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ABSTRACT

This report describes a three-year study performed by The
Aerospace Corporation to satisfy the Emissions Inventory phase of a federal

1

grant entitled "Analysis of NOX Control in Stationary Sources.' The grant
defines a three-year program covering the period 15 July 1974 to 30 April
1978. The purpose of this phase of the program is to assist the Environmental
Protection Agency in establishing priorities for detailed studies of techniques
for the control of combustion-related stationary source atmospheric emissions
of {1) oxides of nitrogen, (2) unburned hydrocarbons, (3) carbon monoxide,

and (4) particulate matter. The emissions inventoried are from recognized
major stationary combustion sources as well as from stationary source
categories in which combustion plays a secondary role. During the first year
of this study, the emissions inventory was determined for boilers, internal
combustion engines, chemical manufacturing, and petroleum refining. In

the second year, the inventory was obtained for point-source evaporation and
primary metals industries. The third year of the study added mineral
products, secondary metals, and wood products to the inventory and updated
the data base for the boiler category. This report now identifies more than

90 percent of all emissions of the four air pollutants from stationary point

sources.

This report is submitted by The Aerospace Corporation under
sponsorship of the Environmental Protection Agency in partial fulfillment
of Grant Number R803283. The remainder of the grant involves an analysis
of the control of oxides of nitrogen in stationary systems. The first two-years
of the emissions inventory study have been reported by Aerospace in Inventory
of Combustion-Related Emissions from Stationary Sources (First Update),
EPA-600/2-77-066a, dated March 1977,
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SECTION I

EXECUTIVE SUMMARY

1.1 INTRODUC TION
1.1.1 Background

A cost-effective approach to nationwide reduction of air
pollution requires an accurate assessment of the air pollutants being
discharged into the atmosphere by combustion-related processes and other
related activities. Since there is a long lead time between the recognition
of a large source of air pollution and the implementation of control methods,
it is further required that the magnitude of these emissions be estimated
for an appropriate time in the future.

Studies of specific industries have been conducted. Be-
cause the sources of air pollution are numerous and geographically
scattered, few studies have involved the gathering of significant samples
of measured emission data. Most tend to review, analyze,‘ sumrmarize,
and project the same data.

The National Emissions Data System (NEDS) of the U. S.
Environmental Protection Agency (EPA) has generated a large volume of
detailed, measured emissgion data, covering a wide range of industries.
Most of these data were gathered in the 1970 through 1972 time period.
Efforts to update the NEDS data base are continuing. However, as of
1977, the NEDS data were incomplete, contained some errors, and repre-
sented data from an average time period of about 1971. The NEDS contains
no means for projecting the data beyond the acquisition period. Despite
these drawbacks, the NEDS has the largest, most comprehensive, and

detailed sample of original emission data available.
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The other studies containing original data surveys serve
as a check on the completeness of the NEDS data and provide the rationale

for projection of the data into the future.

1.1.2 Scope
The purpose of this study, which was part of a three-year

program, is to assist the EPA in establishing priorities for combustion-
related detailed air pollution control studies. The atmospheric pollutants

of interest are oxides of nitrogen (NOX), unburned hydrocarbons (HC),
particulate matter (PART), and carbon monoxide (CO). The study utilized
the NEDS original emission data base, as well as original data obtained

from other published studies and contacts with manufacturers' associations,
to generate a detailed inventory of emissions, with projections into the future.

The nationwide emissions inventory compiled by this study
is limited to atmospheric point source emissions. Point sources are
defined, for this study, as stationary sources contributing more than 100
tons per year of pollutant. Area sources (i.e., stationary sources of
pollution exclusive of point sources) are considered only in cases where
the area source is likely to be large compared to the point source.

The industries from which the emissions of interest emanate
are referred to as process or source categories and are classified under
the NEDS Source Classification Code (SCC). A detailed breakdown of these
source categories is further defined by the Modified SCC (MSCC) developed
by The Aerospace Corporation for this study. The emissions inventoried
during the first year of the study, reported here, are from the following
major source categories: external combustion in boilers, internal com-
bustion, chemical manufacturing, and petroleum refineries. Evaporation
and primary metals emissions were studied in the second year of the
program; emissions from mineral product, secondary metal, and wood
product industries were included in the third year.

Uncertainty values are given for the current emisgion
estimates and for emission projections to the early 1980s. The variables
determining these values are process usage rates, emission factors,

control applications, and time derivatives or trends. Statistical engineering
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estimates, current and potential legislative controls, and several
independent sources of data were considered in calculating the uncertainty

of each of the emissions inventoried.

1.1.3 . Objectives

The objectives of this study are as follows:

a. Establish current and future five-year estimates of
significant nationwide atmospheric stationary point
source emissions of particulates, NO_, HC, and CO,

~particularly from industries involving combustion.

b. Determine the uncertainty of current and future emission
rates, '

1.1.4 Approach
The objectives of the study were accomplished by the

performance of the following tasks:

a. Establish a list of processes which yield a significant
quantity of atmospheric emissions. The selection of
processes and subprocesses is described in Sections
1.4.1 and 1.4.2.

b. Determine a data base (starting point) and slopes for
time -dependent variables from which current and future
emissions can be calculated. Accomplishment of this
task for each process is described in Sections II through X.

c. Establish and code equations, for computer usage, which
allow emissions and their uncertainties to be estimated
for the year of interest. Section 1.5 describes these
equations.

d. Calculate and publish emissions for the current year
and the fifth year hence. The detailed results of these
calculations are listed for each process in Sections II
through X. The summarized results are published in
Section 1. 3,

1.1.5. Organization of Report

Data tables presented throughout this report are for the
years 1977 and 1982. The Executive Summary section presents (1) an
overview of the study and a concise review of the significant results; (2)
an inventory summary of the 1977 and 1982 emissions, charge rates,

and uncertainties for the broadest categories of the process studies; and
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(3) a description of the data acquisition techniques and the methods used
to perform the computational analyses. Each of the major processes
studied in the emissions inventory is presented separately in Sections II
through X. For the convenience of selective users, these sections are
independently oriented.

The overall study was a three-year effort. Each year a
selected industry, process, or group of sources was studied, Also, during
the third year, the inventory of the external combustion boiler category
was updated. The basic report was revised annually during the course of
the study, with subsequent inventories and the update of the boiler category
incorporated.

Metric equivalents for English units used in this report are
listed in the conversion table in Appendix A. A glossary of terms is pro-

vided in Appendix B.

1.2 STUDY SUMMARY

The percentage distribution of the emissions of the four air
pollutants among the stationary point source categories inventoried is
shown in Table 1-1. Table 1-2 shows the quantities of the emissions from
each of these categories and these same data are shown graphically in
Figure 1-1.

Table 1-1 shows that this inventory covered more than 90
percent of all of the stationary point sources of the four air pollutants.
This study was restricted to stationary point sources. In general, a point
source is defined as a single geographical location from which more than
100 tons of an air pollutant are emitted annually. Sources too small to
qualify as point sources are summed over certain geographical areas and
are cited as area sources. In that regard, this inventory covered more
than 80 percent of all stationary sources (point plus area) of all of the four
air pollutants except hydrocarbons (HC); only 62 percent of all of the
stationary sources of HC emissions (point plus area) were covered. The
large area source of HC emissions is primarily the unloading of tank
trucks and the filling of motor vehicles at retail gasoline service stations

(vapor displacement sources).
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Table 1-1. 1977 DISTRIBUTION OF POINT SOURCE EMISSIONS

Percent of Total Point Source Emissionsa‘

Source Category

NOx HC CcoO PART
Steam Boilers 84 3 2 37
Internal Combustion Engines 6 6 Neg Neg
Chemical Manufacturing Neg 16 : 9 Neg
Petroleum Refineries 5 6 47 2
Evaporation Neg 57 Neg Neg
Primary Metals Neg 3 33 8
Secondary Metals Neg Neg 3 1
Mineral Products -3 Neg Neg 43
Wood Products Neg , Neg 2 2
Total Inventoried 98 91 96 93
Other Point Sources® 2 9 4 7
Total Stationary Point Sources 100 100 100 100

a"Neg" is defined as less than 0.5%.

bData from Nationwide Emission Summary, National Emissions Data

Systems, U, S. Environmental Protection Agency, Research Triangle
Park, North Carolina (November 15, 1976),



Table 1-2, 1977 AND 1982 STATIONARY POINT SOURCE EMISSIONS

.. 11 a
Emissions, million tons/year

Source Category NO,  HC  CO  PART

Steé,m Boilers 1977 8.01 0.20 0.51 6.59
1982 6.47 0.25 0.61 6.35

Internal Combustion 1977 0.59  0.38 Neg Neg
Engines 1982 0.55  0.45 Neg Neg
Chemical Manu.facturing 1977 Neg 1.160 2.68 Neg
1982 Neg 1.14 2.82 Neg

Petroleum Refineries 1977 0.49  0.43 15.07 0.28
1982 0.31 0.47 8.97 0.21

Evaporation 1977 Neg 3.84 Neg Neg
1982 Neg 2.26 Neg Neg

Primary Metals 1977 0. 01 0.20 10.41 1.38
1982 0.01 0.20 5.72 0.65

Secondary Metals 1977 0.03 0.02 0.82 0.16
1982 0.03 0. 02 0.38 0.07

Mineral Products 1977 0.29 0.01 0.06 7.71
1982 0.31 0.01 0.05 6.40

Wood Products 1977 Neg 0.03 0.66 0.33
1982 Neg 0.02 0.40 0.34

a‘”Neg” is defined as less than 1% of the emissions for that category.
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Table 1-1 shows that the category called steam (utility
and industrial) boilers is clearly the dominant stationary source of NOx
emissions and the dominant stationary combustion-related source of
particulate (PART) emissions. Of the NOX emitted from these steam
boilers, 85 percent is emitted from utility boilers and 74 percent from
the combustion of bituminous coal. Of all the particulate emissions from
steam boilers, 76 and 94 percent result from utility boilers and bituminous
coal combustion, respectively. The largest single source of particulate
emissions, as shown in Table 1-1, is the category called Mineral Products.
These particulates, however, are largely from stone processing and
cement and asphaltic concrete plants (noncombustion sources) and the
particulate species involved are not usually considered toxic.

Although the NOX and CO emissions shown in Table 1-1
for the point source category of Internal Combustion Engines are both
small, there may be very large amounts of both air pollutants being
emitted by very large numbers of small engines (grouped in an area
source). For example, well over one million gasoline-powered internal
combustion engines were shipped from manufacturers every year for the
last 10 years, for uses ranging from small power tools to compressors,
pumps and electrical power installations. Little data are available, how-
ever, on the actual applications of these small engines, their average
useful life, or their usage rates or duty cycles. Thus the magnitude of
this possible stationary area source of NOX and CO is highly uncertain.
Under a worst case (but possible) set of assumptions, this area source
could represent the largest single stationary source of both NOx and CO.
Efforts to accurately inventory this area source appear warranted.

Table 1-1 shows that the major stationary point source of
CO is the category called Petroleum Refineries. These CO emissions
result almost entirely from processes involved in the catalytic cracking
of petroleum during the refining process. The related combustion process
is the periodic regeneration of the catalyst by burning off the coke (with

air) which becomes deposited on the catalyst. There is, however, a great
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deal of uncertainty in the estimates of CO emissions from this source.
Table 1-2 shows that CO emissions from petroleum refineries in 1977
were estimated at 15.1 million tons, but Table 1-3 shows that this estimate
is uncertain within 6.2 million tons (41 percent). These estimates of CO
emissions from this process are higher than those of the National Environ-
mental Data Systems (NEDS) by more than a factor of five. The large
uncertainties result primarily from the wide ranges of emission factors
found in various data sources. These emission factor uncertainties, in
turn, are thought to result from a lack of data on, and even the possible
day-to-day variations in, the type of after-treatment and/or use of the
CO-rich gases from the catalyst regeneration process in the various
refineries. Waste heat boilers, if in use, can be very effective in reducing
these CO emissions. There was not sufficient time in this study to resolve
these uncertainties.

Table 1-1 shows that the majority of the HC emissions from
stationary point sources result from evaporation of various hydrocarbon
fluids, primarily during various surface coating and petroleum storage,
transportation and marketing processes (noncombustion processes). This
category is an even larger source of HC emissions when the area source
associated with retail gasoline service station evaporation ig also con-
sidered. The relatively large HC emissions shown in Table 1-1 in the
Chemical Manufacturing category are largely due to combustion processes
involved in the production of carbon black and ammonia.

Figure 1-1 graphically shows the preponderance of the
emissions from the source categories as discussed in this section.

Table 1-2 shows the related emission levels, in millions of tons per

year. In addition, Figure 1-1 shows the projected trends in the emissions
of the pollutants from each source category, to a time five years in the
future. In general, all emissions from all source categories show
decreasing trends with time. The total emissions of each of the

four pollutants from all of the stationary point sources inventoried all

show decreasing trends ranging from 20 to 32 percent over the five-year
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Table 1-3. UNCERTAINTIES IN 1977 POINT

SOURCE EMISSION RATES

Source Category

Uncertainty, million tons /year®

NOX HC CoO PART
Steam Boilers +0.52 +0.11 +0. 09 +0.60
-0.52 -0.03 -0. 06 -0.60
Internal Combustion Engines +0. 40 +0.21 Neg Neg
-0.15 -0.07 Neg Neg
Chemical Manufacturing Neg +0. 12 +0. 49 Neg
Neg -0.12 -0.44 Neg
Petroleum Industry +0. 03 +0. 04 +6. 22 +0.01
-0.03 -0.04 -6.22 -0.01
Evaporation Neg +0.53 Neg Neg
Neg -0.44 - Neg Neg
Primary Metals Neg +0. 02 +1.58 +0. 35
Neg -0.06 -1.58 -0.26
Secondary Metals Neg Neg +0.13 +0. 05
Neg Neg -0.13 -0.06
Mineral Products +0. 04 Neg Neg +1,01
-0. 02 Neg Neg -1.05
Wood Products Neg Neg +0. 40 +0.17
Neg Neg -0.40 -0.20

a"Neg" is defined when the nominal emissions are less than
1% of the total stationary point source emissions.

