 to 2005 represents about one 
tenth of one percent of the total COa emissions from electric 
utilities forecast in that time period under the high emissions 
base case.
TABLE 7. Effect of New Scrubber Capacity on COa Emissions under

the Administration's Proposal

1995 2000 2005
Change in Scrubber Capacity (GW) .5 22.0 22.0
Total New Gwh Scrubbed 2,269 99,829 99,829
Increase in COa Emissions 
(Million tons)

.09 4.03 4.03

Cumulative COa Increase 1995-2005 — 30.48 Million tons

In contrast to the estimates presented above, more new scrub­
bing capacity would come on line as a result of alternative leg­
islation, such as the wise Bill, that mandates the use of 
scrubbers as a SOa control measure. An examination of the 
effects of the wise Bill during the period 1995 to 2005 indicates 
an addition of almost 125 million tons of COa emissions resulting 
from increased scrubbing (ICF, 1989). The freedom of choice in 
SOa control strategy allowed under emissions trading would 
clearly lead to fewer additions to COa emissions from new scrub­
bing capacity.

TABLE 8. Effect of Scrubbing on COa Emissions Wise Bill

1995 2000 2005
Change in Scrubber Capacity (GW) 51.2 73.0 74.9
Total new Gwh Scrubbed 232,319 331,251 339,872
Increase in COa Emissions 
(Million tons)

9.39 13.38 13.73

Cumulative COa Increase 1995-2005 — 124.7 Million Tons



The Wise Bill (H.R. 3211) would require the top 20 SO2 emit­
ting powerplants in 1985 to reduce SO2 emissions by 90% through 
the use of flue gas desulphurization devices. These Phase I 
reduction requirements would be augmented by a second phase dur­
ing which all sources above 75 megawatts capacity would have to 
meet a 1.2 lb SOa/mmBtu requirement. In each phase, subsidies 
would be provided to utilities employing scrubbers to meet their 
control obligations. As Figure 4 illustrates, these provisions 
would lead to a dramatic increase in scrubbing and CO2. Further­
more, the actual increase in COa is likely understated since the 
Wise Bill provisions would probably prevent the emergence of an 
allowance market. Other proposals that target 20 plants in Phase 
one and legislate a subsidy are under discussion in the Senate. 
They are likely to produce a COa result similar to the Wise Bill.

Figure 4. COa from Scrubbing Under Alternative 
Acid Rain Proposals
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^.2 Swa_ t ctiing to Fxaels wittL Lower 
Erxexrgy Goxnt eint

With the enactment of acid rain legislation that allows flexi­
bility in choice of control methods, it is expected that some 
utilities will switch to the use of coal with a lower sulphur 
content. Some of the switching will occur between high sulphur 
and low sulphur bituminous coals from Appalachia. This substitu­
tion will have little effect on CO2 emissions as there is little 
variation among bituminous coals. However, some Mid- Western 
utilities will switch from high sulphur bituminous coal mined in 
Appalachia to low sulphur sub-bituminous coal from more distant 
Western areas. Because sub-bituminous coal has on average a 
higher moisture content than bituminous coal, it can cause a uti­
lity's heat rate to rise and result in more coal burned per unit 
of electricity generated. The estimated increase in COa 
emissions resulting from a switch from bituminous to sub- 
bituminous coal is 2%.

ICF's analysis of acid rain control technologies assumes that 
no sub-bituminous coal can be used in boilers designed for bitu­
minous coal, although their assessment of the Administration's 
acid rain proposal notes that 40 to 50 million tons per year of 
sub-bituminous coal could penetrate the bituminous market. Data 
Resources Inc. (DRI), on the other hand, estimates that 29 mil­
lion tons a year in Phase 1 and 25 million tons per year in Phase 
2 will represent a switch from high sulphur bituminous coal to 
low sulphur sub-bituminous coal. Based on these forecasts Table 
9 displays estimates of additional COa emissions. The high end 
of the range of cumulative COa increases assumes the high end of 
ICF's estimates of sub-bituminous market penetration for this 
entire decade.



TABLE 9. Effect of Coal Switching on C02 Emissions

DRI FORECAST
11

1995 2000 2005

ICF
FORECAST

2005
Switch to Sub- 

bituminous 
Coal (Million tons

40-50

Efficiency Loss 
(Million tons of Coal)

0.58 0.50 0.50 0.8-1.0

Increase in CO2 
Emissions 

(Million tons)

1.12 0.96 0.96 1.54-1.92

Cumulative COa Increase 1995-2005 
10.01 - 19.20 Million Tons

^.3 Potential Effects on Otlner 
GteenlnouLse Gas Emissions

Leakage of methane (natural gas) in the production, transmis­
sion and distribution processes is an issue that should be 
addressed because methane is a far more potent greenhouse gas 
than COa. Leakage occurs naturally in gas fields as a result of 
pressure exerted by the gas. Production, by removing some of the 
gas, reduces the pressure and the naturally occurring leakage. 
However, production equipment is another source of leakage. 
Unfortunately, little research has been conducted to measure the 
overall effect of production on leakage.

Leakage also occurs in the transmission of gas through pipe­
lines and its distribution in individual customer grids. The 
magnitude of this leakage appears to be related to the age and 
material composition of the transmission and distribution sys­
tems. While the leakage is difficult to measure, it is clear 
that the amount of "unaccounted for " gas in the United States 
also includes theft, measurement inaccuracies caused in part by 
meter sensitivity to temperature and variations in gas purchase 
and sale billing dates.

Several studies and surveys have recently been conducted to 
estimate the extent of methane leakage worldwide and in the U.S. 
An "Engineering Technical Note" by the American Gas Association 
dated November 1989 estimates, based on a survey of members, that 
0.06% is emitted in transmission and 0.28% in distribution. In



addition, the AGA estimates 0.2% is lost in production. The 
Interstate Natural Gas Association of the U.S. estimates that 
transmission pipelines account for emissions of 0.13%.

"Methane Leakage from Natural Gas Operations" reports the 
results of an investigation by the Alphatania Group of Sweden in 
August 1989. The report presents information on gas leakage in 
the U.S., Canada, Japan and 10 European countries. It concludes 
that there is no justification for estimating methane leakages 
from the gas industry worldwide at more than 1% of supply and 
that even this figure is regarded by many as too high. It also 
states that there is strong evidence that the only significant 
methane leeUcage occurs in older distribution systems found in 
some countries. Based on the countries surveyed, the following 
estimates are made for methane leakage: Production 0 to 0.2%; 
Transmission 0 to 0.13%; New distribution systems 0.03 to 0.3%; 
and Old distribution systems up to 1%.

The Netherlands Energy Research Foundation presented a study 
in Paris in June 1989 entitled "CH4/C0 Emissions from Fossil 
Fuels Global Warming Potential." The study addresses whether 
fuel switching strategies to mitigate the green house effect 
would be affected by methane leakages. It concludes that global 
warming differences in the burning of oil and coal as opposed to 
gas would be offset by methane leakages if they occurred at the 
high levels of 9 to 13%.

It is difficult to compare the potency of methane and COa as 
greenhouse gases because of complexities involved in modeling and 
forecasting their effective lifetimes in the atmosphere. How­
ever, it is possible to compare methane leakage from additional 
natural gas use brought about by acid rain legislation to coal 
bed methane leaked in the coal mining process. If we assume that 
methane leakage from the production, transmission, and distribu­
tion of natural gas is 0.5% and that on average 19 cubic meters 
of methane is leaked per ton of mined coal, the methane leakage 
from coal mining is approximately 7 times that from natural gas 
use on an energy eguivalent basis. Of course, nothing in this 
comparison accounts for the fact that emissions from both sources 
could be controlled.

5 CONCLUSIONS
This report has identified major interrelationships between 

SOa management decisions and COa conseguences. Table 10 summa­
rizes the estimates for COa reductions and increases. The cumu­
lative totals indicate that acid rain control provides a 
serendipitous opportunity to eliminate between 5.4-6.0% of all 
utility C02 emissions over the decade 1995-2005. However, not 
all acid rain programs are equal in their incentives to simulta­
neously reduce both SOa and COa emissions. Only the market-based



approach embodied in emissions trading will give affected sources 
the flexibility to choose among the emission control options 
assessed in this report. Programs which force the adoption of 
one technology over another, particularly those proposals which 
would require the use of scrubbers, would forego major COa reduc­
tion opportxinities and cause increased COa emissions. The major 
unspoken policy question surrounding the acid rain debate is 
whether the U.S. should capture these COa benefits. When set 
against the backdrop of ongoing international discussions con­
cerning climate change policy and the criticism that the U.S. has 
received on this issue, it is difficult to understand why the 
relationship between SOa and COa has been ignored. The U.S. 
should strive to adopt an acid rain program that incorporates 
incentives to reduce SOa emissions most efficiently. Further, 
given increasing concerns about global climate change, that pro­
gram should be designed to maximize opportunities for COa reduc­
tions as well. Is the U.S. so wealthy that we can choose the 
most expensive approach to solving the acid rain problem, and, at 
the same time, increase the cost of any ultimate policy action on 
COa?

TABLE 10. The COa Balcince Sheet

SOURCE CUMULATIVE SOURCE CUMULATIVE
of AMOUNT Of AMOUNT

REDUCTIONS (mm tons) INCREASES (mm tons)
Resid to Natural 411.440- Added Scrubbing -^30).480-
Gas 459.600 (lii.700

Cogeneration 423.920 Sub-Bituminous 10.010-
Coal 19.200

Demand Response 128.850
Conservation 728.620
TOTAL 1,692.78- 40.580-

1,740.99 143.900

Cumulative COa Reductions 1995-2005 
1,548.88 - 1,700.41 Million Tons

Another way to understand the potential magnitude of these 
COa effects is to compare them with the COa implications of the 
energy and emission futures that EPA has developed as baselines 
from which alternative policies can be evaluated (EPA, 1989).
The base case analysis produced by EPA this year differs sharply 
from prior practice in that two alternatives are presented; one



scenario with high SOa emissions and an alternative with lower 
emissions. Table 11 presents the differences in critical assximp- 
tions underlying the alternative SOa emissions forecasts.

Table 11. Differences Between High and Low Emissions Scenarios

ASSUMPTION HIGH CASE LOW CASE
oil and gas prices lower higher
electricity demand higher lower
repowered capacity lower higher

unplanned coal capacity sooner later
unplanned non-fossil fuel 

capacity
lower higher

cogeneration lower higher
fossil fuel plant lifetime longer shorter

nuclear power plant 
lifetime

shorter longer

Source: ICF Resources, EPA, April, 1989.

The standard approach in analyzing SOa policies has been to 
compare the policy results against alternative future emissions 
scenarios as depicted in Figure 5. Each of these alternative 
futures represents the status quo since neither presumes any acid 
rain control. Unfortunately, there is no way to know which 
alternative future will materialize. Consequently, as in the 
case with SOa, potential COa emission changes should be gauged 
against both the high and low emissions alternatives. To the 
extent that the low emissions future occurs independent of any 
acid rain program, some of COa reduction benefits outlined in 
this paper would be eliminated. For example, one of the major 
differences between the high and low tracks in COa terms is the 
amount of new cogeneration. Both base cases forecast large addi­
tions to cogeneration capacity. Will the larger amount of new 
cogeneration in the low emissions base case occur independent of 
acid rain legislation? Perhaps, but factors related to that leg­
islation such as higher electricity rates and SOa control costs 
should spur more new investments in independently produced 
cogenerated power.



Figure 5. ALTERNATIVE FUTDRE UTILITY COa EMISSIONS
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Figure 5 presents the high and low SOa base case forecasts 
translated into COa terms. The figure presents COa emissions 
forecasts only to the year 2005 and concentrates on the decade 
1995-2005 when acid rain policies are expected to have the most 
impact. Cumulative COa emissions from utilities over the decade 
are expected to be 28.43 billion tons under the high scenario and 
23.76 billion tons for the low track. The 4.48 billion ton dif­
ference between the two scenarios represents roughly a 16% COa 
reduction from the high track. Clearly, this is not a trivial



difference. Nonetheless, it begs the question of whether in fact 
the U.S. economy will actually be on the high or low emissions 
track.

Throughout this report the potential for CO2 savings from 
acid rain legislation have been emphasized. Table 11 presents 
the key factors presumed to account for the differences in emis­
sions between the high and low scenarios. After investigating a 
number of COa reduction opportunities and utility reactions under 
acid rain policies, one can examine the assumptions of Table 11 
and inquire which scenario is more likely to occur under emis­
sions trading. Certainly, to the extent that natural gas substi­
tution is encouraged and natural gas supplies do not expand, gas 
prices will be higher. Electricity prices are likely to rise 
under any acid rain control program. In response, the quantity 
of electricity demanded is likely to fall. Cogeneration and 
unplanned non-fossil fueled capacity are also likely to be 
greater with any acid rain legislation that emphasizes emissions 
trading. In sum, the assumptions of the low emissions scenario 
match closely the expected effects of the administration's acid 
rain proposal.

Regardless of any other changes influencing future emissions, 
emissions trading for SOa and N0>* will preserve the least cost 
path for COa management. Emissions trading allows the use of 
whichever current or future pollution control techniques will 
reduce discharges most efficiently. As with coal switching ver­
sus scrubbing, natural gas substitution for residual fuel oil, 
and energy efficiency measures, there are ample opportunities to 
reduce both acid rain precursors and COa simultaneously. Because 
emissions trading involves a market, it is extremely difficult to 
forecast actual outcomes. The best that can be done is to indi­
cate what could happen. What new technologies, opportunities, or 
constraints will emerge over the 15 years assessed in this paper 
is uncertain at best, whatever changes those years bring, we can 
be assured that an emissions market will adjust to the maximum 
benefit of both the economy and the environment.
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NOTES

1 This paper has benefited from the comments of Karen Florini, 
Bob Hahn, Elizabeth Nixon, Michael Oppenheimer, Tim Searchinger 
and Jim Tripp. Others including Lori Trayweek, Michael Gibbs, 
Thad Huetteman, Bill Liss, John Palmisano, Paul Wilkinson, and 
Jim Williams have assisted this research by contributing valuable 
information and suggestions. The contents of this report are the 
responsibility of the authors however.

2 For a technical analysis of the implications of the Bush 
Administration's acid rain legislation see IGF Resources (1989). 
For a more complete discussion of the emissions trading policy 
see Dudek (1989).

3 A recent report from Shearson Lehman concerning the implica­
tions of acid rain legislation for coal markets concludes that 
barge transport of coal should increase if legislation is passed 
(Shearson Lehman, p. 37-39).

The natural gas prices used in this analysis are for interrupt­
ible supplies and represent the prices normally charged to utili­
ties . Both the AGA and the Gas Research Institute (GRI), among 
others, forecast natural gas and residual fuel oil prices. Their 
forecasts for interruptible supplies to utilities are shown below 
in Table 2.

Table 2. Fuel Price Forecasts
Fuel 1 1995 2000 11 2010

AGA 1989
$/nnnBtu

natural gas $2.69 $3.43 $5.63
resid (No. 6) $3.40 $4.20 $7.76
GRI 1988

$/mmBtu
natural gas $3.20 $3.59 $5.64
resid (No. 6) $3.05 $3.58 $5.23



5 The NURF data base identifies the primary fuels used by 
individual units. To the extent that resid-fired units are 
already using some natural gas, the estimates of COa savings 
presented are overstated. The extent of this bias is unknown.

6 The status of cogeneration units under the several acid rain 
proposals is not unambiguous. Cogenerating units are likely to 
be subject to the offset requirements for new sources. However, 
due to the large proportion of cogeneration units that will be 
gas fired and the greater efficiency of the cogeneration process, 
offsets required by cogenerators should be substantially less 
than those required for added utility capacity.

7 Assumptions made to calculate the COa savings include the fol­
lowing. New cogenerated electric power replaces power previously 
produced from coal fired facilities. In 1995, the new 
cogeneration sources are 30% coal fired, 47% gas fired combined 
cycle and 23% gas fired combustion turbine. In 2000 and beyond, 
the mix is 50% coal fired, and 25% each combined cycle and 
combustion turbine. Boiler efficiency of industrial boilers is 
80%. Efficiency for coal fired cogeneration is 80%, for gas 
combined cycle is 78% and for combustion turbine is 70%. The 
average heat rate for a coal fired electric utility is 10,000 
Btu/kwh. The ratio of electric to thermal energy (e/t) is 0.13 
for coal fired cogeneration facilities; 0.9 for combined cycle 
and 0.65 for combustion turbine. It was also assumed that new 
coal fired cogenerated thermal energy would replace energy pro­
duced from coal in industrial processes and likewise for natural 
gas.

8 The COa generated by electric utilities from coal is calcu­
lated by converting the kwh in column 1 (new kwh cogenerated) to 
mmBtus using the average electric utility heat rate and 
multiplying by the COa emission rate for coal (202 Ibs/mmBtu).
The COa generated by cogeneration is calculated separately for 
coal and gas fired cogeneration units and summed in row 3. To do 
this, an estimate of the fuel input to cogeneration is obtained 
and translated into COa emissions. For example, for coal fired 
units, the percent cogeneration that is coal fired according to 
the assumptions is multiplied by the kwh in row 1 and converted 
to mmBtus using the conversion 3413 Btus/kwh. An estimate of 
mmBtus of thermal energy produced is obtained by solving for t in 
the appropriate equation for coal fired steam turbines, e/t=0.13. 
The total mmBtus is divided by the efficiency of the cogeneration 
system, in this case 80% to obtain fuel input which is converted 
to tons of COa emissions based on the emissions rate for coal. A 
similar process is carried out for gas fired combined cycle and



combustion turbine cogeneration units. The COa generated by 
industrial processes, is estimated by taking the thermal energy 
calculated as the value of t above and dividing by the efficiency 
of the industrial boiler and estimating the level of COa emis­
sions for the appropriate fuel type, coal or gas.

9 The marginal costs of SOa control were taken from ICF's analy­
sis of the economic implications of the Administration's acid 
rain proposal (ICF, 1989). Control measures considered were 
scrubbing and switching to lower sulphur coal.

10 Each of these curves expresses the relationship between the 
cost of conservation measures in $/kwh saved and the total number 
of kwh saved. The cost of conservation measures consists of con­
servation program costs and does not account for the cost of lost 
revenues or the savings from avoided fuel costs. Total kwh saved 
in the three curves were converted to percent kwh saved. A 
weighted average was taken to produce a "national'' curve. The 
percentages for kwh saved in the national curve were applied to 
total projected U.S. electricity use forecast by ICF for the 
EPA's base case emissions. This procedure was repeated for 1995, 
2000 and 2005 to obtain a nationwide conservation cost curve in 
terms of kwh saved and $/kwh.

11 DRI believes that most plants would comply with Phase I 
requirements by blending sub-bituminous coals with other higher 
sulphur coals. In Phase II, however, DRI believes that utilities 
will switch to bituminous compliance coals to avoid de-rating 
plants as required if all sub-bituminous coals were used. Conse­
quently, DRI estimates sub-bituminous coal use to fall over time.



□IR^COALITION F=OR ACID RAIN EQUITY

CLEAN AIR PROPOSAL NEEDS EQUITY

The Coalition for Acid Rain Equity supports the goal of 
cleaner air for all Americans. CARE, a coalition comprised of 
business, labor and state government representatives, also 
believes a national commitment to eliminate the causes of acid 
rain demands a national solution - one that does not place a 
disportionate burden on one region of the country.

President Bush has proposed and the 101st Congress is 
expected to pass legislation that will significantly reduce sulfur 
dioxide and nitrogen oxide emissions over the next decade. 
Unfortunately, the President's plan contains a flaw - an economic 
inequity - that threatens to cause undue hardship on millions of 
consumers of electric power and thousands of coal miners.

All Americans will enjoy cleaner air but some will have to 
pay more for it than others.

The President's bill asks 13 unlucky states to bear more than 
their fair share of reducing the emissions that cause acid rain. 
Those states (Florida, Georgia, Illinois, Indiana,lijwa^-j^nsas, f Kentucky, Maryland, Missouri, Ohio, Pennsylvania, gf^ness^ and 

I West Virginia) , collectively emit 60 percent of the "nS’tional total 
I of sulfur dioxide but, under the Bush proposal, are required to
( make 86.5 percent of the S02 reductions. The cost to rate payers

in these 13 unlucky states is $16 billion more than their fair 
share of the national clean up. Utility rate impacts in many of 
these states would top 20 percent, overburdening not just the 
residential electric consumer but the thousands of businesses and 
industries that employ these rate payers.

Other states, some of which emit more sulfur dioxide than 
those in the Unlucky 13, are required to reduce only a fraction of 
their fair allotment of the 10 million tons President Bush seeks 
to eliminate. The Coalition for Acid Rain Equity believes this is 
fundamentally unfair.

In the days ahead, you will be receiving additional 
information from CARE - facts we hope you'll use to help craft a 
bill that is both environmentally sound and economically 
even-handed.

We are not asking for a free ride. We believe the national 
goal of cleaner air can be achieved. We will pay our share for 
that cleaner air. We ask only that Congress recognize the 
inequities that exist and act to remedy them.

P.O. BOX 33924 WASHINGTON, D.C. 20006-0924 (202) 887-0497



CHRILCOALITION FOR ACID RAIN EQUITY

COST SHARING DOESN'T PENALIZE ANYONE. 
BUT THE PRESIDENT'S BILL DOES

Many critics of those seeking fair and equitable acid 
rain legislation try to paint us simply as "the dirty states 
trying to make the clean states pay twice." You will 
probably hear this "us versus them" argument often in the 
weeks ahead. But, to accept it, is to ignore the commitment 
the Midwest already has made to emission control as well as 
the substantial expenditures the region will have to make 
under any new clean air law, with or without cost sharing.

It is actually the President's bill that makes the 
Unlucky 13 targeted states pay twice while allowing several 
high-emitting states to pay less than their share. This 
inequity occurs because the Administration's bill requires 
only that utilities reduce emissions while thousands of 
industrial boilers, many in the so-called "clean states", 
are not affected.

Texas, for example, is the third highest source of 
sulfur dioxide, emitting 1.48 million tons or 6.4 percent of 
the national total. Pennsylvania is the fourth highest 
emitter at 1.43 million tons or 6.2 percent of the national 
total. If the emission reductions were fairly allocated, 
Texas would be expected to to reduce its S02 emissions by 
508,000 tons while Pennsylvania's contribution to the 10 
million tons reduction bill would be 492,000 tons.

But, under the Bush proposal, look what happens:
Texas' "share" is a mere 82,000 tons while Pennsylvania's 
allotment jumps up to 547,000 tons. Texas is only required 
to reduce 16 percent of its fair share while Pennsylvania 
pays to reduce 12 percent more than its fair share. Ohio is 
required to reduce 67 percent .more; Georgia 77 percent; more; 
Missouri 86 percent more.

Even among the states that "get a break" there's an 
inequity. Industrial New Jersey, an emitter of 184,000 tons 
of 302, is required to reduce emissions by 16,000 tons. 
That's 1,000 tons less that agricultural Nebraska which 
emits only 65,000 tons. Nebraska's share is still 29 
percent below what it would owe in a fair allocation, but 
New Jersey's "break" is a whopping 75 percent.

Cost sharing does not mean a state - any state - will 
be asked to pay twice. It means only that all states will

P.O. BOX 33924 WASHINGTON, D.C. 20006-0924 (202) 887-0497



be asked to pay their fair share of a cleanup that will 
benefit the entire nation. For the Midwest, that will still 
mean much more than other states whose emission levels are 
lower.

It's wrong to portray the Midwest as having 
intentionally avoided its responsibility to the environment. 
Nearly 40 percent of all funds spent nationwide for 
pollution control have been spent in the Midwest under the 
current Clean Air Act. Ohio's utilities lead the nation, 
spending more than $2.1 billion since 1987. Pennsylvania 
has spent $2 billion; Indiana nearly $1.4 billion.

It's important to remember that all 50 states are in 
compliance with the existing Clean Air Act. Indiana, Ohio 
and Illinois are no more "dirty" than Idaho, Utah and New 
Mexico are "clean" if "dirty is meant to imply guilt and 
"clean" innocence. Under the proposed new Clean Air Act, we 
all start from ground zero, in compliance with current law 
but with new emission requirements to be met in the future.

Doesn't fairness suggest those reductions be made 
equitably by all and not by only one region of the country?
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Cost-Sharing on Acid Rain by States Assailed
By PHILIP SHABECOFF

Specul It Tht Nrw York Times
WASHINGTON, Jan. 10 - Several 

Midwestern governors whose states 
have already cut the air pollution caus­
ing acid rain today denounced a plan 
that would have them help pay for 
reducing the problem in other parts of 
the country.

At a news conference here, the Al- 
JTance for Acid Ram Control, a coalition 
of governors, environmentalists and 
business leaders from states that have 
made a substantial investment to re­
duce the smokestack emissions that 
lead to acid rain, said the plan was un­
fair.

“It's hard to see why consumers in 
states that have already done their 
part should be paying a second time for 
those who have dragged their feet on 
environmental protection,” said Gov. 
Rudy Perpich of Minnesota, co-chair­
man of the alliance. He was joined by 
Gov. Tommy G. Thompson of Wiscon­
sin and Gov. Mike Sullivan of Wyo­
ming

Study on Utility Rates 
The alliance issued a study indicat­

ing that utilities in lower Midwestern 
states like Ohio, Indiana and Illinois 
that were responsible for a large 
amount of the pollution charged sub­

stantially lower electric rates than 
power companies in states that have 
already acted to clean up their emis­
sions.

But government officials and utility 
spokesmen in that band of states dis­
puted the rate surv-ey findings. They 
also said that, under pending Federal 
legislation, their states would be re­
quired to bear too heavy a share of the 
economic burden of reducing acid rain.

Pending Legislation 
Legislation proposed by President 

Bush to strengthen the Clean Air Act, 
awaiting action in somewhat revised ^ 
form in Congress, would require, i

among other things, that coal-fired 
tiower plants reduce their smokestack 
emissions of sulfur dioxide, a major 
contributor to acid rain, by 50 percent,
or 10 million tons, by the year 20M.

Acid rain is created when sulfur and 
nitrogen oxides flow up into the atmos­
phere and fall back to earth as acidic 
rain, snow, fog and dnsu Much of this 
pollution originates in the industnal 
states of the Midwest but is deposited
in
according to ''stroys aquatic life, damages buildings, 
and may play a role in damaging for­
ests.

Support for Cost-Sharing 
Utilities from the lower Midwestern 

states supported by their state govern­
ments contend that acid ram is a na-

dealing with it should be shared by the 
entire nation. Several members of Con­
gress from the Midwest have called for 
the addition of a cost-sharing provision 
to the pending legislation.

Representative Philip R. Sharp, 
Democrat of Indiana who is chairman 
of the House Energy and Commerce 
Committee's Energy and Power Sub­
committee, said the pending legislauon 
“is fundamentally unfair and Hawed 
because it asks 13 states to make emis-

t _______ f/-kr thorn.
lies ot me ivuawcM uu. ^ because it asks 13 states to make emisthe Northeast I ^ns reductions not only for them
cording to scientific studies, it de gibers as well ’

The President opposes the cost-shar-I ne rresKJciH uiving proposal on the ground that it would 
be tantamount to a tax on the states 
with lower sulfur emissions and a sub­
sidy for the heavily polluting states.

“Asking other states to pick up the 
tab for their cleanup is like asking a

Sf'pTblem anr,^’aV^ole cott of middle class family to help a nch

family absorb the financial shock of 
losing a tax loophole,” Governor 
Thompson said.

But John L. Stowell, chairman of the 
Coalition for Acid Rain Equity, a group 
of utilities and companies that is press­
ing for cost-sharing legislation, said 
that the study released by the alliance 
was misleading and that there was ac­
tually little difference in electnc rate 
structures.

Mr. Stowell said the study lumped in­
dustrial rates, which are lower because 
thev are offered at a discount to heavy 
users together with residential rates. 
Because the Midwest is more heavily 
industrialized than other areas, the 
combined rates are lower, he said. Bnt 
he added that residential consumer? 
pay in the Midwestern states pay just 
as much as in other parts of the couur 
try.
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RPA ret.kases study of future acid rain damage

The U.S. Environmental Protection Agency's acid rain resear­

chers today offered evidence that if sulfur emissions are not 

reduced in the future, aquatic systems in the South will suffer 

damage from acid rain. Evidence also indicates that reductions 

in sulfur emissions could improve the health of damaged lakes in 

the Northeast.

"This study makes a compelling statement about the future 
effects of acid rain on water quality in the Northeast and the 
Southern Blue Ridge Province," said F. Henry Habicht, EPA Deputy 
Administrator. "The scientific data reinforce President Bush's 
proposal to reduce annual sulfur dioxide emissions by 10 million 
tons. We encourage the Congress, upon its return, to take prompt 
action on the Clean Air Act," he said.

