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PREFACE

This is a final report prepared by the United States/
Canada Work Group on Emissions, Costs and Engineering Assessment
in accordance with the Memorandum of Intent on transboundary air
pollution concluded between Canada and the United States on

August 5, 1980.

This report 1is one of a set which draws together
currently available information on transboundary air pollution
with particular emphasis on acid deposition. The reports provide
a unique compendium of currently available information and
represent a consensus within the United States/Canada scientific
community on the nature of the problem and the technologies
available to deal with it. They reflect the current state of
scientific knowledge and suggest further research needed to refine .
the state of that knowledge.

The Office of the Science Adviser to the President in
the United States and the Royal Society of Canada are conducting
peer reviews of these reports to be completed later this year.
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i European Affairs for USA Affairs
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Ko, | Vil ot M
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Associate Director for Director General
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and Technology (RD-681) Directorate
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PREAMBLE

: ) The Emissions, Costs, and Engineering Assessment Sub-
' group (Work Group 3B) was established under the MEMORANDUM OF
¢ INTENT in order to provide support to the development of the
- control element of a bilateral agreement on transhoundary air
- pollution. Work Group 3B is also charged with preparing proposed
- work under the Applied Research and Development element of the
. agreement.

i
; The purpose of this Phase III report is to respond to
- the Terms of Reference identified in the MEMORANDUM OF INTENT and
i to the tasks set forth in the group's approved work plan.
' During Phase I, Work Group 3B devoted its efforts to:

;a) Preparing a work plan for Phase I and Phase II

: b) Identifying control technologies and associated costs for
source categories of major concern

.c) Reviewing historical emission trends
1 d) Determining current emission rates from the source regions
‘e) Projecting future emission rates

f) Preparing the Phase I report

;During Phase II, the group accomplished the following:
;a) Refined initial data inputs

Eb) Prepared a work plan for Phase III

During Phase III the group:

‘a) Improved and expanded on the information compiled in previous
' studies
b) Undertook a more careful examination of uncertainties

<) Completed a formal Phase III report (this report).

: The first chapter of this report summarizes the major
findings and conclusions in terms of the major analytical

;elements: " emissions, technology for control, and costs. The
remainder of the report is structured to closely follow the Terms
of Reference for Work Group 3B. Chapter B analyzes the emission

trends for S0, and NO, in the United States and Canada.
Chapter C presents data and information on emission control tech-
nologies and associated costs for all major source categories.
While Chapter D presents preliminary data on other pollutants,
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(s04, volatile organic compounds (VOC) and heavy metals). A
discussion of the constraints on and boundaries of analysis is
presented in Chapter E. The final chapter of this report lays out
the present and planned research activities of the two countries
and suggests some future research and development needs.

The Terms of Reference and the membership of Work Group
3B are found in Appendix 1 of this report.

The other Appendices present more detailed information
on the methodologies used to calculate the emission inventories
and future emission projections, and the emission inventory for
1978 used by Work Group 2 in its modelling work. Control technol-

ogies for SO abatement and current Research and Development
projects are also described in more detail.
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A. SUMMARY OF FINDINGS AND CONCLUSIONS

J-l INTRODUCTION

Reviewed in this report are emissions of pollutants that
undergo transboundary transport, the currently available technol-
obies (process and control), costs of their application for the
reduction of SO and NOy emissions for both new and retrofit
installations and research and development activities. The cost
for control equipment is a function of the degree of control
desired, and is greater for retrofit installations than for new
ibstallations. While no detailed intersectorial analysis has been
carried out for control costs it would appear that on a per unit
of reduction basis, S03 controls may be far more costly for
certain sectors than others. In addition, the impact of imposing
controls on industry may not be limited to control costs. The
problems of raising large capital sums, the payback period, the
effect of tax and incentive legislation and the difficulty of
bearing annual costs will all require detailed examination in the
development of optimal control strategies.