1-10



period (best estimates).‘ Even worst case estimates, within the

ranges of uncertainties, show little or no increases in total emissions
of any of the four air pollutants over that time period. The decreasing
trends are primarily the result of increasingly widespread application

of existing or planned near-term new source performance standards.

1.3 INVENTORY SUMMARY

The categories studied are classified and summarized
under the processes contributing the stationary source emissions of
interest. In Table 1-4, the major process categories investigated are.
listed and defined according to the Modified NEDS Source Classification
Code (MSCC) and charge rate units. The 1977 and 1982 emissions are
summarized by major process category in Tables 1-5-a and 1-6-a, |
respectively. The respective uncertainties for these emissions are given
in Tables 1-5-b and 1-6-b.

In these tables, three levels of summarization are defined
by the nine-digit MSCC number. The first, most general, summary
level is indicated by the first digit of the MSCC. The emissions listed
in the first-level summary categories are the sum of those in the second-
level summary, and those in the second level are the sum of those in the
third level. Second-level categories are indicated by the second and third
digits in the MSCC, and the third-level summary categories by the numbers
in the fourth, fifth, and sixth digits.

No charge rates are listed for the first level and only a
few for the second-level summary categories because these categories
represent different types of processes with different units of measure.
For example, the second-level summary category 101000000 represents
all external combustion for boilers used in electric generation including
those burning coal in tons per year, oil in thousands of gallons per year,
and natural gas in millions of cubic feet per year. In some cases, third-
level summaries involve a single process type with the same units, e.g.,
1010020000, bituminous coal in tons per year. In such cases, the appro-
priate MSCC unit of measure is shown in Table 1-4, and a charge rate
for this unit is listed in Tables 1-5 and 1-6.

(Continued on page 1-77)

1-11



Table 1-4. DEFINITION OF SUMMARY CATEGORIES

MSCC Source Category Charge Rate Unit?
1060000000 External Combustion (Boiler)
101000000 Electric Generation
101002000 Bituminous coal Tons burned /yr
101004000 Residual oil 1000 gal /yr
101005000 Distillate oil 1000 gal/yr
101006000 Natural gas Million cu ft/yr
101007000 Process gas Million cu ft/yr
102000000 Industrial
102002000 Bituminous coal Tons burned/yr
102004000 Residual oil 1000 gal/yr
102005000 Distillate oil 1000 gal/yr
102006000 Natural gas Million cu ft/yr
102007000 Process gas Million cu ft/yr
200000000 Internal Combustion
201000000  Electric Generation
201001000 Distillate oil 1000 gal/yr
201002000 Natural gas Million cu ft/yr
201003000 Diesel 1000 gal/yr
201999000 Miscellaneous fuel N. A,
202000000 Industrial IC Engines
202001000 Distillate oil turbine 1000 gal/yr
202002000 Distillate oil reciprocating 1000 gal/yr
202003000 Natural gas turbine Million cu ft/yr
202004000 Natural gas reciprocating Million cu ft/yr

b a1

202999000 Miscellaneous fuels Million cu ft/yr
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Table 1-4. DEFINITION OF SUMMARY CATEGORIES (Continued)
MSCC Source Cé.tegory Charge Rate Unit®
300000000 Industrial Processes
301000000 Chemical Manufacturing
301002000 Ammonia production with Tons/yr
methanator
301003000 Ammonia production with CO absorber Tons/yr
301005000 Carbon black production Tons/yr
301999000 Miscellaneous chemical manufacturing Tons/yr
303000000 Primary Metals N. A.
303001000 Aluminum reduction Aluminum, tons/yr
303002000 Aluminum ore calcined Tons/yr
303003000 Coke metallurgical Coal, tons/yr
303004000 Coke beehive Coal, tons/yr
303005000 Copper smelters N. A.
303006000 Ferroalloy production (open furnace) Tons/yr
303007000 Ferroalloy production (closed furnace) _
303008000 iron production N. A,
303009000 Steel production Tons/yr
303010000 Lead smelters N. A.
303011000 Molybdenum N.A.
303012000 Titanium N. A.
303030000 Zinc smelting Tons/yr
303999000 Miscellaneous metallurgical processes Tons/yr
304000000 Secondary Metals
304001000 Aluminum operations Tons/yr
304002000 Brass/bronze melt Tons/yr
(continued)
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Table 1-4. DEFINITION OF SUMMARY CATEGORIES (Continued)

MSCC Source Category Charge Rate Unit®
304003000 Gray iron Tons /yr
304004000 Secondary lead smelting Tons /yr
304006000 Secondary magnesium Tons /yr
304007000  Steel foundry Tons /yr
304008000 Secondary zinc Tons/yr
304009000 Malleable iron Tons/yr
304010000 Nickel Tons/yr
304020000 Furnace electrodes Tons /yr
304050000 Misc. casting & fabrication Tons/yr
304999000 Misc. secondary metal activity Tons/yr
305000000 Mineral Products
305002000 Asphaltic concrete Tons/yr
305003000 Brick manufacturing Tons /yr
305005000 Castable refractory Tons/yr
305006000 Cement mfg., dry N. A.
305007000 Cement mfg., wet N. A.
305008000 Ceramic/clay mfg. Tons/yr
305009000 Clay/fly ash sinter Tons/yr
305010000 Coal cleaning Tons/yr
305014000 Glass mfig. Tons/yr
305015000 Gypsum mfg. Tons/yr
305016000 Lime mfg. Tons/yr
305018000 Perlite mfg. Tons/yr
305020000 Stone quarry process Tons/yr
305022000 Potash production Tons/yr
305024000 Magnesium carbinate ‘Tons/yr
(continued)



Table 1-4. DEFINITION OF SUMMARY CATEGORIES (Continued)

MSCC Source Category Charge Rate Unit®
305025000 Sand & gravel processing Tons/yr
305999000 Miscellaneous mineral products N. A
306000000 Petroleum Industry
306001000 Process heater N.A.
306002000 Fluid catalytic crackers 1000 bbl/yr
306003000 Moving bed catalytic crackers 1000 bbl/yr
306008000 Miscellaneous leakage Capacity, 1000 bbl/yr
306012000 Fluid coking Feed, 1000 bbl/yr
307000000 Wood Products
307001000 Sulfate pulping Tons/yr, air dried
307002000 Sulfite pulping Tons/yr, air dried
307004000 Pulpboard mfg. Tons/yr '
307006000 Tall oil/rosin Tons/yr
307007000 Plywood/particle board Tons/yr
307008000 Sawmill operations Tons/yr
307020000 Furniture manufacturing Tons/yr
307999000 Miscellaneous wood products Tons/yr
400000000 Point Source Evaporation N. A
401000000 Cleaning Solvents N. A.
401001000 Dry cleaning Clothes, tons/yr
401002000 Dcgreasing Solvent, tons/yr
401999000 Miscellaneous solvent use Solvent, tons/yr
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Table 1-4. DEFINITION OF SUMMARY CATEGORIES (Continued)
MSCC Source Category Charge Rate Unit?

402000000 Surface Coating Coating, tons/yr
402001000 Paint Coating, tons/yr
402002000 Paper coatings Coating, tons/yr
402003000 Varnish and shellac Coating, tons/yr
402004000 Lacquer Coating, tons/yr
402005000 Enamel Coating, tons/yr
402006000 Primer Coating, tons/yr
402007000 Fabric coatings Coating, tons/yr
402008000 Oven coatings Coating, tons/yr
402999000 Miscellaneous coatings Coating, tons/yr
403000000 Petroleum Storage N.A.
403001000 Fixed roof N. A.
403002000 Floating roof N, A.
403003000 Variable vapor space 1000 gal/yr
403999000 Miscellaneous storage 1000 gal/yr
406000000 Petroleum Marketing & Transportation 1000 gal/yr
406001000 Rail and truck transportation 1000 gal/yr
406002000 Marine vessel transportation 1000 gal/yr

N.A. (not applicable) is listed under '""Charge Rate Unit' where the MSCC
number is made up of two or more MSCCs whose charge rates are different.

bAlthough this category is made up of two MSCC's whose units are different,
only one (202999970) was studied.



L1-7

Table 1-5-a, SUMMARY OF 1977 EMISSIONS AND CHARGE RATES

SUMMARY OF MAJN= CATEGC-IES

PAGEZ 1

PART
6,577
44497

= N

.
ZaaaN O Zoco
[l X =]

MEWHa
AVODE O QO

EXTERMNAL COM3USTION, EBCILER TATEGORY
ANNUAL THASGZ TES ANL EMISSIONS BR2CIJECYEC YO 1977 RUN DATE= NOV 15,1977
MCDIFIED TACRP EMTSSIONS (MILLIONS OF TONS / YEAR)
SCC (SCC UNITS) NO X ‘ HC . :
100000000 3.006 . 201 «50€
101000000 6.123 «106 «285
101002000 438640000, 5,081 . 080 «22€
1010040040 262000080, . «E31 . 024 +013€
1010050940 _ 0. 0.008 N.000 N.080
101806000 2597200, 415 001 «022
1010070040 Gn29g0. « 000 NEG NEG
102000000 1. 878 . 095 221
102002000 107910000. 1043 QIS0 123
102004000 18220000, 328 027 «042
102005000 €720000. o121 . 010 «N13
102006000 5011000. 386 . 008 D43
102007000 1742300, « 000 NEG NEG
MSCC Source Category Charge Rate Unit
100000000 External Combustion (Boiler)
101000000 Electric Generation
101002000 Bituminous coal " Tons burned/yr
101004000 Residual oil 1000 gal/yr
101005000 Distillate oil 1000 gal/yr
101006000 Natural gas Million cu ft/yr
101007000 Process gas Million cu ft/yr
102000000 Industrial
102002000 Bituminous coal Tons burned/yr
102004000 Residual oil 1000 gal/yr
102005000 Distillate oil 1000 gal/yr
102006000 Natural gas Million cu ft/yr
102007000 Process gas

Million cu ft/yr
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Table 1-5-a. SUMMARY OF 1977 EMISSIONS AND CHARGE RATES (Continued)

SUAMARY OF MAJOP CATZGOCIES.

INTERNAL COM3UST ION ENGINES PAGE 1
ANNUAL CHARGE RATES ANL ZMISSIONS PROUECTEDR TO 19377 2UN DATE= NOV 16,1977
MODIFIED TACKF FMISTINNS (MILLIONS OF TONS 7/ YEAP)

SCC {SCC LNITS) NOX HT _ co PAFT
200000000 +« 530 « 276 «867 « 017
201000000 s 2148 . 093 017 . 012
201001009 1162100, 123 « 002 «010 «N03
201002000 34cc70. « 131 <001 <0040 « 000
281003000 782549, « 018 . 1014 +N0E . 002
20199908990 e 013 + 190 +30°2 «001

MSCC Source Category Charge Rate Unit?
200000000 Internal Combustion
201000000 Electric Generation
201001000 Distillate oil . ' 1000 gal/yr
201002000 Natural gas Million cu ft/yr
201003000 Diesel 1000 gal/yr
201999000 Miscellaneous fuel N.A.

N.A. (not applicable) is listed under "Charge Rate Unit" where the MSCC
number is made up of two or more MSCCs whose charge rates are different,
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Table 1-5-a.

ANNUAL
MODIFIEC

SCC
202000000
202001000
202092000
202003000
202004099
2029990400

SUMMARY OF MAJOR CATEGORIES

INTERNAL

TACRF EMISSIONS
(SCC UNITS) oX

o 3041

71473, «0f1d
14110, « 327
3933, « 000
2¢cqe71., «005
27466, « 004

COM3USTION ENGINES
CHARGE RATES ANC EMISSIONS PROJECTED TO 1977
(MILLIONS OF
HC

« 283

OO
=11 1=
PO

SUMMARY OF 1977 EMISSIONS AND CHARGE RATES (Continued)

SAGE
KUN DATE= NOV 16,1977

TONS 7 YEAR)

MSCC Source Category Charge Rate Unit
202000000 Industrial IC Engines
202001000 Distillate oil turbine 1000 gal/yr
202002000 Distillate oil reciprocating 1000 gal/yr
202003000 Natural gas turbine Million cu ft/yr
202004000 Natural gas reciprocating Million cu ft/yr
202999000 Miscellaneous fuels® Million cu ft/yr

Although this category is made up of two MSCCs whose units are different,
only one (202999970) was studied.
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Table 1-5-a.

INTCUSTRIAL PROCESS,

SUMM ARY OF

ANNUAL CHARGEZ RATES ANLC EMISSIONS PROJIECTED T 1977

MODIFIED
SCC

-
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SUMMARY OF 1977 EMISSIONS AND CHARGE RATES (Continued)

MAJJIR CATEGO™IES
CHIMICAL MANUFACTUFING

PAGE

1

RUN DATE= NOV 15,1977

TACRFP EMTSSIONS (MILLIONS OF TONS 7 YEAR)
(SCC UNITS) NOX HC o P
NEG 1,998 2.680
649€E¢€01, MZG 223 .003
25¢<eenn, NEG N33 NLC
61194040. NEG e 324 2292
1511800039. NEG 518 «33€
MSCC Source Category Charge Rate Unit
300000000 Industrial Processes
301000000 Chemical Manufacturing
301002000 Ammonia production with Tons/yr
methanator
301003000 Ammonia production with CO Tons/yr
absorber
301005000 Carbon black production Tons /yr
301999000 Miscellaneous chemical Tons/yr

manufacturing
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Table {-5-a.