The study, "Future Effects of Long-Term Sulfur Deposition on 
Surface Water Chemistry: The Direct/Delayed Response Project", 
developed 50-year projections of watershed quality under three 
plausible acidic deposition, or acid rain, scenarios. Three 
areas were studied—the Northeast, comprising all of New England 
and parts of N.Y. and Pa.; the Mid-Appalachian Region, covering 
much of Pa., Md., Va. and W. Va.; and the Southern Blue Ridge 
Province, an area covering parts of N.C., Tenn., S.C. and Ga.
The study is a key element in the closing months of the 10-year 
National Acid Precipitation Assessment Program.

Results of the study were made available today for the 
Northeast and the Southern Blue Ridge Province. Preliminary 
results for the Mid-Appalachian Region are presented but the 
final results will not be available until next year.

In the study, EPA examined scenarios of decreased, constant, 
and increased deposition. It is generally accepted that acidic

R-160 (more)
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deposition is related to emissions of sulfur dioxide. Thus, 
changes in emissions of sulfur dioxide will lead to changes in 
levels of acidic deposition on watersheds.

EPA measured surface-water chemistry in dilute lakes and 
streams in units of micro-equivalents per liter (ueq/1)—a 
measure of concentration related directly to the ability of a 
chemical compound to contribute or neutralize acidity.

The Northeast

In the current study, EPA researchers sampled 145 lakes and 
watersheds representing 3,200 lakes in the Northeast. Of these 
lakes studied, an estimated 5 percent are acidic and 27 percent 
have very low levels (less than 50 ueq/1 of Acid Neutralizing 
Capacity (ANC) and, thus, are potentially susceptible to becoming 
temporarily acidic on an episodic basis during snowmelt or very 
heavy rainstorms.

In this region, EPA projected future watershed quality under 
two separate scenarios. The first assumed that acidic deposition 
would remain constant over the next 50 years, and the second 
assumed that acidic deposition is reduced by 30 percent, 
beginning in 10 years and lasting over a 15-year period. 
Deposition was then assumed to be constant at the reduced level 
for another 25 years.

Under the constant-deposition scenario, researchers found 
that median sulfate concentrations would decrease only very 
slightly (about 10 ueq/1) and that median ANC of the surface 
waters would experience very slight decreases of only a few 
ueq/1. In essence, under this scenario, water quality would 
change very little over the 50 years for which the projections 
were made.

Under the decreased-deposition scenario (30-percent 
decrease), however, median lake sulfate concentrations would 
decrease relatively rapidly (within 10-20 years following the 
decrease in deposition) up to a total of about 40 ueq/1 in 50 
years and the median surface water ANC would increase by 9 ueq/1 
(from 126 to 135 ueq/1) with concomitant improvement in surface 
water quality. The number of acidic lakes (ANC less than 0 
ueq/1) is projected to decrease by about one-half (from 162 to 
87, out of the target population of 3,200) and the number of 
lakes with ANC less than 50 ueq/1 (and thus susceptible to 
episodic acidification) would also decrease (from 880 to 
586, representing a decrease of nine percent of the target 
population of 3,200). From the standpoint of aquatic life, such 
changes could lead to improvements in surface water quality in 
the region.

R-160 (more)
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The Southern Blue Ridge Province

In the Southern Blue Ridge Province, EPA studied 35 streams 
and watersheds representing approximately 1,300 streams in that 
region.

In this region, EPA researchers examined the same constant- 
deposition scenario. They then added a new scenario of increased 
sulfur deposition of 20 percent beginning in 10 years and lasting 
for 15 years with deposition then constant at the increased level 
for another 25 years.

Under the constant deposition scenario, median sulfate 
concentrations of the Southern Blue Ridge waters would double 
(from 37 ueq/1 to 75 ueq/1) and median ANC values would decrease 
by about 10 percent (from 124 to 112 ueq/1) over the next 50 
years. Currently, EPA estimates that none of the target 
population of streams (1300) is acidic. The number is 
projected to increase to 129 streams. (At the 95-percent- 
confidence level, the margin of uncertainty is roughly equal to 
the magnitude of the estimate itself, i.e., the lower boundary is 
zero streams, the high is 324). The number of streams projected 
to be less than 50 ueq/1 (and, thus, potentially susceptible to 
episodic acidification) is 203 (similarly, the range of 
uncertainty is from 0 to 439) under the constant-deposition 
scenario. Currently, only three streams of the target population 
are estimated to be less than 50 ueq/1.

For the increased-deposition scenario in the Southern Blue 
Ridge Province, (i.e., a scenario assuming a 20-percent increase 
in deposition), median sulfate concentrations would more than 
double (from 37 to 92 ueq/1), about 17 ueq/1 greater than under 
the constant-deposition scenario for the same 50-year period.
The increases would be accompanied by decreases in stream ANC and 
deterioration of surface water quality. The projected change in 
median ANC value for the stream reach target population is a 
decrease of 16 percent (from 124 to 104 ueq/1).

Currently, no streams are estimated to be acidic and only 
three are estimated to have an ANC less than 50 ueq/1. Under the 
increased-deposition scenario, an estimated 159 streams 
(uncertainty range: 0 to 372) would be projected to become 
acidic, and 340 streams (uncertainty range: 54 to 626) would be 
projected to become potentially susceptible to episodic 
acidification.

EPA researchers have not yet examined a decreased-deposition 
scenario for the Southern Blue Ridge Province. However, due to 
the nature of soils in this region, adverse effects of acid rain

R-160 (more)
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on stream chemistry could occur even under a decreased-deposition 
scenario. Also, only a part of the adverse effects would be 
realized at 50 years. Continued decreases in stream quality are 
projected to occur for up to 200 years.

The Mid-Appalachian Region

As part of the project, ERA researchers examined the current 
retention of atmospherically-deposited sulfur in watersheds of 
the Mid-Appalachian Region. This retention is a key factor in 
determining whether future effects of acid rain are relatively 
fast (i.e., "direct"—as in the Northeast) or relatively slow 
(i.e., "delayed"—as in the Southern Blue Ridge Province).

From the studies performed, EPA concludes that the Mid- 
Appalachian Region is between the Northeast and the Southern Blue 
Ridge Province. Although the National Stream Survey of 1988 
estimated that 323 stream reaches are acidic (ANC less than 0 
ueq/1) in the region, and 2,192 stream reaches have ANC less than 
50 ueq/1 already, the preliminary results of the Direct/Delayed 
Research Project indicate that it is likely that these numbers of 
low ANC and acidic stream reaches will increase in the future, 
and likely at a faster pace than in the Southern Blue Ridge 
Province. Complete analyses and model projections for the Mid- 
Appalachian Region will be available next year.

Overview

Although the exact quantitative levels of changes in surface 
water chemistry are subject to a variety of uncertainties, the 
results of analyses and models of surface water acid-base 
chemistry used in this work are consistent internally, consistent 
with prevalent theory on surface water acidification, and 
qualitatively consistent with observations of changes in lake 
chemistry in Sudbury, Ontario, where deposition has decreased 
dramatically in the last decade.

The study is a project of EPA's Environmental Research 
Laboratory in Corvallis, Oregon and has been extensively 
peer-reviewed. The Laboratory director is Dr. Thomas A. Murphy, 
phone (503) 757-4601; Dr. M. Robbins Church is the Technical 
director of the project, phone (503) 757-4666.

On June 12, President Bush announced the Administration's 
plan to amend the Clean Air Act. The proposal was sent to 
Congress in July and was introduced in the House of 
Representatives as HR. 3030 with 147 co-sponsors. The Senate bill 
was introduced as S. 1490 with 24 co-sponsors. Title 5 of the 
bills is the section dealing with acid rain and calls for an 
annual 10-million-ton reduction of sulfur dioxide emissions by 
the end of the year 2000.

Copies of the 24-page Executive Summary of the report are
available from the EPA Press Office. 
p_i#;n 4 4» #
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AEP CRITIQUE OF BYRD/MITCHELL 
PROPOSED CHANGES TO S. 1630

The proposed changes to S. 1630, billed as the 
"Byrd/Mitchell Compromise,” is a good faith effort to craft a 
reasonable bill on a very controversial and divisive issue. The 
flaws in the proposed changes, from AEP's perspective, are 
unfortunately numerous:

(1) Phase I affected plants are treated in a clearly 
discriminatory manner. They are subject to emission 
limitations based on a 1.1 pounds sulfur dioxide 
emission rate while Phase II affected sources are 
subject to SO, emission limitations based on a less 
restrictive SO2 emission rate (1.2 pounds).

(2) Unlike H. R. 3030 and S. 1630 (as approved by the 
Senate Environment and Public Works Committee last 
fall) , the Byrd/Mitchell proposal makes no pretense at 
spreading the burden of Phase I control throughout the 
eastern half of the United States. Without any genuine 
cost-sharing mechanism, it concentrates the burden of 
Phase I emission controls upon a comparative handful of 
companies in a comparative handful of states with only 
the merest gesture toward cost-sharing. (This gesture 
is termed "incentive allowances.") This is plainly 
inequitable.

(3) There is no effort to select Phase I affected plants 
scientifically, i.e., in a manner calculated to reduce 
acid deposition problems in ecologically sensitive 
areas. If a small group of Midwestern plants are 
singled out, it would be equitable only if Phase I 
costs were spread out more evenly through a device such 
as a nongraduated generation tax. (A comparatively 
small number of plants are selected for control in 
Phase I; as a logical matter, these plants are a 
surrogate for other plants that might just as 
rationally have been selected from the perspective of 
environmental protection. If the Byrd/Mitchell 
Compromise's "surrogate" approach is to be adopted, 
true cost-sharing should be incorporated.)

(4) The selection of plants, coupled with the incentive of 
a Phase I compliance deadline extension until December 
31, 1996 for affected plants which choose to retrofit 
scrubbers, evidences a clear design to preserve high 
sulfur coal-mining jobs. As in any scrubber-mandate or 
scrubber-inducement plan that does not also include 
bona fide cost-sharing, the "protection" afforded to



high sulfur coal mining is more illusory than real.
The mining of high sulfur coal will continue only as 
long as there exist manufacturing concerns that rely 
upon electricity generated through use of high sulfur 
coal. Scrubber retrofits will merely cause electric 
rates of electric-intensive industries in the Midwest 
to skyrocket, forcing industry to close or relocate.
If industry leaves, electric generation will decline, 
leaving little reason for utilities to continue the 
purchase of high sulfur coal.

(5) Two_large aluminum smelters, comprising 11% of the 
nation's primary aluminum manufacturing capacity, are 
directly linked by contract to two of the plants 
identified in the Byrd/Mitchell Compromise list of 
Phase I affected plants (Kammer, Muskingum River).
These smelters compete in a cost-conscious world 
commodity market and will almost certainly have to go 
out of business if the two named powerplants are forced 
to scrub. This would mean the direct loss of 2,300 
jobs and a $203-million payroll in the Ohio Valley.
This result is senseless from both a national and a 
regional perspective.

(6) The offer of an "incentive allowance" in Phase II in 
exchange for Phase I scrubbing does nothing to undo the 
economic harm that would be visited upon specific 
utilities (and these utilities' customers) in Phase I. 
Likewise, the payment of the proceeds of an allowance 
auction to Phase I affected sources will occur too late 
to meaningfully ameliorate the harsh impact of the 
arbitrarily imposed Phase I requirements on targeted 
utilities. Distribution of auction proceeds is no 
substitute for up-front bona fide cost-sharing.

(7) The Byrd/Mitchell Compromise selection of Phase I 
affected plants is unfortunate. Instead of selecting 
larger, newer units at affected plants, at which 
scrubber retrofit might make engineering and economic 
sense from the standpoint of age, unit condition and 
economy of scale, the compromise merely selects entire 
plants. The list of Phase I affected plants includes a 
minimum of seven units that are smaller than 250 MW and 
older than 30 years; scrubber retrofits (the 
Compromise's clearly preferred compliance option) are 
not a rational compliance option at these units.
Whether or not substitute units can be selected for 
control in place of these seven small, old units, their 
inclusion within the Phase I affected source category 
will only hasten their retirement, or use of an 
alternative fuel supply, most likely natural gas.
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Further concern over the selection of a Phase I 
affected source is the jeopardy which it casts over the 
successful operation of AEP's Tidd Plant pressurized 
fluidized bed combustion (PFBC) commercial 
demonstration. In order to retrofit scrubbers at the 
adjacent Cardinal Plant, it will be necessary to 
dismantle the already constructed Tidd PFBC facility.
It is unfortunate that an acid rain bill would 
jeopardize a project like Tidd PFBC since it shares the 
same goal as the legislation, namely reduced emissions. 
It will also likely lead to the termination of the 
Sporn PFBC Repowering Project, since the needed 
experience from Tidd which will permit final 
engineering and design decisions on Sporn, will not be 
fully realized before the plant is torn down.

The Compromise seems determined to impose the bulk of 
Phase I emission reduction requirements upon only a few 
electric systems; for example, the Southern Company 
System has Phase I reduction responsibility for more 
than 7000 MW while AEP is burdened with Phase I 
reduction requirements for nearly 6000 MW of total 
coal-fired capacity of about 20,000 MW.

One of the objectives of the Compromise is to preserve 
high sulfur coal mining jobs. The legislation attempts 
to do that by mandating a very low emission rate, 1.1 
Ibs/mmBtu, at the 18 selected plants. The least-cost 
response to meeting the Phase I requirement is likely 
to be fuel switching to low sulfur coal, not scrubbing. 
By the use of fuel switching and a slight capacity 
factor adjustment, compliance with the Phase I 
requirements could be met with a 1.2 Ibs/mmBtu coal.
The marginal cost difference between a fuel switch 
approach and scrubbing, even with the auction proceeds, 
is so great that utilities interested in minimizing 
Phase I customer rate increases will find fuel 
switching attractive. A means to thwart the lower-cost 
solution of coal switching is to further lower the 
target emission rate below 1.1 Ibs/mmBtu. However, 
this then would reduce the number of excess allowances 
that would be generated and available for auction, thus 
further minimizing the "cost-sharing" provision.
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SUMMZ^Y OF NAPAP FINDINGS

Congress created the National Acid Precipitation Assessment 
Program (NAPAP) in 1980 (P.L. 96-294) as a ten-year research and 
assessment program with the statutory responsibility to prepare 
comprehensive scientific, technological and economic information 
to assist the President and Congress in developing policies for 
control of acidic deposition effects. Approximately $500 million 
has been appropriated to date for this program. NAPAP will 
publish its complete integrated assessment on the causes and 
effects of acidic deposition, combined with analyses of the costs 
and effectiveness of various emission reduction strategies, in 
September, 1990. However, almost all of the data has been 
collected and 28 "State of the Science and Technology" papers 
have been drafted and are being circulated for peer review.
NAPAP will host an International Conference in February as part 
of the peer review process to gain final input from scientists 
around the world before preparing its integrated assessment.

While there continue to exist some scientific uncertainties, the 
direction of the NAPAP research effort is becoming clear. Based 
on NAPAP's Congressional testimony and intra-Administration 
memoranda, the following broad conclusions can be drawn:

1) the effects of acid deposition are relatively small;

2) given current deposition rates, there will be no 
catastrophic ecological changes and other identified effects 
will be minor;

3) SO2 emissions have fallen 23% since 1973 and remain constant 
(most of the reduction occurred in the Ohio River Valley and 
midwestern states);

4) NOx emissions have decreased 14% since a 1978 peak;

5) the primary benefits expected from acid rain controls will 
be small improvements in acidic and sensitive lakes and 
streams;

6) at present, only 5% of the lakes in the Northeast U.S. are 
acidic (from all causes) and, at current deposition levels, 
the extent of acidification is unlikely to change for 
decades;

7) a 30% reduction in acidic deposition in the Northeast may 
result in approximately half of those lakes which are 
currently acidic becoming non-acidic within 50 years, 
although the level of uncertainty with this projection 
suggests the possibility of even fewer lakes improving;
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8) although the changes projected to occur in the chemistry of 
a small number of acidic lakes will be enough to classify 
them as nonacidic, the projected improvements are so small 
they will have little or no biological significance;

9) lake liming, at a cost of approximately $50,000 per lake, is 
the most cost-effective method for neutralizing acidic 
lakes, allowing them to support a healthy fish population 
almost immediately;

10) at present, a few thousand acres of high elevation red 
spruce forests show damage due to a collection of stresses 
that may include acid deposition, the extent of damage is 
not likely to increase at current deposition levels, and 
reduction in SO2 emissions alone is insufficient to reduce 
the damaging stresses;

11) other tree species and crops do not show any evidence of 
acid deposition damage at current deposition levels;

12) acid deposition contributes to the deterioration of 
carbonate stone, galvanized steel, paint, etc., however, 
there are several reasons why materials maintenance and 
reconstruction activities are undertaken which are unrelated 
to acidic deposition;

13) controls on sources of SO, emissions in the eastern U.S. may 
result in a small improvement in visibility, but the 
improvement is just on the threshold of human perception;

14) a control strategy focused on the Ohio Valley and other 
midwestern power plants is not optimal;

15) the time scale for either further acidification or recovery 
of lakes and streams is believed to be long (e.g., decades), 
thus a control strategy based on the use of clean coal 
technologies is preferred (compared to retrofit scrubbers).
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Senator Albert Gore Jr.
393 Russell Senate Office Building 
Washington, DC 20510

Dear Senator Gore;

Enclosed for your consideration is a memoranduin 
discussing the reasons why the Southern and Midwestern 
regions of the nation may find unacceptable the acid rain 
provisions of S. 1630, and other proposals like it. The 
Clean Air Working Group believes that, on the whole, 
provisions of Title IV are scientifically insupportable and 
economically disastrous. Various regions of the country, 
however, will confront unique and burdensome problems if s. 
1630 is enacted without change. While the regional impacts 
of acid rain legislation have been widely debated, we hope 
that the information provided in this memorandum will 
provide a convenient summary of the impacts on the South and 
Midwest.

Sincerely,

William Fay

818 Connecticut Ave NW 
Suite 900

Washington, DC 20006 
(202) 857-0370



SOUTHERN OBJECTIONS TO CLEAN AIR ACT AMENDMENTS

I. General Obiections

The South shares in the general objections that have been 
voiced nationally in opposition to enactment of additional 
legislation at this time. These objections may be grouped into 
four basic categories:

1. Additional acid rain legislation should not be considered 
until NAPAP releases its Final Report. In 1980, Congress 
established the National Acid Precipitation Assessment Program 
("NAPAP") to conduct a comprehensive 10-year research program to 
determine whether additional emission controls are necessary to 
address acid rain. NAPAP's Final Report is due in 1990. It is 
clear that were Congress to act now — literally months before the 
Final Report is released — it would be wasting the almost one-half 
billion dollars and years of research that have gone into NAPAP. 
And why? No new information or scientific conclusions have 
suddenly emerged to dictate such a radical change in Congress' 1980 
game plan, and no abrupt deterioration of our environment has 
occurred in this "eleventh hour." Clearly, common sense should 
tell us that now is not the time to enact additional acid rain 
legislation.

2. Additional acid rain legislation is not supported bv 
current scientific knowledge. The Interim Assessment of NAPAP 
concluded that, 1) contrary to once popular belief, there is no 
impending acid rain crisis, and 2) the current Clean Air Act is 
successfully controlling emissions of sulfur dioxide (SOj) and 
nitrogen oxides (NOx). Indeed, the Interim Assessment issued in 
1988 concluded that there were very few instances of damage to the 
environment from acid rain and that at present emission rates (and 
of course these rates will be reduced in the future by the current 
Clean Air Act) acid rain will have little or no effect on our 
environment. Proponents of additional acid rain legislation, 
therefore, must look to some other justification as the basis for 
their proposals, for current scientific knowledge lends them no 
support.

3. The cost of implementing additional acid rain legislation 
is economically unjustifiable at this time. The current acid rain 
proposals will yield only a short-term acceleration of the SOj 
emission decreases already mandated by the current Clean Air Act. 
Each of these proposals, however, entails several billions of 
dollars in yearly compliance costs. Even more, they will have 
staggering, negative impacts on utility rates, the Consumer Price 
Index (CPI), inflation, the budget deficit, employment, and U.S. 
industrial competitiveness — impacts that have not even been 
quantified — and will cause a diversion of funds from clean coal 
technology research and development. The known compliance costs 
and unquantified macroeconomic impacts of additional acid rain 
legislation bear no reasonable relationship to the uncertain and 
unquantified benefits of a mere acceleration of the rate of



emission decreases. This combination of enormous costs and 
uncertain benefits demonstrates that the current proposals are 
economically unwise, especially at a time when our economy is once 
again teetering on the verge of recession.

4. Science cannot vet provide a clear risk/benefit analysis 
on which to support additional acid rain legislation. In recent 
testimony before the Senate Environmental Protection Subcommittee, 
the Administrator of the EPA could not guantify what the benefits 
of H.R. 3030 would be nor could he predict when they might arrive. 
Last year a U.S. Justice Department brief filed in the United 
States Court of Appeals for the District of Columbia stated as 
follows: ”... important scientific guestions remain unresolved
concerning acid deposition effects on forests, lakes, crops and 
building materials. Indeed, science cannot now accurately predict 
the effects that would result from source-specific emissions 
reductions of sulfur dioxide and nitrogen oxides on affected 
areas." These instances indicate exactly how unsettled science is 
at this time concerning the risks, if any, of proceeding under the 
current Clean Air Act versus the benefits of enacting additional, 
costly emission control measures. In light of the absence of any 
clear risk/benefit analysis. Congress should not be looking to 
purchase such a colossally expensive insurance policy or, at a 
minimum, should adopt an approach of flexibility and reasonableness 
rather than the current one of "command and control."

II. Regional Objections

Aside from the host of reasons demonstrating that additional 
acid rain legislation is not in our national interest, the current 
proposals are of particular concern to the South for several 
reasons:

1 • The South is not, and is not likely to be, subject to the 
serious environmental problems to which these proposals 
are addressed:

* NAPAP's Interim Assessment establishes that the South 
is not experiencing significant environmental problems 
due to acid precipitation, much less an environmental 
crisis.

* NAPAP reports that the acidity of Southern rainfall 
is less than that of other areas of the country.

* NAPAP concludes that no significant deterioration of 
Southern forests, lakes, or crops is likely to occur at 
present emission levels—levels that will, of course, 
continue to decrease under the Clean Air Act.

* NAPAP reports that the acidification of surface waters 
is significantly more limited than first reported and
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that almost all of the affected lakes are in the 
Northeast. This problem has been found to be strongly 
influenced by lake bed geology rather than rainfall 
acidity. Acidic lakes found in Florida are believed to 
be naturally acidic due to organic acids.

* Several other regional scientific studies confirm 
NAPAP's findings concerning the South.

Implementation of additional emission controls in the 
Southern states will not affect the acid precipitation 
situation in the Northeast;

* EPA has concluded that sources of sulfur dioxide and 
nitrogen oxide emissions can have little, if any, effect 
on acidic deposition in areas greater than 600 miles 
away.
* Other scientific studies have placed the range of 
significant dispersion at even less than 600 miles.

* Most Southern states do not meaningfully contribute 
to acid precipitation levels in other areas of the 
country, including sensitive areas of concern such as the 
Adirondack Mountains of New York.

* Problem areas inventoried by NAPAP seem to be 
concentrated close to large urban centers in the North, 
reinforcing the concept that significant emission 
contributions are from local sources rather than from 
long-range transport from the South.

Current acid rain proposals unfairly burden the South.

* The individual livelihood of Southerners would be 
unfairly threatened by acid rain legislation, while other 
regions with already-higher standards of living will 
enjoy lower compliance requirements and costs. Keep in 
mind these per capita income figures when considering 
acid rain legislation:
Mississippi - $9,187;
Alabama - $10,673;
Pennsylvania - $14,437;
Texas - $13,483;
New York - $16,050;
Massachusetts - $16,380.

* The idea of an emissions cap would have a 
devastatingly chilling effect on economic growth in the 
South, possibly reversing the positive business climate 
we have worked so hard to create. The emissions cap 
would pressure utilities to use yet undeveloped 
"pristine" technologies, eliminating fossil-fired
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generation as an expansion option, expansion necessary 
to serve the region's growing demand. While "pristine" 
technologies such as wind and solar power seem prudent 
in concept, advanced generation alternatives prove to be 
unattractive when one considers their high installed cost 
and their technical risk due to lack of development. 
When Southern utilities chose the coal option in the 
past, they did not choose to pollute as some have stated; 
rather, they chose to provide reliable, affordable 
electricity. That is why electric rates in the South 
today consistently rank in the lower half of nationwide 
utility prices. Moreover, Southern coal units are not 
major acid rain contributors to the areas of concern.

* S. 1630 requires Southern states to make larger 
emission reductions, at higher costs, than a number of 
other more pollution-prone states. For example, 
according to a recent Edison Electric Institute study by 
Temple, Barker and Sloane, seven of the fifteen states 
having compliance costs of over $500 million per year 
are in the South. Three Southern states are among the 
ten states responsible for making 90 percent of the SOg 
reductions. Yet, if emissions were to be measured for 
efficiency in terms of SOj emitted per customer or SO2 
emitted per kilowatt-hour of delivered electricity. 
Southern states move way down the list of emission 
contributors, far enough down to be out of the top 1/4 
contributors.

* The trading or selling of emission allowances 
optimistically predicted by the EPA is an empty hope 
since most compliance over-performers will choose to keep 
their own allowances rather than sell them. For regions 
expecting to grow and thus needing new generation, this 
is simply self-preservation through allowance self­
banking to accommodate their own projected emission 
growth. Most Public Service Commissions nationwide 
support this attitude since they are charged with 
insuring the economic well-being of their state or 
region. EPA has even implied that the EPA should own and 
disburse excess credits to ensure trading traffic. Since 
these credits would be made possible through increases 
in individual ratepayers' billings, such a solution is 
inequitable and would penalize those who over control to 
free up allowances for trading.
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4. The *'Air Toxics” Title of S. 1630 should not apply to 
U.S. utilities.

* Title III of S. 1630 seeks to regulate the emission 
of nearly two hundred so-called "air toxics" or 
"hazardous air pollutants." Among the air toxics 
targeted by Title III are a number of metals and 
chemicals which are present naturally in coal and emitted 
as trace elements by coal-fired utility plants. Thus, 
Title III would result in the imposition of additional 
emission controls on utilities well beyond the emission 
controls already required by the "Acid Rain" Title of the 
bill—controls that would double to triple a utility's 
compliance costs for S. 1630. Given the fact that so 
little evidence is available, and that which is available 
reflects a very low risk associated with the trace 
amounts of elements emitted from utility power plants, 
mandating EPA to regulate utility emissions under the 
Title III of S. 1630 is premature at best. Instead,
S. 1630 should require, as does S. 1490 and H.R. 3030, 
that EPA study the health risks associated with utility 
emissions of air toxics and, before further regulating 
these sources under Title III, make a positive finding 
of the necessity for additional controls.

Our current estimates are that Title III will force all 
coal-fired powerplants to have costly scrubbers; many 
others, if not all, will also have to have "baghouses."

5. Promising Clean Coal Technologies should be permitted to 
work.

* A nuiaber of southern utilities are sponsoring clean 
coal demonstration projects to be co-funded by the 
Department of Energy. For example, some of these 
projects involve the development of advanced scrubber 
technologies for SOj removal and the control of 
emission through innovations in the combustion of coal.’' 
These projects will take several years to complete. 
Unfortunately, these promising technologies that could 
further the use of Southern coal resources will not be 
eligible for the compliance extension granted to 
utilities utilizing clean coal technologies because they 
are not so-called repowering technologies. Therefore, 
despite the potential advantages of these clean coal 
technologies, and despite the funds already spent in 
perfecting them, S. 1630, as currently drafted, could 
limit their use by utilities. Provisions can be made for 
a compliance extension for all clean coal technologies, 
not just those that involve repowering.
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6. Compliance dates should be those provided for in the 
Administration's proposal.

* S. 1630, as amended in the Environment and Public 
Works Committee, alters the program timing of the 
Administration bill by pushing forward twelve months the 
Phase I and Phase II sulfur dioxide emission control 
deadlines from December 31, 1995 and December 31, 2001 
to January 1, 1995 and January 1, 2001, respectively. 
It makes little sense at this stage to undo the already 
stringent timetable developed by the Administration or 
to place unnecessary time and cost burdens upon Southern 
industries that will have to comply with the bill.

