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Foreword

This book describes acidic emissions control technology and costs. The objectives of the study
were: (1) to identify and characterize stationary combustion and industrial sources of directly
emitted acidic materials in the United States; (2) to evaluate the technical feasibility of contro!
techniques for these sources; and (3) to estimate the costs of applying these control technologies.

The Acid Precipitation Act of 1980 established an interagency Task Force to develzo a compre-
hensive research program for investigation of acid precipitation issues. The Nationa! Acid Pre-
cipitation Assessment Program (NAPAP) was subsequent!y established to develop the necessary
data and provide a framework for policy recommendations in regard to acid precipitations. Ons
aspect of the overall acid deposition issue is to understand the role and significance of direct emis-
sions of acidic materials. As such, it is necessary to identify the major industrial sources ot direct
emissions of acidic material (e.g., sulfates, chlorides) and to evaluate the control of these mate-
rials. In addition, it is important to know if the most cost-effective methods for reducing acidic
emissions differ from those for controlling acid depesition precursors (SO,, NOyx, and VGC).

The book gives results of estimates, using a model piant approach, of cos's for retrofitting selected
acidic emission control systermns to utility and industrial boilers, Claus sulfur recovery plants,
catalytic cracking units, primary copper smelters, coke oven plants, primary aluminum smelters,
and municipal solid waste incinerators.

Sources of directly emitted acidic materials were identified via a literature search. For most
source categories, emissions were estimated using emission factors and combustion and process
capacities found in the literature. To focus project funding on source categories with the greatest
emissions, model units were developed for those sources which emit 4 500 Mg (5,000 tons) or
more of acidic material per year. These model units were then used as bases to estebiish control
techniques and determine control costs.

Utility and industrial boilers are the largest U.S. sources, emitting approximately 760,000 Mg
(830,000 tons} and 180,000 to 250,000 Mg (200,000 to 275,000 tons) of acidic material per
year, respectively. Total direct emissions of acidic materials represent an estimated 2% of annual
acid precipitation precursor (SG,, NOy, and VOC} emissions from stationary sources.

Results of this study can be used to evaluate the merits of controlling directly emitted acidic
materials as part of a policy evaluation of overall acid deposition control strategies. For exampie,
if it were determined that for a region local emissions of directly emitted acid materials were
more significant than long range precursor emissions, the information 1n this book could be used



vi  Foreword

to evaluate the cost effectiveness of controlling local sources of directly emitted acidic mate-
rials versus sources of long range precursor emissions.

The greatest obstacle in this study was the lack of available performance data for acidic emissions
control systems. Thus, the control systems chosen for model development and cost estimation
are generally those which are commercially demonstrated for control of SO, and NOy and pro-
vide the greatest potential for control of acidic material emissions. Promising research and de-
velopment activities relevant to acidic materials control were also examined.

The information in the book is from Cost of Controlling Direct!y Emitted Acidic Emissions from
Major Industrial Sources, prepared by T.E. Emmel, J.T. Waddell, and R.C. Adams of Radian
Corporation for the U.S Environmental Protection Agency, July 1988.

The table of contents is organized in such a way as to serve ds a subject index and provides easy
access to the information contained in the book.

Advanced compositian and preduction methods deve oped by Noyes Dats
Corporation are employed to bring this durabiy bound book t0 you na min-
imum of time. Special techniques are used to close the Qap petween ‘manu-
script’ and ‘compieted book.” In order to keep the price of the book 10 a
reasonable level, 1t has beer partially reproduced by photo-offset directiy
from the ocriginai report and the cost saving passed on to the reader Due to
this method of publishinﬁ, certain portions of the book may De 'ess iegible
than desired



Abbreviations and Symbols

ACFM
bb!
Btu

cm
DOE

FGD
it
GJ
HCI
HF
hr
H,S
kg
kd
kPa
b
LT

Mg

mg

min
MMBtu
NOyx
PC
ppmy
psi

SCFD
sd
SOy
SO,
TPD
‘\."OC

actual cubic feet per minute
barrel

British thermal unit
Celcius

centirneter

Department of Energy
Fahrenheit

flue gas desulfurization

feet

gigajoule

hydrogen chloride
hydrogen fluoride

hour

hydrogen sulfide

kilogram

kilojoule

kilopascal

pound

long ton (equal to one megagram)
meter

megagram

milligram

minute

million Btu

nitrogen oxides

pulverized coa!

parts per million (by voiume)
pounds per sqGuare inch
second

standard cubic feet per day
stream day

sutfur oxides

sulfur dioxide

tons per day

volatile erganic compounds
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NOTICE

The materials in this book were prepared as accounts
of work sponsored by the U.S. Environmental Protec-
tion Agency. This information has been reviewed by
EPA and the other participating Federal Agencies, and
approved for publication. Approval does not signify
that the contents necessarily reflect the views and
policies of the Government, nor does mention of trade
names or commercial products constitute endorsement
or recommendation for use. On this basis the Publisher
assumes no responsibility nor liability for errors or any
consequences arising from the use of the information
contained herein.

Final determination of the suitability of any informa-
tion or procedure for use contemplated by any user,
and the manner of that use, is the .ole responsibility
of the user. The reader is warned that caution must
always be exercised when dealing with hazardous mate-
rials, such as acidic emissions, and expert advice should
be sought at all times.