MCDIFIEC
SCC

CoOoNon O
NI NN NG N
=1 1=1-1-1-1- I
OOOVOOm O
SNOVIS LN, ©
SOoooooo O
OOOICID ©
CoooDD O

SUMMARY 0F MAJIR CATEGCRIES

SUMMARY OF 1977 EMISSIONS AND CHARGE RATES (Continued)

INQUST2IAL PPOCESS, FFIMAFY METALS PAGE
ANNUAL CHARG= RATES ANC EMISSIONS PRNJECTEC TO 1977 RUN DATE= NOV 16,1977
TACRP EMISSIONS (MILLIONS C® TONS / YEAR)
(SCC UNITS) NO X HC Cco PART
22328000, NEG NEG NEG 10
904€009, NEG MEG . NEG 03
458400000, «002 . 184 «05¢€ 07
1390000, NEG « 006 «001 .12
NEG NEG NEG o« 24
422500, NEG AEG NEG 13
2520000, NEG NEG NEG «00
MSCC Source Category Charge Rate Unit?
303000000 Primary Metals N. A,
303001000 Aluminum reduction Aluminum, tons/yr
303002000 Aluminum ore calcined Tons/yr
303003000 Coke metallurgical Coal, tons/yr
303004000 Coke beehive - Coal; tons/yr
303005000 Copper smelters N. A.
303006000 Ferroalloy production (open furnace) Tons/yr
303007000 Ferroalloy production {closed furnace)

*N.A. (not applicable) is listed under '""Charge Rate Unit'" where the MSCC

number is made up of two or more MSCCs whose charge rates are different.
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Table {-5-a. SUMMARY OF 1977 EMISSIONS AND CHARGE RATES (Continued)

SUMMARY OF MAJOR CATEGN:IES

INDUSTRIAL PROCESS, PFIMARY METALS PAGE 2
ANNUAL CHARGS RATES ANLC EMISSIONS PROJECTED TO 19377 PUN DATE= NOV 16,1977
MCDIFIEQ TACSEF EMISSICNS (MILLIONS OF TONS / YEAR)

SGC (SCC UNITS) NO X HC Co PART
303008000 NEG NEG 6.5112 o 418
303009000 144620000, « 010 .008 3.835 073
303010000 €E7E0000. « 0100 « 008 NEG + 007
303011000 NES NEG NEG + 012
303012030 £5000. NEG NEG «002 NEG
3030300010 15£4000. NEG MG NEC « 005
3039933090 32000000. « 001 . 001 .082 o 0ud

MSCC Source Category Charge Rate Unit?
303008000 Iron production N.A.
303009000  Steel production Tons/yr
303010000 Lead smelters N. A.
303011000 Molybdenum N. A.
303012000 Titanium N. A.
303030000 Zinc smelting Tons/yr
303999000 Miscellaneous metallurgical processes Tons/yr

2N. A. (pot applicable) is listed under "Charge Rate Unit'" where the MSCC

number is made up of two or more MSCCs whose charge rates are different.
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Table 1-5-a. SUMMARY OF 1977 EMISSIONS AND CHARGE RATES (Continued)

SUMMARY CF MAJIR CATECOAIES

INDUSTRIAL FROCESS, SECCNDARY METALS PAGE 1
ANNUAL CHARGS RATES AND EMISSIONS PRQJECTEC TO 1377 RUN DATE= NOV 16,197”
MCDIFIED TACRF EMISSIONS (VMILLIONS OF TONS 7 YEAFR)

SCC (SCC UNITS) NO X HC Co PAST
30400009 « 028 « 316 «81E€ +159
304001000 3gi12L00, « 071 .003 NEG « 006
304002000 LS1300. « 010 . 000 NEG .001
304003000 621<S7000, « 000 « 02 «792 «0306
304004000 6€L 790, NEG . 000 NEC 0010
InLnne (00 18280, NEG NEG «000 NEG
304007000 167470001, «023 . 004 N1t 104
304008000 570L04, NEG « 004 NEG .0N2
304009000 10¢€0000. NEG NEG +008 «003
304010000 14700, MEG NEG 001 NEG
306L020000 275¢€50, NEG MG NEG . 009
304050001 1448800, NEG «.001 NEG 001
304999000 110800030, .082 . 002 NEC . 010

MSCC Source Category Charge Rate Unit

304000000 Secondary Metals

304001000 Aluminum operations Tons/yr
304002000 Brass/bronze melt Tons/yr
304003000 Gray iron Tons/yr
304004000 Secondary lead smelting Tons/yr
304006000 Secondary magnesium Tons/yr
304007000 Steel foundry Tons/yr
304008000 Secondary zinc Fons/yr
304009000 Malleable iron Tons/yr
304010000  Nickel Tons/yr
304020000 Furnace electrodes Tons/yr
304050000 Misc. casting & fabrication Tons/yr
304999000 Misc. secondary metal activity Tons/yr




Table 1-5-a. SUMMARY OF 1977 EMISSIONS AND CHARGE RATES (Continued)

SUMMARY CF MAJOR CATEGCRIFES
INOUSTRIAL PROCESS, MINERAL FRODUCTS
ANNUAL CHA23G= RATES ANC gMISSIONS PROJECTET 10 1977

PAGE 1
~UN DATE= NOV 16,1977

¥t

MCOIFI=C TACK EMISSIONS (MILLIONS OF TONS 7/ YEAR)

SCC {SCC UNITS) NO X HC €O PAFT
305000000 e 234% o« D14 «05¢ 7712
3050029000 « D46 . 001 «004& « €34
3950103007 MEG NG NE G « 459
305005000 NEG NEG NFG « 003
315007000 « 001 G NE C «6 01
39050070090 « 051 NEG NE G +548
20500800°0 «003 NEG «001 «182
30009000 NEG NEG NEG »029
3I0c01000N « 005 NEG «001 097
395014000 «019 NEG NEG 013
3050150070 .33% T?E{;DG ggg .ggé

th . o . o3
sietisios A i 38
L ® L )
302053000 " NEG NEG NE G . 0438
205024008 NEG NEG NEG .009
30c025000 «332 NEG <010 + £G5
215999000 «0138 <011 «024 «239
MSCC Source Category Charge Rate Unit

305000000 Mineral Products

305002000 Asphaltic concrete Tons/yr

305003000 Brick manufacturing Tons/yr

305005000 Castable refractory Tons/yr

305006000 Cement manufacturing, dry N. A.

305007000 Cement manufacturing, wet N. A.

305008000 Ceramic/clay manufacturing Tons/yr

305009000 Clay/fly ash sinter Tons/yr

305010000 Coal cleaning Tons/yr

305014000 Glass manufacturing Tous/yr

305015000 Gypsum manufacturing Tons/yr

305016000 Lime manufacturing Tons/yr

305018000 Perlite manufacturing Tons/yr .

305020000 Stone quarry process Tons/yr

305022000 Potash production Tons/yr

305024000 Magnesium carbinate Tons/yr

305025000 Sand and gravel processing Tons/yr

305999000 Miscellaneous mineral products N. A.




921

Table {-5-a.

SUMMARY OF 1977 EMISSIONS AND CHARGE RATES (Continued)

SUMMARY OF MAJIR CATEGCFIES

INCUSTRIAL PKOCESS,

PETFCLEUM PRCDUCTS

ANNUAL CHARGZ ATES AN[ EMISSIONS PRCJZCTED TO 1277 RUN DATE=
MODIFIZC TACRF EMISSIONS (“ILLIONS CF TONS / YE £<)
SCC (SCC UNITS) NI X HC co
30€000000 « 487 W26 15.071
306001000 « 435 « 043 03¢
306002000 15789080, «153 174 14.359
306003000 €3100. NEG 004 «177
306008000 276<€0000, NEG « 198 NEG
306012000 114000, NEG NEG NEG
MSCC Source Category Charge Rate Unit

306000000 Petroleum Industry

306001000 Process heater N.A.2

306002000 Fluid catalytic crackers 1000 bbl/yr

306003000 Moving bed catalytic crackers 1000 bbl/yr

306008000 Miscellaneous leakage 1000 bbl

capacity/yr
306012000 Fluid coking 1000 bbl feed/yr

N.A. {not applicable) is listed under ""Charge Rate Unit" where the MSCC
number is made up of two or more MSCCs whose charge rates are different.
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Table 1-5-a. SUMMARY OF 1977 EMISSIONS AND CHARGE RATES (Continued)

SUMMARY 0OF MAJIK CATEGC IES

INBUSTRIAL ©OoW0CESS,y WCOD P0DUCTS PAGE 1
ANNUAL CHARGZI RATES ANL EMISSIONS PROJECTED 10 1377 PUN DATE= NOV 15,1377
MODIFIEC TACXF SMISCSICNS (MILLIONS OF TONS /7 YEAD)

SCC (SCC UANITS) NG X ue co PAFY
20704090000 «003 « N27 «bbh U . 331
307001000 005 . 005 637 . 273

- 307002000 « 001 ~ NEG «02°¢ « 007
307004000 11132000, NZG . 009 NE G 001
307006000 Ly7008, NEG . 001 NEC NEG
307007009 62520000, « 0033 « 006 001 . 022
3070089000 161300000, NEG . (01 «001 021
307020000 25250008, NEG 004 NEG «0C7
307999000 0. N, 0090 0.000 80.00n0 0,000

MSCC Source Category Charge Rate Unit

307000000 Wood Products

307001000 Sulfate pulping _ Tons/yr, air dried
307002000 Sulfite pulping Tons/yr, air dried
307004000 Pulpboard mfg. Tons/yr

307006000 Tall oil/rosin Tons/yr

307007000 Plywood/particle board Tons/yr

307008000 Sawmill operations Tons/yr

307020000 Furniture manufacturing Tons/yr

307999000 Miscellaneous wood products Tons/yr
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Table 1-5-a. SUMMARY OF 1977 EMISSIONS AND CHARGE RATES (Continued)

ANNUAL CH

MCNIFIER
SCC

400000000
~01000099
L401001000
01002000
«0119330191

SUMMA=Y 9% MAJIR CATESGO-IES

HYDRDCARPON SV AFORATIOCN PAGE 1
ASGZ ATES ANC EMISSIONS PRROJECTEC 10O 1377 ~UN DATE= NOV 16,1377
TACRF EMISSIONS (MILLIONS OF TONS /7 YEA?)
(SCC LNITS) NO X HC Cco PART
NZG 3.839 NE € «011
NEG ¢ 129 NEG NEG
L2080, NES « 903 NE C NZG
11480, MEG «103 Nt G NEG
1183€¢9, HEG . (23 NE G NEG
MSCC , Source Category Charge Rate Unit®
400000000 Point Source Evaporation N.A
401000000 Cleaning Solvents N. A.
401001000 Dry cleaning Clothes, tons/yr
401002000 Degreasing Solvent, tons/yr
401999000 Miscellaneous solvent use Solvent, tons/yr
a

N.A. (not applicable) is listed under "Charge Rate Unit'" where the MSCC
number is made up of two or more MSCCs whose charge rates are different.
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Table 1-5-a. SUMMARY OF 1977 EMISSIONS AND CHARGE RATES (Continued)

SUMMARY CF MAJOR CATEGORIES

HYDFEJGARRIN TVAPORATTICN PAGE 2
ANNUAL CHARG:Z “ATES AN[D EMISSIONS PROJECTEC TO 1¢77 SUN DATE= NOV 1641977
MCOIFI=C _TACRE EMISCSIONS (MILLIONS OF TONS 7/ YEAR) .
SCC (SCC UNITS) NO ¥ HC Co PAFT
L0200000N0 14881000, NEG 2.003 NEG 011
402001000 470730, NEG <715 NE ¢ NE
402002000 9437°E00., NEG o =11 NEG NEG
L02003099 2¢€9730. NEG 178 NEG NEG
02004000 e018¢€. NEG 053 NEG NEG
4020405014 315150. NEG «163 NF G Nc G
402006000 gcci3i. NEG 461 NEG NEG
402007000 15€7509, NEG « 231 NEG No6G
402008000 180700. NEG « 199 NEG NEG
4029399090 1539400, NEG » 192 NEG 011
MSCC Source Category Charge Rate Unit
402000000 Surface Coating Coating, tons/yr
402001000  Paint | ' Coating, tons/yr
402002000 Paper coatings Coating, tons/yr
402003000 Varnish and shellac Coating, tons/yr
402004000 Lacquer Coating, tons/yr
402005000 Enamel Coating, tons/yr
402006000 Primer Coating, tons/yr
402007000 Fabric coatings Coating, tons/yr
402008000 Oven coatings Coating, tons/yr

402999000 Miscellaneous coatings Coating, tons/yr
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Table 1-5-a.

ANNUAL CH

A3G= =ATES ANC

SUMMA <Y OF MAJYDFP CATZIGOIES

HYD= OCARBON TVAF(RATICN

EMISSIONS PROJECTEN TO 1977

TUN DATES=

SUMMARY OF 1977 EMISSIONS AND CHARGE RATES (Continued)

PaAGE 3

NCV 16,1377

MODIFIET TACRF EMISSICNS (“TLLIONS CF TONT 7/ YE2R)