SUMMARY

The imposition of additional, nationwide emission 
controls at this time, especially in light of NAPAP's Interim 
Assessment and its upcoming Final Report in 1990, is 
environmentally unnecessary. The recent testimony of EPA's 
Administrator and the Justice Department's legal arguments 
only confirm this conclusion. But the current proposals are 
something much worse than scientifically unjustified, they are 
economically irresponsible, particularly when our global 
economic position is deteriorating. Additional emission 
controls will result in a host of potentially debilitating 
drains on the South's booming economy, negatives that will not 
be limited to electric rates. As utility rates rise, so will 
the price of goods and services of industries and businesses 
that rely on electricity; industries as divergent as metal 
shops and grocery stores. As these prices rise, the American 
consumers' standard of living will absorb the double blow of 
increased electric bills and increased costs of goods and 
services. In an effort to reduce expenses there is also a 
significant probability that thousands of jobs will be lost. 
Also, the South's momentum in areas of international 
competitiveness, such as textiles, will begin to falter under 
the weight of increased costs and decreased productivity. 
Clearly, these are costs the South cannot afford.

Requiring the South to incur these costs in the name of 
benefits that the EPA Administrator can neither quantify nor 
forecast will not significantly benefit our country, or any 
part of it, and the South should not be asked to make such a 
disproportionate, meaningless sacrifice.
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MIDWESTERN OBJECTIONS TO GLBAK AIR ACT AMENDMENTS

I. General Objections

The Midwest shares in the general objections that have been 
voiced nationally in opposition to enactment of additional 
legislation at this time. These objections may be grouped into 
four basic categories:

1. Additional acid rain legislation should not be considered 
until NAPAP releases its Final Report. In 1980, Congress 
established the National Acid Precipitation Assessment Program 
("NAPAP") to conduct a comprehensive 10-year research program to 
determine whether additional emission controls are necessary to 
address acid rain. NAPAP's Final Report is due in 1990. It is 
clear that were Congress to act now — literally months before the 
Final Report is released — it would be wasting the almost one-half 
billion dollars and years of research that have gone into NAPAP. 
And why? No new information or scientific conclusions have 
suddenly emerged to dictate such a radical change in Congress' 1980 
game plan, and no abrupt deterioration of our environment has 
occurred in this "eleventh hour." Clearly, common sense should 
tell us that now is not the time to enact additional acid rain 
legislation.

2. Additional acid rain legislation is not supported bv 
current scientific knowledge. The Interim Assessment of NAPAP 
issued in 1988 concluded that, 1) contrary to once popular belief, 
there is no impending acid rain crisis, and 2) the current Clean 
Air Act is successfully controlling emissions of sulfur dioxide 
(SO2) and nitrogen oxides (NOx). Indeed, the Interim Assessment 
concludes that there are very few instances of damage to the 
environment from acid rain and that at present emission rates (and 
of course these rates will be reduced in the future by the current 
Clean Air Act) acid rain will have little or no effect on our 
environment. Proponents of additional acid rain legislation, 
therefore, must look to some other justification as the basis for 
their proposals, for current scientific knowledge lends them no 
support.

3. The cost of implementing additional acid rain legislation 
is economically unjustifiable at this time. The current acid rain 
proposals will yield only a short-term acceleration of the SOj 
emission decreases already mandated by the current Clean Air Act. 
Each of these proposals, however, entails several billions of 
dollars in yearly compliance costs. Even more, they will have 
staggering, negative impacts on utility rates, the Consumer Price 
Index (CPI), inflation, the budget deficit, employment, and U.S. 
industrial competitiveness — impacts that have not even been 
quantified — and will cause a diversion of funds from clean coal 
technology research and development. The known compliance costs 
and unquantified macroeconomic impacts of additional acid rain 
legislation bear no reasonable relationship whatsoever to the 
meager benefits of a mere acceleration of the rate of emission



decreases and that the current proposals are economically unwise, 
especially at a time when our economy is once again teetering on 
the verge of recession.

4. Science cannot vet provide a clear risk/benefit analysis 
on which to support additional acid rain legislation. In recent 
testimony before the Senate Environmental Protection Subcommittee, 
the Administrator of the EPA could not quantify what the benefits 
of H.R. 3030 would be nor could he predict when they might arrive. 
Still more recently, in 1989 a U.S. Justice Department brief filed 
in the United States Court of Appeals for the District of Columbia 
stated as follows: "... important scientific questions remain 
unresolved concerning acid deposition effects on forests, lakes, 
crops and building materials. Indeed, science cannot now 
accurately predict the effects that would result from source- 
specific emissions reductions of sulfur dioxide and nitrogen oxides 
on affected areas." These instances indicate exactly how unsettled 
science is at this time concerning the risks, if any, of proceeding 
under the current Clean Air Act versus the benefits of enacting 
additional, costly emission control measures. In light of the 
absence of any clear risk/benefit analysis, Congress should not be 
looking to purchase such a colossally expensive insurance policy 
or, at a minimum, should adopt an approach of flexibility and 
reasonableness rather than the current one of "command and 
control."

II. Regional Objections

Aside from the host of reasons demonstrating that additional 
acid rain legislation is not in our national interest, the current 
proposals are of particular concern to the Midwest for several 
reasons:

* Current legislative proposals do not provide 
sufficient flexibility for the Midwest. It is clear that 
if any of the current acid rain legislative proposals are 
enacted, the Midwest will be forced to use existing 
technology. And, as we are all aware, scrubbing is an 
extremely expensive control technology. Indeed, a single 
scrubber may cost $100 million or more, and capital costs 
for adding scrubbers to older plants can sometimes equal 
or even exceed the original plant investment. Even 
worse, increased dependence on scrubber technology will 
drain precious resources away from cost-effective, 
energy-efficient clean coal technologies that offer the 
nation a more cost effective permanent solution to acid 
rain.

* If additional controls are enacted, sources closer to 
the areas of concern should be targeted for Phase I 
reductions. Common sense and a host of scientific 
reports say that a ton of emissions reductions close to
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the so-called affected areas is more important than a ton 
of emissions reductions hundreds of miles away.

* Additional acid rain controls will further increase 
the Midwest's competitive disadvantage. Without 
question, the largest share of compliance costs for 
additional acid rain legislation will fall upon the 
Midwest. This will place the Midwest at a further 
competitive disadvantage with other regions of the 
country.

* An emissions "cap” will stifle Midwestern growth. 
The idea of an emissions cap would have a devastatingly 
chilling effect on economic growth in the Midwest, 
possibly reversing the positive business climate it has 
worked so hard to create. The emissions cap would 
pressure utilities to use yet undeveloped "pristine" 
technologies, eliminating fossil-fired generation as an 
expansion option, expansion necessary to serve the 
region's growing demand. While "pristine" technologies 
such as wind and solar power seem prudent in concept, 
advanced generation alternatives prove to be unattractive 
when one considers their high installed cost and their 
technical risk due to lack of development.

* Proposed "allowance" programs are unrealistic and 
unfair. The trading or selling of emission allowances 
optimistically predicted by the EPA is an empty hope 
since most compliance over-performers will choose to keep 
their own allowances rather than sell them. For regions 
expecting to grow and thus needing new generation, this 
is simply self-preservation through allowance self­
banking to accommodate their own projected emission 
growth. Most Public Service Commissions nationwide 
support this attitude since they are charged with 
insuring the economic well-being of their state or 
region. EPA has even implied that the EPA should own and 
disburse excess credits to ensure trading traffic. Since 
these credits would be made possible through increases 
in individual ratepayers' billings, such a solution is 
inequitable and would penalize those sources who over 
control to free up allowances for trading.

* The "Air Toxics" Title of S. 1630 should not apply to 
U.S. utilities. Title III of S. 1630 seeks to regulate 
the emission of nearly two hundred so-called "air toxics" 
or "hazardous air pollutants." Among the air toxics 
targeted by Title III are a number of metals and 
chemicals which are present naturally in coal and 
emitted as trace elements by coal-fired utility plants. 
Our current estimates are that Title III will force all 
coal-fired powerplants to have scrubbers; many others, 
if not all, will also have to have "baghouses." Thus,
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Title III would result in the imposition of additional 
emission controls on utilities well beyond the emission 
controls already required by the "Acid Rain" Title of the 
bill—controls that would dovible to triple a utility's 
compliance costs for S. 1630. Given the fact that so 
little evidence is available, and that which is available 
reflects a very low risk associated with the trace 
amounts of elements emitted from utility power plants, 
mandating EPA to regulate utility emissions under the 
Title III of S. 1630 is premature at best. Instead, S. 
1630 should require, as does S. 1490 and H.R. 3030, that 
EPA study the health risks associated with utility 
emissions of air toxics and, before further regulating 
these sources under Title III, make a positive finding 
of the necessity for additional controls.

* Since 1985, Congress has appropriated a total of 
$2,747 billion for the clean coal program. When that sum 
is combined with those invested by private entities, DOE 
estimates that a total of $6.25 billion will be spent on 
clean coal demonstration projects during the life of the 
program. The government-industry clean coal technology 
program is yielding promising results, and, in fact, 
clean coal technologies should be readily available soon 
that can achieve the same results of flue-gas 
desulfurization, or scrubbing, at a much lower cost. 
Supporters of the Clean Coal Technology Program in the 
Midwest are concerned about the limited role that clean 
coal technologies play in S. 1630, as amended by the 
Environment and Public Works Committee. Without changes, 
S. 1630 could slow or halt development of certain clean 
coal technologies. It would do this by denying 
compliance extensions to those companies that wish to 
retrofit clean coal technologies and whose research will 
not be complete in time for adequate consideration in 
so-called Phase I or Phase II of the compliance program 
established in S. 1630.

* S. 1630, as amended in the Environment and Public 
Works Committee, alters the program timing of the 
Administration bill by pushing forward twelve months the 
Phase I and Phase II sulfur dioxide emission control 
deadlines from December 31, 1995 and December 31, 2001 
to January 1, 1995 and January 1, 2001, respectively. 
It makes little sense at this stage to undo the already 
stringent timetable developed by the Administration or 
to place unnecessary time and cost burdens upon 
Midwestern industries that will have to comply with the 
bill.
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SUMMARY

The imposition of additional, nationwide emission 
controls at this time, especially in light of NAPAP's Interim 
Assessment and its upcoming Final Report in 1990, is 
environmentally unnecessary. The recent testimony of EPA's 
Administrator and the Justice Department's legal arguments 
only confirm this conclusion. But the current proposals are 
something much worse than scientifically unjustified, they are 
economically irresponsible, particularly when our global 
economic position is deteriorating. Additional emission 
controls will result in a host of potentially debilitating 
drains on the Midwest's struggling economy, negatives that 
will not be limited to electric rates. As utility rates rise, 
so will the price of goods and services of industries and 
businesses that rely on electricity; industries as divergent 
as metal shops and grocery stores. As these prices rise, the 
American consumers' standard of living will absorb the double 
blow of increased electric bills and increased costs of goods 
and services. In an effort to reduce expenses there is also 
a significant probability that thousands of jobs will be lost. 
Also, the Midwest's momentum in areas of international 
competitiveness will begin to falter under the weight of 
increased costs and decreased productivity. Clearly, these 
are costs the Midwest cannot afford.

Requiring the Midwest to incur these costs in the name 
of benefits that the EPA Administrator cannot quantify nor 
forecast will not significantly benefit our country, or any 
part of it, and the Midwest should not be asked to make such 
a sacrifice.
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W. R. Timken, Jr.
Chairman - Board of Directors January 24, 1990

The Honorable Albert Gore, Jr.
United States Senate
393 Senate Russell Office Building
Washington, DC 20510-4202

Dear Senator Gore:

You are about to begin debate on a bill which will severely 
impact the competitiveness of our business and the lives of our 
employees. The danger extends to all those employed in similar 
industries in the impacted areas as well as their neighbors. I 
urge you to consider the following points as you deliberate 
S1630, the Mitchell-Baucus amendments to the Clear Air Act.

If enacted in its present form, this bill would have serious 
effects on the competitiveness of business and industry through­
out the Midwest. The result can be lost jobs and a halt to the 
as yet incomplete recovery from the economic restructuring in the 
early 1980's.

Here in northeast Ohio, sulfur dioxide (S02) emissions reductions 
imposed on our utility would increase our electric rates by more 
than 25%. Our total manufacturing costs would increase by more 
than $10 million annually. In view of the preliminary infor­
mation coming out of the NAPAP study, enactment of federal 
legislation with such staggering economic consequences may be 
environmental overkill.

We believe some level of S02 reduction is justified in view of 
the NAPAP findings. However, something less than the current 
arbitrary 10 ton figure may be appropriate. It will be a serious 
error to force application of outdated scrubber technology, with 
its enormous cost, because of restrictive emissions levels or 
arbitrary dates.

If in the final bill a disproportionate share of S02 emissions 
reduction costs are placed on the Midwest states, a mechanism 
must be developed to protect all electric consumers from drastic 
rate increases. Protection from an increase above a "reasonable 
amount" will help insure that the industrial Midwest can continue 
to compete in world markets while contributing to cleaner air for 
all Americans.
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I also believe that the legislative framework for improving our 
nation's air should permit wide flexibility in achieving emission 
reductions. Compliance deadlines and emission reduction require­
ments should not be structured to require immediate mandatory 
scrubbing. We need to preserve maximum flexibility to insure 
cost minimization and to protect the viability of clean coal 
technology.

The enclosed article highlights some of our concerns about the 
acid rain issue and the pending legislation.

Thank you for your consideration.

Sincerely,

W. R. Timken, Jr.

Enclosure
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LSi gold-plated ponds
’ At a hearing on OcL 5, mem- 

bers of the Senate 
/ % Subcommittee on 

Environmental Pro-
M % tection discovered 

M. that the Bush admin­
istration add rain program is expen­
sively futile.

A preview of the 1990 final report 
by the National Acid Predpitation 
Assessment Projed shows the Bush 
proposal to spend up to S4 billion to 
S6 billion a year to cut sulphur diox­
ide f»ini«winn<t will deaddify only 26 
IhVi^ in the Northeast after 20 years 
— and only 75 after SO years. 
(See table.)

Thin means a 20-year cumulative 
cost of almost S5 billion per 
deacidified lake and after 50 years 
about S4 billion per lake. (By con­
trast, the 20-year cost of liming the 
average lake is less than 550,000.)

In his report m the Senate, James 
Mahoney, NAmP director, admitted 
that even this scandalously small

Warren T. Brookes is a nationally 
syndicated economics columnist.

im It

projection of benefits from the pro­
pose Qean Air Prograrn was iffy 
because: "There are significant un­
certainties about the role that water­
shed mineral processes, organic 
adds and nitrates (in the soils) may 
play in rhi» acidification recov­
ery process."

This is “sdence-ese" for admit­
ting that, despite protestations, 
NAPAP knows there is ven^ little 
correlation between add-rain levels 
and add lakes. For example. Me 
Mahoney acknowledged that the 
highest add lake concentration in 
any U.S. state is in Florida. Yet Flor­
ida gets hardly any add-rain depod- 
tion, and, as Me l^ioney note^ its 
add lakes were the result of natural 
causes

Also contrary to spurious "new 
(but unreleased) research” by the 
Environmental Protection Agency, 
published geological core studies

show that more than 80 percent of 
the acidic Northeast lakes were 
addic in pre-industrial times

Dr. Mahon^ had to tell the Senate 
that “determining the precise per­
centage of addic waters due wholly 
or in part to acidic deposition carries 
with it scientific and statistical un­
certainties.” This statement directly 
counteracted the propaganda with 
which EPA Direcmr William Reilly 
had practically insisted that Mr. 
Mahoney lead his statement.

Me Mahoney granted that “the ef­
fects of constant, increased and de­
creased add-rain deposition are not 
always statistically significant” In­
deed they are not, dther here or 
abroad.

In fact, the EPAs own data shows 
that land use and soil composition 
are at least three times as statisti­
cally significant “causes” of addic 
lakes as add rain.

THE HIGH COSTS OF REDUCING ACID RAIN
Cumulaltv* ■

. NumtMT of 'ii^coata of SO. coata to Bina aU 
; acidic NE lakM - : raduction NE acidic iakaa

Thiayear 162 54-6billJyr. 5400,000/yr.

Tsv:.-5amafco>’
h:

H
tora From Now 1
• program 186 — — L
ning 0 $20 million 1
ish Program 87 $3(X) billion — g

lafCoatpar Lake Changad From Praaant -
■ -;::-^:;550,ooo ^

The NAPAP analysis 
shows that acid rain 
is not a serious 
problem, and the 
costs of SO2 reduction 
are ludicrously out of 
line with the benefits.

This is why NAPAP was forced to 
project that even if we do nothing, 
the number of addic lakes in the 
Northeast will actually decline by 
one in the next 20 years, to a total of 
161 and will only rise to 186 by the 
end of the next 50 years. Mr. 
Mahoney admitted, “What that 
really means, statistically, is no 
change at all”

Worse, even if we do as the Bush 
proposal suggests and cut SO^ emis­
sions by 10 million tons a year, rais­
ing electric bills in the Midwest by 
as much as 5900 a yssr in Ohio, 5630

in Indiana and Pennsylvania, 5520 in 
Missouri, and more than 5400 a year 
in Thnnesse^ West Virginia and Illi­
nois, little will change.

When Democratic Sen. Daniel 
Patrick Moynihan of New York, a co­
sponsor of the Bush Qean Air Pro­
gram, heard this, he began to raise 

. some carefully soft-spoken hell: “No 
maner what legislation we pass, 
about 10 percent of the lakes are go­
ing to be acidic beyond the lifetime 
of anybody in this room? We have to 
ask ourselves, is that the best way to 
spend 54 billion a year?”

It is especially questionable when 
all of the lakes in North America 
could definitely be deaddified im­
mediately by boat-liming, at a cost of 
less than 5400,000 a year total!

But what about other effeas of 
acid rain on forests and crops? 
NAPAP Director Mahoney admitted: 
“Research has established that 
there is no measurable and consis­
tent adverse crop-yidd response 
from the direct effects of addic rain 
at ambient levels in North America.” 

On the contrary, “an evaluation of 
the nutritional enrichment of some

Band on NAMP Ocf. 5. 1989. Raoort. Sanan SuboomnMIn on Emmn ProlMtion,

agricultural soils through the input 
of sulfur and nitrogen from acidic 
deposition indicates indirect bene­
fits associated with decreased fertil­
izer requirements.”

But what about trees? NAPAP 
said that “other than for red spruce, 
extensive surveys of forest condition 
have indicated no evidence of wide­
spread forest decline in North 
America related to acidic deposi­
tion.”

Even on red spruce, NAPAP said 
the effects were limited to about 6 
percent of the forests, all at high ele­
vations (above 2,600 feet), and 
added, “Several natural stresses are 
related to these declines (droughts, 
freezes, diseases, etc.); and acid rain 
may intensify the effects of the nat­
ural stresses.” (Emphasis added.)

In short, the NAPAP analysis 
shows now what it did in 1987: Acid 
rain is not a serious environmental 
problem (Mr. Moynihan concluded. 
“The sky is not falling"), and the 
costs of SO, reduction are ludi­
crously out of line with the benefits.

It^ a scandal waiting to be legis­
lated.

BusMIon by Pui ConxKCfVnia Waft^ngun rmM

m:
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REVIEW & OUTLOOK

No Pap From NAPAP
The following editorial contains the 

-results of scientific research and so 
.may be inappropriate or offensive to 
those who conduct environmental pol­
icy in Washington, D.C. Reader dis­
cretion is advised.

The results of the National Acid 
Precipitation Assessment Program 
are trickling into public view. Science 
now knows more about acid rain than 
it used to. NAPAP is a 10-year-long,

- government-sponsored study Involving 
hundreds of scientists and costing 
more than $500 million. It is the defin­
itive statement on the acid-rain prob­
lem. Its report is not final and has not 

' been released but some of its conclu­
sions are circulating through the press 
and scientific community.

It appears, for instance, that ex- 
. cept for red spruces high in North- 
, eastern mountains, acid rain does not 

directly harm trees or other vegeta­
tion. Acid rain does impose indirect 
stress on trees, but that stress is mi­
nor compared with that caused by 
other factors, such as temperature, in­
sects, root diseases and ozone. Nor 
does acid rain reduce crop yields.

Acid rain does affect lakes, though 
exactly how much is not completely 
understood. Many lakes have been 
naturally acidic since prehistoric 
times. In Florida, for example, 22% of 
the lakes are acidic, but Florida has 
little or no acid rainfall.

Nevertheless, in many areas where 
■soils are naturally acidic, the organic 
.sulfates that are produced by burning 
fossil fuels do further reduce the pH 
level, sometimes significantly. A sep­
arate section of the report, still under 
.review, indicates that putting lime 
.into lakes is the most effective way to 
.neutralize the acid. It is ceftainly the 
cheapest.
r Senator Daniel Moynihan, who 
"wrote the bill creating the NAPAP 
:.study in 1979, summarized the study’s 
:results this way: "To me, it’s reassur- 
:lng, because it shows that the sky is 
'hot falling.”
^ The NAPAP results expose the ir- 
'responslble hysteria fomented by en- 
:vlronmental groups, and encouraged 
:ln hyperventilating media reports. A 
dot of people have a lot of explaining 
■to do about their statements on the se- 

■ yerity of the problem, not least EPA 
;head William Reilly and other authors 
:of the Bush Clean Air Bill who pro- 
;duced their legislation before the NA­
PAP results were released.

The Bush acid-rain provisions 
would cost the U.S. at least $4 billion

a year, according to the EPA. Can 
this spending be justified in light of 
the NAPAP findings? For millibns, 
not billions, it would be possible to 
lime all the artificially acidified lakes 
in the country. Wouldn’t this be the 
more financially prudent course, until 
the NAPAP folks have nailed down 
the full acid-rain story? Assuming, of 
course, that anyone in Washington can 
still think in terms of financial pru­
dence on environmental issues.

Voters outside the Beltway should 
certainly hope so. Under the acid-rain 
provision of the House bill, which is 
substantially the same as the Bush 
bill, Ohioans will have to pay an extra 
$898 million in their utility bills. Geor­
gians will have to pay an extra $396 
million. West Virginians will pay $417 
million. These figures come from the 
Edison Electric Institute and, even al­
lowing for the fact that they may be 
high-end estimates, the costs are 
sUrely staggering.

In addition, the acid-rain provision 
would add $5 a ton to the price of do- 
mesticaiiy made steel, and 4 cents a 
pound to domestically made alumi­
num, thus damaging the competitive 
posture about which such men as Rep. 
Gephardt and Sen. Mitchell profess 
concern. Immediate capital costs re­
quired by the legislation would also 
divert investment from efforts to 
modernize industrial plants.

The kicker is that the bill will have 
only a slight effect on acidified lakes. 
NAPAP Director James Mahoney re­
cently testified that the Bush bill 
emissions cap would mean that after 
20 years, 25 lakes in the Northeast 
would be deacldified-a cost of more 
than $3 billion to deacldlfy each lake. 
Sen. Mitchell and the environmental 
acolytes who staff the Senate environ­
mental committee have, written an 
even more expensive acid-rain provi­
sion. The Senate bill would move up 
compliance dates, demand stricter ni­
trogen-oxide reductions and reduce al­
lowances for new power plants.

The White House could achieve any 
Immediate pay-back on the public’s 
Investment in the environment by an­
nouncing an immediate program to 
begin liming the lakes, based on the 
NAPAP results. It would constitute a 
rational, interim acid-rain policy, 
spare Congress a tumultuous debate 
over costs, save the American people 
billions of dollars a year in needlessly 
higher utility costs, and, though this 
may seem trivial in Washington, the 
lakes actually would be enhanced.
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WASHINGTON. D.C. 20510

February 1, 1990

The Honorable Max Baucus 
Chairman
Subcommittee on Environmental Protection 
U.S. Senate 
Washington D.C. 20510

Dear Max;
Now that the Senate has turned to consideration of the 

Clean Air Act Amendments of 1989, we would like to express our 
concerns regarding this bill's impact on clean burning plants 
that were operating at low capacity during the baseline years 
outlined in the legislation. We would like to find a fair 
solution that does not break the emissions cap but would also 
allow these facilities to generate at normal capacity factors.

Section 405 (d) of S. 1630 limits "clean" coal-fired 
units, that is below 1.20 Ibs/mmBTU, to an annual sulfur 
dioxide tonnage emission limitation that is the product of the 
unit's baseline (as defined in Sec. 402 (d) (1)) multiplied by 
a factor of 120 per centum and its actual 1985 emission rate, 
divided by 2,000.

For these "clean" plants that operated at low capacity 
during the baseline years, the capacity factor increase of 20 
per centiim to the 1985-87 "baseline" only further exacerbates 
the capacity problems experienced by these plants in our 
states. This provision discourages the use of existing 
capacity to meet future energy needs, and contrasts with the 
provision for all new plants at section 405 (g) of the bill 
that imputes a normal capacity factor of 65 per centum.

We are not opposed to legislation that would address the 
acid rain problem. However, S. 1630 does not provide 
sufficient flexibility for utilities in those "clean" states 
that have already invested significant efforts to achieve 
exceptionally low S02 emissions. Granting these "clean" 
plants which operated at low capacity an imputed 65 per centum

equitable bill.

J. Robert K( a. James Exon
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QlCnHab
WASMINOTON. D.e< tO*lO

January 35r 1990

■'7v--

Dear Colleaguei

1630, the Clean Air Act Attendmenta of 1989.
Over one-hundred exietino “clean* units will

the date of enactment. In fairness, ^e same standard should 
be provided to existing "ereln*~plants7~

we support legislation to reduce sulfur dioxide pemanently^y 10 million tons. However, we believe t!^t the 
bill pending before the Senate must be amended to allow 

—=;?clean“ utilities to operate at a no™i 65 percent capacity. Currently, S. 1630 wiiriimit the ability of “clean" utilities 
to meet near-term and future energy needs with existing 

capacity.
It is our understanding that this change can be 

accomplished without loading to an increase in emissions, 
thereby preserving the blll*s goal e million ton 
reduction. We would like to work with the Committee to see 
that this change is incorporated in the bill.

We urge you to carefully review the impact «»f 6. 1630 on 
the capacity factor of “clean* utilities in your State. These 
units emitting leas than 1.2 Ibs/mmBTO of B02 should not be 
pensllzed with below normal zestrlotlons.

Please contact Graham Chisho^ (Sen. Kerrey) at 4-6551 ..and Phil Karsting (Sea. Kxon) at J-4224 If wu Interested in 
joining us in signing this “Dear Colleague letter.

jraobert Ke

,K«1,1, Lu<jc.r, Kwi-th,
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WA»MINatOfl. P.«. Mil*

January 24, 1990

Tha Honorabla Kax saueua
SutocQnmittea on Bnvlroninantal peotootton
U,S. Sanata Yfashington D.C- 20510

—*
Dear Maxi

ifow ^e Senate has turned to oonalderatlon of
rioan Air Aot toondiaante of 1989 ^ wo would liXe to expreao out *:i!!I™^.i2LSn3^ia blh'B impact on clean burning plants
thSr«J.^2«?g it *5;^?doifiSt*b«2k th! SiiSuM eS? ttS «uid Ji.o
a?iow^ul8i«**«olUti«e to g8n«rat» at normal capacity {actora.

unlta^^Shtfu SaiSi ?%S*liS?USt*?o"« SSiuSriittSf,

a factor of 120 per centum and its actual 1985 emlaaion rater
divided by 2#000- ............

Por theae "clean* plants that operated at low capacity
?5 the 19?5-87 •baeeliSe* oLy further exacarbatea 

?h5 SI«“trP«blti5%xJorl.nead by thei. plant, in out 
states. This provision discourages the use of existing caSaclty to meet future energy needs, and contrasts with the 
provision for all new plants at section 405 (g) of the bill 
that imputes a normal capacity factor of 65 pet centum,

we are not opposed to legislation that would addreea the acid rtlS probl^, However, S. 1630 does not provide 

sufficient flexibility for utilities in those "clean* states 
that have already invested significant efforts to achieve 
exceptionally low S02 emissions. Granting these "clean |lan?o Shieh^op.rat«l at low capacity an Imputed «5 per oantum 

capacity factor adjustment would make 8. 1630 a far more 

equitable bill-

j. Rooert Kerrey J* James Bicbn



H.R. 3030 and S. 1630 flmendiDGnt 
Provide f\ Capacitv-I'actor Baseline

In cieneral, coal-fired utility units are required to meet an annual 
emission limitation equivalent to either 2.5 or 1.2 lbs. SO2/IO6 Btu
(for Phase I or II respectively) multiplied by the unit's generation 
baseline under the proposed legislation. (For some categories of units, 
S. 1630 proposes a different reduction or rate formula.) For units in 
operation before CY 1905, the baseline has been arbitrarily set as the 
annual aversige quantity of fuel consumed during CY 1985-1987. A 3-year 
average was chosen in an attempt to compensate for generation anomalies 
which might occur in a single year and CY 1985-1987 was chosen as the 
averaging period to avoid the assumed effects of the early 1980s 
recession on power demand. Arbitrarily limiting utilities to the CY 
1985-1987 baseline is certain to result in unrepresentative low 
generation for some utilities in the future. It does for TVA,

TVA's annual average generation during CY 1985-1987 was 80.6 billion Kwh 
from all of TVA's coal-fired units. In CY 1980, the benchmark year of 
the legislation, coal-fired system generation was 83.4 billion Kwh. The 
1988 generation from TVA's coal-fired system was 84.1 billion Kwh which 
is probably more representative of future generation. This level can 
increase further as demand continues to grow despite the return to 
service of TVA nuclear units.