Vil
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1. Introduction

The Acid Precipitation Act of 1980 established an Interagency Task
Force to develop a comprehensive research program for investigation of acid
precipitation issues. The National Acid Precipitation Assessment Program
(NAPAP) was subsequently established to develop the necessary data and
provide a framework for policy recommendations in regard to acid
precipitations. One aspect of the overall acid deposition issue is to
understand the role and significance of direct emissions of acidic
materials. As such, it is necessary to identify the major industrial
sources of direct emissions of acidic material (e.g., sulfates, chlorides)
and to evaluate the control of these materials. In addition, it is
important to know if the most cost-effective methods for reducing acidic
emissions differ from those for controlling acid deposition precursors (SOZ‘
NOX. and VOC).

Accordingly, the objectives of this study were: 1) to identify and
characterize stationary combustion and industrial sources of directly
emitted acidic materials in the United States; 2) to evaluate the technical
feasibility of control techniques for these sources; and 3) to estimate the
costs of applying these control technologies. This assessment was conducted
via review and analysis of existing data including the preliminary control
strategies evaluated by the Interagency Task Force. The potential for
emissions from transportation sources was not examined in this study.

Results of the study can be used to evaluate the merits of controlling
directly emitted acidic materials as part of a policy evaluation of overall
acid deposition control strategies. For example, if it were determined that
for a region local emissions of directly emitted acid materials were more
significant than long range precursor emissions, the information in this
report could be used to evaluate the cost effectiveness of controlling local
sources of directly emitted acidic materials versus sources of long range
precursor emissions.



2 Acidic Emissions Control Technology and Costs

The results of the study are summarized in Section 2. To identify and
characterize sources of directly emitted acidic materials, national acidic
materials emissions of all combustion and industrial sources were identified
by means of a literature search (Section 3 and Appendix A). Model units
were then developed for those sources which emit 4,500 Mg (5,000 tons) or
more of acidic material per year (Section 4). The model units were used as
bases for establishing control techniques and for determining the technical
feasibility of candidate conventional control techniques. The cost of
contrel retrofits for the model units were estimated and cost-effectiveness
values were determined (Section 5). The cost-effectiveness of acidic
materials control was compared with the cost-effectiveness where applicable
of SO2 which is co-emitted with acidic materials. Promising research and
development activities relevant to acid materials control were also examined
(Section 6).



2. Results and Recommendations

The major combustion and industrial sources of directly emitted acidic
materials that were identified during this study are presented in Table 2-1.
For most source categories, emissions were estimated using emissions factors
and combustion and process capacities found in the literature. Utility and
industrial boilers are by far the largest acidic emissions sources in the
U.S., producing approximately 760,000 Mg (830,000 tons) and 180,000-
250,00C Mg (200,000-275,000 tons) of acidic material emissions per year,
respectively. The bases for all emissions data given in Table 2-1 are
discussed and referenced in both Section 3 and Appendix A. It was also
found that emissions of directly emitted acidic materials represent only
2 NOx and VOC (which are acid
precipitation precursors) from stationary sources.

2 percent of the annual emissions of SO

Based on information obtained in the literature, model plants,
including the most applicable acidic material controls, were developed for
sources that emit over 4,500 Mg (5,000 tons) of acidic material per year.
This cut off point allowed the project funding to be focused on those source
categories with the greatest emissions. The major sources considered
include utility and industrial boilers, Claus sulfur recovery plants,
catalytic cracking units, primary copper smelters, coke oven plants, primary
aluminum smelters, and municipal solid waste incinerators. Although Kraft
pulp mills, gypsum plants, and cement plants are large sulfate emissions
sources, they were not selected for further analysis because the compounds
emitted are alkaline or pH neutral. In addition, gypsum ponds were
identified as a source category emitting large amounts of HF. However, HF
emissions from gypsum ponds are reduced by water treatment methods, whereas
this study focused primarily on controls which treat acidic gases. Thus, no
further analysis was attempted.

Little performance data is available concerning the control of acidic
emissions by currently operating control systems. Therefore, the systems
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Results and Recommendations 5

chosen for model unit development are generally those which are demon.ti il
for control of 802 and NOx and provide the greatest potential for control of
acidic material emissions.

Cost analyses were performed to estimate the costs required for
retrofitting the selected control systems to model plants. Table 2-2
summarizes the control systems analyzed for each significant source category
and their respective cost-effectiveness. Cost-effectiveness is defined as
the unit annual cost for removal of the acidic materials. If SO2 is present
in the emission siream, controls were selected for concurrent removal of SU?
and the acidic materials. Typically, the volume of SO2 is quite large A
compared to the volume of acidic materials. Therefore, cost-effectiveness
is considerably improved if calculated for the combined removal of acidic
materials and SOZ' The combined cost-effectiveness values are included in
Table 2-2. The bases for data presented in Table 2-2 are discussed and
referenced in Section 5.

The greatest obstacle in this study was the lack of available
performance data for acidic emissions control systems. All test data that
could be readily obtained is summarized in Table 2-3. No information was
available concerning the control of acid nitrates. All test data for
removal of acid sulfates are presented in terms of H2504 mist control and
show a wide range of removal efficiencies. Therefore, it would be desirable
if research efforts were directed toward quantitating the acid sulfate and
acid nitrate control performances of existing applicable gaseous and
particulate controls. While data for HC1 and HF removal are also lacking,
the need for research in this area is not urgent. This is because HC] and
HF have high affinities to the alkaline solutions commonly used by FGD
systems and, as indicated by the limited test data, removal is expected to
be high. '

The technologies identified as being most applicable to reducing
directly emitted acidic materials are wet/dry scrubbing techniques.
Conventional electrostatic precipitators and fabric filters are not as
effective because the acidic materials may still be in a gaseous state at
the operating conditions where these devices are typically located. As
such, it was concluded that the most cost effective control devices for,
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8 Acidic Emissions Control Technology and Costs
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