SCC (SCC UNITS) NO X HC co PAFT
L93%000000 MEG 1.351 NECG NT G
+-0130010090 v NZG 1.007 MEG NEG
L073002009 NEG « 194 NEC NEG
403003090 1830000, NEG « 081 NEG NEG
4039290nn 15070000, MES &9 NEG NEG
4N€000070 1€97<1090040. NEG . 157 NEC MEG
406001039 821¢€4000, NEG e 210 NEG NEG
406002009 117600000, NFG « 147 NEG NEG

MSCC Source Category Charge Rate Unit®
403000000 Petroleum Storage N. A,
403001000 Fixed roof N. A.
403002000  Floating roof N. A.
403003000 Variable vapor space 1000 gal/yr
403999000 Miscellaneous storage 1000 gal/yr
406000000 Petroleum Marketing and Transportation 1000 gal/yr
406001000 Rail and truck transportation 1000 gal/yr
406002000 Marine vessel transportation 1000 gal/yr

®N.A. (not applicable) is listed under ""Charge Rate Unit'" where the MSCC
number is made up of two or more MSCCs whose charge rates are different.
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Table 1-5-b. SUMMARY OF 1977 EMISSION AND CHARGE RATES UNCERTAINTY

MODIFICD
SCC
100000000
1031000000

101002000
1010040090
101005000
101006000
101007000

SUMMARY OF MAJ2F CAYEGO-IES

EXTERNAL COM3USTION,
TAGCR AND EMISSIOIN UNCERTAINTIES PRCJECTEN TC 19377

ECILTP CATEGORY

TACKR § EMISCIONS (MILLIONS CF TONS /7 YEAR)
(SCC ULNITS) NQ X HC co
+ 4522 + .11? + L0990
- + 512 - + 325 - .061
+ o491 + J111 + L,030
- « W73 - « 017 - .0 53
+ 91<5£00. + 449 + 110 + 077
- 914€%00,. - «4l) - o {16 - 082
+ 4911%019, + 195 + L0111 + L0117
- 3602101, - 141 - L0438 - L0011
+ 0. + 1,900 + N.0080 + (.000
- 8. - 3,000 - 0,000 - 0,000
+ 127590, + L0339 + 001 + L0009
- 12¢150. - «N139 - « 000 - «30¢
+ 15220. + L000 NEG NEG
MSCC Source Category Charge Rate Unit
100000000 External Combustion (Boiler)
101000000 ‘Electric Generation
101002000 Bituminous coal Tons burned/yr
101004000 Residual oil 1000 gal/yr
101005000 Distillate oil 1000 gal/yr
101006000 Natural gas Million cu ft/yr
101007000 Process gas Million cu ft/yr
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+

*

t+ i+ i+ +

PUN DATE = NOV 16,1977

0
o

* ®

ZZ 590000 UViin N

[~

® ® o & & o ¢ o

o
MM O NWW AW OO -
QN DO ECOEID PO U



Fe-1

Table 1-5-b. SUMMARY OF 1977 EMISSION AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY OF MAJIR CATEGIORIES

IXTERNAL COM3USTION, ECILE+ ZATEGORY PAGE 2
TACKk AND TAISSINN UNCERTAINTIES PAJYSCTEN To 1977 “UN DATE = NOV 1h,1977
MO0DIFIED YACRF EMTSSICNS (“ILLINNS CF TONS 7 YSAF)
ScC (SCC LAITS) NO X HC co PAFTY
1072000090 + W177 +  JN21 + J0u1 +  .252
- 137 - + 118 - «030 - « 252
102002000 + 2283400, +  .032 + L0315 + .132 * L2352
- 22€3L00, - 032 - 015 - 023 - W.282
1n2004009 + 7C5210. + 125 ¢ 013 + WOt + .C08
- 765219, - 01,5 - « 103 - «N13 - «008
102005009 + 1¢49130. + J04bd + L. 005 + W00¢ + L0131
- 1<813¢. - « 4O - «N03 - «00 L - « 001
102096000 ¢ 1ca13qg. ¢ 072 + L0064 + L0210 + 002
- 1€2130. - «112 - « 102 - «013 - N2
102007000 + 1429399, + L,000 NEG NEG - NZG
- 15233940, - 090 tEG NEG NZ6
MSCC Source Category : Charge Rate Unit
102000000 Industrial
102002000 Bituminous coal Tons burned/yr
102004000 Residual oil : 1000 gal/yr
102005000 Distillate oil 1000 gal/yr
102006000 Natural gas Million cu ft/yr
102007000 Process gas

Million cu ft/yr
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Table 1-5-b. SUMMARY OF 1977 EMISSION AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY 0OF MAJIR CATEGNRIES

INTERNAL CCMBUSTTICN ENGINES PAGE 1
TACR AND EMISSION UNCERTAINTIES FRCJECTED 10 1977 FUN DATZ= NOV 1641377
MODIFIED TACRP EMTSCSIONS (MILLIONS OF TONS / YEAR)
SCC {SCC UNITS) NO X HT Co PAFT
2900000000 + L4000 + « 210 + .039 + L0025
- +151 - 073 - o014 - L009
2010000090 + 381 + ,018 + L0230 + L1025
- 0130 - .”17 - 0010 - 0008
201008000 + 33€e4000, + 374 + ,005 + 030 + ,025
- 11€3100, - 129 - o002 = <010 - o008
20106020090 + 418290, + L0773 + L0022 + 003 ¢+ L0011
- 113€70. ~ J022 - o001 - o000 - o000
201003000 + 16026, + L003 + L 000 + « 002 + L0791
- 1€026. - o002 - o003 - o001 - L0001
20139938000 + L0834 + 017 + L0480 + L0014
- 00010 - '017 - .DDU - « 001
MSCC Source Category Charge Rate Unita
200000000 Internal Combustion
201000000 Electric Generation
201001000 Distillate oil 1000 gal/yr
201002000 Natural gas Million cu ft/yr
201003000 Diesel 1000 gal/yr
201999000 Miscellaneous fuel N.A.2

2N.A. (not applicable) is listed under '"Charge Rate Unit'" where the MSCC
number is made up of two or more MSCCs whose charge rates are different.
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Table 1-5-b. SUMMARY OF 1977 EMISSION AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY OF MAJOP CATEGOWIES

INTERNAL ©O04BUSTION ENGINES PAGFE 2
TACR AND EMISSION UNCERTAXINTIES FRNJESTED TC 1377 RUN OATE= NCV 16,1377
MCDIFIED TACXF EMISSIONS (MILLIONS CF TONS 7/ YEAR)
SCC (SCC UNITS) NO X HC Co PART
2020000190 + 124 + .209 + W.02°¢ +  .00s
- « 076 - e 071 - «010 - + 004
202001000 + 23032, + 002 + .000 + 001 + .000
- 23332, - « 002 - « Q90 - «001 - « 009
202002010 * 621400, + .12t + .032 ¢+ W024 + .005
- 211¢€980, - « 076 - « 119 - «010 - o« I
202003000 ¢ 1626, + « 000 + « 300 + « 003 + «000
- 1€26. - » 008 - « 009 - «001 - « 0140
202004000 + 2€177., + 005 + .000 + .002 + .009
- 2€177. -  +095 - <000 - 002 - «000
2129990109 + 2453, + o001 + 207 + L0070 + L0090
- 8453, - « 001 - +1€8 - » 000 - . 209
MSCC Source Category Charge Rate Unit
202000000 Industrial IC Engines
202001000 Distillate oil turbine 1000 gal/yr
202002000 Distillate oil reciprocating 1000 gal/yr
202003000 Natural gas turbine Million cu ft/yr
202004000 Natural gas reciprocating Million cu ft/yr

202999000 Miscellaneous fucls ? Million cu ft/yr
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Table 1-5-b. SUMMARY OF 1977 EMISSION AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY OF MAJOR CATEGORIES

. INCUSTRIAL PROCESSy CHEMICAL MANUFACTURING PAGE 1
TACR AND EMISSION UNCERTAIMNIES FRCJECTED 1C 1977 RUN DATE= NOV 1641977
MCDIFIEC TACREF EMISCSIONS (MILLIONS OF TONS /7 YEAR)
SGC (SCC LUNITS) ox HC co PART
301000000 NEG + .103 + W.377 NEG
NEG - +103 - 377 NEG
301002000 + 232¢90, NZG6 + .029 + L,001 NEG
- 232591, N=ZG -  +N29 - 001 NEG
301003000 + £e<97. NEG + .00& + 4033 NEG
- £ecqar, NEG - 04 - 0833 NEG
301085000 + 228200. NEG + 0764 + L3522 NEG
- 2282040, NEG - 074 - 352 NEG
301999000 + 174€4000. NEG + 065 + L1209 NEG
~ 174€4008. NEG - 085 - 129 NEG
MSCC Source Category Charge Rate Unit
300000000 Industrial Processes
301000000 Chemical Manufacturing
301002000 Ammonia production with Tons/yr
. methanator
301003000 Ammonia production with CO Tons/yr
absorber
301005000 Carbon black production Tons /yr
301999000 Miscellaneous chemical Tons/yr

manufacturing
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Table {-5-b. SUMMARY OF 1977 EMISSION AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY OF MAJOR CATFGO-IES

INDUSTRIAL PROCESS, PFIMARY METALS PAGE 1
TACR AND EMISSTION UNCERTAINMNIES FRCIECTED IC 1977 RUN UDATE= NOV 16,1977
MCOIFIED TACSF EMISSIONS (MILLIONS OF TONS 7 YEAR)
SCC (SCC UNITS) NO X HC Co PACT
3030950009 + ofp2 + L 022 + 1.582 +  W345
- «010 - 00614 - 1.582%2 - .?Eé
393001000 + 884L¢<S400, NEG NEG NEG + 121
- 39488100, NEG NEG MECG - J0u2
0310200090 + 7232940, NEG NEG NEG S+ 4129
: - 723290, NZG NEG NEG - 937
303003000 + 31887000, + L,000 + 021 + .006 ¢ ,034
- 31887000, - « 00% - « 064 - o218 - +« 035
303004000 + 135720, NEG + 001 + L.00° + 038
- 135720, NEG - 001 - +00¢C - 029
333005030 NEG NEG NEG + ,L053
MEG NEG NEC - 056
303006000 + 10S€€08., NEG NEG NE G + .119
- 105800, NEG NG NEG - 081
303007000 + 641890, NEG NEG NEG + ,002
- 6418980, NEG MNEG NEG - 002
MSCC Source Category Charge Rate Unit?
303000000 Primary Metals N. A.
303001000 Aluminum reduction Aluminum, tons/yr
303002000 Aluminum ore calcined Tons/yr
303003000 Coke metallurgical Coal, tons/yr
303004000 Coke beehive Coal, tons/yr
303005000 Copper smelters N. A.
303006000 Ferroalloy production (open furnace) Tons/yr

303007000 Ferroalloy production (closed furnace)

aN. A. (not applicable) is listed under “"Charge Rate Unit" where the MSCC
number is made up of two or more MS5CCs whose charge rates are different.



9¢-1

Table 1-5-b. SUMMARY OF 1977 EMISSION AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY OF MAJOR CATEGOFIES

INDUSTRIAL PROCESS, PRIMARY METALS PAGE 2
TACR AND EMISSION UNCERTAIMNTIES FRCJECTEN IC 1977 ~UN DATE= NOV 16,1977
MCDIFIEC TACRF EMISSICNS (vILLIONS OF TONS / YEAR)
SCC (SCC UNITS) NO X H Co PART
3303008000 NEG VEG + 1.151% + 247
NED NEG - 1.151 - 4222
303009000 + 143100040, + L0102 + . 002 + 1.08¢ + 031
- 1‘6310000. - 0010 - .ﬂﬂa - 1.UBE - u033
303010070 + 111800, + 00D + . 900 NEG + L.,003
- 111€c09, - L0199 - + (00 NEG - L0885
303011000 , NEG NEG NEG + L0033
NEG NEG NE C - 004
3030129000 + 11¢e1., NEG NEG + L0072 NEG
- 11¢61. NEG NEG - 001 NEG
3803030080 + 21391419, NEG NEG NEG ¢«  ,002
- 219140, NEG NEG NE € - L0082
3039990010 + 50€0000. + L0390 + . 000 + .00¢0 + .009
- 50080000 - 0001 - « (01 - 0001 - « 000G
MSCC Source Category Charge Rate Unit?
303008000 Iron production N. A.
303009000  Steel production Tons/yr
303010000 l.ead smelters N. A,
303011000 Molybdenum N. A,
303012000 Titanium N. A.
303030000 Zinc smelting Tons/yr

303999000 Miscellaneous metallurgical processes Tons/yr

N. A. (not applicable) is listed under ""Charge Rate Unit" where the MSCC
number is made up of two or more MSCCs whose charge rates are different.
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Table 1-5-b. SUMMARY OF 1977 EMISSION AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY nF MAJOR CATEGOTIES

_ INDUSTRIAL PROCESSy SECONDA=Y MeTALS PAGF 1A
TACR AND €MISSION UNCEFTAINTIES PR(JECTEDY 10 1977 RUN DATE= NOV 16,1977
MODIFIED TACSF EMISSIONS (¥ILLIONS OF TONS /7 YEAR)
SCC (SCC UNITS) NQ X HC Cco paART
3nL00000n + L0973 + 001 + W13 + L,0%0
- +« 103 - « 003 - «131 - +056
394001000 + 11€<91, + L0041 +  ,000 NEG + 001
- 11€290, - 010 - L0011 NEG - L.001
304002000 + 24€2¢, + 009 + L, (00 NEG ¢+ L,001
fn s go33eons ¢ 0 ¢ oo T I
3040030 + < . + . . a
- 3073¢€00. - :000 - o001 - 131 - 021
304004000 + 27123. NEG + L1000 NEG + .000
w i ot et b
3040060 ¢+ c . c
04006 - 1673, NEG NEG - L2000 NEG
MSCC Source Category Charge Rate Unit
304000000 Secondary Metals
304001000 Aluminum operations. Tons/yr
304002000 Brass /bronze melt Tons/yr
304003000 Gray iron Tons /yr
304004000 Secondary lead smelting Tons/yr