One means of avoiding or lessening the extent of this potential problem 
would be to assume a maximum realistic capacity factor for each unit or 
to use the 3-year average baseline, whichever is greater. Assuming 
operation at a capacity factor of 65 percent is representative of a 
well-run unit, TVA's compliance costs would be reduced under FI.R. 3030 by 
approximately $25 million annually and under S. 1630 by approximately 
$60 million annually. A capacity-factor formula has, in fact, been 
proposed in S. 1630 for units commencing operation between 1985 and the 
date of enactment. Such an approach is equally appropriate for existing 
units commencing operation before 1985.



H.R. 3030

fimend Section 504(4)(ft) (page 258;_1 ines 8-24):

"(^) The term 'baseline' means the annual quantity of fossil 
fuel consumed, measured in millions of British thermal units ('mmBtus'), 
by an affected unit, calculated as follows:

(A) For each steam-electric unit in operation prior to 
January 1, 1985, the baseline shall be the annual average quantity of 
mmBtu consumed in fuel during calendar years 1985, 1986, and 1987, ad 
recorded pursuant to Department of Energy Form 767

fH-/tMt/Mlt/i^/tM/im/MtUAa/

p_r.the annual average
quantity of mmBtu consumed in fuel assuming a 65-percent capacity factor, 
whichever is greater.

S. 1630

Amend Section 402(d)(1) (pages 448-A49; lines 17-26, 1-6):

(d)The term 'baseline' means the annual quantity of fossil fuel 
consumed, measured in millions of British Tehrmal Units ('mmBtus'), by an 
affected unit, calculated as follows:

"(1) For each steam-electric generating utility unit that was in 
commercial operation prior to January 1, 1988, the baseline shall be the 
annual average quantity of mmBtus consumed in fuel during calendar years 
1985, 1986, and 1987, as recorded by the Department of Energy pursuant to 
Form 767l///9^9/Ar\^/Mit/U9/mUY\/i9>6Y>/f^/W\k>U/Mt/fn^.tik/m

MtUUH UU/9tUit>ltUU9\/ItUHHU 
l'f\UUmU9lii9ik69\IU/MU6i\U/9iUim/9iifU9^Ui/9iU/m9'f'UI/m 
MUUiUUii-m/UiUUIH9kUi/UnHI'fi9^kii\li.l9xUt/ki/t.MtU^9s/f^t/i

or the annual average
quantity of mmBtu consumed in fuel assuming a 65-percent capacity factor, 
whichever is greater.

-2-



A-11-Loij.nd..Cap for Lower Emitting icoaTlfired Units 

SO2/IO6 B1:u capped at

."nual"a.e;:gG genL^Uordur^ng^’Teb-^?) Slpo":?:]'n

aiwn?'.!^ establishes regulatory limitations based on what could be 
yp^c operating conditions. A generating unit emitting below 

./• pounds in 1985 could have done so for seueral reasons^ (e a the
con-rol equipment may haue been new and at peak performance) for 
instance. TV.'s Widows Creek unit 8, which has a scrubber Ls ir"

i^“ac; unit will be managed so that
lU actual emissions are lower than it, legal emission limitation in
order to prouide a margin of safety to avoid violations. In other word-
,nL har, ■ • r** "«*» »» 1.2-P»and standard, 1 utilUy
H R 3mn •’7 " ^ 0'5- to 1,0-pound standard. Under

■^e ?“7' oootern for compliance would bo penalired by settino -,
post- 000 emission limitation at a level that inbudes ^hat^rngi; of
safetj; In th7w 7''’‘ 7°'',f"ture with its own margin of

operationally to mGGrsomethin7liL'ro‘’2t' tro“e'000*7-1° d'*d t
77rng°°rJrr°sul?77*a!°a“ndl7-" ^d7e7trfb77the 

7‘ed°tr7tTcT
honcom-^trng coal iT^^^u^n^T'^y':77e";, *Ltr7!l7'7 ^o^d^^bf ^



produced which may be marketable under S. 1630. Whether these allowances 
could be sold for the cost of this oi/er compliance is unknown.

To avoid these potential problems, such low-emitting coal -fired units 
should be capped at the floor specified in the legislation for coal-fired 
units in general, 1.2 lbs. SOp/lOG Btu, or the applicable limitation
in the State implementation plan, whichever is lower. This would reduce 
TVA's compliance costs in Phase II annually by approximately $10 million 
to $30 million under H.R. 3030 and S. 1630.



H.R. 3030

ftmond Section 505(c) (pages 272 -273; lines 18^ ;

"(c) UIVn S BELOW 7':) MWg OR 1.20LBS/mBTU .-.After December 31.,
2000, each steam-electric existing unit with nameplate capacity of less 
than 7b MWe UUUIUn/mUiM!'tUt/UUU7m.MlsmW\
shall not exceed an annual emission rate requirement equal to its actual 
1985 emission rate. After December 31, 2000, each steam-electric 1985 
emission rate less than 1.20 Ibs/mniBtu shall not exceed 1.2 Ihs/mmBtu or 
the S02 emission limitation established under an applicable 
implementation plan, whichet/er is 1 ower. Ihe emission rate requi rement 
for an existing unit that was not in operation during calendar year 1985 
shall be the emission rate for a calendar year after 1985, as determined 
by the Administrator consistent with the preceeding sentence. Such a 
unit shall not be an affected unit for purposes of this title, except as 
prov/ided under section 509.

S...1630

Delete Section 405(a) (page 467; lines 4-18) and substitute the following:

"(d) COAL-FIRED UIMITS BELOW 1,20 LBS/mBTU.--After January 1, 
2000, each steam-electric existing unit with a nameplate capacity of 
75MWe or more and an actual 1985 emission rate less than 1.2 LBS/mmBtu 
shall not exceed 1.2 Ibs/mmBtu or the S02 emission limitation established
under an applicable implJ-.j__ir.!ll®
emission rate requirement for an existing unit that was not in operation 
during calendar year 1985 shall be the emission rate for a calendar year 
after 1985, as determined by the Administrator consistent with the 
proceeding sentence. Such a unitshall not be anaffected unit for 
purposes of this title, cxcep_t_ as provided ("...section 410.
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BACKGROUND MEMORANDUM CONCERNING 

THE TREATMENT OF "CLASS OF 1985" COAL-FIRED UNITS 
UNDER THE ACID RAIN PROVISIONS 

OF S. 1630

Background

In complying with various acid rain proposals, electric 
utilities have favored "freedom of choice" because it gives them 
the flexibility to choose the most cost-efficient compliance method 
for any particular coal burning plant. In some instances, cost- 
effective sulfur dioxide emission reductions can be obtained simply 
through the use of lower sulfur coal. In fact, most utilities 
would rely, in part, upon "fuel switching" to lower sulfur coal at 
some units. The latest Senate version of proposed acid rain 
legislation, however, could make it nearly impossible for utilities 
to rely on lower sulfur coal to fire plants that are a part of the 
so-called Class of '85.

The "Class of '85" Problem

The Class of ' 85 consists of fossil-fired bni 1
^mitted at rates less than 1.20 Ibs/mmBtu of snifnr dinvide^'srv;') 
iji 1985. There are—approxiiCTi eI y I itg; fhat- hum 
loM_au.^ur coai^^___unaer the provisions of most acid rain^ilTsT-^ffii’ 
utilities~TITat operate these plants would continue using low sulfur 
coal to fire these plants. Under Phase II of the Environment & 
Public Works Committee bill (S. 1630), however, the Class of 85 
units will be subject to the tonnage cap requirement of subsection 
405(d).

Under subsection of 405(d), each of these units will be 
awarded allowances equal to fhr ppro^7?)[ of the
unit's baseline energy inputs multiplied by its actual 1985 
emission rate. In many instances, because these relatively new 
units were expensive to run and the last to be dispatched on an 
economic basis, they were run at low capacity factors in the 
baseline years of 1985 through 1987. Thus, for instance, the 
baseline capacity factor — even calculated at 120 percent of the 
actual average — would be below 65 percent at approximately 99 
plants and, thus, below future capacity utilization projected for 
most of these units. The emission rates for approximately 55 of 
these plants in 1985 were also low — at or below 1.0 lbs 
S02/mmBtu. Together, these low capacity factors and emission rates 
would produce SO2 emission caps that would essentially eliminate 
the possibility of switching to the use of lower sulfur coal as a 
compliance option and, perhaps, lead to the installation of 
scrubbers at these NSPS plants. The imposition of low emission 
rates makes these already clean units likely candidates for
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expensive scrubber technology that would burn higher sulfur coal.

In order to remedy the problem outlined above, the bill should 
be changed to grant an adequate number of allowances to these Class 
of 85 units. Utilities should be given the flexibility to use 
realistic capacity factors and emission rates to calculate the 
allowances necessai^ to utilize the potential of these power plants 
without being required to install scrubbers on them.

1/24/90
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(No. 4)

Amendment
to S. 1630 as reported by the Senate 

Committee on Environment and Public Works 
(Report No. 101-228, December 20,1989)

Subject: Correct inequitable treatment of Class of '85 NSPS plants.
ExpIanation:

1. What the Bill Requires.
The bill creates an inequity for clean coal-fired NSPS units 

in operation as of 1985 which emitted sulfur dioxide at a rate below 1.20 
Ibs/mmBtu in 1985. Such units are subject in phase II to tonnage caps 
arbitrarily tied to those units' actual 1985 emission rates. Many of 
these units, because of their recent vintage, were operated at capacity 
factors substantially below their optimal economic levels. The bill 
therefore penalizes, without any reason, our newest lowest polluting 
units.

2. What the Amendment Does.
The amendment fairly treats clean (below 1.20 Ibs/mmBtu) 

coal-fired NSPS units in operation as of 1985 the same as it treats NSPS 
units commencing operation between 1985 and the date of enactment. These 
units are all among the most efficient and lowest emitting units. It 
would be unfair to penalize any such units simply for having emitted at an 
unusually low rate in 1985. The amendment removes the possibility of such 
unfair penalty.

Amendment:

Amend the first sentence of subsection 405(dl foaoe 467. lines 4-131.to 
read as follows:

"(d) Coal-fired Units below 1.20 Ibs/mmBtu. -- After January 
1, 2000, it shall be unlawful for any coal-fired unit with an



actual 1985 emission rate less than 1.20 Ibs/mmBtu to exceed 
an annual sulfur dioxide tonnage emission limitation equal to 
the product of the unit's baseline annual fuel consumption on 
a Btu basis, at a 65 per centum capacity factor multiplied by 
a factor of 120 per-centum-and it-s aetual -1085 the emission 
rate specified in its permit or other federally enforceable 
emission limitation, divided by 2000 unless the owner or 
operator of such unit has obtained allowances equal to the 
emissions in excess of those permitted under this subsection."
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WASHINGTON, D.C. 20510

February 1, 1990

The Honorable Max Baucus 
Chairman
Subcommittee on Environmental Protection 
U.S. Senate 
Washington D.C. 20510

Dear Max:
Now that the Senate has turned to consideration of the 

Clean Air Act Amendments of 1989, we would like to express our 
concerns regarding this bill's impact on clean burning plants 
that were operating at low capacity during the baseline years 
outlined in the legislation. We would like to find a fair 
solution that does not break the emissions cap but would also 
allow these facilities to generate at normal capacity factors.

Section 405 (d) of S. 1630 limits "clean" coal-fired 
units, that is below 1.20 Ibs/mmBTU, to an annual sulfur 
dioxide tonnage emission limitation that is the product of the 
unit's baseline (as defined in Sec. 402 (d) (1)) multiplied by 
a factor of 120 per centum and its actual 1985 emission rate, 
divided by 2,000.

For these "clean" plants that operated at low capacity 
during the baseline years, the capacity factor increase of 20 
per centum to the 1985-87 "baseline" only further exacerbates 
the capacity problems experienced by these plants in our 
states. This provision discourages the use of existing 
capacity to meet future energy needs, and contrasts with the 
provision for all new plants at section 405 (g) of the bill 
that imputes a noirmal capacity factor of 65 per centum.

We are not opposed to legislation that would address the 
acid rain problem. However, S. 1630 does not provide 
sufficient flexibility for utilities in those "clean" states 
that have already invested significant efforts to achieve 
exceptionally low S02 emissions. Granting these "clean" 
plants which operated at low capacity an imputed 65 per centum

equitable bill.

J. Robert d. James Exon



The Honorable Max Baucus 
February 1, 1990 
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Sierra
Club 408 C Street, N.E. Washington, D.C. 20002 202-547-1141

January 29, 1990

S. 1630*S ACID RAIN PROGRAM CLEANS UP THE EAST BUT DIRTIES THE WEST

Dear Senator:

We urpe you to support the acid rain title of S. 1630, and to support 
amendments to remove loopholes and exemptions which would allow acid rain to 
increase in the western part of the United States. S. 1630 does a good job of 
reducing the sulfur emissions which cause acid rain in the east, midwest and 
south, but would allow emissions to increase in the west's fragile ecosystem.

THE VOTES ON THE ACID RAIN CONTROL PROGRAM ARE CRITICAL TO PUBLIC HEALTH AND 
THE ENVIRONMENT. A strong clean air bill is the Sierra Club's number one 
priority.

S. 1630: A SOLID ACID RAIN PROGRAM FOR THE EAST

S. 1630 requires a 10-million-ton annual reduction of the sulfur dioxide which 
causes acid rain by the year 2000. The "emissions trading" system proposed by 
President Bush allows utilities to sell excess emissions reductions to other 
existing or new coal-fired power plants to offset emissions increases from 
these plants. S. 1630 allows utilities to decide on their cleanup strategy, 
with state approval. In addition, S. 1630 requires a 2.7-million-ton annual 
decrease in nitrogen oxide emissions by the year 2000.

EMISSIONS CAP IS ESSENTIAL TO ENDING THE ACID RAIN CRISIS ONCE AND FOR ALL

Sulfur emissions from power plants are expected to increase by 20% to 30% over 
the next 25 years. To offset this emissions growth, S. 1630 includes 
President Bush's proposal to make emissions reductions permanent by 
establishing a cap on emissions from new sources after the year 2000. The 
emissions cap also creates an incentive to use energy conservation to meet 
increased demands for power. In addition to conservation, plants can meet 
increased demands for power by purchasing emissions allowances from plants 
v;hich reduce their emissions below the minimum standard. For instance, a 
90% reduction in five of the dirtiest power plants in Florida would yield 
a savings of over 34,000 cons annually. This savings would be equivalent 
to the emissions from three new 500-megawatt units.

The emissions cap is an absolutely essential environmental protection program 
because it will prevent the erosion of emissions reductions required by 
S. 1630. Without a strong cap, the acid rain crisis will be postponed, not 
ended. THE SIERRA CLUB OPPOSES AMENDMENTS TO S. 1630 WHICH WOULD REDUCE THE 
TOTAL TONNAGE REDUCTION OR WEAKEN THE EMISSIONS CAP.

“When we try to pick out anything by itself, we find it hitched to everything else in the universe.”_/o/'« Muir 
National Headquarters: 730 Polk Street, San Francisco, California 94109 (415) 776-2211
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S. 1630 ALLOWS ACID RAIN TO INCREASE IN THE WEST

S. 1630 allows increases in western sulfur emissions between now and the year 
2000 because of three key loopholes. Unless these loopholes are removed.
S. 1630 will provide little protection for the west. Sierra Club supports 
amendments to eliminate or remedy these loopholes.

* "Clean Plants" growth provision could lead to a significant increase in 
western emissions. S. 1630 allows power plants emitting less than 1.2 lbs. 
of sulfur per million BTU's (mBTU) of energy to increase their generation and 
emissions by 20% from 1985 levels until the year 2000 without having to obtain 
emissions offsets. The Senate Committee Report predicts that this will lead 
to a net increase of sulfur emissions of 650,000 tons annually nationwide.
A large part of this increase is likely to occur in the west.

* "Seven State Exemption" could lead to a significant increase in western 
emissions. The bill exempts existing power plants in states with less than 
150,000 tons of annual emissions and 50% of their coal-fired capacity equipped 
with emissions control technology from the program until the year 2000.
Kansas, Minnesota, Montana, North Dakota, New Mexico, Utah and Wyoming would 
qualify for this exemption. Beginning in 2001, plants in these states must 
limit their annual emissions to the average emissions from 1996-98. This 
provision creates an incentive for plants to expand their capacity rather than 
use energy conservation. The Environmental Defense Fund estimates that this 
would increase emissions from these states by 450,000 tons annually.

* Nationwide trading would allow transfer of emissions from the midwest to the 
west. The bill allows new western plants to obtain offsets from any source 
nationwide, rather than within the west. This means that a new power plant in 
Utah could seek a needed emissions reduction from an existing source in 
Kentucky, allowing pollution levels to increase in the west.

WESTERN EMISSIONS EXPECTED TO SIGNIFICANTLY INCREASE

The Environmental Defense Fund estimates that total utility emissions of 
sulfur and nitrogen oxides are expected to increase by approximately 80% 
between 1985 and 2010. These emissions increases are expected from existing 
plants that increase their electric generation and from new power plants.

WESTERN PARKS. ENVIRONMENT THREATENED BY ACID RAIN

Acid rain damage is most documented in the eastern and southeastern regions of 
the United States. However, the west -- particularly the Rocky Mountains -- 
is also very vulnerable to acid rain damage. According to the U.S. Park 
Service, there are fourteen power plants with large sulfur emissions within 
150 kilometers of national parks. This pollution shrouds the parks' scenic 
vistas in a blanket of pollution. For instance, air pollution in the Grand 
Canyon impairs visibility approximately 100 days per year. Sulfur emissions 
are the major contributor to the manmade pollution that obscures nature's most 
glorious canyon.



Page Three

Many western lakes are very vulnerable to acidification because they have 
little ability to neutralize (or "buffer") acid precipitation. EPA estimates 
that at least 16.8% of western lakes have a poor buffering capacity. This 
estimate is low because EPA conducted the tests in the fall when pH levels are 
most stable.

OUR NATIONAL PARKS AND WESTERN HERITAGE MUST BE PROTECTED FROM ACID RAIN.

ACID RAIN COST BILLIONS OF DOLLARS IN EXTRA HEALTH CARE

Acid rain's devastating impact on lakes, forests, streams, fish and wildlife 
has been well documented. Sulfur dioxide (S02) also harms human health by 
impairing lung function. Senior citizens, children and asthmatics are 
particularly vulnerable to harm from S02. In fact, a recent survey of 
physicians determined that air pollution is the number one cause of the recent 
increase in the frequency and severity of asthma. EPA estimates that health 
care costs related to acid rain are at least $2.7 billion-$10 billion 
annually. The American Lung Association reported that sulfur oxides caused up 
to $40 billion in increased health care costs and lost productivity.

We strongly urge you to support amendments to remove these provisions which 
would allow an increase of acid rain in western national parks. Thank you.

Sincerely,

Richard Cellarius 
President
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September __ , 1990

Dear Senator Baucus:
We are writing to request your support for revisions in 

Title IV of the Clean Air Act Amendments of 1990 to address more 
comprehensively the so-called WEPCo issue. Without a broader^ 
legislative resolution of this issue, we believe that tne cosu- 
effective emissions reduction program that is the cente^iece or 
the clean air bill will be undermined and that a reliable supply 
of electricity in certain regions of the country could be 

jeopardized.
As you may recall, during the Senate floor debate on S.

1630, you agreed that in conference you would tXY to find a way 
to accomplish the objectives of a comprehensive legislative 
solution to the issues raised by EPA's WEPCo policy consistent 
with the overall thrust of both S. 1630 and the underlying Clean 
Air Act. In particular, you expressed concern that any 
leqislative solution must continue to protect local air quality 
to the extent achieved by the current Clean Air Act and must not 
undermine the S02 emissions reduction requirements of the bill.

On July 23, 1990, the Administration transmitted to the 
Senate Energy Committee a comprehensive proposal for a 
legislative resolution of the WEPCo issue. We believe that a 
simplified version of the Administration proposal could address 
both our concerns as to the adverse effects of EPA's WEPCo. policy 
and your valid concerns about local air quality and S02 emissions
reductions.

current Clean Air Act.
In particular, we urge your support for revisions to S. 1630 

that would accomplish the following;
1 Allow utilities to undertake projects that reduce

emissions fi.e.. installation of control equipment, 
natural gas cofiring) without first meeting new source 
permitting requirements;



2.

I 1'^

3.

^sure that an existing unit would not trigger new 

2oiirOe'revievrwl^re there is no causal link between a ahS^5rJ?^t^nit and an increase in the unit's annual
^.^nissi^s; and

Allow utilities to undertake needed repairs at an 
existing unit without triggering an obligation to meet 
stringent new source performance standards.

T«o additional issues raised by EPA's HgCa 
addressed by the conference report. First, the 

^ Senate bill that specifically address "temporary" and permanent ^ Sean coii techLlogy demonsLation projects should be preserved. 
Seconsi^-ihe-prsyision in the Administration P^oP°®f 4q^a^rloS-NOx>umers with BACT should be part of the final

j ^ Bixr;^^ ^
p^^iTTanguI^^ that would accomplish the 

ioals^as=5eSlrtncluded for your consideration. We greatly IppreciST^taking the tLe to find a solution to this
a?e-iun, To ;S‘rJ with you and your staff

in this effort.
Very truly yours.
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August 16, 1990

EPA'S WEPCO POLICY AND ITS 
IMPLICATIONS FOR IMPLEMENTATION OP THE 

CLEAN AIR ACT

I. STATUTORY BASIS FOR APPLICABILITY OP THE MODIFICATION RULE
TO EXISTING UNITS

One of the fundamental concepts introduced in the 1970 Clean 

Air Act (CAA) was that newly constructed sources must install 
best demonstrated emissions control technology pursuant to EPA- 
established new source performance standards (NSPS). CAA § 111. 
The rationale for this requirement was that new sources could be 

designed to incorporate the best technology at the least possible 

cost. The CAA applied this requirement only prospectively, 

however, because Congress recognized that retrofit of existing 

sources with such control technology would be technically and 

economically burdensome, and therefore Congress mandated 

emissions controls for existing sources only as needed to attain 

and maintain the health and welfare-protective ambient standards. 
CAA §§ 109, 110.

Congress realized, however, that existing sources might 
become so substantially changed that, in essence, they would 

become "new" sources. In such situations. Congress sought to 

prohibit units from being perpetually rebuilt to avoid new source 

controls. Congress provided that such sources would be deemed 

"modified," and would be subject to the same technology-based 

NSPS as newly constructed sources. "Modification" is defined in 

§ 111(a)(4) as "any physical change in, or change in the method 

of operation of, a stationary source which increases the amount 
of any air pollutant emitted by such source or which results in 

the emission of any air pollutant not previously emitted."
In the 1977 Amendments, Congress extended the § 111 

"modification" concept to the newly created prevention of 

significant deterioration (PSD) program. CAA § 169(2)(c). Thus, 
new or "modified" sources would be required to undergo PSD review 

and install "best available control technology" (BACT) for



regulated pollutants. Again, the purpose for extending new 

source review for PSD to existing sources is because the CAA 

otherwise did not impose stringent new source limitations on 

existing sources.

II. EPA'S INTERPRETATION OF THE APPLICABILITY OF THE
MODIFICATION PROVISIONS
EPA'S NSPS modification rule was developed pursuant to the 

CAA in 1971 and was refined in 1975. The rule was a restatement 
of the § 111 definition, except that EPA defined the emissions 

increase test in terms of an emissions rate (kilograms/hour). 40
C.F.R. § 60.14. Thus, if a physical or operational change 

results in an increase in the hourly emission rate, the source is 

"modified" and subject to NSPS. EPA also made clear in the 

modification rule that certain activities that might be perceived 

to increase emissions are not covered by the rule, such as 

increases in production rates and switching to higher-emitting 

fuels that the source was designed to accommodate.
A similar PSD modification definition was developed in 1978, 

following the 1977 Amendments. EPA established the emissions 

increase test for PSD based on "tons per year," rather than 

kilograms/hour for NSPS. 40 C.F.R. § 52.21(b)(2). The rules 

provide that the "tons per year" comparison before and after the 

change is to be based on "actual" emissions, and that EPA may 

assume that "actual" emissions equal "allowable" emissions. 
However, for emission units that have not begun "normal 
operations" (i.e., new units constructed at existing sources), 
emissions after the change are to be based on "potential to 

emit." 40 C.F.R. § 52.21(b)(21).
From the initial implementation of the NSPS and PSD 

modification rules through the mid-1980s, EPA recognized that the 

circumstances in which an existing source would be deemed 

"modified" were limited. See ASARCO v. EPA. 578 F.2d 319,
327 n.24 (D.C. Cir. 1978) (EPA "candidly admits" that its 

modification rule was written to minimize the impact on existing 

sources); 44 Fed. Reg. 33591, col. 3 (1979) ("few, if any.



existing electric utility steam generating units will become 

subject to these [Subpart Da] standards”). See also June 24,
1981 letter from the EPA to Amasjit S. Gill, attached, which sets 

forth EPA's prior policy for existing units.
Thus, in 1973, 1976, and 1980 Agency memoranda, EPA 

indicated that physical changes needed to return a plant to its 

former operating condition (i.e., original design capacity) do 

not constitute a modification of the plant.Throughout the 

1970s and 1980s, owners and operators of plants were free to, and 

did, replace deteriorated equipment, engage in efficiency 

improvements, switch fuels, and undertake other projects without 

triggering application of NSPS and without PSD review, provided 

the total cost did not exceed 50% of the costs of an entirely new 

facility (50% reconstruction rule). 40 C.F.R. 60.15.^^

III. EPA'S CURRENT INTERPRETATION OF THE APPLICABILITY OP THE
MODIFICATION RULE
In 1986, EPA departed from the then existing interpretation 

of the modification rule for existing units. In the 1988-89 case 

involving Wisconsin Electric Power Company (WEPCo), EPA, for the 

first time, narrowly interpreted its modification rules and found 

that a project to make like-kind replacement of some deteriorated 

equipment at a power plant in order to restore lost generating 

capacity would constitute a modification.
Under the new policy, the EPA required the emission rate 

comparison to be done by using the maximum hourly emissions rate

^ This assumption, that utilities would refurbish units at 
least once to return the unit to design capacity and ensure 
longer life, was incorporated in all of EPA's emissions 
assumptions used in analyzing the pending clean air legislation. 
See letter from ICF Resources to Robert Beck, attached. EPA also 
did not assume in developing the emissions data that its new 
WEPCo policy would affect the emissions of any units.

The 50% rule is a regulatory construct that limits physical 
changes at a unit to 50% of the costs of an entirely new 
facility. Changes costing more than 50% are treated as new 
units.



''immediately” before the change (even though the rate was much 

lower than achievable at design capacity due to the equipment 
deterioration) with the rate after the change (after deteriorated 

equipment was replaced). This was in contrast to the prior 

policy of basing emissions before the change on representative 

operations, or on the design capacity of the unit.
Perhaps more importantly, in the PSD context, EPA stated 

that its rules always require a comparison of actual annual 
emissions before the changes with the "potential to emit,” in the 

absence of post change, federally enforceable operating limits 

(reduced hours of operation). Because "potential to emit” 

assumes that the source will operate year-round at full capacity, 

with no scheduled down time, something which utility plants 

rarely (if ever) do, this comparison virtually always shows an 

emissions increase. Thus, any change in a facility — even 

installing pollution control projects — may be considered a 

"modification,” which subjects the facility to new source review 

and the requirements of PSD.
Because EPA's policy in WEPCo was a change from past 

implementation of the rules, WEPCo challenged the Agency's 

decisions in the U.S. Court of Appeals for the Seventh Circuit. 

The court upheld EPA's narrow interpretation of its NSPS rules. 