Emissions (historical, present and projected) are listed
for the fossil-fuel-fired electrical generation sector (eastern
U%S. and Canada), non-ferrous smelters (eastern Canada) and mobile
sources (U.S. and Canada). These sectors, together with indus-—
trial, residential and commercial fuel combustion, account for the
majority of anthropogenic SOy and NOx emissions in the eastern
part of North America, and hence are judged to be the most

i@pgrtant sources in the acid precipitation problem. A brief
review is carried out for petroleum refining, solid waste inciner-
ation and the pulp and paper industry. These sectors are consid-

ered to be of secondary importance to the acid precipitation
problem since their emissions of SOy and NOy are considerably
smaller in magnitude than those of the three primary sectors. A
preliminary estimate of the emissions inventory for certain other
air pollutants including primary sulfates, volatile organic
compounds and selected metals is also provided.

_ To date, regulatory activity has been centered on main-
taining and improving local and regional air quality. From the
emission projections contained in this report it appears that
b%?wegn 1980 and 2000, SO; emissions will increase 7.6%; NOx
emissions will increase 26%. For the eastern portion of the U.S.
and Cana@a (26 states east of the Mississippi River and provinces
from Manitoba eastward) SO0y emissions will decrease by 1% while
qu emissions will increase by 38%. For certain source sectors

agd .certain emitting regions increases in emissions may be
significant.

_ Research & Development for SOy and NOx control for
cO.Mbusﬁlon sources is currently centered in three principal areas
Oﬁ activity; improvement in flue gas desulfurization technology,
Combustion modifications and fluid-bed combustion. It is consid-
eged th?t this research is necessary and should be supported to
the maximum practicable extent. Some of these current initiatives




may become commercially viable within the next 10 years; for
example, combustion modifications offer the promise of relatively
inexpensive NOy control for coal-fired power plants.



A.2 EMISSIONS SUMMARY

Historical, present and projected emissions of sulfur
dioxide and nitrogen oxides, and estimates of the probable error
ranges around the present emissions in Canada and the United
States have been developed. Emissions projections are based on
Paseline assumptions about economic and energy growth, assuming no

changes in current environmental regulations. In addition, pre-
Iimlnary estimates of emissions of primary sulfates, volatile
organic compounds and selected metals have begn assembled.

Emissions of S0, in the U.S. rose from close to 20
million tonnes 1in 1950 to about 28 million tonnes in the
iid-l960's before dropping to about 24 million tonnes in 1980.
'I"he southeastern and midwestern states shared the bulk of this
%ncrease. The southeastern states of Alabama, Florida, Georgia,
Mississippi, Kentucky, North Carolina, South Carolina and

ennessee exhibited a sharp increase in SO, emissions between
1955 and 1978. The data suggest that this increase may be as high
45 three-fold, i.e. from about 2.1 million tonnes in 1955 to about
.3 million tonnes in 1978.

In the midwestern states of Illinois, Indiana, Michigan,

innesota, Ohio and Wisconsin there appears to have been a signif-

icant steady increase in S0 emissions between 1955 and 1965

from 6.6 million tonnes to 9.8 million tonnes) and a significant

teady decline in these emissions since 1965 to 8.1 million tonnes

in 1978. Levels today are about 25% higher than in 1955 in this
eglon of the United States.

Total Canadian emissions of SOs were approxlmately 4.8

illion tonnes in 1980, about the same level as in 1955, after
having peaked in 1965 at close to 6.6 million tonnes. Eastern
Canada, comprising the provinces east of the Manitoba-Saskatchewan
border, contributed the bulk of these emissions, i.e. 4.3 million

gonnes in 1955, 5.6 million tonnes in 1965 and 4.0 million tonnes
in 1980.

Nitrogen oxides emissions in the U.S. increased signifi-
cantly in all areas over the 1950-78 period. This increase ranged
rom about a factor of two in the northeast to over three in the
%Puth. The trend also indicates that total U.S. NO, emissions
have increased steadily from about 9 million tonnes to 20 million
tpnnes and did not peak in the mid-1960's as did SO3. In the
eastern U.S., emissions which were at a level of about 6 million
tonnes in 1950 reached more than 17 million tonnes in 1978. Total
NOx emissions in Canada have increased from 0.6 million tonnes
ln 1955 to 1.8 million tonnes in 1980. Eastern Canada has contri-
buted more than 60% to these emissions over thls period.