304006000 Secondary magnesium Tons/yr
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Table 1-5-b. SUMMARY OF 1977 EMISSION AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY OF MAJOR CATEGOTIES

INDUSTRIAL PROCESS, SECONDR=Y METALS paGe 1b
TACR AND EMISSION UNCEFTAINTIES FR(CJECTEY T0 1977 RUN DATE= NOV 16,1977
MOBIFIED TACSF EMISSIONS (MILLIONS OF TONS /7 YEAR)
SCC (SCC UNITS) NOX HC Cco PART
304007000 + 6209800, + L,003 + .001 + 011 + J0Lb
- 620SE00, - 009 - 002 - 004 - 051
304008000 + €22€8, NEG + . (01 NEG + 001
- €326 8. NEG - .001 NEG - 002
3040090010 + 171€00, NEG NEG + L00% + L000
- 171€00, NEG NEG - L00°¢ - 000
304010000 + 4104, NEG NEG + 001 NEG
- 410 4, NEG NEG - L,001 NEG
304020000 + £¢095, NEG NEG NEG + L,000
- £cg9s, NEG NEG NEG - 000
304050000 + 345400, NEG + L1000 NEG + 001
- Juc4L00,. NEG - +001 NEG - « 001
304999000 + 22¢£4Q000., + 001 ¢+ .000 NEG + L0105
- 2250800, - 001 - 001 NEG - 003
MSCC A Source Category Charge Rate Unit

304007000 Steel foundry Tons/yr

304008000 Secondary zinc Tons/yr

304009000 Malleable iron Tons/yr

304010000 Nickel 7 Tons/yr

304020000 Furnace electrodes Tons/yr

304050000 Misc. casting & fabrication Tons/yr

304999000 Misc. secondary metal activity Tons/yr
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Table 1-5-b. SUMMARY OF 1977 EMISSION AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY OF MAJOR CATEGO-IES

INQUSTRIAL PRCCESS, MINERAL PRODUCTS PAGE 1
TACR AND Z“ISSION UNCEFTAIANTIES ©RCJECTED TO 1977 SUN DATE= NOV 16,1977
MCDIFIED TACRP EMIS SICNS (~ILLIONS OF TONS 7/ YEAR)

SCC (SCC UNITS) NO X He co PART
3050000890 + o N%1 + L0003 + L0007 + 1.0118
- +022 - + 603 - «a87 - 1.049

30002000 + L0103 + .001 + 001 + L 241
- .0“9 - . 000 - 001 - «294
305803000 NEG NEG NEG + L1099
NEG NEG NEG - .098

385005000 NEG NEG NEG + L0001
HEG NEG NEG ~ 001
305006000 + o008 NEG NEG + .257
- L,008 NEG NEG ~. 280
305007000 + .006 NEG NEC + L,275
- o011 NEG NE G ~ 298
305008000 + L0000 NEG + ,000 + L0037
- 0000 NEG - .Uﬂﬂ - .DQB
305009000 NEG NNEG NE C + JCC&
NEG NEG NE G - .004

MSCC Source Category : , Charge Rate Unit?

305000000 Mineral Products

305002000 Asphaltic concrete Tons /yr
305003000 Brick manufacturing Tons/yr
305005000 Castable refractory Tons/yr
305006000 Cement mfg., dry N.A.

305007000 Cement mfg., wet N. A.

305008000 Ceramic/clay mfg. , Tons/yr
305009000 Clay/fly ash sinter A Tons/yr

2N. A. (not applicable) is listed under '"Charge Rate Unit'" where the MSCC
number is made up of two or more MSCCs whose charge rates are different.
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Table 1-5-b. SUMMARY OF 1977 EMISSION AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY OF MAJOR CATEGCRIES

INCUSTRIAL PRCCESS, MINERAL PRPQOUCTS PAGE 2
TACE AND EMISSION UNCZRTAIANTIZES SROJECTED Y0 1977 2UN DATE= NOV 16,1977
MCDIFIED TACKF EMISSIONS (MILLIONS OF TONS / YEAR)
SCC (SCC UNITS) NG X HC 0 ART
3nc010009 + o001 NEG + 2109 + 024
-~ 001 NEG - 000 = +033
305014000 + L,005 NEG NEC + .002
- «0905 NEG NEG - +0r2
305015000 + 036 NEG NEG +  ,028
- 001 NG NEG - 033
30501€000 + o000 + L0030 + 000 + .1810
- + 008 - « 000 - « 00N - « 2038
305018000 NEG NEG NEG + ,L,001
. NEG NEG NE C - 001
305020000 + 012 + .,001 + 004 + 204
- 012 - . 001 - 004 - .872
305022000 NEG NEG NEG + L0016
NEG NEG NEG - 016
305024000 NEG NEG NEG + .002
NEG NEG NEG - 002
3050250090 + L1007 NEG + L0002 + .163
- <007 NEG - 002 - +163
305939000 +  .005 + L0003 + L00¢ + L.063
- 005 - +003 = 006 = 0863
MSCC Source Category Charge Rate Unit

305010000 Coal cleaning Tons/yr

305014000 Glass manufacturing Touns/yr

305015000 Gypsum manufacturing Tons/yr

305016000 Lime manufacturing Tons/yr

305018000 Perlite manufacturing Tons/yr

305020000 Stone quarry process Tons/yr

305022000 Potash production Tons/yr

305024000 Magnesium carbinate Tons/yr

305025000 Sand and gravel processing Tons/yr

305999000 Miscellaneous mineral products N. A.
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Table 1-5-b. SUMMARY OF 1977 EMISSION AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY OF MAJOR CATFGO-IES

SNDUST2IAL PPOCESS, 2ETRCLEUM PRCOUCTS PAGE 1
TACR ANT £MTISSION UNCEFTAINTIES FROJECTED 10 19377 PUN DATE= NOV 1641377
MODIFIED TAC=P EMISSICNS (ILLIONS CF TONS 7/ YEAR)
SCC (SCC UNITS) NO X HC co PAFT
206020019 + 027 ¢ ,038 + H.21¢ + 012
- 027 - +039 - E.21E - 012
3I0€001000 + .627 + «+ 006 + 005 + L0015
- JN27 - . 00¢ - .00% - .0C5
306002000 + 72971, +  o03% + 012 + Ee21c¢ +  L,011
- 72€71. - «e N4 - « 012 - 6421€ - « 011
306003000 ¢ 8€33. NEG + ,000 + WJJ1¢ NIG
- 8€33, NEG - L0000 - %19 NEG
306034000 + 5¢c0€90. NEG + L0836 NEG NEG
- 5¢0&90. NEG - 4036 NEG NZG
306012000 + 520 °¢<. NG NEG NEG + .0C2
- £205, NES NEG NEG - L0002
MSCC Source Category Charge Rate Unit?
306000000 Petroleum Industry
306001000 Process heater N.A.
306002000 Fluid catalytic crackers 1000 bbl/yr
306003000 Moving bed catalytic crackers 1000 bbl/yr
306008000 Miscellaneous leakage 1000 bbl
capacity/yr
306012000 Fluid coking 1000 bbl feed/yr

2N.A. (not applicable) is listed under '"Charge Rate Unit' where the MSCC
number is made up of two or more MSCCs whose charge rates are different.



(A4

Table 1-5-b. SUMMARY OF 1977 EMISSION AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY OF MAJOF CATEGOSIES

INDUSTRIAL P0LESS, W00D P-00UCTS PAGE
TACR AND EMISSION UNCERTAINTISES FPRCJFECTED TO 1877 RUN DATE = NOV 16,1977
MCOIFIZED TACRP EMISSICNS (MILLIONS OF TONS / YEAR)
SCC {SGCC UANITSY NO X HC o PART
307000000 + L0338 + L0002 + 4397 t w172
- 003 - 4002 - 3837 - 202
307001008 + +D38 + L0014 + 397 + L1172
- 003 - 001 - «397 -~ 201
397002000 + L0100 NEG + L0002 +  L.001
- +000 NEG - J082 -  .001
307004000 + 225€20. NEG + 000 NEG + .000
- 22%€20. NEG - L (00 NEC - L0800
3n7oas00n + 50062, NEG + 000 NEG NEG
- 50162, NEG -  ,0090 NEG NEG
307007000 + 218¢€30, + L0400 + .080 + .009 + ,003
- 218€30. - 000 - 008 - 000 - +00D3
3070080990 + 0. NEG + 0,000 + 0.000 + 0.000
- D NEG - UIDBD - G-Dﬂ@ - « 017
307020000 + 200000, NEG + 008 NE C + L0011
- 200000, NEG - S+ NEG - +001
307999000 + 1 + 0,000 + 0.000 ¢+ 0,000 + 0.000
- 0. - 0,000 - 0.000 - 0.000 - 0.008
MSCC . Source Category Charge Rate Unit
307000000 Wood Products
307001000 Sulfate pulping Tons/yr, air dried
307002000 Sulfite pulping Tons/yr, air dried
307004000 Pulpboard mig. Tons/yr
307006000 Tall oil/rosin : Tons/yr
307007000 Plywood /particle board Tons/yr
307008000 Sawmill operations Tons/yr
307020000 Furniture manufacturing Tons/yr

307999000 Miscellaneous wood products Tons/yr
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Table 1-5-b. SUMMARY OF 1977 EMISSION AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY 7oF MAJIR CATEGCTIES

HYJ2NGARQON “VARGKATICN PAG* 1
TACR AND S+ISSIOMN UNCZFTAINTIES FRCJECTED 1C 1977 FUN DATE= NOV 1£,1377
MIDIFIEN TAC=F EMISSIONS (~ILLIOMNS GF TONS / YEAR)
SCC (SCC UNITS) NOX HC co PART
400000000 NEG + .33 NE C +  .002
NZG6 - Jbui NEG -~ .802
+01000009 NEG + .08 Nt G NE 6
NEG - +1959 NEG NES
491001000 . 2570 4o NEG ¢ 00 NE G ME 5
- 1529¢, MEG - JN02 NEG NEG
401002000 + €0930. NEG + .058 NEC NZG
- £0¢<30. NEG - 359 NEG NEG
401999000 + 20907. NEG + ,0n5 NEG NEG
- 20907, NEG - 005 NEG NEG
MSCC Source Category Charge Rate Unit?
400000000 Point Source Evaporation N. A.
401000000 Cleaning Solvents N. A.
401001000 Dry cleaning Clothes, tons/yr
401002000 Degreasing Solvent, tons/yr
401999000 Miscellaneous solvent use Solvent, tons/yr

3N.A. (not applicable) is listed under '"Charge Rate Unit" where the MSCC
number is made up of two or more MSCCs whose charge rates are different.
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Table 1-5-b. SUMMARY OF 1977 EMISSION AND CHARGE RATES UNCERTAINTY (Continued)
SUMMARY 0OF MAJOR CATEGQORIES

HYDIOCARBON SV APORATICN : PAGE 2
TACR AND EMISSIONM UNCERTAINTIES PROJECTED TO 1977 RUN DATE= NOV 16,1977
MONIFIED TACREF EMISSICNS (MILLIONS OF TONS 7 YEAR)
ScC (SCC UNITS) HC Cco PART
4102000000 + 333¢200., NEG +  .282 NE C + L0002
- 3308100, NEG -  e2€E2 NEG - 002
402001000 ¢ LS5<46, NEG +  .036 NEG NEG
- 45C4b, NEG - o 136 NE € NEG
402002000 * 3922000, NZG + . 217 NEG NEG
- 38¢c37010. NEG - .189 NEG NEG
402003000 + 31425, NEG + 027 NEG NZG
- 31425, NEG - 027 NEC NEG
402004000 + 1332, NEG +  ,011 NEG NEG
- 13¢£32. NEG - L.011 NEG NEG
£02005000 + 53¢<07. NEG +  ,031 NEG NEG
- £3¢07. NEG - 031 NE C NEG
402006000 + 102430, NEG + L1413 NEG NEG
- 102430, NEG -  +113 NEG NEG
402007000 + 10€670, NEG ¢ L,120 NEG NEG
- 10€€70., NEG - +122 NEC NEG
402008000 + 33707, NEG + .02 NEG NEG
- 33707, NEG - .021 NEG NEG
402939009 + 287¢€90, NEG + L 0L NEG + L0402
- 287¢90. NEG -  «0uL4 NE C - .002
MSCC Source Category Charge Rate Unit '
402000000 © Surface Coating Coating, tons/yr
402001000 Paint , Coating, tons/yr
402002000 Paper coatings Coating, tons/yr
402003000 Varnish and shellac Coating, tons/yr
402004000 Lacquer Coating, tons/yr
402005000 Enamel Coating, tons/yr
402006000 Primer Coating, tons/yr
402007000 Fabric coatings Coating, tons/yr
402008000  Oven coatings Coating, tons/yr

402999000 Miscellaneous coatings Coating, tons/yr
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Table 1-5-b. SUMMARY OF 1977 EMISSION AND CHARGE RATES UNCERTAINTY (Continued)