The court ruled, however, that EPA could not, under its PSD 

modification rule, use "potential to emit” to estimate post­
change emissions, without undertaking a full rulemaking 

proceeding. 893 F.2d 901 (7th Cir. 1990).
On June 8, 1990, EPA issued its final determination in 

response to the Seventh Circuit decision. Instead of following 

the court's instructions, EPA created a new PSD emissions 

increase test based on an "actual before-actual after” test which 

leaves the Agency with considerable discretion to find an 

emissions increase. Moreover, EPA limited this new test 

exclusively to projects involving like-kind replacement of 

equipment. Thus, for other projects, EPA will continue the use 

of "potential to emit” for estimating post-change emissions.



IV. PROBLEMS CREATED BY EPA'S MEW POLICY

In light of the pending legislation, which for the first 

time requires emissions reductions at all existing sources 

regardless of their effect on local air quality, the EPA's new 

source review policy will result in greatly increased costs but 
produce only marginal, at best, environmental benefits. Even EPA 

has come to realize the implications of its new narrow 

interpretations of the NSPS and PSD modification rules go far 

beyond WEPCo-type projects.
There are many examples why, twenty years after the first 

Clean Air Act and in light of the pending legislation, it makes 

no environmental or economic sense to apply NSPS or require PSD 

review for existing units.
EPA's new interpretation means that Detroit Edison's 

proposed conversion of its Greenwood plant from oil to cleaner 

natural gas fuel cannot proceed without a lengthy PSD review and, 
possibly, more stringent, technology based emissions 

requirements. This is because, for a non-like-kind replacement 
project, EPA believes its rules call for a comparison of pre­
change actual emissions and post-change potential to emit. Thus, 
although the NOX and SO2 emissions from natural gas are 

substantially less for the same amount of electricity generated, 
comparing actual emissions (based on normal capacity factor) with 

potential emissions (based on 100% capacity factor) could result 

in higher annual NOX emissions.
The policy also would apply to units that already are very 

clean units. For example, Duquesne Light has a 300 MW unit that 

has scrubbers to remove 90% of the SO2, precipitators and other 

equipment to remove 99% of all particulates, and Duquesne plans 

to install low NOX burners prior to bringing the unit back on 

line. Because the Pittsburgh region has been depressed, the unit 

has been in cold storage. To bring the unit back on line, 

Duquesne wants to make certain efficiency changes to ensure safe 

operation at just under the design capacity. This unit would be



subject to PSD limitations under EPA's current policy, which 

means Duquesne would have to meet BACT requirements for NOX 

(probably selective catalytic reduction), and install new 

particulate removal equipment to increase removal from 99% to 

something greater. This simply makes no sense.
Similarly, companies participating in CCT projects also face 

risks under EPA's new narrow interpretations. These companies 

have sought "no action assurance" letters from EPA, which are 

letters that promise no civil enforcement actions by the Agency 

for projects that the Agency believes constitute modifications.
To obtain such a letter, however, companies have had to supply 

EPA with reams of information and wait months for a response. 
Moreover, such letters do not preclude citizen suits or even 

Department of Justice criminal actions.
Other beneficial projects are also caught up in EPA's new 

modification interpretations. For example, projects to improve 

efficiency (i.e., maintain output while burning less fuel, or 

increase output without burning additional fuel), which reduce 

emissions for a given amount of electricity produced, will 
trigger PSD review under EPA's interpretation.

More importantly, implementation of the proposed acid 

deposition allowance program will be significantly impeded by the 

Agency's new interpretations of the modification rules.
Companies will be discouraged from over controlling one source 

under the program and using allowances for another source that is 

more expensive to control. Indeed, controlling any source may 

itself trigger a PSD review given EPA's "actual to potential" 

comparisons for determining emissions increases. Other projects, 

such as gas cofiring, to create allowances for use by other 

plants in the same system or for sale to other systems will also 

be discouraged by the new modification interpretations.

V. ENVIRONMENTAL BENEFITS AND LACK OF IMPACT ON LOCAL AIR SHEDS
It is important to recognize that limiting new source review 

will not have a negative impact on the environment and, indeed.



could produce greater reductions more quickly under the pending 

legislation. First, the pending bill imposes a nation-wide limit 

on SO2 which applies to existing, as well as, future units. The 

purpose of the 8.9 million ton cap is to allow least cost 

compliance with the bill through use of the market in allowances. 
Second, it is likely that many units will simply avoid the impact 
of the EPA WEPCo policy by postponing needed changes and 

operating the units inefficiently at high capacity factors and 

emissions rates to establish a high baseline for actual 
emissions.

Finally, altering the WEPCo policy will not affect local air 

quality or preempt local authority. In non-attainment areas, the 

local air quality authority does not need new source review to 

impose more stringent emissions limitations. In PSD areas, the 

emissions from the unit are already in the local PSD inventory 

for emissions based on design capacity. Consequently, operating 

a unit at its designed capacity under any circumstances would not 
contribute to a worsening of the air quality in local air sheds.

VI. CONCLUSION
It is critically important to the utility industry that 

EPA's new modification interpretations be administratively or 

legislatively changed. Failure to resolve the WEPCo issues will 
greatly increase the costs currently estimated for complying with 

the pending clean air legislation and will seriously impede the 

efficiency and liquidity of the market for allowances. Resolving 

the problems will not threaten local air quality, because 

existing (and new) sources will always be regulated to ensure 

attainment and maintenance of ambient standards, PSD increments, 
and any other limitations such as those to protect visibility.
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Acid rain: science and control issues
by Jim Ketcham-Colwill

The 101st Congress is widely expected to pass clean air legislation that includes acid rain 

controls, after a decade of debate over whether the threat of acid rain is great enough to justify 

the economic costs of controlling it.
A key reason is that after eight years of Reagan administration opposition, a new president 

is calling for acid rain control legislation as part of a comprehensive revision of the Clean Air 

Act. President Bush announced the outline of his clean air proposal June 12 and is expected 

to submit legislation to Congress this month. The administration acid rain proposal will 
compete with the leading acid rain proposals in the House and Senate.

Many believe the question now is what kind of control legislation will be passed, not 
whether it will be passed. Much of the debate will center on economic and regional equity 

issues. But scientific understanding of the causes and effects of acid rain will continue to be 

important as Congress debates how to fashion a control program. The issues include how much 

to reduce emissions, how fast to reduce emissions, and who should bear the burden of control 
costs.

Science: Environmental groups for years have argued that acid rain and its precursor 

pollutants cause or exacerbate human illnesses, kill aquatic life in lakes and streams, may 

damage forests, and decrease visibility. They say studies of acid rain’s effects justify 

immediate action to reduce emissions, which they predict will increase dramatically without 
legislation.
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Opponents of acid rain control legislation — notably the 
coal and utility industries — contend that there is no environ­
mental crisis requiring immediate action, and that emissions of 
sulfur dioxide are on a downward trend. They say that more 
research is needed before an acid rain control program can be 
designed that will be effecdve and will not impose unnecessary 
economic costs.

Some of the key issues Congress is considering in fashion­
ing acid rain legislation are in part scientific questions. For 
example:

• How much should emissions of sulfur dioxide and nitro­
gen oxides, which cause acid deposition, be reduced to protect 
most sensitive lakes and streams from acidification?

Interest groups advocate reducing annual sulfur dioxide 
emissions in the Uni ted States by anywhere from 8- to 12-million 
tons. The administration proposal and bills introduced so far in 
the 101st Congress call for reductions in the range of 10 million 
tons, but vary on the starting point for calculating the reduction.

• How much damage to lakes and stream ecosystems, 
human health, forests and materials will occur if the deadline for 
emissions reductions is postponed by several years? If the 
deadline is later, will it take longer for aquatic ecosystems to 
recover?

There is much controversy over how much damage acid rain 
and its precursor pollutants have caused, and over how much 
damage would occur in the future without acid rain controls. One 
issue is how fast additional acidification of surface waters will 
occur. Another is whether emissions of sulfur dioxide will rise 
substantially in the absence of acid rain legislation.

A bill introduced by Rep. Gerry Sikorski (D-Minn.) (HR 
1470) sets a January 1998 deadline for accomplishing emissions 
reductions. The administration proposal sets a 2000 deadline 
with a three-year extension available to plants using new tech­
nologies to repower old plants and reduce emissions. A bill (HR 
144) introduced by Rep. Jim Cooper (D-Tenn.) calls for reduc­
tions by the end of 2003, with the possibility of a two-year 
extension for sources using clean coal technology.

• What kinds of emissions sources should be controlled?
Although utility power plants are the largest source of acid

rain-causing pollutants in the East, other sources also emit sulfur 
dioxide and nitrogen oxides. Some recent proposals would 
control only utility emissions; others would control industrial 
boilers and industrial process emissions of sulfur dioxide.

• Which areas of the country should pay for acid rain 
controls? Although the question is political, the debate is based 
partly on scientific considerations — where the pollutants tliat 
cause acid rain are emitted, and which areas of the country would 
benefit most from acid rain controls.

Some proposals would provide no subsidies for installation 
of control technologies. Others would ease the impact on elec­
tricity rates in states with high utility emissions by providing 
subsidies, financed by national fees on electricity or emissions.

Primer; The long-running and contentious debate over acid 
rain control has featured a bewildering array of conflicting 
claims and charges. Hundreds of acid rain studies, and many 
major reports, have been published.

This EESC primer on causes and effects of acid rain attempts 
to sort out the points on which there is general agreement and the 
points of uncertainty or controversy. It highlights scientific 
issues that are relevant to acid rain legislation — for example, 
how fast additional acidification of surface water will occur, how 
long it will take for acidified lakes to recover, what level of 
deposition will protect most sensitive watersheds, and whether a 
reduction in emissions will result in an equal reduction in 
deposition.

Legislative outlook: Action on acid rain legislation is 
about to begin in earnest.

Rep. Henry A. Waxman (D-Calif.), chairman of the House 
Energy health subcommittee, has said that he plans to begin 
markup of clean air legislation soon. Staff say the markup vehicle 
is likely to include the Sikorski acid rain bill, which is co­
sponsored by about 140 members including Waxman. Sponsors 
say the bill, similar to Sikorski bills in the past two Congresses, 
would require a 10-million-ton reduction in annual sulfur diox­
ide emissions and a 4-million-ton reduction in nitrogen oxides by 
1998.

Senate Majority Leader George Mitchell (D-Maine) and 
other Senate Environment members plan to introduce acid rain 
legislation after the August recess, a staffer said. That bill is to be 
marked up as part of a comprehensive clean air package.

The administration bill is expected to receive serious atten­
tion from Congress and could have a major impact on the debate.
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Figure 1: pH of wet deposition In 1985 (precipitation-weighted annual average). Numbers standing alone Indicate pH 
at a sample site; numbers along a line indicate a line of equal pH value. Source: NAPAP 1985 annual report, p. 54.

The acid rain phenomenon

Acid rain is the popular term for “acid deposition,” the 
fallout of acids from the atmosphere in wet or dry form. The total 
acidity (hydrogen ion) deposited comes from acidic rain, acidic 
snow, acidic fog, fine acidic particles in the air known as acid 
aerosols, and acidic gases such as nitric acid vapor and sulfur 
dioxide.

Acid deposition in the United States is primarily caused by 
pollutants. Sulfuric acid is formed when sulfur dioxide (S02) 
reacts with other substances in the atmosphere or in water films 
on surfaces. Nitric acid is formed largely by the reaction of 
nitrogen dioxide (N02) in the atmosphere.

Most of the other substances that react with S02 and NOx 
— including hydrogen peroxide, ozone and hydroxyl radicals — 
are formed in reactions involving volatile organic compounds 

(VOCs). VOCs come from natural sources and from pollution.
What it is: The measure of acidity is pH, the hydrogen ion 

concentration of a liquid. The lower the pH, the more acid is the 
liquid. A change of 1 in pH means a tenfold change in acidity, and 
a change of 2 means a hundredfold change. Neutral is pH 7.

Rainfall is naturally acidic, but pollution makes it more so. 
A1987 report by the federal National Acid Precipitation Assess­
ment Program— Interim Assessment: The Causes and Effects of 
Acid Deposition—defines acid rain as having an annual average

pH of less than 5.0. NAPAP says that the natural background 
level is 5.0 in the eastern United States, and that the average 
annual pH of rain in the West is 5.2.

The natural acidity of rain varies in different regions and in 
the same place at different times. The level for pure water in 
equilibrium with carbon dioxide in the atmosphere is pH 5.6, but 
natural substances in unpolluted rainfall can significantly lower 
the pH of rainfall.

Scientists are concerned about the biological effects of 
sulfur and nitrogen that are part of acid deposition, not just the 
acidity of rainfall.

Where it falls: Rainfall in much of the eastern United 
States and Canada is substantially more acidic than normal. (See 
1985 NAPAP map.) The average annual rainfall east of the 
Mississippi is 4.5, the NAPAP report says.

The most acid rainfall on an annual average basis — as acid 
as 4.11, according to 1986 N APAP data—falls mostly in eastern 
Pennsylvania and neighboring parts of Ohio, West Virginia, 
Maryland, New York, and Ontario. Sites in Maryland, Virginia, 
New Jersey and Tennessee also were among the top 20.

In the West, the most acidic rainfall on an average annual 
basis is approximately pH 4.7, in an area straddling the Califor- 
nia-Arizona border.

Single rainfalls can be much more acidic. The most acidic 
rainfall samples in 1985 and 1986 were between pH 3.1 and 3.6,
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and came from a variety of states in the Midwest, South, Mid- 
Atlantic, and Northeast, and from California.

Clouds and fogs are generally more acid than rain at the 
same area and time. The NAPAP report said mountain clouds 
along the Appalachian chain have an average pH of about 3.6. 
The most acid cloud measured in 1986 on Whiteface Mountain, 
N.Y., had a pH of 2.5. The report said the most acid fog on record 
occurred in the Los Angeles basin and measured 1.7—more acid 
than lemon juice.

Dry and wet deposition are believed to be approximately 
equal in the eastern United States as a whole. Dry deposition 
occurs when particles containing acidic compounds come to 
earth, and when acid gases react with water on surfaces to form 
acids.

Soils, lakes and streams vary in their vulnerability to acid 
deposition. Many soils and watersheds have enough buffering 
capacity that at current levels, acid deposition would not lower 
surface water pH for decades or centuries, if ever. However, 
waters in many parts of the East and the mountainous West are 
sensitive to acid deposition, and many scientists believe that 
regional acidification has occurred in the Northeast.

The causes of acid rain

Pollution sources: the potential targets for control
Power plants — particularly older, coal-burning plants in 

the middle and northern parts of the eastern United States — are 
the primary source of sulfur dioxide emissions. Power plants also 
are a leading source of nitrogen oxides.

More than two-thirds of S02 emissions come from electric 
utilities. About 13 percent comes from industrial processes, and 
about 11 percent from industrial combustion, according to the 
1985 NAPAP emissions inventory.

The leading source of NOx emissions is motor vehicle and 
other transportation sources, which account for more than 40 
percent of emissions. Electric utilities are close behind with 33 
percent. Another 15 percent comes from industrial fuel combus­
tion. See table, p. 5.

Acid rain control bills focus on reducing emissions of S02 
and NOx, with much greater reductions of S02. S02 emissions 
are responsible for about two-thirds of precipitation acidity in the 
East, but the contribution of NOx has been rising. In the West, 
nitrogen oxides play a bigger role than in the East, potentially 
accounting for a third or more of precipitation acidity — much 
more in some locations.

Although VOCs play a role in reactions tliat form acids, 
VOC controls are proposed primarily in bills designed to reduce 
ozone levels to the Clean Air Act health standard, not acid rain 
control bills. The 1987 NAPAP report says it is unclear what 
effect reducing VOC emissions would have on acid deposition.

Trends: Before the 1970 Clean Air Act, S02 and NOx 
emissions were increasing dramatically. Annual S02 emissions 
increased 55 percent between 1940 and 1970. NOx emissions 
increased 250 percent during the same time period.

The Clean Air Act helped curb the growth in emissions.

I Despite growth in the economy and increased fossil fuel combus- 
I tion, annual S02 emissions dropped 25 percent from 1973—the 

peak year for S02 emissions — to 1985, NAPAP says. The 
reductions resulted largely from Clean Air Act controls on power 
plants. Other factors were competitive prices for low-sulfur coal, 
decreased use of some power plants with high emissions rates, 
and reductions from non-ferrous smelters in the West.

Nitrogen oxide emissions have fluctuated since 1975. Lev­
els in recent years (1985 through 1987) are 7 percent to 10 percent 
higher than they were in 1983, when NOx emissions were the 
lowest since 1975. Estimates show that increases in power plant 
NOx emissions have been largely offset by reductions from 
gasoline-powered vehicles and industrial combustion of oil and 
natural gas, the 1987 NAPAP report says.

S02 sources: Acid rain control legislation would reduce 
S02 primarily by reducing emissions from older power plants, 
the main cause of the acid rain problem in the East.

EPAin 1971 issued the first federal regulation limiting S02 
from new utility plants. The regulation, called a new source 
performance standard (NSPS), was tightened in 1979, virtually 
mandating scrubbers by imposing percentage emissions reduc­
tion requirements.

More than 90 percent of utility S02 comes from plants built 
before 1971. Power plants built before the first NSPS are subject 
to other Clean Air Act requirements implemented by states, but 
their emission limits are generally less stringent than the NSPS.

Because it is more economical, utilities have extended the 
life of many older plants rather than build new plants, which 
would be cleaner because they would have to meet the NSPS.

Both coal- and oil-fired plants produce S02, but coal pre­
dominates. Coal-fired plants were responsible for more than 95 
percent of utility S02 in 1985, according to NAPAP’s recent 
emissions inventory.

Some acid rain bills would reduce S02 solely from utilities. 
Others would require controls on industrial process emissions 
and industrial boilers as well.

Copper smelters and other non-ferrous smelters, located 
primarily in the West, caused between 4- and 5-percent of S02 
emissions in 1980, the 1987 NAPAP report says. However, 
smelter emissions have dropped significantly since then, primar­
ily because of plant closures.

Other industrial processes accounted for 9 to 10 percent of 
S02 emissions in 1980. They included petroleum refining, 
cement plants, pulp and paper manufacturing, iron and steel 
production, sulfur manufacturers, and sulfuric acid producers.

Another significant source of S02 emissions is industrial 
combustion. A wide variety of industries and businesses use 
coal- or oil-fired boilers for space heating, process steam and 
electricity generation. They emit both S02 and NOx. Important 
examples include the food processing, pulp and paper, chemi­
cals, textiles, petroleum refining, iron and steel, and non-ferrous 
metal smelting industries.

Residential and commercial fuel use, and motor vehicles 
and other transportation sources, each contributed less than 5 
percent of 1980 S02 emissions.
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1985 U.S. man-made emissions of S02 and NOx
(1,000 short tons*, % of total)

Category S02 % NOx %

Utility combustion 16,177.9 70.3 6,769.6 32.9
Industrial combustion

Small sources 662.4 1,404.1
Large sources*♦ 1.783.2 1.705.7
Subtotal 2,445.6 10.6 3,109.8 15.1

Other combustion
Small sources 408.1 618.2
Large sources** 171.7 95.1
Subtotal 579.8 2.5 713.2 3.4

Industrial process
Small sources 0.0 0.0
Large sources** 2.906.9 923.0
Subtotal 2,906.9 12.6 923.0 4.5

Transportation 863.6 3.7 8,834.4 42.9
Other

Small sources 18.9 198.6
Large sources** 20.1 18.3
Subtotal 38.9 0.2 216.8 1.1

Grand total 23,012.7 20,566.9

* 1 short ton = 2,000 pounds
**“Large” sources include those that emit more than 100 short tons per 
year.
Source: EPA 1985 NAPAP Inventory (November 1988)

Regional differences: One of the main reasons that an 
acid rain compromise has been so elusive is that utility emissions 
are much higher in some parts of the country than others. Some 
states would bear the brunt of control costs and electricity rate 
increases, unless Congress spread out the burden through pollu­
tion control subsidies.

Emissions are high in a corridor stretching from Missouri 
and Tennessee through New York. Total sulfur dioxide emis­
sions in 1984 were highest in the Ohio Valley states of Ohio, 
Indiana, Pennsylvania and Illinois. Those four states, along with 
Missouri, West Virginia and Tennessee, produced 44 percent of 
total U.S. S02 emissions in 1984, a 1986 special acid rain edition 
of the EPA Journal said.

The Ohio Valley is a major source of NOx as well as S02. 
The top six NOx emitting states in 1984 included four Ohio 
Valley states — Ohio, Illinois, Pennsylvania, and Indiana. 
Texas, fifth in total S02 emissions, was far and away the top 
NOx emitter. California was second. See tables, p. 6.

Another source of regional controversy is variation in the 
sulfur content of coal, which determines how much S02 is 
produced during combustion. States that produce large amounts 
of high-sulfur coal — including portions of Indiana, Illinois, 
Ohio, West Virginia and Pennsylvania — fear legislation that 
would encourage utilities to switch to low-sulfur coal, causing 
massive job losses in high-sulfur coal mining. But low-sulfur 
coal-producing areas of the West and Central Appalachia want 
acid rain legislation that does not prevent or discourage coal 
switching.

Most coal in the East and Midwest is high in sulfur content 
(average sulfur content by state is between 0.9 and 5.0 pounds 
per million Btu). Most Western coal is low in sulfur (averaging 
0.5-1.0 lbs./MMBtu). A few states, notably Kentucky and West 
Virginia, have both high and low-sulfur coal.

S02 emissions are high in the Midwest because the region 
has many coal-fired plants built before the advent of new source 
performance standards. Some state implementation plans allow 
high-sulfur coal to be burned in older power plants that are 
remotely located and use tall stacks to disperse the pollution, a 
1986 Congressional Budget Office report says. The use of tall 
stacks to meet emissions limits was curtailed by the 1977 Clean 
Air Act amendments, but some plants fall under a “grandfather 
clause,” an EPA official said.

Many parts of the Northeast already have strict controls. 
The CBO report says that in the Northeast, emission sources are 
concentrated near urban centers. The resulting high atmospheric 
levels of S02 prompted strict S02 requirements on nearby 
combustion sources, including many coal- and oil-fired utilities, 
the report says.

Another factor is that the Northeast has many oil-fired and 
nuclear plants and relatively few coal-fired plants, a DOE 
official said.

In the West, many of the coal-fired plants were built after 
1971 and were required to install scrubbers. Even at plants 
without scrubbers, emissions generally are lower because coal 
supplies in the West tend to be low in sulfur.

Transport and deposition
In debating acid rain legislation, politicians long have 

argued over who is to blame for the acid rain that falls in areas 
most susceptible to damage. Some members from high-emitting 
states have argued that there is no proof that their states’ 
emissions are the problem.

There is broad agreement that pollutant emissions can cause 
acid deposition near the source or thousands of miles away. 
Although air masses move predominantly from west to east, 
weather patterns carry emissions in all directions.

Scientists believe that the high-emitting Ohio Valley region 
contributes significantly to rainfall acidity in New York and 
New England. A 1983 National Academy of Sciences report 
notes that the region of highest rainfall acidity corresponds to the 
regions of heavy industrialization and urbanization along the 
Ohio Valley and Eastern seaboard, where man-caused emis­
sions of sulfur dioxide, nitrogen oxides and hydrocarbons are 
high. The report also said that evidence from air-parcel trajec­
tory studies suggests that a major source of acid deposition at 
remote parts of the Northeast is the industrial region to the 
southwest.

Sail in question is how much acid deposition is caused by 
distant emissions sources as opposed to local sources.

A 1983 National Academy of Sciences report said that on 
the basis of current data, “we cannot in general determine the 
relative importance for the net deposition of acids in specific 
locations of long-range transport from distant sources or more
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state-level estimates of S02 emissions from power 
plants and all man-made sources in 1985***

(million metric tons/year)

State
Alabama
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
D.C.
Florida
Georgia
Idaho
Illinois
Indiana
Iowa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada
New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas
Utah
Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming

Power plants 
0.52 
0.10 
0.07 
0.0* 
0.08 
0.05 
0.06 
0.00 
0.41 
0.89 
0.00 
0.98 
1.35 
0.18 
0.15 
0.78 
0.07 
0.01 
0.20 
0.21 
0.37 
0.11 
0.10 
0.85 
0.02 
0.05 
0.04 
0.07 
0.09 
0.09 
0.43 
0.31 
0.11 
2.01 
0.07 

0* 
1.14 

0* 
0.14 
0.03 
0.73 
0.39 
0.03 

0* 
0.12 
0.09 
0.86 
0.27 
0.13

14.7

Total
0.74
0.59
0.12
0.30
0.13
0.07
0.12
0.01
0.61
0.96
0.05
1.27
1.67
0.26
0.21
0.90
0.35
0.07
0.25
0.26
0.60
0.16
0.21
1.00
0.12
0.07
0.11
0.08
0.20
0.27
0.69
0.42
0.13
2.43
0.13
0.04
1.50
0.01
0.23
0.04
0.89
1.01
0.08
0.01
0.27
0.25
0.99
0.44
0.21

21.5Total U.S.* +
*Approximate
**Not including Hawaii & Alaska
♦♦♦Source; Knudsen, 1986, cited in 1987 NAPAP Interim Assess­
ment, Vol. II, p. 1-35. Power plant values are from 1985; values for 
other sources reflected in totals are for 1984.

State-level estimates of man-made NOx emissions 
from vehicies, power plants and all sources in 

1985*** (million metric tons/year of N02)

State 
Alabama 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
D.C.
Rorida 
Georgia 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
Nevada
New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio
Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming

Total U.S.**
♦Approximate
♦♦Not including Hawaii & Alaska
♦♦♦Source: Knudsen, 1986, cited in 1987 NAPAP Interim Assess­
ment, Vol. II, p. 1-52. Power plant values are from 1985; values for 
motor vehicles and other sources reflected in totals are for 1984.

Highway Power
vehicles plants Total

0.13 0.17 0.42
0.09 0.11 0.25
0.09 0.09 0.24
0.68 0.07 1.11
0.08 0.11 0.28
0.08 0.02 0.12
0.02 0.03 0.06
0.01 0 0.02
0.27 0.25 0.66
0.19 0.28 0.58
0.03 0 0.08
0.30 0.29 0.81
0.19 0.36 0.71
0.11 0.11 0.28
0.10 0.10 0.40
0.13 0.27 0.58
0.13 0.14 0.60
0.03 0* 0.05
0.11 0.07 0.19
0.13 0.08 0.26
0.24 0.24 0.62
0.14 0.09 0.30
0.09 0.05 0.23
0.17 0.20 0.45
0.04 0.03 0.13
0.07 0.04 0.15
0.03 0.05 0.10
0.02 0.02 0.05
0.19 0.06 0.41
0.05 0.09 0.22
0.30 0.14 0.65
0.18 0.17 0.42
0.03 0.09 0.15
0.32 0.46 1.02
0.12 0.13 0.37
0.10 0* 0.21
0.30 0.34 0.86
0.02 0* 0.03
0.10 0.07 0.24
0.03 0.02 0.07
0.16 0.18 0.45
0.55 0.61 2.47
0.04 0.04 0.13
0.03 0* 0.03
0.16 0.06 0.32
0.13 0.04 0.25
0.06 0.29 0.42
0.15 0.14 0.38
0.03 0.13 0.25

6.79 6.34 19.1
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direct influences of local sources.”
An EPA report — the August 1985 critical assessment 

document on acid deposition — said most sensitive lakes, 
streams and forests are in remote areas, so local sources less than 
50 kilometers away are not significant except in isolated cases.

The EPA assessment said that the Adirondack and New 
England mountains receive roughly equal amounts of acid 
deposition from distant (greater than 500 kilometers) sources 
and intermediate-range (50-500 kilometers) sources. The south­
ern Appalachians receive most deposition from intermediate- 
range sources. Maine and eastern Canada receive most deposi­
tion from distant sources, the assessment said.

The distances the pollutants travel are affected by different 
air chemistry and weather conditions. The distances also arere- 
lated to whether the acid deposition is wet or dry. In areas remote 
from pollution sources, such as the Adirondacks, wet deposition 
may account for up to 80 percent of the sulfur deposited, a 1984 
Office of Technology Assessment report said. In urban areas 
near many sources of pollution the situation is reversed, OTA 
said. A third of Eastern sulfur emissions exit over the Atlantic.

Environmental and industry groups have disputed whether 
Congress should wait for more research on the relationship 
between emissions and deposition before enacting acid rain 
controls. See control issues section, p. 16.

Transboundary pollution: The Canadian factor
Since air pollution knows no boundaries, emissions in the 

United States cause acid rain in Canada and vice versa. Although 
power plants are the largest source of S02 in the United States, 
smelters are the main source in Canada.