During the 1978-80 period, yearly 8S03 emissions in
North America (i.e. both U.S. and Canada) have amounted to close
to 29.million tonnes. In eastern North America the total is close

to 25 million tonnes, and the ratio of U.S. to Canadian emissions
is 5.3 to 1.

Thermal power plants are the primary source of anthropo-
genic S05 emissions and contribute about 57% of the combined
U.S.-Canada nation-wide emissions. This sector is followed by the
industrial, commercial and residential fuel combustion category at

about 14% of the combined nation-wide emissions. Then, at about
12%, are the emissions of SO; from non-ferrous smelters with all
other industrial processes contributing about 13%. The primary

contributor to present domestic SO0 emissions differs in the
U.S. and Canada. In the U.S. about two-thirds of the total
domestic emissions comes from power plants, while in Canada more
than 40% comes from non-ferrous smelters. About 16 million tonnes
of S05 come from American power plants, about 2 million tonnes
of SO03 come from Canadian non-ferrous smelters. Only about 15%
of the S0y generated in Canada comes from thermal power plants.

Yearly NOy emissions in North America during the same
period have amounted to about 21 million tonnes. In eastern
North-America the total is about 16 million tonnes, while the
ratio of U.S. to Canadian emissions in the east is roughly 15 to
1. About 45% of the combined nation-wide emissions comes from the
transportation sector, about one quarter from power plants and
about 20% from other combustion processes (industrial, commercial,
residential, fuel combustion).

An analysis was performed to estimate the probable error
inherent in the current emission estimates of 802 and NOx.
The probable errors are approximations derived through a combin-
ation of statistical theory and engineering judgement and do not

represent true error values obtained through the appllcatlon of
rigorous statistical procedures.

The probable error in the national U.S. SO3 emissions

is estimated to be 2.3% and for NOy, 2.0%. For Canada, the
precision of the national SO inventory was found to be 6.3% and
for NOyx, 10.3%. For individual states or small regions, the

probable error is higher.

In the next two decades total U.S. 502 emissions are
projected to decrease slightly by 1990 to about 23 million tonnes
from about 24 million tonnes in 1980 and then increase to about 27
million tonnes by the year 2000. Emissions from power plants are
projected to remain roughly constant at about 16 million tonnes
while emissions from the combustion of fuel in residential,
commercial and industrial sectors is projected to increase from
3.2 million tonnes (1980) to 7.4 million tonnes (2000) or roughly
130%. The increase in emissions from the industrial sector is
based on the assumption that there will be large increases in coal
usage in industrial Dboilers. Emissions of SOy from U.S. non-



WWUI!U!-HJ"SF"I'I'\U)JJI Vi AW W e

[STRO BN O I Bite BN 1))

a}

m T 1 e

W W e

e e A Ay, et g = e

ferrous smelters are projected to decrease to 0.5 million tonnes
by the year .2000 from 1.4 million tonnes in 1980 as all non-
ferrous smelters, due to existing regulatory requirements, must
achieve approximately 90% reduction in SO; emissions from uncon-
trolled 1levels. However, non-~ferrous smelters in the U.S are
located in western and southwestern states and are therefore
unlikely to play a significant role in the eastern North America
acid precipitation issue. Emissions of S0, from other indus-
trial processes are projected to decrease by about 50% by the year

2000 to about 1.5 million tonnes.
' {

In Canada, total emissions of 805 to the end of the
century are expected to decrease slightly from 4.8 million tonnes
(1980) to 4.4 million tonnes (2000). Sulphur dioxide emissions
from thermal power plants are expected to decrease slightly from
0.8 million tonnes in 1980 to 0.7 million tonnes by the year
2000. Although the emissions of SO0 from power plants in
Western Canada are projected to increase from about 80 kilotonnes
in 1980 to close to 290 kilotonnes by the year 2000, this increase
will be offset by decreases in S0j emissions in the Maritime
Provinces and by decreases in S03 emissions from power plants in
Ontario. Recent regulatory requirements announced by the Ontario
government will 1limit the emissions of 802 from Ontario power
plants to 260 kilotonnes/year by 1990 from the current 400 kilo-

tonnes/year.