SUMMASY 12C MaJn= CATTGNTIES

H4Y3R0CA2RON SVAFORATTICN PAGE 3
TACR AND TH4ISSION UNCERTAINTIES FROJECTEDY TC 19377 SUN NATE= NOV 15,1377
MODIFISC TAC=P CMISSIONS (MILLIONS C©F TONS /7 YEA®)
SCC (SCC UNIT3) NO X HC cn PART
&nN30N0000 NEG + o L27 NEG NEG
NEG - 337 NEG NZG
L03001001 NEG +  JuL25 NEG NEG
NEG = .21 NE C NTG
403002000 © MNEG + 389 NEC NEG
_ MEG - . (85 NE G MNEG
%£03003099 + «+£8¢11, NEG + L 014 NEG NEG
- 4c8<19, NEG - 016 NE C NEG
L039990819 + 131€3000. NEG +  JGu7 NE G NEG
- 101<2000. NZG - LNER NF G NEG
MSCC Source Category Charge Rate Unit®
403000000 Petroleum Storage N.A.
403001000 Fixed roof N. A.
403002000 Floating roof N. A.
403003000 Variable vapor space 1000 gal/yr
403999000 Miscellaneous storage 1000 gal/yr

2N.A. (not applicable) is listed under "Charge Rate Unit'" where the MSCC
number is made up of two or more MSCCs whose charge rates are different.
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Table 1-5-b. SUMMARY OF 1977 EMISSION AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY OF MAJOR CATEGOCXIES

HYDROCARBON SV APORATICN PAGE &
TACR AN} EMISSION UNCERTAINTIES PRCJECTED 10 1977 RUN DATE= NQV 18&,1977
MODIFIED TACRP EMISSIONS (MILLIONS OF TONS / YEA®R)
scc (SCC UNITS) NQ X HC Co PART
4£06000000 + 21351000, NEG +  .100 NEG NEG
- 21350000, NEG - o093 NEG NEG
L06001000 + 877308, NEG + .093 NEG NEG
- 8773000, NEG - .85 NE G NEG
406002000 + 194€5000. ‘NEG +  L037 NEG NEG
- 194€5000. NEG - .039 NE € NEG
MSCC . Source Category Charge Rate Unit
406000000  Petroleum Marketing & Transportation 1000 gal/yr
406001000 Rail and truck transportation 1000 gal/yr

406002000 Marine vessel transportation 1000 gal/yr
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Table 1-6-a. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES
SUMMA=Y OF MAJOR CATFGCERIZS

cXTZRNAL COMBUSTION, ECILZF CATFGORY PAGE 1
ANNUAL CHARGE RATES ANC ZMTSSIONS PROJECTED TO 109°#2 SUN DATZ = NOV 1641977
MODIFI®D TACKP EMISCSICNS (MILLIONS OF TONS / YEA®)

SCC (SCC UNITSY NO X N Cco PART
101000000 4,913 «130 « 330 4o 2R5
101092090 $20000000. 4767 « N33 0272 4,130
10100400 314020008, «115 « 031 QL7 « 125
191005009 9. 7.0190 0.0090 0.000 0,049
1010089000 1232201, « 031 . (N1 «010 <019
101007000 €0330. « 100 NEG NEG NEG
102000009 1le 534 «119 27 € 2.03¢
1020020010 145320000, 14124 « €D 153 1.684
102004000 21425000, + 073 . 0132 «350 o 24B
102005090 7904500, «029 » 012 «016 «059
102006000 55£¢Q00. + 303 . 008 «04L7 « 050
182007000 17453010, «+ 000 MEG NEG " NEG

MSCC Source Category Charge Rate Unit
100000000 External Combustion (Boiler)
101000000 Electric Generation
101002000 Bituminous coal Tons burned/yr
101004000 Residual oil 1000 gal/yr
101005000 Distillate oil 1000 gal/yr
101006000 Natural gas Million cu ft/yr
101007000 Process gas Million cu ft/yr
102000000 Industrial
1102002000 Bituminous coal Tons burned/yr
102004000 Residual oil - - 1000 gal/yr
102005000 Distillate oil 1000 gal/yr
102006000 Natural gas : Million cu ft/yr

102007000 Process gas Million cu ft/yr
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Table 1-6-a. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES (Continued)

SUMMARY OF MAJOR CATEGOFIES

INTERNAL COMBUSTION ZAGINES : PAGE 1
ANNUAL CHASG: RATES ANC EMISSIONS PRRQJECTED YO 1382 <UN DATE= NOV 16419377
MODIFIED TACKRF EMISCSIONS (MILLIONS OF TONS 7/ YEAR)

SCC (5CC UNITS) NO X HC co PAKT
200000090 + 553 .1496 +06¢ « {19
201000000 «?259 . 110 «010C «01k
2010010010 13€09¢€00, o 149 « 102 «012 « 010
2010020010 271340, « 077 . 000 .0890 « 000
201003000 86009, « 012 . 001 +00¢ «002
201994900090 « 020 » 107 «002 « C02

MSCC Source Category Charge Rate Unit?
200000000 Internal Combustion
201000000 Electric Generation
201001000 Distillate oil 1000 gal/yr
201002000 Natural gas Million cu ft/yr
201003000 Diesel 1000 gal/yr
201999000 Miscellaneous fuel N.A.

2N.A. {not applicable) is listed under '"Charge Rate Unit" where the MSCC
number is made up of two or more MSCCs whose charge rates are different.
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Table 1-6-a. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES (Continued)

SUMMARY NF MAJIR CATEGOFIES

INTEQNAL SOM3USTICH ZMGINES PAGE 2
ANNUAL THARG=Z RATES ANC ZMISSIONS PRCJECTFC TN 1282 PUN DATZ = NOV 16,1977
MCDIFIED TATRE EMISSIONS (MILLIONS CF TONS 7/ YD AR)

SCC (SCC ULNITS) N X HC C3 PAFRT
2102000070 234 . 335 045 « 005
2020014090 £5273. 0315 001 002 091
202002031 Te4479,. « 270 . 170 03¢ «003
202003009 50910, « 001 « 001 +004 .000
202004009 2¢3%¢c. . 0107 . 001 o003 000
202999000 38%61. « 105 « 263 002 « 009

MSCC Source Category Charge Rate Unit
202000000 Industrial IC Engines
202001000 Distillate oil turbine 1000 gal/yr
202002000 Distillate oil reciprocating 1000 gal/yr
202003000 Natural gas turbine Million cu ft/yr
202004000 Natural gas reciprocating Million cu ft/yr
202999000 Miscellaneous fuels @ Million cu ft/yr

aAlthough this category is made up of two MSCCs whose units are different,
only one (202999970) was studied.
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Table 1-6-a. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES (Continued)

SUMMARY NF MAJIR CATFEGOFIES
INDUSTRIAL PROCESS, GHEMICAL MANUFACTURING
ANNUAL CHARGE RATES ANC EMISSIONS FROJEGTEC 7O 1982

_UN

DATE=

MCDIFICD TACKEF EMISSIGONS (MILLIONS CF TONS 7 YEAR)
SCC (SCC UNITS) HC GO :
301000000 NEG 1.144 2.831°¢
301002001 7473800, NEG « 256 «003
3010030079 2988200, NEG «038 «05€
301005000 6282100, NEG «331 2.4270
301999000 151180000, NEG «518 «33¢6
MSCC Source Category Charge Rate Unit
300000000 Industrial Processes
301000000 -Chemical Manufacturing
301002000 Ammonia production with Tons/yr
methanator _ ‘
301003000 Ammonia production with CO Tons /yr
- absorber
301005000 Carbon black production Tons /yr
301999000 Miscellaneous chemical Tons/yr

manufacturing

PAGE
NOV 16,1977

PAF
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Table 1-6-a.

ANNUAL CHARGT

MONIFICT
sCcC

[
=]

NN N NN N

DOEIDDD

NN N NN NN A
-1~ 1=1=1=1~
oo o
~NOUWE W, O
OOOoMoOOo O
DDVIDHODOD D
OO =S

SUMMARY OF 1982 EMISSIONS AND CHARGE RATES (Continued)

PAGE

SUMMARY OF MAJDFR CAYEGO~1IES
INDUSTRIAL PRICESS, FFIMAECY METALS
RATEZS ANC EMISSIONS B2CJECTEND T2 1282 “UN DATE=
TACRF EMTRCIONS (MILLIUNS OF TONS 7/ YEA2Y -
{SCT UNITS) MO X H( - co
« 013 » 198 e 71 ¢
23612001, NEG KEG NEG
9450017, NZG MG NEG
45840600013, « 092 +« 184 «156
133900070, N=G « 206 «001
NEG NEG NE G
+0&2000, NEG MEG NE G
2720003, NEG NEG NEC
MSCC Source Category Charge Rate Unit®
303000000 Primary Metals N. A.
303001000 Aluminum reduction Aluminum, tons/yr
303002000 Aluminum ore calcined Tons/yr
303003000 Coke metallurgical Coal, tons/yr
303004000 Coke beghive Coal, tons/yr
303005000 Copper smelters ’ N. A,
303006000 Ferroalloy production (open furnace) Tons/yr
303007000 Ferroalloy production (closed furnace)

%N. A. (not applicable) is listed under "Charge Rate Unit" where the MSCC
number is made up of two or more MSCCs whose charge rates are different,

PARTY
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Table 1-6-a. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES (Continued)

SUMMARY OF MAJIR CATEGCKRIES

INDUSTRIAL PFROCESS, FRIMARY METALS PAGE 7
ANNUAL CHARGZ RATES AND EMISSIONS PRROJECTEC TO 1382 RUN DATc = NOV 16,1977
MODIFIED TACRF EMISSIONS (MILLIOMNS OF TONS 7 YEAR)

S€C (SCC LNITS) NO X HC Co PART
303008000 NEG NEG 4,007 «125
3g3009000 136670003, « 010 . (08 1.651 . 019
303010009 59790000, « 000 + 00D NE G « 004
303011070 NEG NEG NEG « 006
3030120030 €5000. NEG MG «000 NEG
303030000 15240810, NEG NEG NE C .001
303939C00 36000000, « 002 . 001 .002 + 054

MSCC Source Category Charge Rate Unit®
303008000 Iron production N. A,
303009000 Steel production Tons/yr
303010000 l.ead smelters : N.A.
303011000 Molybdenum N. A,
303012000 - Titanium N. A.
303030000 Zinc smelting Tons/yr

303999000 Miscellaneous metallurgical processes Tons /yr

2N. A. (not applicable) is listed under ""Charge Rate Unit" where the MSCC
number is made up of two or more MSCCs whose charge rates are different.



£a-1

ANNUAL CHASGE
MODIFIEC

NN N NN N NN NANN N
EEEEEEEEEEEE ¥

Table 1-6-a.
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SUMMARY OF 1982 EMISSIONS AND CHARGE RATES (Continued)
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MSCC

Source Category

Charge Rate Unit

304000000

304001000
304002000
304003000
304004000
304006000
304007000
304008000
304009000
304010000
304020000
304050000

304999000

Secondary Metals

Aluminum operations
Brass/bronze melt

Gray iron

Secondary lead smelting
Secondary magnesium
Steel foundry

Secondary zinc

Malleable iron

Nickel

Furnace electrodes
Miscellaneous casting and
fabrication

Miscellaneous secondary metal
activity

Tons/yr
Tons/yr
Tons/yr
Tons/yr
Tons/yr
Tons/yr
Tons/yr

Tons/yr

Tons/yr
Tons/yr
Tons/yr

Tons/yr

PAGE 1
2UN DATE= NOV 1541977

TONS / YEAR)

ca PART
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Table 1-6-a. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES (Continued)

SUMMARY 0OF MAJTR CATEGOSIES

INDUSTRIAL PRCCESS, MINF?AL FR00UCTS _ PAGE 1
ANNUAL CHARGZ RATES ANC EMISSIONS PROJECTELC TO 1332 SUN DATFE = NQV 16,1977
MCBIFIEN TACRF EMISSICNS (“TLLIONS OF TONS 7/ YEAR)

SCC (SCC UNITS) NO X 4C , co PART -
2nNs000000 .« 206 .013 «350 6.397
305002000 o 0Ll .001 002 «S5 10
335003000 NES NEG NEG . 337
305005000 NEG NEG NEG . 002
305006000 «078 MG NEC el 33
305007000 « 045 NEG NEG 2172
315008090 « 003 NEG <001 « 157
305009000 NEG NEG NEG « 014
30150100080 » 085 rEG «000 . 068
305014000 « 020 NEG NEG «Ci1
305015000 « 002 MG NEG + 058
305016000 «004 .000 .002 « 307
305018000 NZG NEG NEC « 001
3050200140 «0358 . 02 o012 3.337
3050220010 NEG NEG NEG « 093
305024000 NEG NEG NEG » 003
305025090 « 031 NG «008 « 6 04
305933000 « 017 . 109 «0232 . 187

MSCC Source Category Charge Rate Unit

305000000 Mineral Products

305002000 Asphaltic concrete Tons/yr
305003000 Brick manufacturing Tons/yr
305005000 Castable refractory Tons/yr
305006000 Cement manufacturing, dry N. A.
305007000 Cement manufacturing, wet N. A.
305008000 Ceramic/clay manufacturing Tons/yr
305009000 Clay/fly ash sinter Touns/yr
305010000 Coal cleaning Tons/yr
305014000 Glass manufacturing Tons/yr
305015000 Gypsum manufacturing Tons/yr
305016000 Lime manufacturing Tons/yr
305018000 Perlite manufacturing Tons/yr
305020000 Stone quarry process Tons/yr
305022000 Potash production Tons/yr
305024000 Magnesium carbinate Tons/yr
305025000 Sand and gravel processing Tons/yr