Both countries have substantially reduced emissions of 
S02 since 1970. The 1987 NAPAP report found that S02 
emissions in the 11 states that border Canada and the Great 
Lakes decreased 20 percent between 1975 and 1985. Canada’s 
total emissions of S02 and NOx are much less than the U.S. 
totals.

A brochure distributed by the Canadian erhbassy said 
studies by Canadian scientists show that U.S. S02 emissions 
“cause, on average, 50 percent of the acid deposition that falls 
on Canada. In some particularly vulnerable areas of Canada, up 
to 75 percent of the acid deposition originates in the United 
States. Canadian emissions are responsible, on average, for 15 
percent of the acid rain falling on the northeastern United 
States.”

An EPA staffer said that the Canadian estimates are quite 
uncertain, and apply only to the East.

Canada has been pushing the United States to reduce its 
emissions since 1980, when the two nations signed a memoran­
dum of intent to develop a bilateral agreement on transboundary 
air quality. The Reagan administration, however, contended that 
acid rain controls were premature and that further research on the 
problem was needed. The issue has been one of the main points 
of tension between the two countries.

Acid rain effects: How severe?

There is much dispute over how much harm acid rain has 
caused to date, and over how much harm acid rain will cause in 
the future if pollution controls are not tightened.

Environmental groups say that acid deposition has caused 
biological damage in thousands of lakes and streams, and will 
cause significant additional damage unless controls are enacted. 
They say that acid rain or its precursor pollutants cause or 
exacerbate serious human illnesses, cause billions of dollars of 
damage each year to building materials and paints, reduce 
visibility, and may damage forests and crops.

In recent years, industry groups — such as the Utility Air 
Regulatory Group and the Clean Air Working Group — have 
said that relatively few lakes are acidic and that the number 
affected by acid rain is uncertain. They have argued that Clean 
Air Act standards are sufficient to protect human health from 
acid-rain forming pollutants. They have said that damage to ma­
terials has at most a negligible economic consequence, and that 
effects of current levels of acid deposition on crops and forests 
have not been demonstrated.

Lakes and streams: How much damage to date?
Studies during the 1980s have confirmed that hundreds of 

lakes and streams in surveyed regions of the East have a pH of 
5 or less — too acidic for most fish species. However, dispute 
continues over the number of lakes acidified by acid rain and the 
number in danger of future acidification.

Many watersheds have the ability to prevent or slow acidi­
fication of lakes and streams. Acids deposited from the sky may 
be retained in the soil, or neutralized by alkaline substances in 
the soil or water body. Many other water bodies are in water­
sheds with little buffering capacity, and can be quickly acidified 
by acid deposition.

Acid rain researcher D.W. Schindler, in a January 1988 
article in Science, says that “it is now clear that acid rain has 
already caused widespread acidification [reduction of alkalin­
ity] of many aquatic ecosystems in the northeastern United 
States, Canada, Norway, Sweden, and the United Kingdom. 
Evidence comes from four sources: geochemical theory, analy­
sis of long-term trends, comparison of older with more recent 
chemical records, and paleoecological analyses [analyses of 
diatom remains in lake sediments].”

The Environmental Defense Fund says that acid rain has 
caused about 1,000 acidified (pH below 5.3) lakes and 3,000 
chemically altered (pH below 6.0) lakes in the United States.

But George Hidy, a scientist with the Electric Power Re­
search Institute, the research arm of the utility industry, told a 
House Energy subcommittee in 1988, “If one applies rigorous 
scientific standards to the assessment of recent acidity develop­
ing in (sensitive U.S.) lakes, we find that historic information 
can only identify—out of a large number of waters surveyed— 
a very few that have recent acidity that can be explained only by 
acid deposition.”

Acidic waters in some cases are caused by natural factors.
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such as vegetative decay, or by acid mine drainage.
Schindler says that although reliable historical data are 

limited, geochemical theory shows that acidification (reduction 
in alkalinity) has taken place on a regional scale. “Studies show 
that the alkalinity (acid neutralizing capacity) of lakes has been 
replaced with sulfate over broad areas of Scandinavia, the 
northeastern United States, and eastern Canada,” he said. He 
said this causes lakes to have low ratios of alkalinity to calcium 
and magnesium ions, which are leached from soils by acid 
deposition, and high ratios of sulfate to calcium and magnesium 
ions, relative to lakes in pristine areas.

Thousands of lakes and streams are vulnerable to continued 
acid deposition over some time scale. However, there is much 
uncertainty and controversy over how quick, how extensive, and 
how serious changes in the acidity of lakes and streams would 
be. (See discussion below under “Science and control issues.”

What is an acidic iake: Because of natural variation in 
lake acidity and sparse historical data to document trends in lake 
acidity, the definition of acidic lake can be controversial.

Waters with acid neutralizing capacity (ANC) less than zero 
are acidic. The corresponding pH level varies regionally, so 
scientists prefer to use ANC to compare lake-water chemistry. 
But biological damage is much more closely tied to pH levels 
than ANC.

For that reason, the 1987 NAPAP report used three pH 
values — 5.0, 5.5, and 6.0 — to compare the acidity of lakes in 
different regions. Species of fish and other aquatic life vary in 
their ability to withstand acidity.

The report’s executive summary prompted controversy by 
referring to acidic lakes as those with pH less than or equal to pH 
5. The Natural Resources Defense Council and some U.S. and 
Canadian scientists charged NAPAP’s director with trying to 
downplay the acid rain problem, noting that biological damage 
from acidity begins around pH 6 and occurs in many sport fish 
species below pH 5.5.

In a reply, NAPAP stressed that data on lake pH levels only 
describes the status of a water body and cannot define the extent 
of damage from acid rain.

Lakes survey: The most comprehensive survey of the 
acidity and sensitivity of U.S. lakes and streams is the National 
Surface Water Survey conducted by EPA beginning in 1984. 
The survey, which used statistical techniques to estimate the 
number of acidic lakes, sampled water quality of lakes in four 
regions selected for their probable high sensitivity to acid 
deposition:

• the Northeast (including New England and parts of New 
York, Pennsylvania and New Jersey);

• the Upper Midwest (including parts of northern Michi­
gan, Wisconsin and Minnesota);

• the Southeast (including much of Florida and a southern 
Blue Ridge subregion stretching from Georgia to Virginia); and

• the mountainous West (including much of the Pacific 
mountain chain and segments of the Rocky Mountain chain from 
the Canadian border to New Mexico).

Not all lakes were included in tlie survey. Very large and 
very small lakes were excluded, and lakes had to meet other 
certain criteria for inclusion.

In total, the three Eastern regions had 629 lakes with pH 5.0 
or less and 1,355 lakes with pH 5.5 or less. In the Northeast 
region, where acid rain has prompted the most concern, 3.4 
percent of the lakes (240) had a pH of 5.0 or less, and 8.6 percent 
(613 lakes) had a pH of 5.5 or less.

Much higher percentages of low-acidity lakes were found in 
several subregions. Twenty percent of the lakes in the Adiron­
dack Mountains and Florida have a pH of 5.5 or less.

Acid rain is believed to be the main cause of low-acidity 
lakes in the Adirondack Mountains and Upper Peninsula of 
Michigan, and an important contributing factor in southern New 
England. In Florida, the NAPAP report said, natural causes are 
responsible for the acidity of many of the lakes; other possible 
factors include acid deposition, mining, industry, forestry and 
agriculture.

Low-acidity Eastern iakes by region
(percentage and estimated number of low-acidity lakes for selected 

subregions)

Region

Adirondacks 
Upper Michigan 
Southern New England 
Florida

phS or less

10% (128) 
9.4% (99) 
5% (66) 
12.4% (259)

pH 5.5 or less

20% (256) 
13.6% (143) 
10% (132) 
20.6% (433)

The survey found essentially no lakes or reservoirs with pH 
less than 5 and very few with pH less than 5.5 in the mountainous 
West and the northeastern Minnesota, Upper Great Lakes, and 
the southern Blue Ridge subregions.

The lakes survey did not include lakes in Canada. The 
Canadian government says that 14,000 lakes have been acidified 
(that is, have pH 5.0 or less), and that 150,000 eastern Canadian 
lakes — one in every seven — have already suffered biological 
damage from acid rain.

NAPAP, responding to a Canadian critique of its 1987 
report, said that the 14,000-lake estimate comes from distilla­
tions of multiple surveys conducted over a period of years. 
“Thus the uncertainty of the estimates is undefined, but larger 
than those for the (U.S. lakes survey),” NAPAP said. The 
percentage of lakes with pH less than 5 is in the same range (1- 
10 percent) in subregions of the Northeastern U.S. and eastern 
Canada, NAPAP said, with an average of about 2 percent in 
eastern Canada. .

The Adirondacks: In the Adirondacks, 10 percent of the 
lakes were pH 5 or less and 20 percent were pH 5.5 or less.

The NAPAP report said high levels of acid deposition and 
high runoff through shallow, extremely acidic soils are the 
significant causes of acidity in most Adirondack lakes. Most of 
the acid lakes are in the southwestern sector of Adirondack Park.

Environmentalists and NAPAP agree that the Adirondack 
figures would be higher if lakes smaller than 4 hectares (10 
acres) were included in the survey. In the Adirondacks, small 
lakes are more likely to be acidic, and are important sport 
fisheries, the NAPAP report says.

A survey by tlie Adirondack Lake Survey Corp., a coopera-
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live effort of New York state and utilities, found a much larger 
number of acidic lakes in the Adirondacks. Some 352 — 24 
percent of the 1,469 surveyed between 1984 and 1987 — had a 
pH of 5 or less.

Walter Kretser, a research scientist with the New York 
Department of Conservation, said the higher percentage of low- 
pH lakes in the corporation survey is largely due to the fact that 
it included lakes as small as one acre. He said that some of the 
sampled lakes are naturally acidic; 46 are true bogs.

StreamSiThe initial results of EPA’s National Stream 
Survey, released in 1988, showed “a broader geographical 
extent of environmental effects from acid rain than we previ­
ously realized,” saidCourmey Riordan, director of the agency’s 
Office of Environmental Processes and Effects Research.

The survey, which examined 500 streams in the mid- 
Atlantic and southeastern United States, found that 2.7 percent 
—5,429 kilometers—of the combined stream length was acidic 
(ANC of zero or less during spring baseflow). For most of the 
acidic segments — 4,455 km — “the major source of acidity is 
most likely to be acid deposition,” the report said.

This conclusion is based on the fact that other major sources 
of acidity such as acid mine drainage and organic acids were 
excluded by site visits and examination of stream chemical data. 
Also, stream water sulfate concentrations within subregions 
were highly correlated with wet sulfate deposition rates.

Of the stream segments suspected to be acidified by acid 
rain, slightly more than half were located in small upland 
forested watersheds in the interior mid-Atlantic region — the 
Poconos and Catskills region in New York, New Jersey and 
Pennsylvania; the Valley and Ridge subregion in Pennsylvania, 
Maryland, West Virginia and Virginia; and the Northern Appa­
lachians subregion in Pennsylvania, Maryland and West Vir­
ginia.

Mostoftherestareinlowlanddrainagesof the mid-Atlantic 
coastal plain, primarily in the New Jersey Pine Barrens. How­
ever, most of the streams in the Pine B arrens are also influenced 
by organic acidity and many are likely to have been acidic at least 
since the early 1900s, the report said.

The survey, based on statistical sampling of targeted stream 
segments, examined small and middle-size streams with widths 
between one and six meters and depths less than one-half meter. 
Streams of this size can support fish but are small enough to be 
susceptible to acid rain effects.

Damage to fish and aquatic life: Acid depositioniiaft- 
eliminated many species of fish and other aqiiauc organisms in

inptn a ma)nr new st\idv published in the May 1989 edition of 
Environmental Science & Technoln£y.

The authors, led by David W. Schindler, say data is unavail­
able to directly establish the degree of damage to North Ameri­
can waters from acid deposition. Instead, they use indirect 
means to estimate declines in lake-water pH and the likely 
degree of biological damage. The estimates are based on models 
that use current information on lake chemistry, relationships 
between chemical variables, and relationships between pH and 
aquatic life.

The study estimates that 17 percent of low-calcium (poorly 
buffered) lakes in the Northeast region that once had pH values 
suitable for a variety of sport fish species are now too acidic for 
any game fish except largemouth bass. In the Adirondacks and 
the Catskills and Poconos, 30 percent of low-calcium lakes fall 
into that category. Estimated losses of organisms lower in the 
food web were much higher than for sport fish.

“A high proportion (34-42 percent) of the low-calcium / 
lakes in the Adirondack, Catskill/Poconos, and South New [ 
England subregions appear to have suffered severe losses of j 
species,” the study says. “They are no longer able to supportf 
many of the species of small fishes, leeches, molluscs, benthic! 
crustaceans, and sensitive insects that are typical food organ-1 
isms for sport fish. '

“A smaller, but significant number of lakes in central New 
England, Upper Michigan, and north central Wisconsin also 
have apparently suffered some decreases in species numbers. 
Effects in Maine, northeastern Minnesota and the upper Great 
Lakes states are still estimated to be minimal.”

When sensitive species are lost from a lake, acid-resistant 
species typically multiply. However, the new species “may not 
be suitable replacements for the food web supporting valuable 
fisheries,” the study says. ’’While most of the species eliminated 
from northeastern lakes by acid precipitation are not valued 
directly by man, they maintain the integrity of vital food chains 
and biogeochemical cycles.”

The study notes that the findings are subject to a variety of 
uncertainties and shortcomings in data, but says that the esti­
mates are conservative. The authors say that the number of 
species originally present in a given lake cannot be determined 
without detailed pre-acidification surveys, which are not avail­
able. However, they say most of the species of primary concern 
are widely distributed in the Midwest and Northeast. The num­
bers show regional average declines, and cannot be used to 
ascertain the number of species lost for a particular lake.

How damage occurs: Fish species and other types of 
aquatic organisms vary in their tolerance for acidity.

Most fish species tolerate pH levels above 5.5, although 
some species have i^orted effects slightly abov^pH 6. Some 
species begin to have significant difficulty at pH 5.5, and only a 
few species can sustain populations in water below pH 5.0. the 
NAPAP report says.

FIslFaresensiti ve both to the acidity of the water and to toxic 
metals — primarily aluminum — that can be released from the 
watershed under acid conditions.

The new Schindler study says “we now know that the 
number of aquatic taxa (taxonomic groups of plants and ani­
mals) in an ecosystem usually declines continuously with in­
creasing acidity below pH values of 6.5 to 7. Many of the forage 
fishes and invertebrates that are key elements in the food chains 
of north temperate lakes are lost at pH values near 6.0. Some 
impoverishment of the biotic community may therefore occur 
with any decline in pH. Such impoverishment can have detri­
mental effects on the food chains supporting sport fishes, well 
before direct toxicity to adult fish is evident.”
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Fish less lakes: The 1986 National Academy of Sciences 
report said that available data indicate that fish populations 
decline as lakes are acidified, but that high-quality data are 
sparse. The strongest evidence, from some Adirondack Moun­
tain lakes, is that populations of acid-sensitive fish species 
declined or disappeared over the past 20 to 40 years in lakes 
thought to have been acidified over the same time period.

Large numbers of fishless lakes have been found, but the 
number that are fishless because of acid rain is uncertain. A1976 
sin-yg\r«f-214 high-elevation lakes in thp. AHirnnrlarksfni^ 
that.50,per^t had pH less than 5.0 andlh3t.84percentHlHose 
were fistdessTacmtfrngtolhe NAPAP interim assessment. The 
Adirondack Lake Survey Corporation found no fish in 346 of the 
1,469 surveyed.

Smaller numbers of fishless waters, or the lack of acid- 
sensitive species, have been found in northern New England, 
Massachusetts, and Pennsylvania, the NAPAP report said.

Ann Powers of the Chesapeake Bay Foundation told the 
House Energy health subcommittee in April 1989 that acidifica­
tion of streams and tributaries may be taking a toll on some 
Chesapeake Bay fish species that spawn in fresh water.

Ducks: The Izaak Walton League of America, in a 1987 
report, said that acid rain may be a significant factor in the 
dramatic decline of the black duck and other waterfowl in the 
Atlantic flyway over the past 30 years. The report cited data 
showing poorer performance and duckling survival on acidic 
wetlands, as compared to more neutral wetlands, and noted a 
correlation between rising emissions and the decline in water- 
fowl populations in northeastern North America.

Tn fhp A Har'fjp flywav sincc 1955. there have been declines 
of 60 percent for the black duck, 31 percerufor the mallardjJS- 
percent for the rihg-necked^uck or 52 percent for the goldeneye 
d^uck. the league’s Paul \^^Hanser^saidln a 1988 statement.

A U.S. Fish and Wildlife Service Director Frank Dunkle 
I testified at an Oct. 2, 1987, House hearing that “there are no 
f scientific data that clearly point to acid precipitation as a primary 

factor in the decline of black ducks or other waterfowl.” He said 
land use, overharvest and hybridization with mallards may have 
contributed to the declines. In a subsequent statement inserted in 
the hearing record, the wildlife service said, “It is most likely that 
several interacting factors, including indirect effects of acid 
precipitation, are involved in the decline of black ducks.”

In a rebuttal, Hansen said waterfowl biologists have sought 
to explain the waterfowl declines for almost three decades. He 
said the declines could not be explained by theories such as 
hybridization with mallards, overharvest, poisoning from lead 
shot ingestion and habitat loss due to agriculture.

Eutrophication of coastal waters
A 1988 study by the Environmental Defense Fund con­

cludes that acid rain is a major source of a key nutrient — 
nitrogen — that stimulates excessive algae growth in waters 
along the East Coast. The resulting loss of oxygen in the water 
sometimes causes mass killings of aquatic life, and often is cited 
as contributing to the long-term decline in fish and other aquatic 
animals and plants in the Chesapeake Bay and other estuaries.

The EDF study concluded that “25 percent of all nitrogen 
contributed by human activity to the Chesapeake Bay originates 
in acid rain and associated dry deposition falling directly on the 
bay or onto its watershed.” The analysis found that 34 percent of 
the nitrogen comes from fertilizers, 23 percent from point 
sources such as sewage treatment plants, 14 percent from 
atmospheric ammonium, and 4 percent from animal waste 
runoff.

The contribution of atmospheric nitrate would climb to 42 
percent by 2030 if rising nitrogen oxides emissions are not 
checked and the Chesapeake Bay program is successful in 
reducing the contribution of other nitrogen sources by 40 per­
cent, the study says.

“Previous studies have either ignored or seriously underes­
timated the contribution of atmospheric deposition to coastal 
waters,” the study says.

EPA officials believe the study probably overestimates the 
contribution of atmospheric deposition, based on preliminary 
analysis. The agency is trying to refine the analysis and develop 
a better estimate, an official said.

The Bay: In a process called eutrophication, nitrogen (in 
the form of nitrates) and phosphorus stimulate excessive algae 
growth that reduce the amount of sunlight that reaches sub­
merged plants. The respiration and decay of the algae reduces 
levels of dissolved oxygen in the water.

In the upper Chesapeake Bay, the number of algae blooms 
has increased since the 1950s. The study, citing other sources, 
says decreased light and oxygen levels in the bay may have 
caused or contributed to decreases in submerged vegetation, a 
reduction in waterfowl populations that feed off the vegetation, 
decreased oyster harvests in the upper bay, decreases in the 
populations and diversity of other bottom dwellers, and de­
creases in populations and diversity of fish that spawn in fresh 
water.

The degree to which nutrient pollution is causing the 
decline in bay life is unclear. Other factors that may contribute 
to the decline include toxic pollutants and pesticides, over­
fishing, climatic trends, and physical alterations of the bay 
associated with dredging and filling.

Health effects
Scientists disagree on whether current levels of acid rain 

and its precursor pollutants pose a serious threat to human 
health. Some controversial statistical studies say that tens of 
thousands of people may be dying prematurely; industry groups 
say that studies show there is no significant health threat.

In 1987, four doctors told the Senate Environment and 
Public Works Committee that the potential health threat is too 
great to wait for more study before enacting acid rain legislation. 
The doctors — affiliated with the American Academy of Pedi­
atrics, the American Lung Association, the American Public 
Health Association and Mount Sinai Medial Center in New York 
City—warned of effects ranging from impaired breathing to the 
possibility of chronic lung disease and premature death.

But in April 1988, EPA proposed retaining the existing 
Clean Air Act health standards for sulfur dioxide, saying it had

SPECIAL REPORT, JULY 12,1989



11

tentatively concluded that the standards are adequate to protect 
public health with a margin of safety.

The utility, coal and mining industries agree with EPA that 
the health-based standards under the Clean Air Act provide 
protection against known health effects of S02. After the Senate 
Environment hearing, American Mining Congress President 
John A. Knebel said that “equally or better qualified medical 
experts” who did not testify reject the view that acid rain 
precursors “present a significant threat to public health.”

The air pollutants in question are sulfur dioxide, nitrogen 
oxides, and acid aerosols formed from S02 or NOx. EPA has 
established air quality standards for sulfur dioxide, nitrogen 
dioxide and fine particles, which include acid aerosols and many 
other substances.

Another concern is that acid rain could increase levels of 
toxic metals in drinking water and fish.

S02: Sulfur dioxide concentrations in the United States 
have declined over the past decade, and most urban centers are 
in compliance with the air quality standard. Approximately 1.6 
million people were living in counties with S02 levels that 
exceeded the standards in 1987, according to EPA.

EPA, in proposing to retain current S02 standards in April 
1988, said that available data provide some qualitative evidence 
that high annual sulfur dioxide exposures may reduce defenses 
against respiratory infection. The agency also said “there does 
appear to be some consistency” among recent epidemiological 
studies indicating a possibility of respiratory effects (such as 
cough) from persistent exposures to sulfur oxides in areas with 
long-term averages only slightly above the current standards. 
However, the studies are unclear on whether S02 or other 
pollutants, such as particulates, are primarily responsible.

Much of the recent concern about S02 has focused on short­
term peaks, which are not prevented by the existing 24-hour 
standard. Clinical human exposure studies have documented 
narrowing of airways in mild to moderate asthmatics and atopies 
(people with allergies) exposed during exercise to as little as 0.4 
parts per million of S02 for short periods — 5-10 minutes up to 
an hour. The change in respiratory function, often accompanied 
by shortness of breath, wheezing and coughing, usually dimin­
ishes within one hour after either exercise or exposure is discon­
tinued.

EPA and some scientists said the effects are transient, 
reversible, and less severe than those associated with asthma 
“attacks.” They also argue that the effects are within the range 
of daily variation that asthmatics typically experience, likening 
the effects to those caused by dust and cold air.

But Dr. Dean Sheppard of the University of California at 
San Francisco says the symptoms he observed are the same as an 
asthma attack — anxiety, air hunger, use of accessory muscles 
of respiration, and requirement for immediate bronchodilator 
therapy.

Rough EPA estimates indicate that approximately 100,000 
asthmatics — 1 percent of the U.S. asthmatic population — 
would experience at least one exposure of concern per year. Less 
than 25 percent of these exposed asthmatics are likely to expe­
rience moderate respiratory function changes or symptoms.

EPA said. The Natural Resources Defense Council contended 
that the estimates were too low.

Environmentalists, who say everyone should be protected 
from the effects of pollution, favor establishment of a one-hour 
S02 standard to protect against short-term peaks. Industry 
groups such as the Utility Air Regulatory Group and American 
Mining Congress oppose a new standard. EPA tentatively con­
cluded that the short-term exposures do not “constitute a 
significant public health problem” because of the number of 
people affected, the seriousness of effects, and the theory that 
severe asthmatics may be protected because they tend to exer­
cise less and often already are taking medication.

Nitrogen oxides: Low levels of nitrogen dioxide, the 
nitrogen oxide of primary health concern, can cause reduced 
lung function, chest tighmess and cough, and may reduce 
resistance to infection.

In 1987, only Los Angeles County, which in 1980 had a 
population of 7.5 million, exceeded the Clean Air Act health 
standard for nitrogen dioxide, according to EPA.

EPA said in an August 1982 assessment that the available 
evidence suggests the possibility that current N02 levels may 
cause adverse health effects in sensitive groups. However, EPA 
said litde credible evidence existed that links specific human 
health effects to N02 concentrations at or near current levels.

Pam Johnson, NOx project officer for EPA’s Office of Air 
Quality Planning and Standards, says recent studies conflict on 
whether short-term peaks of N02 cause reduced lung function 
in asthmatics. Some studies have found that exposure to N02 
levels of .3 to .5 ppm for one to two hours reduces the volume 
of air subjects could expel rapidly. Other studies found no 
effects, including one study that exposed asthmadcs to levels as 
high as .6 ppm, she said.

Dr. Thomas Godar of the American Lung Association told 
a Senate Environment panel in April 1989 that nitrogen dioxide 
exposure has been linked with increased frequency and severity 
of respiratory tract infections in animal studies and epidemiol­
ogic surveys.

Animal studies showing lung inflammation and other lung 
changes from N02 have led to concerns that N02 may contrib­
ute to development of lung diseases such as emphysema.

Nitrogen oxides also combine with volatile organic chemi­
cals to form ozone, and contribute to formation of fine particu­
lates. Preliminary EPA data indicates that ozone levels exceeded 
the Clean Air Act standard in about 90 cities and other areas, 
with a population of over 100 million, in 1986-88. Ozone can 
cause respiratory difficulties such as reduced lung function and 
cough. Animal studies suggest the possibility that ozone may 
reduce resistance to respiratory infection, cause permanent lung 
damage, and lead to lung diseases such as emphysema and 
chronic bronchitis. Chronic effects are unproven in humans.

Acid aerosols: Sulfur dioxide and nitrogen oxides can 
react with moisture in the atmosphere to form acidic particles 
known as acid aerosols. A subcommittee of EPA’s Clean Air 
Scientific Advisory Committee recommended that the agency 
list acid aerosols for regulation, but the full committee in 
October 1988 recommended that EPA conduct more research.

SPECIAL REPORT, JULY 12,1989



1 2
According to a draft EPA acid aerosols issue paper dated 

February 1988, strong acid sulfates such as sulfuric acid aerosol 
are the focus of health effects research. However, other acids in 
aerosols, especially nitric acid, may be of concern in some 
circumstances such as acid fogs in Western coastal cities. There 
is little data on the health effects of acid fogs or nitric acid in the 
atmosphere.

Studies show that inhaladon of sulfuric acid aerosol causes 
narrowing of airways at high levels, and changes in the lung’s 
clearance of foreign particles at lower levels. Animal studies 
raise concerns that long-term inhalation might produce chronic 
lung disease, possibly asthma and chronic bronchitis.

Controlled studies have not demonstrated that acid aerosols 
cause health effects at levels near those currently found in the air, 
but some epidemiological studies do suggest that current levels 
may pose a threat.

Most of the epidemiology studies do not have direct acid 
measurements, but find correlations between health effects and 
other air pollutants where there is reason to believe that high acid 
aerosol levels existed. Those studies — which measured pollut­
ants such as sulfates, fine particles, sulfur dioxide and ozone — 
found correlations with chronic cough, bronchitis, small and 
temporary decreases lung function, and elevated mortality rates. 
Scientists differ on the validity and implications of the studies.

Among the few studies where acid levels were measured, 
some found no reladonship with health effects. Others found 
possible relationships but were inconclusive.

Deaths: Harvard University researcher Haluk Ozkaynak 
told a Senate Environment subcommittee in 1987 that studies by 
Harvard’s Energy and Environmental Policy Center repeatedly 
have found that air pollution is statistically associated with 2- to 
5-percent of mortality (death) and morbidity (illness).

The studies often associated sulfates, which form from 
sulfur dioxide, and fine particle mass with mortality rates, he 
said. Sulfates make up a large proportion of fine particles in the 
East.

However, Dr. Frederick Lipfert of the Brookhaven National 
Laboratories, another researcher in the field, has said that 
Ozkaynak’s conclusions are overstated and unsupported. The 
studies do not show consistent effects for the same pollutants, 
Lipfert said.

The 1984 OTA report. Acid Rain and Transported Air 
Pollutants, noted that some researchers conclude that airborne 
sulfates and particulates have a negligible effecton health, while 
others have found a significant association, ranging up to 5 
percent of the deaths per year in the United States and Canada.

“Though further research and data are needed to resolve this 
controversy, this pollutant mix could be responsible for about 
50,000 premature deaths per year (about 2 percent of annual 
mortality), particularly among people with pre-existing respira­
tory or cardiac problems,” the report said.

(For more, see Sept. 16, 1988, Special Report, “Health 
issues getting more attention in acid rain debate.”)

Indirect effects: Another concern is that acid deposition 
may create drinking water hazards or elevated mercury levels in 
fish eaten by people.

Acidic waters can dissolve metals — such as lead and 
mercury — and release asbestos from pipes in drinking water 
systems and from rock and soil in watersheds.