Sulfur dioxide emissions from industrial, commercial and
residential fuel combustion are projected to decrease signifi-
cantly from 0.8 million tonnes in 1980 to 0.25 million tonnes by
the year 2000. The underlying assumption here, as reflected in
the Canadian National Energy Plan (NEP), is the conversion to the
use of natural gas from petroleum fuels.

Projected SO emissions from Canadian non-ferrous
smelting complexes to the year 2000 indicate a maximum of about
2.2 million tonnes per year, essentially the same level as in
1980. The level attained will depend on market fluctuations
assuming no technological improvements are made at the various
smelters. Emissions from other industrial processes are projected
to increase from about 0.9 million tonnes in 1980 to close to }.1
million tonnes by the year 2000. This increase is due primarily
to an increase in S0, emissions in Western Canada based on the
assumption that projected tar sands and natural gas development
projects will proceed as scheduled. Recent events suggest that

this assumption may no longer apply.

With respect to the emissions of NOy to the year 2000,
total U.S. emissions are projected to rise from about 19 million
tonnes in 1980 to about 24 million tonnes by the year 2000. In
Canada, the emissions are also projected to rise from about 1.8
million tonnes in 1980 to about 2.4 million tonnes by the year

2000.




An increase of about 55% in nitrogen oxides emissions is
projected by the year 2000 from U.S. power denerating stations,
while in Canada the level is projected to be essentially the same
as 1in 1980, i.e. about 250 kilotonnes. In the transportation
sector, the emissions in the U.S. are expected to rise from about
8.5 million tonnes in 1980 to close to 10 million tonnes by the
year 2000. In Canada, in the absence of further control action,
NOy emissions are projected to rise steadily from about 1.1
million tonnes in 1980, to 1.3 million tonnes in 1990 and to 1.7
million tonnes by the end of the century. Nitrogen oxides
emissions both in Canada and the U.S. are projected to remain
essentially constant from commercial, residential and industrial
fuel combustion.

Present and projected S0 and NOy emissions data
for the U.S. and Canada are presented in Tables A.2.1 to A.2.4.
As mentioned previously, the emission projections shown assume no
changes in current environmental regulations.

Preliminary estimates of the emissions of pollutants
that may also be important in the long range transport of pollu-
tants, i.e. primary sulphates, volatile organics and selected
metals have also been developed. Current or the most recently

available emissions data for these pollutants are shown in Tables
A.2.5 to A.2.8.




National Current and Projected SO, Emissions
Using Combined Models (106 tonnes/year)2

Electric Utilities

Industrial Boilers and
Process Heaters

Non-ferrous Smelters
Residential/Commercial
Other Industrial Processes
Transportation

TOTAL U.S.

TABLE A.2.1

UNITED STATES

Current Projected

1980 1990

\

15.8 15.9
2.41 3.4
1.4 0.5
0.8 1.0
2.91 1.2
0.8 _0.8

24.1 22.8

Projected
2000

16.2

6.5

1 In current 1980 emissions, process heaters are included with
other industrial processes and not with industrial boilers.

2 source of Projections:

for each sector:

Res/Com-SEAS; Smelters-site by site survey:

Processes—-SEAS:

These emissions estimates are based on
1980 trends using the following sources for projections

Utility—-EHPA; Industrial-ICF;
Industrial

Transportation—-SEAS.




TABLE A.2.2
UNITED STATES

National Current and Projected NOx Emissions
Using Combined Models (106 tonnes/year)3

Current Projected Projected
1980 1990 2000

Electric Utilities 5.6 7.2 8.7
Industrial Boilers and 3.51 3.0 4.0

Process Heaters
Residential/Commercial 0.7 0.7 0.6
Other Industrial Processes 0.71 0.8 1.1
Transportation 8.5 7.8 . 9.7
Miscellaneous 0.3 _::_2 - 2

TOTAL U.S. 19.3 ' 19.5 24.1

In current 1980 emissions, process heaters are included with
other industrial processes and not with industrial boilers.

Projections of emissions from miscellaneous sources (solid
waste disposal, forest fires, etc) were not produced

3 Source of Projections: These emissions estimates are based
on 1980 tren