305999000 Miscellaneous mineral products N. A.
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Table 1-6-a.

ANNUAL CHASGE RATES

SUMMARY OF 1982 EMISSIONS AND CHARGE RATES (Continued)

SUMMARY 9F MAJOK CATEGO-IES

INCUSTRIAL P=<OZESS,

ANC EMISSIONS PROJECTED 70O 19832

PE TR CLEUM PRCOUCTS

PAGF

Suh JATF= NOV 15,1977

MCDIFIED TACSE EMISSIGNS (YILLIONS GF TONS 7 YEAR)
SCC (SCC UNITS) N3 X HC co o
206000077 . 312 A 8.963
306001009 « 253 « €0 +339
306002000 1766000, «059 «183 f.82¢
306003000 c4€00, NEG « 002 «100
306003000 31280000, MEG . 226 NE G
31€012000 124000, NEG NEG NFG
MSCC Source Category Charge Rate Unit ®

306000000 Petroleum Industry

306001000 Process heater - N.A.

306002000 Fluid catalytic crackers 1000 bbl/yr

306003000 Moving bed catalytic crackers 1000 bbl/yr

306008000 Miscellaneous leakage 1000 bbl

capacity/yr
306012000 Fluid coking 1000 bbl feed/yr
a

N.A. {not applicablei is listed under ''Charge Rate Unit'" where the MSCC

number is made up of two or more MSCCs whose charge rates are different.
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Table 1-6-a. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES (Continued)

SUMMARY OF MAJIR CATEGOFIES

INJOUSTRIAL PRCTESS, WOQON P-ONLCTS PAGE 1
ANNUAL CHARGE RATES ANLD EMISSIONS °PRQOIJECTEC TO 1282 RUN DATE= NOV 16,1977
MONIFIED TACRF EMISCSIONS (MILLIONS CF TQONS 7 YEAR)

SCC (SCC UNITS) NO X HC co PART
307000000 «002 017 398 0339
307091000 NEG NEG 375 . 255
307002000 « 000 NEG 021 « £76
307004000 132270040, NFEG . 007 NEG 001
307006000 3c20070, NEG 001 NE C NEG
307007000 70520000, « 002 . P0G .001 2023
307008000 162400000, NEG . 001 «001 o021
307020000 26510000, NEG « 204 NEG « 004
3073993000 0. 0.000 0.000 0.000 5,000

MSCC Source Category Charge Rate Unit

307000000 Wood Products

307001000 Sulfate pulping Tons/yr, air dried
307002000 Sulfite pulping Tons/yr, air dried
307004000 Pulpboard mfg. Tons /yr
307006000  Tall oil/rosin | Tons /yr
307007000 Plywood/particle board Tons/yr
307008000 Sawmill operations Tons/yr
307020000 Furniture manufacturing Tons /yr

307999000 Miscellaneous wood products Tons/yr
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Table 1-6-a. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES (Continued)

SUMMAIY OF MAJIP CATEGORIES

HYDROCARZON ©V AFORATION PAGE 1
ANNUAL CHARGE @ATES ANC ZMISSIONS PRQJECTEr Tn 1382 <UN DATE = NOV 16,1377
MCOIFIET TACS<F EMTSSICNS (MILLTONS OF TONS / YEAR)

SCC (SCC UNITSY NOX H{ co PAKT
410000009 NEG 24+258 NEC o 0112
£01090001 MEG « 176 NEG ~ NEG
L31001091 L3230, NEG «N01 NE C NEG
401002000 114€080, NEG + 2G4 NEG NEG
©0199900" 1323700, " NEG « 11 NF G NEG

MSCC -SourcevCategbry Charge Rate Unit*
400000000 Point Source Evaporation N. A.
401000000 Cleaning Solvents : N.A.
401001000 Dry cleaning Clothes, tons/yr
401002000 Degreasing , Solvent, tons/yr
401999000 Miscellaneous solvent use Solvent, tons/yr

2N. A. (not applicable) is listed under '"Charge Rate Unit" where the MSCC
number is made up of two or more MSCCs whose charge rates are different.
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Table 1-6-a. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES (Continued)

SUMMARY OF MAJIR CATEGOFIES

HYNRJCARBON TV AFQORATICN PAGE 2
ANNUAL CHARGE RATES AN[{ EMISSIONS PROJECTFLC TO 19r2 2UN DATE= NOV 16,1977
MCODIFIED TACRF EMISSIONS (MILLIGONS CF TONS 7 YEAR)

SCC {SCC UNITS) NO X HC co PARPT
4020090000 12516000, NEG 1.330 NEG «012
402001000 6343240, NEG «118 NEG NEG
L920020010 5944200, NEG « 259 NEG NEG
L02003000 427530, NEG « 113 NEG NEG
02004000 10244D. NEG « 031N NEC NEG
402005000 3cci6Q. NEG . 092 NEG NEG
402006000 1378300, NEG « 293 NEG NEG
402007000 16¢6°t080, NEG o 2Ll NEG NEG
4020080010 231000, NEG « 156 NEG NEG
40123999000 172322200, MNEG «+129 NE G .012

MSCC Source Category Charge Rate Unit
402000000  Surface Coating - Coating, tons/yr
402001000 Paint Coating, tons/yr
402002000 Paper coatings Coating, tons/yr
402003000 Varnish and shellac Coating, tons/yr
402004000 Lacquer Coating, tons/yr
402005000 Enamel Coating, tons/yr
402006000 Primer Coating, tons/yr
402007000 Fabric coatings . Coating, tons/yr
402008000 Oven coatings Coating, tons/yr

402999000 Miscellaneous coatings Coating, tons/yr
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Table 1-6-a. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES (Continued)

SU4MMARY OF ™MAJOR CATEGOrIES

HYDXRIDCARRON SVAPORATIUN FAGE 3
ANNUAL CHARGE RATES ANC EMISSIONS PROJECTED To 1982 RUN DATF= NOV 16,1977
MODIFIED TACRE EMISSIONS (MILLIONS CF TONS 7/ YEAR)

SCC (SCC UNITS) NO X HC CO PAFRT
L03000000 NEG o 228 NEG NZG
403001000 NEG .82 NE G NEG
4030020010 NEG 217 NEG NEG
443003200 358€0000. NEG. 187 NE G NEG
403999000 15000000, MNEG . 0€E9 NEG NEG
4160000090 196220000, NEG . 296 NEG MNEG
«06001000 83616000, NEG « 057 NEG NEG
40€002000 112600000 NEG « 239 NEC NEG

MSCC Source Category Charge Rate Unit?
403000000 Petroleum Storage N.A.
403001000 Fixed roof N. A.
403002000 Floating roof N.A.
403003000 Variable vapor space 1000 gal/yr
403999000 Miscellaneous storage 1000 gal/yr
406000000 Petroleum Marketing & Transportation 1000 gal/yr
406001000 Rail and truck transportation 1000 gal/yr
406002000 Marine vessel transportation 1000 gal/yr

2N.A. (not applicable) is listed under '"Charge Rate Unit'' where the MSCC
number is made up of two or more MSCCs whose charge rates are different.
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Table 1-6-b. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES UNCERTAINTY

EXTERNAL COMBUSTION,
TACR AND EMISSION UNCERTAINTIES PRCIECYEND T0 1982

SUMMARY CF MAJOR CATEGCRIES

BOILE

R CATEGORY

PAGE 1

4+

[ IR 4

tele i+ »

RUN DATE= NOV 16,1977

N

(—T—

® & @ ® ¢ ¢ o O
220000000 oo o0
MMOODOQEF - e O®
OMNNDOIDRONN O D

MCDIFIEC TACRP EMISSIONS (MILLIONS OF TONS 7 YEAR)
scC (SCC UNITS) HC Co PART
100000000 + 1,021 + 136 + 113
=  +969 - 034 - <078
101000000 + 951 + 133 + .099
- . 927 - « 024 - «36¢
101002000 + 25840000, + .926 r 132 + o094
- 255€7000. - +9286 - 019 - o062
1010040080 + 17150000, + 213 + L,021 + 2032
- 12302000, - o045 - 015 - 022
101005000 + 0. + 3,000 + 0.000 + 0.008
- Q. - 0.000 - 0.000 - 0.000
101006000 * L10240. + .030 + ,000 + L00¢€
- 322310, - 008 - 000 - 004
101007000 * 15220. + .000 NEG NE G
- 15220. - 000 NEG NEG
MSCC Source Category Charge Rate Unit
100060000 External Combustion (Boiler)
101000000 Electric Generation
101002000 Bituminous coal Tons burned/yr
101004000 Residual oil 1000 gal/yr
101005000 Distillate oil 1000 gal/yr
101006000 Natural gas Million cu ft/yr
101007000 Process gas Million cu ft/yr
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Table 1-6-b. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES UNCERTAINTY (Continued)

SU“MARY CF MAJOR CATZGN=IES

EXTCRNAL COMBUSTION, SBCILSF rATEGOFY PAGE 2
TACF AM) EMISSION UNCEZRTAIANTIES PROJENTED 10 1987 RUN DATE= NOV 15,1377
MODIFIED TACRF EMISSICNS (MILLIONS CF TONS 7 YEAD)
SCC (SCC UNITS) NO X HC co PART
102000090 t 372 + .27 + 054 + 392
- 0281 - « 24 .0“1 - L12
102002000 * 1433000, + 252 +  .021 +  L,0LE + . 301
- 1«3<30040, - e 251 - « 021 - «034 - 511
102004000 + 2416600, + L2090 +  .015 + o019 + L0213
- 2‘4166000 - .0"9 - « 10 - o017 - «023
102005010 + 6E3cBO. + 073 +  L006 + .807 + 0865
- 683580. - 0002 - 000‘6 - «00F - .QOE
10200640020 + 4e2e00., + 4156 + 004 + .022 + <0304
- LEZ2800. - «113 - « 003 - «Q1°€¢ - « 004
102007000 + 1429990, + .000 MG NEG NG
- 142cq9p, - <009 NEG NEG NEG
MSCC Source Category Charge Rate Unit
102000000 Industrial
102002000 Bituminous coal Tons burned/yr
102004000 Residual oil 1000 gal/yr
102005000 Distillate oil 1000 gal/yr
102006000 Natural gas Million cu ft/yr
102007000 Process gas

Million cu ft/yr
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Table 1-6-b. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY OF MAJAR CATEGORIES

INTERNAL COMBUSTION ENGINES PAGE 1
TACR AND EMISSIOMN UNCERTAINTIES FRCJECTEND TO 1982 RUN DATE= NOV 16,1377
MODIFIED TACKF EMISSIONS (MILLIONS OF TONS /7 YEAR)
SCC (SCC UNITS) NO Y HC Cco PAFT
2n0000090 + LL33 +  ,297 +  J0u2 + 027
- +193 - L 14D - L0198 - .010
201000000 + L4105 + 033 + 032 + . (26
- 0151 - « 032 - 0012 - .010
201001000 + 3570¢00, + L3938 + 005 + 031 + .026
- 1350600, - +149 - +002 - L0112 - 010
201002000 + 420910, + L0074 + .002 + .003 + ,004
- 10730, - 025 - L (0 - .,00¢ - L000
201003000 + 20738, + 4003 + 000 + .002 + L0001
- 20738. - .003 - (08 - 001 - +00%
201993000 : + L1006 + ,032 + L0014 + L0102
- L0086 - L.N32 - L.001 - J002
MSCC  Source Category Charge Rate Unit
200000000 Internal Combustion
201000000 Electric Generation
201001000 Distillate oil 1000 gal/yr
201002000 Natural gas Million cu ft/yr
201003000 Diesel 1000 gal/yr
201999000 Miscellaneous fuel N.A.2

2N.A. (not applicable) is listed under '""Charge Rate Unit" where the MSCC
number is made up of two or more MSCCs whose charge rates are different.
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Table 1-6-b. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY OF MAJOR CATEGORIES

INTERIINAL COM3YSTION ENGTNES PAGE 2
TACR AMD EMISSIOMN UNCERTAINTIES PROJERTED TO 1982 RUN DATE= NOV 16,1977
MODIFIED TACSP EMISSICNS (MILLIONS OF TONS ¢ YEAR)
SCC {SCC ULNITS) NO X HC co PART
202000000 + L153 +  .?95 +  lN2R t LC0s5
- 129 -  W13€ - W0t1F - 033
2820010990 + €420, + ,L,003 +  .100 + 001 £ .0M
- 6!”-20. - « 1203 - « 300 - 0001 - 0001
202002000 + 6E7¢€10Q, + +153 + 040 + W.027 +  .,005
- 322€E70., - <119 - {30 - W01c - L0333
202003000 + 2769, + 013 + .000 + .00¢ £ ,n0g
- 27690 - .D')D - 0000 - 0002 - 0000
202004000 + 2€E€95, + L005 + .uDp + 002 + L0100
- c€€gs5, - 015 - (08 - L0082 - L0290
212999000 + 13461, + L003 +  ,29? + L0001 + L. CI9
- 1dLel., - 003 - +133 - L0011 - L0997
MSCC Source Category Charge Rate Unit
202000000 Industrial IC Engines
202001000 Distillate oil turbine 1000 gal/yr
202002000 Distillate oil reciprocating 1000 gal/yr
202003000 Natural gas turbine Million cu ft/yr
202004000 Natural gas reciprocating Million cu ft/yr
202999000 Miscellaneous fuels? Million cu ft/yr

a .
Although this category is made up of two MSCCs whose units are different,
only one (202999970) was studied
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Table 1-6-b. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY OF MAJOR CATEGORIES

INDUSTEIAL PROCESS, CHEMICAL MANUFACTUFRING PAGE 1
TACR AN]) EMISSION UNCEFTAINTIES PROJECTED TO 1982 RUN DATE= NOV 16,1377
MODIFIED TACRF EMTSCSIONS (MILLIONS OF TONS 7 YEAR)
SCC (SCC UNITS) NO X HC Co PART
301000000 NEG + L12% +  J4B7 NEG
NEG - 115 -  Wbk40 NEG
301002000 + 33¢c720. NEG + L,035 + 001 NEG
- 325720, NEG - 035 - 001 NEG
3010039000 + 79¢80. NEG ¢+ L,005 + .038 NEG
- 7299840, NEG - 005 - 038 NEG
301005000 + 247220, NEG + 099 + 469 NEG
- 241€30. NEG - .088 - 418 NEG
301999000 + 174€41(00, NEG + 065 + .129 NEG
- 174€4009. NEG - . C€D - 129 NEG
MSCC Source Category Charge Rale Unit
300000000 Industrial Processes
301000000 Chemical Manufacturing
301002000 Ammonia production with Tons/yr
methanator
301003000 Ammonia production with CO Tons/yr
absorber
301005000 Carban black production Tons /yr
301999000 Miscellaneous chemical Tons/yr

manufacturing
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Table 1-6-b. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY OF MAJOR CATEGORIFS

INDUSTRIAL P=0CESS, FRIVARY METALS PAGE 1

TACE AM EMISSIOM UNCEFTAINTIES BRCJECTED TO 1782 RUN DATE= NOV 16,1977

MCOIFIETL TACRF EMISSIONS (YILLIONS OF TONS / YEA?)