The 1984 OTA report says that water samples in some areas 
receiving high levels of acid deposition show elevated metal 
concentrations, raising concerns about a possible connection. 
Drinking water samples in the Adirondacks have shown lead 
concentrations of up to 100 times health-based water quality 
standards, the OTA report said.

Mercury concentrations above public health standards have 
been found in fish from acidified lakes in Minnesota, Wisconsin, 
and New York, OTA said.

The 1987 NAPAP report said that direct causal links be­
tween acidic deposition and health effects from elevated levels 
of metals in drinking water have not been demonstrated by 
limited studies to date. NAPAP said acid-related leaching of 
metals would not likely be a problem for the majority of U.S. 
drinking water systems because they are advised to adjust pH if 
acidity is low enough to cause a health threat

Much drinking water is naturally corrosive enough to leach 
lead from pipes in drinking water systems. Acid deposition may 
increase the corrosivity of water supplies in some areas.

EPA estimates that hundreds of thousands of Americans are 
suffering health damage from lead in water from public water 
systems. The agency has proposed making the lead standard 
more stringent and requiring many systems to raise the pH of 
their water. EPA says low levels of lead in the blood have been 
linked to stunted growth, reduced IQ in children, pregnancy 
risks, high blood pressure, heart attack, stroke and hearing loss.

The OTA report said acidified well water in rural areas is 
more difficult to detect and mitigate than contamination of 
public water systems. The N AP AP report said that most soils can 
neutralize acid deposition before it reaches groundwater aqui­
fers, although there is a potential for acidification of localized, 
extremely shallow aquifers in rock types with little buffering 
capacity.

NAPAP said there is concern that acid deposition may 
increase trace metals in drinking water by corroding home 
distribution systems, including roof catchment systems, cisterns 
and piping. The 1987 report says research is needed on the 
population exposed to possible effects of acidification of drink­
ing water through use of roof catchments, shallow wells or 
surface waters.

Forests
Millions of acres of European forests and several tree 

species in the eastern United States are declining. The symptoms 
vary, but include reduced growth, foliage damage, and tree 
death. In the United States, the most dramatic decline is in high- 
elevation red spruce forests high in the Appalachians, where 40- 
70 percent of the spruce have died since the 1960s on mountain- 
tops in Vermont, New York and North Carolina.

Many scientists suspect that air pollution may be one of 
multiple factors causing forest declines. Air pollution’s effects 
may weaken trees, making them more susceptible to natural 
stresses such as insects, disease, drought or frost. However,
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forest researchers say it will be several years before they will be 
able to definitively assess the impact of air pollutants.

The main pollutants of concern, NAPAP said, are acid 
deposition, its precursors — sulfur dioxide, nitrogen oxides and 
volatile organic compounds — and the oxidants of those pollut­
ants, mainly ozone and hydrogen peroxide. So far, only ozone is 
proven to have damaged forests.

A September 1988 report by the World Resources Institute 
said, “There is growing evidence that acid deposition and ozone 
are important contributors to the declines of several... stricken 
tree species in the East, including the high-elevation red spruce 
in the Appalachian Mountains from Vermont toNorth Carolina, 
and Fraser fir in the Southeast Air pollution is also suspected as 
a factor in the decline of sugar maple and beech in Vermont’s 
mountains and in the reduced growth (a common sign of ozone 
injury) of commercial yellow pines in m^.h of the Southeast.”

NAPAP said in its ^^ptl987£epor^) With the possible 
exception of above-cloudbasS foTS^ where high mortality has 
occurred from unknown causes, most U.S. forests are not 
expected to show an abrupt change in health at current ambient 
air pollutant concentration levels and deposition rates.” NAPAP 
said that it could not estimate economic damage to forests from 
acid deposition or its precursor pollutants, largely because of 
lack of demonstrated effects.

European forest decline: More than 8 million hectares 
of forest lands in 15 European countries have been affected by 
forest decline or death, a representative of the World Resources 
Institute testified in June 1987. West Germany is hardest hit; a 
1986 survey showed that 54 percent of its forests were affected.

The NAPAP report said the West Germany damage survey 
was misleading because the low end of the damage scale — the 
largest category—was considered normal forest health in some 
countries. Disregarding the lowest category, the area with 
moderate to severe damage grew from 9.7 percent to 19.2 
percent from 1983 to 1985.

A November 1988 article in Nature reports that the 1987 
West German forest damage survey found that damage had 
increased in some areas and for some species, but that some areas 
and species were showing signs of recovery.

The damage is most dramatic in high-elevation forests, but 
sporadic and less severe symptoms have been found in low- 
elevation forests. Symptoms in silver fir and Norway spruce, the 
firstspecies affected, included discoloration and loss of needles, 
followed by a general reduction of tree vigor leading to a loss of 
fine roots and ultimately tree death.

Discoloration and premature leaf fall have been reported for 
virtually all major forest tree species in West Germany, the WRl 
report said.

Research on the causes of the decline is continuing. The 
WRI report said that research supports tlie hypothesis that air 
pollutants, through mechanisms that vary by site, contribute 
importantly to the decline. A 1986 study of Black Forest spruce 
hypothesized that ozone and acidic fog could be accelerating 
leaching, causing a nutrient shortage in the tree, and the initia­
tion of decline symptoms, NAPAP said.

U.S. forest declines: In the United States, air pollution

has been named as a possible contributor to several confirmed or 
reported regional forest declines, according to the NAPAP 
report.

• Ozone pollution, perhaps in combination with other' 
oxidants, has been shown unambiguously to kill trees and cause 
forest decline in the San Bernardino Mountain region of the Los 
Angeles air basin and in the southern Sierra Nevada, the 1987 
NAPAP interim assessment said.

Ponderosa and Jeffrey pine and other species have been 
showing damage since the 1950s. Severely damaged pine 
showed reduced growth and reduced tolerance to other stresses; 
many later succumbed to attack by the western pine beetle, 
NAPAP said. By 1985, 87 percent of surveyed trees showed 
some injury, the WRI report said.

• Sensitive genotypes of Eastern white niny show needle 
damage from n7nnp_across much of the eastern United States. 
WRI says sensitive white pines in high-ozone regions grow le 
in height, diameter and needle length than more resistant geno­
types. NAPAP says no general decline of the species is evident 
because eastern white pine have wide genetic variation in ozone 
sensitivity.

• Both ozone and acid deposition are being investigated as 
contributors to the dramatic decline of red spruce in above 
cloudbase forests in the Appalachians. Less severe foliage 
damage, growth reductions and some mortality in red spruce 
have been found at low elevations throughout the eastern spruce- 
fir range.

The number of live spruce on Camels Hump in Vermont and 
Whiteface Mountain in New York has plummeted 40 to 70 
percent since the mid-1960s. On several Northeastern moun­
tains, fully 20 percent of the spruce alive in 1982 had died by 
1987, the WRI report said.

High losses also have been reported in high-elevation 
stands in the southern Appalachians. Almost half of the red 
spmce and Fraser fir on Mt. Mitchell’s west-facing slopes were 
dead by 1987, the WRI report said. The pattern of damage to 
foliage in the Northeast is different than in the Southeast.

NAPAP said it is generally agreed that the decline of the 
ahove-cloudb^ Appalachian forests in recent decades is 
probably due tc fcsThese declines may be 
attributed at least partially to air pollution, although climate and 
stand dynamics are also important factors,” the report said. 
Further research is needed to determine the causal factors and 
their relative importance, the report said.

At high elevations in the Appalachians, 24-hour average 
ozone;
The average pH of acidic clouds is about 3.6, and wet acid 
deposition is much higher than at lower elevations. Hydrogen 
peroxide — which forms from volatile organic compounds in
sunlight — also reaches high levels in the clouds. One experi­
ment suggests that hydrogen peroxide can damage tree seedling 
foliage at levels found in the Appalachians.

A 1986 National Academy of Sciences report noted that 
ring width anomalies in red spruce during the 1960s appear in 
areas that vary in elevation and acid deposition levels. “The 
abrupt and synchronous changes in ring width and wood density
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patterns across such a wide area seem more likely to be related 
to climate than to air pollution,” the report said. “Acid deposition 
or other airborne chemicals might play arole in predisposing the 
ti^.to the factors that are injurious.”
/ • A 1985 Forest Service analysis found reduced growth 

/ rates in yellow pine in the Southeast, a major wood-producing 
Ljegion. The Forest Service found that average annual growth 

rates of most yellow pines under 16 inchesJruliameter have 
decfinid'30 to 50 percehtTivefTfie past 3^years. Species of most 

^ concern ihcludelobloiryTslidftleaf and slash pine.
• In the Pine Barrens of southeastern New Jersey, pine 

growth rings became abnormally narrow in about one-third of 
the trees, starting between 1955 and 1965. Acid deposition and 
nutrient leaching from the poorly buffered soils has been sug­
gested as a cause. However, laboratory results have not sup­
ported that hypothesis, NAPAP said, and further study is 
needed.

• Sugar maples in southeastern Canada began to show 
crown dieback and elevated mortality in the late 1970s. In some 
locations the decline extends to other species such as yellow 
birch, American beech, white ash, white spruce and balsam fir. 
In recent years, crown dieback in sugar maples has been noted 
in the northeastern United States.

Some maple syrup producers believe the decline has re­
duced their yield, but the WRI report says slumps in maple syrup 
production in 1986 and 1987 are generally attributed to unfavor­
able weather.

The 1987 NAPAP report noted that the decline is in areas 
where ozone levels may be high enough to cause stress. Acidic 
leaching could play a role in local areas of nutrient-poor soils, 
but does not appear to be the dominant factor across the prov­
inces, NAPAP said.

Some reports of damage to sugar maples in northeastern 
states in recent years can be explained by weather and insect 
damage, according to a May 1989 bulletin from the joint forest 
response program of EPA and the Agriculture Department. The 
least understood sugar maple decline is in the province of 
Quebec, where scientists speculate that weather andacid rain are 
possible causes, the bulletin said.

Acid rain damage theories: Scientists are investigating 
several hypotheses for how acid deposition might contribute to 
forest declines. The possibilities — which vary for different 
forests — include direct damage to foliage from highly acidic 
clouds at high elevations, the leaching of nutrients from foliage, 
and excess nitrogen fertilization. Some scientists suggest that 
too much nitrogen may reduce trees’ resistance to winter frost 
damage anddesiccadon (water loss), or stimulate growth result­
ing in shortages of other nutrients.

Other theories suggest that soil changes caused by acid 
deposition could harm trees by:

• leaching of essential soil nutrients such as potassium, 
calcium, and magnesium, leading to nutrient shortages in the 
short- or long-term.

• reducing frost hardiness.
• reducing productivity of microorganisms important to 

the breakdown of forest litter and the cycling of forest plant 
nutrients.

• reducing the efficiency of mycorrhizae — root-like 
structures, symbiotically formed from soil fungi and tree roots, 
that are important for water and nutrient uptake and disease 
inhibition.

• releasing exchangeable aluminum in certain soils, 
which could damage fine roots.

• allowing trace metals that originated from industrial air 
pollution to move through forest soils, leading to damage to soil 
microorganisms.

Soil nutrient depletion: Over the long term, acid depo­
sition may cause soil acidification and nutrient depletion in some 
soils with low buffering capacity. High elevation forest soils 
would be more susceptible because acid deposition levels are 
high and soils are thin. Most forest soils have adequate buffering 
capacity to prevent acidification at current levels, NAPAP said.

A 1986 study found that up to 40 percent of forested soils in 
the Appalachians and Southeast may be vulnerable to a decrease 
in nutrients because of leaching by acidic deposition. Studies in 
the Adirondack Mountains of New York suggest that acid 
deposition is acidifying soils and subjecting spruce to nutrient 
deficiency and fine root damage from aluminum, the WRI report 
said.

“Of great concern is the possibility that the forest damages 
now occurring primarily at high elevations could spread to lower 
sites and to other tree species,” the WRI report said. “This 
pattern has already emerged in Europo and could occur in the 
United States if, for example, long-term acidification robs the 
soils at lower elevations of important nutrients.”

NAPAP disagrees. “The advanced symptoms seen in 
above-cloudbase forests which have high levels of multiple 
stresses do not forebode the same damage level for low-eleva­
tion forests at today’s air pollution levels,” the 1987 NAPAP 
report said.

Visibility
The weather substantially affects visibility. But much of the 

haze that people notice is the resultof pollution, especially in the 
East. Fine particles — to a large extent formed from acid rain 
precursors—cause decreased visibility throughout the country.

In addition to shortening the distance one can see, pollutants 
hamper the ability to discern colors and contrast, and can yellow 
or otherwise alter the apparent color of objects and vistas.

Pollutants reduce visibility in national parks throughout the 
country, drawing complaints from park visitors and environ­
mentalists. Low visibility causes restrictions on air traffic and 
can reduce transportation safety and property values.

There are two types of visibility impairment from air 
pollutants: regional haze and visible plumes from a pollution 
source or small group of sources.

Causes: In the rural East, sulfate particulates are the main 
cause of visibility reduction from human activities, the 1987 
NAPAP report said. Sulfates are formed largely from sulfur 
dioxide emissions. Measurements in the Allegheny Mountains 
found that sulfate alone accounted for 94 percent of the variabil­
ity in light scattering, NAPAP said.

Humidity also plays an importantrole in reducing visibility. 
Humidity makes sulfate and nitrate particles grow in size.
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increasing their light-scattering ability. Nitrogen oxide emis­
sions react to form nitrates, which like sulfates contribute to 
visibility jmpairment.

In the West and urban areas of the East, carbonaceous 
material also may be an important cause of reduced visibility. 
The sources can be natural or caused by human activities. 
Organic carbon can come from auto hydrocarbon emissions and 
vegetation; soot (elemental carbon) can come from diesels or 
from forest fires.

Sulfates also contribute to visibility decreases in the West. 
In the Grand Canyon, for example, visibility is impaired by 
ammonium sulfate that forms from sulfur dioxide gas emissions 
from distant copper smelters and coal-fired power plants.

Effects: Visibility in the East is much lower than in the 
West because of high pollution levels and relatively high humid­
ity. Summer visual range in approximately 20-30 kilometers at 
rural sites in the East and75-200 kilometers in the West. Because 
of the cleaner air, visibility reductions are especially noticeable 
in the West.

Air pollution in the Grand Canyon impairs visibility ap­
proximately 100 days per year, according to a Senate Environ­
ment Committee report (S.Rpt. 100-231). Visibility also is 
reduced in Eastern parks such as the Great Smokey Mountains 
National Park and Shenandoah National Park. “Air quality is 
endangered in approximately one-half of the national parks,” the 
report said.

Visibility has increased since 1970, especially in winter, for 
the industrial states north of the Ohio River, the 1987 NAPAP 
report said. But visibility has dropped in the Gulf States since 
1950.

Visibility trends in the Southeast are consistent with sulfur 
dioxide emission trends in the region, but are not consistent with 
emissions in the Northeast. Changes in emissions of volatile 
organic compounds and nitrogen oxides also may contribute to 
visibility trends, NAPAP said.

Materials damage
Acid deposition, alone or in combination with other pollut­

ants, can accelerate corrosion or weatliering of metals, building 
stone, and paints.

Studies have suggested that a variety of other materials — 
including paper, leather, textile dyes, photographic materials 

and ceramics and glass — can be damaged by air pollutants. But 
the NAPAP report said that materials vary in their sensitivity to 
pollution damage, and that most current research is focused on 
carbonate stone used in monuments and building facings, zinc/ 
galvanized steel, and paints and other surface coatings.

A study cited by the 1987 NAPAP report says sulfur oxides 
and other acid gases can corrode and tarnish metals, reducing 
physical strength and affecting surfaces. They also can damage 
building stone through erosion, soiling and black crust forma­
tion. Sulfur oxides and ozone can damage paint, causing surface 
erosion, discoloration and soiling, and perhaps cracking and 
peeling. Preliminary evidence from NAPAP studies suggests 
that wet and dry acid deposition may affect paints, but the degree 
to which pollutants speed weathering of surface coatings re­

mains unknown, a NAPAP official said.
Damage to national monuments and statues, even if re­

paired, in some cases may permanently detract from their 
historical or aesthetic significance by destroying their original 
character. Other damage to common buildings and materials can 
be remedied, at a cost, through repair or replacement.

Extent: Environmentalists have cited studies indicating 
that pollution may cause materials damage costing billions of 
dollars per year. But NAPAP says credible economic estimates 
of damage do not yet exist.

Henry L. Magaziner, representing the American Institute of 
Architects, said at a 1989 House hearing that general assess­
ments of acid deposition’s physic^ or economic impact are 
premature. But he added, “While no precise dollar figures can be 
placed on the economic consequences of acid deposition, 
numerous studies have suggested a cost of enormous dimen­
sions.”

A NAPAP official said Magaziner’s assessment is ex­
tremely controversial. To estimate damage, he said, more infor­
mation is needed on the extent of resources at risk, levels of 
deposition on structures, the portion of damage caused by 
pollutants, the effect of damage on materials’ service life, 
consumer maintenance on materials for reasons other than acid 
deposition, and cost estimates for reasonable repair and replace­
ment scenarios.

Magaziner said that because pollution sources and quanti­
ties of sensitive material are concentrated in urban areas, “most 
researchers consider that local-scale pollutants account for the 
bulk of currently recognized materials damage.”

Crops
Ozone is far more of a threat to crops than acid deposition 

or its precursors, according to the 1987 NAPAP report and the 
1988 World Resources Institute report.

A t nirrmt leyfls, NAPAP .said, ozone is causing crop yield 
r^uctions ranging from 1 percent or less for sorghum and com 
to about 7 percent tor cotton and^ybean to~greater than ju 
percent for alfalfa. The tot^~loss in cron production is in the 
range of 5-10 percent, NAPAP said Redurmp narma pnllTgirifi"' 
could have annual crop yield benefitsworth $1 billion to $5.4 
■billion, according to estimates-cited-bv NAP-AP-and WRI.

The WRI report said that the possible role of acid deposition 
at ambient levels remains to be determined. Although most 
studies indicate present levels do no identifiable harm to foliage, 
highly acidified simulated rain or fog can cause leaf spotting, 
acceleration of epicuticular wax weathering and changes in 
foliar leaching rates, the report says. The threshold for damage 
to some crops may be lowered by environmental conditions such 
as extended moisture stress, but further study is needed, NAPAP 
said.

NAPAP said available evidence indicates that “the impact 
of a^^depo^ltot) on regional crop production in the United 
StatesTs negligible. ' i nTs conclusion was based on field studies 
of iT varieties ot eight important crop species. Mechanistic and 
screening experiments involving grains, vegetables, fruits and 
nuts and other crops supported the conclusion, the report said.
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The sulfur and nitrogen from acidic deposition helps fertil­
ize agricultural land and grasslands.

Sulfur dioxide and nitrogen dioxide gases may reduce crop 
yields in local areas such as near an uncontrolled smelter or in an 
area of multiple pollution sources, but have negligible impacts 
on regional crop productivity, NAPAP says.

Science and control issues

Scientists continue to study and debate a number of issues 
relevant to acid rain legislation — for example, how fast addi­
tional acidification of surface waters will occur, how long it will 
take for acidified lakes to recover, what level of deposition will 
protect most sensitive watersheds, and whether a reduction in 
emissions will result in an equal reduction in deposition.

How would reducing emissions affect deposition?
In arguing that acid rain control legislation would be prema­

ture, industry groups have said that scientists cannot predict with 
confidence how reducing emissions in one region would affect 
the deposition in another region because of complex chemical 
reactions and variable weather patterns. “Advancements in 
understanding the atmospheric processes that link emissions to 
deposition must be verified before source-to-receptor models 
can determine where to reduce emissions, if such reductions are 
found to be needed,” aMarch 1987 Utility Air Regulatory Group 
paper says.

Environmentalists support legislation that would require a 
national rollback in emissions, saying there is no question that 
reducing emissions substantially will reduce acid deposition 
substantially. They cite a 1983 National Academy of Sciences 
report that concluded reducing S02 emissions would result in a 
proportionate reduction in sulfate deposition in the Eastern 
United States overall.

EPA has developed a Regional Acid Deposition Model. 
NAPAP plans to use this model to help describe the geographic 
relationship between emissions sources and deposition patterns 
in its 1990 assessment. NAPAP Director James Mahoney said at 
a 1988 hearing such information is necessary for developing 
emissions reduction plans diat will achieve desired limits on 
deposition.

George Hidy of the Electric Power Research Institute, the 
research arm of the utility industry, said that Congress should 
wait for NAPAP studies that would “give the opportunity to 
consider geographically specific legislation that in our minds 
will no doubt be much more economically sound than a simple 
national rollback program.”

However, Robert Friedman of the Office of Technology 
Assessment told EESC that for purposes of designing an acid 
rain control program, extremely detailed information on sources 
and receptors makes little difference. “We understand the broad 
pattern right now,” he said. Even with perfect information, he 
said, one still would have to make political choices about which 
sources to control.

Detailed source-receptor information could raise more is­

sues than it answers, Friedman said. For example, he said, the 
same source would contribute different amounts of acid deposi­
tion to different lakes. On what basis would sources ^ targeted 
for controls? Would all lakes be valued equally? Would health, 
visibility, and other effects be taken into account as well?

Linearity: Part of the source-receptor question is whether 
a given reduction in sulfur and nitrogen emissions in one area 
will result in a proportionate, or linear, decrease in deposition in 
another area.

What goes up must come down, somewhere. However, the 
effect of an emissions reduction on deposition in particular 
areas, or over time spans shorter than a year, could vary because 
of complex reactions in the atmosphere and variable weather 
patterns. There is disagreement among scientists and poli­
cymakers over whether the variation is likely to be substantial 
enough to matter for policy purposes.

If non-linearity were substantial, a 50 percent emissions 
reduction might cause a much smaller reduction in deposition in 
some areas. A greater reduction in S02 emissions might be 
needed to provide the same level of environmental protection, 
making acid rain controls more costly. Some consider the 
linearity issue relevant to whether acid rain controls should be 
geographically targeted, and whether acid rain legislation 
should allow interstate trading of emissions control require­
ments.

Many scientists say that a 50 percent reduction in sulfur 
emissions in the Midwest and East would result in a similar 
reduction in annual average sulfate deposition over the eastern 
United States overall. The 1983 National Academy of Sciences 
report said that within the limits of current data and assumptions, 
“there is no evidence for a strong non-linearity in the relation­
ships between long-term average emissions and deposition.... If 
we assume that all other factors, including meteorology, remain 
unchanged, the annual average concentration of sulfate in pre­
cipitation at a given site should be reduced in proportion to a 
reduction in S02 and sulfate transported to that site from a 
source or region of sources.”

A 1984 study by Environmental Defense Fund scientists 
also concluded that “major non-linearities are absent from the 
atmospheric chemistry of S02 overextended areas of theUnited 
States.”

The 1987 Utility Air Regulatory Group paper disagreed, 
saying studies show that many of the processes involved in the 
transformation of S02 to sulfate are non-linear and that precipi­
tation acidity is determined by many other chemical species 
besides sulfate. “Thus, an emission control strategy involving 
only S02 may not yield equivalent reductions in sulfate deposi­
tion or precipitation acidity,” the paper said.

The 1987 NAPAP report said that in the northeastern 
United States, the formation of sulfuric acid in cloud water from 
sulfur dioxide and hydrogen peroxide appears to be limited by 
the availability of hydrogen peroxide in winter and perhaps in 
other seasons as well. “Thus, although reducing the emissions of 
sulfur dioxide in any season is likely to result in the reduction of 
dry and wet deposition of sulfur compounds, the magnitude and 
extent of the reduction are uncertain,” the report says.
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In 1990 N APAP will assess how significant non-linearity is 
on a regional basis, a NAPAP official said. He said that in part 
of the East, non-linearity may be substantial enough to be impor­
tant to policymakers.

The Senate Environment and Public Works Committee, in 
reporting clean air legislation in 1987 (S. Rpt. 100-231), said 
several lines of evidence suggest that the relationship between 
emissions and deposition “is linear or very close to it.”

The committee cites, for example, the 1986 National Acad­
emy of Sciences report finding that there is a strong association 
between emission densities of sulfur dioxide, concentrations of 
sulfate aerosol, visibility range, sulfate concentrations in wet 
precipitation, and changes in sulfate levels in streams. “Changes 
in sulfate observed in [streams monitored by the U.S. Geological 
Survey] are consistent with changes in S02 emissions on a 
regional basis,” NAS said.

The relationship between NOx emissions and deposition of 
nitrates is complex and less well understood than the relation­
ships between S02 and sulfates. “Strict linearity may be a 
decidedly risky thing to presume,” said Hugh Ellis, an environ­
mental systems analyst at Johns Hopkins University in Balti­
more.

How much would deposition have to be reduced to 
protect lakes and streams?

Environmental groups and the Canadian government say a 
50 percent reduction in S02 emissions is needed to protect most 
lake and stream ecosystems from acid rain damage.

However, the Utility Air Regulatory Group paper says that 
past estimates of “target loadings” have been flawed and subject 
to significant uncertainties, and that NAPAP’s Direct/Delayed 
Response Project and Watershed Manipulation Project will 
result in improved estimates. The U ARG paper also says that to 
calculate needed emissions reductions, further research is 
needed on the degree to which acid deposition in a specific area 
would be reduced by controls on a group of pollution sources.

Most scientists agree that reducing deposition of sulfuric 
acid will benefit aquatic ecosystems. However, estimates vary 
on how much deposition would have to be reduced to protect 
most sensitive lake and stream ecosystems from damage.

NAS: The most famous and oft-cited estimate was made by 
a 1981 National Academy of Sciences report. However, that 
estimate—still cited today — was misinterpreted and contained 
a mathematical error.

The 1981 report said, “It is desirable to have precipitation 
with pH values no lower than 4.6 to 4.7 throughout such areas, 
the value at which rates of degradation are detectable by current 
survey methods. In the most seriously affected areas (average 
precipitation pH of 4.1 to4.2), this would mean a reduction of 50 
percent in deposited hydrogen ions.”

The 50 percent figure was a miscalculation. Actually, a 
change in pH from 4.1 to 4.6 would require a greater reduction 
in deposition of hydrogen ions — to one-third of current depo­
sition levels — because the pH scale is logarithmic, says Myron 
Uman, a staff member with tlie academy’s National Research 
Council.

In addition, the academy’s conclusion was misinterpreted 
by newspapers and acid rain control advocates as a call for a 50 
percent reduction in S02 emissions. The 1981 report did not 
indicate how much control of emissions would be required to 
reduce deposition to the goal.

The 1983 report, which investigated that question, found 
that given certain assumptions, a 50 percent reduction in S02 
emissions should result in a like reduction in wet sulfate on an 
annual average basis, and at least as great a reduction in hydro­
gen ion deposition. (See section on linearity above.) But the 
report also said, “Little has been done in modeling to translate 
NOx emissions into nitrate deposition or to link sulfate and 
nitrate to acid (H+) deposition.”

Other: Most more recent estimates of “target loads” to pro­
tect aquatic ecosystems are based on deposition of sulfur or 
sulfate, largely because the relationship between sulfur emis­
sions and wet sulfate deposition is better established than for H-i-.

Galloway, citing eight studies published from 1986 to 1988, 
testified in 1988 that the estimated critical loads “to protect some 
aquatic ecosystems but not necessarily the most sensitive ones” 
are generally within the range of 10 ±5 kilograms of total sulfur 
per hectare per year. If sulfur deposition were reduced to a level 
in that range, he said in an interview, the most sensitive aquatic 
systems would not recover, but they would not get any more 
acidic. Those that had higher initial alkalinity would recover, he 
said.

Galloway said the middle of the range of the estimated 
critical loads — 10 kg/ha/yr — is about half the current level of 
sulfur deposition in some parts of eastern North America, which 
he said is on the order of 20 to 25 kg/ha/yr. “From this analysis, 
it appears that a reduction of 50 percent in sulfur emissions is the 
least amount required,” he testified.

In an interview, Galloway explained that the 50 percent 
estimate is uncertain because estimates of dry sulfate deposition 
are subject to substantial error, and because estimates of natural 
sulfate deposition vary. Also, the needed reduction would vary 
year to year because deposition varies year to year, he said.

Despite the uncertainties, Galloway said that so much of the 
sulfur deposited in North America is caused by pollution “that 
a reduction of 30 percent, 50 percent, is bound to have some 
beneficial impact.”

The 1984 OTA report analyzed the reductions in wet sulfate 
deposition that would be needed to reach target loadings of pH 
4.6, pH 4.7, 20 kg/ha wet sulfate (which would correspond to 
about 6.7 kg/ha wet sulfur) and a 50 percent reduction in 
hydrogen ion deposited in rainfall. The report said that the wet 
sulfate deposition reductions needed to meet the targets vary 
considerably, but that generalizations could be made:

“In regions of highest deposition, [wet sulfate] target depo­
sition reductions range from 50 to 80 percent. For New England, 
deposition reductions required to reach the targets vary from 
about 30 to 70 percent. For sensitive areas south of the peak 
deposition region (e.g., the southern Appalachians in Tennes­
see), wet sulfur-deposition reductions needed to reach the tar­
gets are on the order of 20 to 50 percent. In the upper Midwest 
(e.g., the lake regions of Wisconsin and Minnesota), deposition
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would have to be reduced by 0 to 40 percent to reach the targets.”
The OTA report said that the deposition reductions that 

nright result from reducing S02 emissions can only be compared 
tentatively to the deposition reductions required to meet targets 
for protecting sensitive resources. “This is because deposition 
targets are expressed in terms of wet sulfur deposition, and 
because of uncertainties in estimating how emissions reductions 
would affect wet and dry sulfur deposition,” OTA said.

Aquatic ecosystems: How much more damage 
would occur if controls are delayed?

A key question for policymakers is how much more damage 
to lakes and streams will occur if acid rain controls are delayed 
for several years. Some acid rain bills set later deadlines for 
emissions reductions or provide deadline extensions to allow 
more time for development and deployment of clean coal tech­
nologies.

Aquatic effects researchers agree that delaying controls 
would result in additional acidification of some watersheds. 
However, there is much uncertainty and controversy over how 
quick, how extensive, and how serious changes in the acidity of 
lakes and streams would be.

One assessment of the range of possibilities was given by 
Robert Friedman of the Office of Technology Assessment, in a 
May 1988 hearing before the House Energy Subcommittee on 
Energy and Power.

“For some resources in some areas, for example lakes in the 
Northeast, much of the damage from acid deposition that is likely 
to occur may already have happened. Even in the Northeast, 
however, we have yet to be sure whether this means that the 
number of acidified lakes in the Northeast will remain at current 
levels or double over the next several decades. In other areas, for 
example the Southeast, additional aquatic resource damage is 
likely under constant deposition levels, but the rate would 
probably be slower.”

Streams in the mountainous parts of the mid-Atlantic region 
may be in most jeopardy of significant additional acidification in 
the short term, NAPAP and EPA officials say. They.are conduct­
ing studies that will help establish whether many streams in the 
region would become acidic if control deadlines were delayed 
five or 10 years.

Environmentalists and industry representatives strongly 
disagree on the severity of tlie threat. Hidy of the Electric Power 
Research Institute said “there is little risk that significant eco­
logical damage will be incurred if controls are delayed for five to 
10 years.” He said surface water acidification is believed to be 
slow or at steady state at present deposition rates.

Environmentalists stress that some lakes and streams will 
continue to acidify, and that even in waters that do not change 
acidity, aquatic life will suffer additional damage from the stress 
of acidic waters. Rodney Fuji ta, a staff scientist with the Environ­
mental Defense Fund, said that many lakes will take longer to 
recover from acid deposition if controls are delayed because the 
recovery of pH and alkalinity depends partially on the replenish­
ment of base cations (positively charged neutralizing sub­
stances), which is counteracted by acid deposition.

Scientists are developing advanced watershed models to 
better predict how acid deposition will affect watersheds. 
NAPAP has underway a major project — the Direct/Delayed 
Response Project — to study how vulnerable watersheds are to 
acid deposition, and to estimate how fast waters will degrade and 
recover in response to changes in acid deposition.

Initial forecasts of chemical change in the Northeast and the 
southern Blue Ridge area of the Southeast were expected in early 
July. They lend support to NAPAP’s 1987 conclusion that 
additional acidification will not be dramatic or rapid in those 
areas at current deposition levels, NAPAP officials say. A more 
extensive project report including predictions of biological 
change is due in 1990.

Sensitivity: Watersheds vary in their ability to neutralize 
or retain incoming acid deposiuon. Soils contain varying 
amounts of substances that can directly neutralize the acidity or 
retain the acidity in the soil by ion exchange processes. They also 
vary in their ability to retain sulfates and nitrates, preventing 
acidity from reaching surface waters.

Watersheds can be sensitive to acid deposition in two ways. 
One threat is large, short-term pulses of acidity that can be caused 
by heavy rainstorms and spring snowmelt. Sulfuric and nitric 
acids are stored in snow and can be released all at once in the 
spring, a threat to acid-sensitive fish larvae. Nitric acids are 
believed to be particularly important in spring snowmelt.

Another threat, for some watersheds, is gradual depletion of 
the watershed’s buffering capacity and sulfate retention capac­
ity. NAPAP says depletion is possible if buffering capacity is not 
replaced, through soil weathering and other processes, as fast as 
they are consumed by acid deposition. As the watershed’s 
buffering capacity and sulfate retention capacity are reduced, 
acids from the sky increasing move through the soil in solution 
and reach lakes and streams.

Vulnerable areas: Thousands of lakes and streams in the 
East are thought to be vulnerable to acidification over some time 
scale.

Scientists use the acid neutralizing capacity (ANC) of a 
water body as an indicator of whether acid deposition is likely to 
cause acidification. Current ANC is not a perfect indicator 
because natural processes in the lake and watershed may be 
replacing ANC as fast as it is consumed by acids.

NAPAP says water bodies are generally considered sensi­
tive if they have acid neutralizing capacity of 200 microe­
quivalents per liter (|req/l) or less. Those with ANC of 50 |ieq/l 
or less are commonly considered very sensitive.

A 1984 OTA report — Acid Rain and Transported Air 
Pollutants: Implications for Public Policy — estimated that 
9,400 lakes and 60,000 miles of streams in the eastern United 
States are sensitive to further acid deposition (ANC less than 200 
peq/1).

EPA’s more recent eastern lakes survey found similar 
numbers of sensitive lakes. The EPA stream survey of the mid- 
Atlantic and Southeast regions found that nearly half the streams 
were sensitive, and 12 percent very sensitive.

In Canada, 350,000 lakes are very sensitive, with ANC less 
than 50 |ieq/l, according to a 1988 study cited by Galloway.
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The OTA report estimated that about 3,000 lakes and 23,000 
miles of streams in the 31 Eastern states “are now extremely 
vulnerable to further acid deposition or have already become 
acidic.” Friedman says this estimate indicates the number of 
water bodies that are vulnerable to damage from sudden episodes 
of acidity caused by heavy storms or spring snowmelt.

The OTA estimate comprises lakes with ANC less than 40 
peq/l, and streams with ANC less than 100|ieq/l, that are located 
in areas with soils and bedrock that allow acidity to travel to 
surface waters.

Rates of change: Current ANC values are not sufficient 
to determine how fast acidification may occur. Theories suggest 
that the rate of change depends on the rate of acid deposition, a 
watershed’s ability to retain sulfate and nitrate, and a variety of 
complex factors that influence buffering capacity. Those factors 
include the type and amount of soil, the rate of weathering of 
bedrock, the amount of vegetation, the rate of organic decompo­
sition, the rate at which water moves over land into the lake or 
stream, and other factors.

For example, a small mountain lake in a watershed with 
granite bedrock, thin soils, and steep slopes causing rapid runoff 
would have little buffering capacity and be sensitive to acid 
deposition. A lake on limestone would be insensitive because the 
limestone bedrock would weather fast enough to continue to 
neutralize incoming acids.

NAPAP divides watersheds into three categories — rapid 
response systems, slow response systems, and “capacity pro­
tected” systems where lakes and streams are unlikely to acidify. 
Although response times vary for lakes and streams within a 
region, some regional generalizations are possible.

Lakes in poorly buffered watersheds — including many in 
the Northeast, upper Midwest and mountainous West — can 
quickly reflect changes in precipitation acidity. These rapid 
response systems may show changes in zero to 10 years.

In other watersheds the buffering capacity may slowly be 
exhausted by acid deposition. For some watersheds with soils 
that can retain sulfate—such as many in the Southeast—release 
of acidity to surface waters may be reduced until sulfate retention 
capacity is filled. Watersheds that buffer or retain acidity for a 
time — perhaps 10 to 100 years — are called slow response 
systems.

Some lakes and streams are unlikely to acidify because the 
buffering or retention capabilities of their watersheds are very 
large.

The middle Appalachians: NAPAP and EPA officials 
say greatest risk of additional acidification may be to the mid- 
Appalachian region, which includes mountainous parts of Penn­
sylvania, Maryland, Virginia, and a small part of West Virginia.

“The real concern is not over tlie Northeast or Southeast, but 
the mid-Appalachian (region), where significant change could 
occur in the near term with constant deposition,” an EPA official 
said.

A NAPAP official said that the threat of near-term acidifi­
cation in the mid-Appalachian region is “a big unknown to be 
included in NAPAP’s 1990 assessment.” It is conceivable that 
significant additional acidification could happen in 10 to 20

years — a period relevant to the question of whether emissions 
reductions can be posqjoned to enable greater deployment of 
clean coal technologies, he said.

The region has have received high levels of acid deposition 
for many years. In question is whether most watersheds in the 
mid-Appalachian region are close to exhaustion of their sulfate 
absorption capacity, the NAPAP official said.

The Northeast: The Northeast, which contains many 
lakes that respond rapidly to acid deposition, has been receiving 
high levels of acid deposition for many years. Some researchers 
believe that most of the damage from acid deposition at current 
levels already has been done. Others say that significant addi­
tional damage would result if controls are delayed.

Galloway told a House Energy subcommittee in 1988 that in 
the absence of acid rain controls, “Some aquatic ecosystems in 
the northeastern U.S. and southeastern Canada will continue to 
acidify due to the net removal of neutralizing substances from the 
soils... For those that do not increase their acidity, their biologi­
cal populations will continue to degrade due to the continued 
stress of existing in acidic waters. The rate of both chemical and 
biological change will vary from ecosystem to ecosystem, but the 
important consideration is that these aquatic ecosystems will 
continue to change in areas of constant sulfur and nitrogen 
deposition.”

The 1987 NAPAP report says that surface waters in most 
watersheds in the Northeast appear to be at or near steady state 
for sulfur, meaning that sulfur is leaving the watershed as fast as 
it is being added. NAPAP says that acidification of northeastern 
surface waters would be expected to be much slower and smaller 
after a watershed reaches steady state for sulfur.

“There is no indication that a significant number of lakes 
will change their acidity rapidly [within ten years] if deposition 
loadings continue at current levels,” the report said.

That conclusion was strongly criticized by environmental­
ists, some scientists and the Canadian government. “There are 
many studies which clearly demonstrate that sensitive lakes in 
the Northeastern part of the continent are not in steady state with 
respect to current levels of emission (and) deposition and that 
chemical and biological deterioration is continuing ...” the 
Canadian critique says.

NAPAP officials say that at current deposition levels, some 
Northeastern lakes will become more acidic and some would 
recover, but some would stay the same. This is because different 
watersheds are sensitive at different levels of deposition.

NAPAP officials say that three watershed models being 
used for the Direct/Delayed Response Project are predicting that 
current deposition levels would cause little additional acidifica­
tion in the Northeast over the next 50 years, on a regional average 
basis. Results for any given lake are highly uncertain.

George Homberger, a professor of environmental sciences 
at the University of Virginia, co-headed a team that used one of 
the three watershed models forN APAP. Homberger said that the 
team’s finding are subject to significant uncertainties about 
factors that are not part of the model — for example, levels of dry 
deposition. But he said the evidence is strong that on a regional 
basis, additional acidification in the Northeast will be slow.
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The Southeast: Waters in the southern BlueRidgeareaof 
the Southeast do not appear to be in steady-state for sulfur and 
conceivably may acidify gradually as the sulfate absorption 
capacity of the soil decreases, the 1987 NAPAP report says. In 
limited areas that have shallow soils, depletion may be more 
rapid. The Direct/Delayed Response Project report will forecast 
that acidification will be slow in the southern Blue Ridge area, 
and that few streams would reach zero acid neutralizing capacity 
in the next 10 to 20 years, a NAPAP official said.

Galloway said in an interview that streams in the Southeast 
—which he defines as the portion of the East that was not scoured 
by glaciers during the Ice Age, aline that bisects Pennsylvania— 
already are losing alkalinity, and that many have ANC of less 

than 50 )ieq/l. Without controls, he said, some of those streams 
could lose their remaining ANC and become acid within the next 
10 or 20 years, but it is not clear. That is why further development 
of watershed models is so important, he said.

Galloway testified in 1988 that the bestevidence is that there 
are large numbers of sensitive aquatic ecosystems in the South­
east, and that their acidification rate is on the order of about 1 jieq/ 
1 per year. At that rate, a NAPAP official said, very few streams 
would reach zero ANC within 10 years. But Galloway, respond­
ing in an interview, said that zero ANC is not a “magic thresh­
old.” Biological changes would occur as ANC decreases from40 
to 30, or from 30 to 20, he said.

Friedman of OTA testified that “significant changes” in the 
Southeast might occur over a time scale of 50 to 100 years.

The West: Another point of debate is whether acid depo­
sition threatens vulnerable lakes in the mountainous West. All 
agree that many lakes in high-elevation watersheds in the west­
ern mountain ranges have little buffering capacity, but there is 
disagreement over whether acid deposition levels are high 
enough to pose a threat.

An EPA survey of Western mountain lakes, released in 
1987, identified no acidic lakes (except for one where acidity was 
caused by a hot spring), and found that 99 percent had a pH of 6 
or more. But the survey found that 66 percent had ANC of 200 
p.eq/1 or less.

Nearly 17 percent of the target population of 10,398 lakes 
had very low acid neutralizing capacity (ANC of 50 p.eq/1 or 
less). Some of these lakes could be affected by episodes of low- 
alkalinity water, such as during spring snowmelt or major 
storms, from natural factors and acid deposition, a NAPAP 
official said.

On the potential for chronic acidification, the 1987 NAPAP 
report says the Western lakes would be expected to respond 
rapidly to an increase in acid deposition. But NAPAP says little 
change is expected if deposition levels stay the same.

A 1984 report published by the Environmental Defense 
Fund painted a gloomier picture. The report — “Safeguarding 
Acid-Sensitive Waters in the Intermountain West” by Robert E. 
Yuhnke and Michael Oppenheimer — said available data “sug­
gest that current deposition rates of strong acids in some areas of 
the West are currently consuming the acid neutralizing capacity 
in watersheds that have little to spare.... Current sulfur deposi­
tion rates, and precipitation hydrogen and sulfate concentrations

in some parts of the West, have reached the levels associated with 
acidification in the upper Midwest and in Scandinavia.

“Should these deposition rates and concentrations be con­
sistently exceeded, acidification of some sensitive watersheds 
can be expected. These damage thresholds have periodically 
been reached or exceeded throughout most of the West.”

The EDF report said that a major reduction in sulfur emis­
sions from U.S. smelters would be more than offset by increased 
emissions could be expected from a large new smelter in Na- 
cozari, Mexico, and new industrial facilities planned in the 
United States — coal-fired power plants, natural gas processing 
plants, and fertilizer plants.

A March 1985 report by the World Resources Institute, “The 
American West’s Acid Rain Test,” reached similar conclusions. 
The report said that U.S. Geological Survey data show small 
decreases in alkalinity and small increases in sulfate in Western 
streams over 10 to 15 years. The report said that some lakes in the 
West have temporarily lost all their alkalinity after snowmelt or 
acidic rainfall, citing the example of one lake in Sequoia National 
Park and another in the Colorado Rockies.

The WRI report warned that both NOx and S02 emissions 
would rise in the West. At least one federal forecast — a 1986 
base case by Argonne National Laboratory for the Energy 
Department — projects increases in both pollutants. Between 
1985 and 2010, S02 emissions in the West (federal regions 6 
through 10) would rise 43 percent, NOx emissions, 37 percent.

How long would it take for lakes and streams to 
recover?

Research is continuing on to what extent, and how fast, lake 
and stream ecosystems will recover after acid deposition is 
reduced. Predictions of recovery times are very difficult and are 
more controversial than predictions of future acidification, a 
NAPAP official said.

Galloway told a House Energy subcommittee in May 1988 
that in the northeastern United States and southeastern Canada, 
“the time scale of chemical and biological recovery will be on the 
order of a decade; in the southeastern U.S. it will be greater than 
a decade.” The N APAP official said that waters may regain their 
acid neutralizing capacity in that length of time, but that another 
possible measure indicates that recovery times may be longer. 
Some species may never return to a lake that had been acidified, 
D.W. Schindler said in a January 1988 Science article.

If acid deposition is reduced, recovery of lakes and streams 
will be delayed by physical, chemical and biological factors, 
Galloway testified.

Replacement of the water in acidified lakes will cause delays 
in chemical recovery on the order of one to 10 years, he said. 
Delays also will result from the time needed for streams and lakes 
to obtain chemical equilibrium with lower rates of sulfur depo­
sition. In regions where lakes and streams have rapidly acidified, 
such as in the Northeast, recovery also should be rapid — on the 
order of years, Galloway said. Areas where soil types delay 
acidification, such as in the Southeast, will experience delays in 
chemical recovery. Models suggest these delays could be on the 
order of decades, he said.
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Biological recovery depends upon a variety of factors, and 
is expected to take several years longer than chemical recovery, 
Galloway said. Citing a 1984 study, he said some heavily 
acidified ecosystems may never recover.

Galloway said a 1988 study of Swan Lake in Canada found 
recovery times of five to seven years for zooplankton, but no 
recovery of fish and Crustacea over the same time period when 
lake pH increasedfrom4.0to5.2. Studies on a manipulated lake 
in 1988 indicate that after acidification to pH 5.0, several species 
of fishes and invertebrates were eliminated. Following recovery 
to pH S.4-5.6, two of the remaining species of fishes resumed 
reproduction and several species of phytoplankton returned. 
However, lake trout did not resume reproduction and other 
species eliminated from the lake did not return.

The 1984 OTA report, using a simple theoretical model, 
estimated that if sulfate deposition were decreased by 20 percent, 
10 to 25 percent of acid-altered streams and lakes in the East 
might show improvement. If sulfate deposition were reduced by 
30 percent, about 15 to 40 percent might show improvement, 
OTA said. The figures represent best-case estimates that assume 
that continued acid deposition will not further degrade the soil’s 
neutralizing capacity.

OTA said that in areas where waters are not in equilibrium 
with elevated sulfate deposition levels, some lakes and streams 
mightcontinue to acidify slowly despite reductions in emissions. 
OTA said such effects might be most pronounced in the South­
east and upper Midwest.

Future emissions: Will acid deposition intensify?
A key part of the debate over whether Congress shou Id enact 

acid rain controls has been whether emissions will increase in the 
future and cause greater environmental damage. Emissions 
projections also are relevant to control issues such as how 
urgently controls are needed and which sources should be con­
trolled.

Emissions projections affect estimates of the costs of acid 
rain control programs. Faster emissions increases mean higher 
costs because a larger reduction in emissions must be achieved.

Environmentalists have long argued that emissions of sulfur 
dioxide and nitrogen oxides will increase significantly. The 
National Coal Association, in arguing that acid rain legislation is 
not needed, says that sulfur dioxide emissions will continue a 
decline that began after 1973.

Although there is much disagreement among emissions 
projections, most show that S02 emissions will rise or stay 
approximately level at least through the turn of the century. Many 
projections show a decline starting between 2000 and 2010, but 
others do not.

NOx emissions are expected to increase substantially, partly 
because of a 30-percent rise in utility NOx projected between 
1985 and 2000.

Uncertainty; Projections of future utility emissions are 
highly uncertain — so uncertain that “the modeling community 
does not know how accurate the projections are,” the 1987 
NAPAP report says. This is because projections depend on a 
variety of factors that cannot be reliably predicted.

The biggest factor affecting utility emissions projections is

the lifetime assumed for pre-1971, dirty coal-fired power plants. 
A shorter lifetime means that dirty, older plants will be replaced 
sooner by new, cleaner plants required to meet the Clean Air 
Act’s new source performance standards.

There is much controversy over how long utilities will keep 
the older plants in service. Various projections assume lifetimes 
of 45 to 70 years.

Other important factors are rates of growth in electricity 
demand, and assumptions about the relative contribution of 
nuclear energy and other forms of generation. For S02 emis­
sions, the relative mix of coal, oil and natural gas is a major factor.

The degree to which new demand will be met by existing 
coal-fired units, rather than construction of new units, also is 
important. Another key factor is to what degree innovative clean- 
coal or emission control technologies will be used in the absence 
of legislation.

New ERA projections for utility S02: EPA in May
1989 adopted a revised base case forecast for utility S02 emis­
sions with two scenarios. A staffer said EPA believes future 
emissions are likely to be somewhere in between the two cases. 
The projections — developed by IGF Inc., working with EPA — 
show lower future emissions than previous ICF/EPA projec­
tions.

The high case shows a 27 percent rise in utility S02 
emissions between 1985 and 2010. Emissions grow steadily 
from 16.3 million tons in 1985 to 20.7 million tons in 2010.

The low emissions case projects approximately constant 
emissions, with a gradual decrease after 2005. In 2010, emissions 
would be 15.7 million tons — somewhat less than the 1985 level.

The low case projects lower emissions because the lifetime 
of fossil-fuel-fired plants larger than 50 megawatts is 55 years, 
rather than 65 years in the high case. Also, the low case assumes 
greater repowering with new technologies, smaller electricity 
demand growth, more new non-fossil-fired plants, more cogen­
eration and longer nuclear plant lifetimes.

A draft low-emissions scenario, which caused debate within 
EPA, showed declining emissions after 2000 and a sharp drop 
between 2005 and 2010 to 13.4 million tons —18 percent below 
the 1985 level. The draft low case assumed a 50-year plant 
lifetime and significantly more repowered coal capacity by 2010.

The draft case already has been cited by the National Coal 
Association, which says EPA forecasts of S02 emissions have 
been consistently and unrealistically high.

Other utility S02 projections: There is a range of 
opinions on whether utility S02 emissions will rise or fall in 
coming decades.

The 1987 NAPAP report reviewed a variety of emissions 
projections by consulting firms for EPA and the Department of 
Energy, the coal industry and congressional agencies. NAPAP 
found that recent utility S02 emissions projections fall into two 
broad groups, depending on assumptions about coal-fired plant 
lifetimes.

Assuming a 45- or 50-year plant life, S02 emissions are 
projected to be roughly constant between 1985 and 2005. Emis­
sions then drop about 30 percent between 2005 and 2030.

Assuming a 60-year plant life, emissions are projected to 
rise until 2010 and then decline slowly to 2030.

NAPAP said all the projections assume no penetranon of
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improved technology.
In reviewing the estimates, NAPAP found that the National 

Coal Association had lower estimates for 1990 S02 emissions 
than the other studies. NAPAP said NCA’s scenarios, which 
showed a drop in emissions, were lower because they were based 
on an extrapolation of factors contributing to recent trends in coal 
use.

A Congressional Research Service forecast also diverged 
from the others, showing a steep increase between 2020 and 
2030, driven by an assumption of continued high growth rates in 
the long term, NAPAP said.

The Natural Resources Defense Council, in attacking an 
Energy Department base case projection presented by N APAP in 
its 1987 report, said “a prudent scenario” shows steadily increas­
ing emissions through the year 2030 and beyond. The DOE 
projection showed a decline starting in 2010.

Under the NRDC scenario, total S02 emissions from all 
sources would increase 40 percent from the 1985 level through 
2030, to 28.5 million metric tons.

NRDC assumed that coal-fired plants built in 1965 or later 
would not retire before 2030. Also, NRDC assumed that no 
nuclear plants would be ordered, but that nuclear plants in the 
construction pipeline will be built.

Total S02: Two separate studies for EPA and DOE, cited 
by the NAPAP report, try to project future S02 emissions from 
all sources from 1985 to 2030. They differ on the level of future 
emissions, but both indicate a slow rise in emissions followed by 
a decline to about the same level as today. Peak projected 
emissions range from 23- to 31-million metric tons, compared 
with 21.2 million metric tons in 1985.

In 2030, utility emissions are projected to be lower, but 
industrial emissions would be higher because of economic 
expansion, the studies said.

NOx: A variety of studies project a big increase in nitrogen 
oxide emissions in the next few decades. Electric utilities, 
industry and transportation all are projected to increase their 
emissions.

Substantial increases in NOx emissions would be contrary 
to the NOx protocol signed by the United States in October 1988. 
The protocol provides for a freeze on NOx emissions, technol­
ogy-based standards for new sources and research on a long-term 
strategy that may establish future control levels.

Before the protocol, the 1987 NAPAP report said that total 
NOx emissions in 2030 are projected to grow 50- to 60-percent

from the 1985 level (19.1 million metric tons), assuming current 
standards and technologies.

Utility NOx emissions grew 33 percent between 1975 and 
1985, and are expected to continue to rise because of increased 
coal use, the NAPAP report said. Retirement of older power 
plants does not greatly reduce NOx because emissions from new 
plants that meet the new source performance standard are typi­
cally only one-third cleaner than pre-NSPS plants, NAPAP says.

“For the period 1985-2000, there is remarkably good agree­
ment that [utility NOx] emissions will increase by approximately 
30 percent (from about 6.5 to 8.5 million metric tons per year),” 
the NAPAP report said. “Estimates diverge after the turn of the 
century due to differing assumptions about long-term economic 
growth.”

The May 1989ICF/EPA base case forecast shows a some­
what slower increase in utility NOx emissions than the NAPAP 
report indicates. The high case shows a steady rise to 8.1 million 
metric tons by 2000 and 10.6 million metric tons by 2010. The 
low case shows emissions reaching 7.7 million metric tons in 
2005 and remaining at that level in 2010.

Motor vehicle NOx emissions also are expected to rise. An 
April 1989 American Lung Association report, “Why NOx?”, 
says that growth in the number of vehicles and miles traveled will 
result in significant increases in NOx from the transportation 
sector beginning in the 1990s.

For more information
For more information on acid rain legislation and issues, see 

the following EESC publications:
• Basic background—Briefing Book, p. 1 (Acid rain) and 

p. 13 (Clean coal).
• Outlook for 101st Congress — 1/26/89 Special Report.
• Review of 100th Congress action — 10/24/88 Special 

Report.
• President Bush’s acid rain control proposal — 6/19/89 

Special Report
• Sikorski acid rain control bill (summary and politics) — 

3/20/89 Weekly Bulletin, p. B9.
• Acid rain controls and coal markets — 3/13/89 Weekly 

Bulletin, p. B15.
• Detailed summary of S 1894, the Senate Environment 

clean air bill in the 100th Congress — 4/20/88 Special Report.
• Summary of the potential fall 1988 Mitchell-Byrd com­

promise on acid rain — 10/3/88 Weekly Bulletin, p. A27.]
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The Acid (Rain) Test
The $3 billion reduction in the cost of the Clean Air 
Act that President Bush is seeking could be obtained 
very easily if both the president and Congress would 
pay attention to the NAPAP report that was released 
on September 5. This was a summary of the Findings 
of a 10-year study of acid rain that the government 
funded to the tune of $537 million. It pulled the rug 
from under the fearmongers in the environmental 
movement, the government and the media who have 
been portraying acid rain as one of those critical 
problems that must be solved if we are to save the 
country, civilization and the planet. The advocacy 
journalists have done much to convince the public that 
emissions from electric power plants are making the 
rain so acid that it is kilting crops, forests and fish, 
endangering human health and even destroying 
buildings.

Fear-driven Waste
The fears created by more than a decade of exaggerated 
scare stories about acid rain would be hard to neuualize 
even if our media were to make a conscientious effort to 
tell the truth as we now know it. It would help if President 
Bush and his top aides, including William K. Reilly, the 
administrator of the Environmental Protection Agency 
would give high-profile speeches on the subject. They 
could praise the work of NAPAP and point out that this 
half-biHion-dollar investment will pay handsome 
dividends. It has made it clear that we can save as much 
as $4 billion a year by scrapping the costly controls on 
sulfur dioxide emissions proposed in the Clean Air Act. 
In the absence of such simple honesty, the government is 
careening ahead with plans to enforce unnecessary, costly 
and inefficient methods of dealing with acid rain.

The September NAPAP report’s most valuable contri- 
bution lies in its analysis of the cost and benefits projected 
for different scenarios for dealing with acid rain. The first 
scenario is to rely on the gradual adoption by the electric 
utilities of improved clean technology to reduce sulfur 
dioxide and nitrogen oxide emissions. With this scenario, 
NAPAP projects a moderate increase in sulfur dioxide 
emissions over the next 15 years, followed by rapid 
decreases over the following 25 years when the new power 
plants will predominate. Under this scenario, it estimates 
tnat sulfur dioxide emissions in the year 2030 will be 37 
percent below the 1980 level.
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