SCGC (SCC UNITS) NO X HC GO PAFT
303000070 + N0 + 049 + 40217 + 131
- . 010 - «.120 - 2.,01€¢ - +113

333001000 + 5010¢<00., NES NEG NEG + L0772
- 43072300, NEG NEG NEGC - <016

303002099 * 783700, NEG NEG NE G « L0038
- 7¢3700, NEG NEG NEG - 009

303603000 + 7784€000, + o001t + L0468 + J014 + 003
- 7784€000., - 001 - o120 - 03¢ - .N09

303004000 + 1eotgg, NEG + .001 + ,.,000 + . .042
- 1€€480, NEG - 004 - L0019 - o 0u2

303005000 NEG *EG NEG + o084
NEG NE G NEC = . +084

3g3006090 + 1727000, NEG NEG NEG + L,0290
- 1704500, NEG NEG NEG - 013

3030070010 + 19327490, NZG NEG NEG + L0001
- 1032700, NEG - NEG NEG - .0M

MSCC Source Category Charge Rate Unit?

303000000 Primary Metals

303001000 Aluminum reduction Aluminum, tons/yr
303002000 Aluminum ore calcined " Touns/yr

303003000 Coke metallurgical Coal, tons/yr
303004000 Coke beehive Coal, tons/yr
303005000 Copper smelters ‘ N. A.

303006000 Ferroalloy production (open furnace) Tons/yr

303007000 Ferroalloy production (closed furnace)

2N. A. (not applicable) is listed under "Charge Rate Unit'' where the MSCC
number is made up of two or more MSCCs whose charge rates are different.
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Table 1-6-b. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY CF MAJOR CATEGOFIES

INDUSTRIAL PROCESS, PRIMARPY METALS PAGE 2
TACE AND EMISSION UNCERTAINTIES PRCJECTED TG 1982 RUN DATE= NOV 16,1977
MCOIFIEC TACRF EMIS SIONS (MILLIONS QOF TONS 7/ YEAQY)
SCC (SCC UNITS) NO X HC Co PART
303008000 NEG NEG + 2.765 + L 047
NEG NEG - 1.518 - L,063
303009000 + 22515000, + L0044 + « 1003 + 3,184 + L0140
- 2251508040, - o019 - .008 - 1.,32¢ - L8316
3030100010 + 17¢€27090. + 000 13 . 008 NE G + .003
- 17¢9703. - 009 -  4N00 NE G - .,003
303011000 NEG NEG NEG + L,003
NEG NEG NEG - L,003
2030120010 + 20884, NEG NEG + L0022 NEG
- 20884, NEG MNEG - L0090 NEG
303030000 + 3721780, NEG MEG NEG + L0001
- 372780, NEG NEG NE G - Lf01
30333940400 + 85440040, + 009 + « 000 + +000 + 014
85‘4‘0000. - « 002 - 0001 - 0002 - 00114
MSCC Source Category Charge Rate Unit?
303008000 ‘Iron production N. A.
303009000 Steel production Tons/yr
303010000 L.ead smelters N. A.
303011000 Molybdenum N. A.
303012000 Titanium N. A.
303030000 Zinc smelting Tons/yr

303999000 Miscellaneous metallurgical processes Tons/yr

®N. A. (not applicable) is listed under '"Charge Rate Unit" where the MSCC
number is made up of two or more MSCCs whose charge rates are different.
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Table 1-6-b. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES UNCERTAINTY (Continued)

SUMMACY OF MAJIF CATEGCHIES

INDUSTRIAL FRCCESSy SECONDARY METALS . PAGF 14
TACP ANN T MISSTION UNCERTAINTIES BOSCJECTEDN T0 1382 RUN JATE= NOV 1641977
MCDIFIEC TACRF ZMISSIONS (“ILLIONS OF TONS / YEAR)
SCC (SCC UNITS) NO X HC Cco PART
304000000 L R R +  .002 + 3470 +  .026
- «01s - . 005 - « 3410 - «030

304001000 + 321104, + L0900 + LC00D0 NEG + L0C3

- 3211014, - 001 - 004 MEG - .001%
204002000 + 72¢€17. + L0000 + ,r00 NEG + .009

- 79¢€17. - 090 - L0000 NE C - 0090
304003000 + 11808000, + .030 + 001 + 340 v .011

- 11808000, - +008 - 002 - o347 - o013
304004000 + £4591. NEG +  ,100 NEG +  .0M

- £4%04, NEG - .000 NE C - .009
304006000 + 5096, NZG NEG + L0011 NEG

- 509¢€. MEG NEG - 000 NEG
304007000 * 1077¢<000. + 004 + ,001 + L3210 + . . [23

- 10773000, - o01% - <004 - 001 - W027
304003090 + 133490, NEG + .001 NEG ¢ .000

- 133490, NEG - +003 NE G - 000
304009000 ¥ 28723140, NEG NEG + 010 + .00

- 287210, NEG NG - o002 - L0070

MSCC Source Category Charge Rate Unit?

304000000 Secondary Metals

304001000 Aluminum operations Tons/yr

304002000 Brass/bronze melt Tons/yr

304003000 Gray iron Tons/yr

304004000 Secondary lead smelting Tons/yr

304006000 Secondary magnesium Tons/yr

304007000 Steel foundry Tons/yr

304008000 Secondary zinc Tons/yr

304009000 Malleable iron Tons/yr




89-1

Table 1-6-b. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES UNCERTAINTY (Continued)

SUYMARPY OF MAJIF CATEGQFIES

INDUSTRIAL FRCCESS, SECONDARY METALS PAGE 1b
TACR ANDY ZH4ISSION UNCERTAINTIES PRQJECTED TO 1982 RUN DATE= NOV 16,1977
MCNIFIEC TAC=F ZMISSIONS (“ILLIONS CF TOMS / YEA®)
SCC (SCC LNITS) NO X HC co PART
304010000 + 7¢<88. NEG MEG + 002 NEG
- 7<88. NEG MG - 000 NEG
304020000 + 82200, NEG NEG NEG + L,000
- 83200. NEG NEG NE G - .000
304050000 + 491050, NEG + ,000 NE G + .0400
- 41050, NEG -  .001 NEG - .0800
3049993000 + 3370800, + L0041 + . [01 NEG + L.D07
- 337084040, - 002 - .0g2 NE € - <004
MSCC Source Category Charge Rate Unit?
304010000 Nickel Tons/yr
304020000 Furnace electrodes Tons /yr
304050000 Misc. casting & fabrication Tons/yr

304999000 Misc. secondary metal activity Tons/yr




69-1

Table 1-6-b. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES UNCERTAINTY (Continued)
SUMMARY OF MAJIR CATEGO IES

INDUSTRIAL FRCCESS, MINERAL CROCUGTS PAGE 1
TACP AMN) EAMISSION UNCESTAINTIES ESRCJEZNTEN TO 1382 ~UN NATEZ= NOV 16419377
MCDIFITD TAC<P EMISSICNS (4ILLICONS CF TONS / YEAP)
SCC (SCC LNITS) NO X HC to PAFT
3959000030 ’ t 059 + L0704 + L3172 + 1.041
- «+ 123 - o 0114 - «008 - 14142
395002079 + o011 +  .700 + 001 + 353
= 011 - . 000 - « 000 - R RN
31500307110 MZ5 NES NEG +  J118
NEG NEG NE - 145
3305005019 NES “eG NZG + L0001
NEG NEG NE C - 001
305005009 + 012 NG NEG + 322
- 012 NG NEG - +330
30097091 + L0191 NEG NE G + .230
- .07 NEG NEG - 4236
3050080990 + .0080 NEG + 000 +  ,048
- . 0070 NEG - .UQU - « 061
395003000 MEG NEG NeG + .005
NEG NEG NEG - 4005
305010000 + 001 MEG + L0007 + 023
- + 071 FEG - «0010 - o 041
MSCC Source Category Charge Rate Unit®
305000000 Mineral Products
305002000 Asphaltic concrete Tons /yr
305003000 Brick manufacturing Tons/yr
305005000 Castable refractory Tons/yr
305006000 Cement mfg., dry N.A.
305007000 Cement mfg., wet N. A.
305008000 Ceramic/clay mfg. Tons /yr
305009000 Clay/fly ash sinter Tons/yr
305010000 Coal cleaning Tons/yr

®N.A. {(not applicable) is listed under ''Charge Rate Unit'' where the MSCC
number is made up of two or more MSCCs whose charge rates are different.
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Table 1-6-b. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES UNCERTAINTY (Continued)
SUMMARY CF MAJOR CAYEGO<=IES

INDUSTRIAL PROCESS, MINERAL PFRODUCTS pages 2
TACKR AND EMISSION UNCERTAINTIES PROJECTED 710 1982 FUN NDATE= NOV 16,1977
MCDIFIED TACRFf EMISSIONS (MILLIONS OF TONS / YEAR)
SCC (SCC UNITS)H NO X HC co PART
305014000 + L0056 NEG NEG + « 303
- L0056 NEG NEG - .003
30508150090 + 042 NEG NEG +  L0ut
. - 000 NEG NEG - L0510
305016000 + 001 + .000 + .001 + 2237
- .UUU - ."Uﬂ - 0001 - 0285
305018000 NEG NEG NEG + .00
NEG NEG NEG - 001
305020000 + 014 +  ,.001 + 007 + L8278
- 0010 - .031 - .Dul‘ - 0910
305022000 NEG NEG NFG + L.018
NEG NEG NEG - L,028
205024000 NEG \EG NEG + L0002
NEG NEG NEG - .002
305025009 + L0019 NEG + L0003 + L1749
- 0009 NEG - .002 - oi?q
3059¢<c39g09 + 007 + L0044 + L0007 + 072
- 0055 - .0“1" - 0007 - .072
MSCC Source Category Charge Rate Unit 2
305014000 Glass mfg. Tons /yr
305015000 Gypsum mfg. Tons/yr
305016000 Lime mfg. Tons/yr
305018000 Perlite mfg. Tons/yr
305020000 Stone quarry process Tons /yr
305022000 Potash production Tons /yr
305024000 Magnesium carbinate Tons/yr
305025000 Sand & gravel processing Tons/yr
305999000 Miscellaneous mineral products N.A

N.A. (not applicable) is listed under "Charge Rate Unit'" where the MSCC
number is made up of two or more MSCCs whose charge rates are different.
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Table 1-6-b. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY 9F MAJOF CATEGQR 'IES

INCUST<TAL P20ONESS, 2ETRCLZU™ PIQIUCTS PAGE 1
TACR ANN E4ISSION UNCERTAINTIES PRQOJTCTED 1C 1382 TUN DATE= NOV 16,1977
MCRIFIED TACRF EMISTSINONS (*ILLIONS COF TONS 7/ YEAR)
SCC (SCT UINITS) NQ ¥ HC Co ACT
X0600000" + .135 ¢ .ne2 + 7.022 ¢ 017
- 035 - 052 - 7.022 - 2017
3ne0n1090 + 034 «  ,007 + 007 + .003
- « 034 - . 008 - +007 - 01048
306002000 . 234740, ¢+ ,0018 +  .026 + 7,021 +  ,01%
- 234741, - « 003 - « 0126 - 7.021 - » 015
336003000 * 26326, NEG + . (01 + 0S4 NE G
- 23326, MEG - 001 -~ 08¢ NEG
30¢€00890100 + 1311€00., NES + L 04L4 NEG NEG
- 1911€00. NEG = <044 NE C N=G
30€01200N + 1€E58., NEG NEG NEG + L0095
- 1€€58, NEG N NEG - .005
MSCC Source Category Charge Rate Unit
306000000 Petroleum Industry
306001000 Process heater | N.A.2
306002000 Fluid catalytic crackers 1000 bbl/yr
306003000 Moving bed catalytic crackers 1000 bbl/yr
306008000 Miscellaneous leakage 1000 bbl
capacity/yr
306012000 Fluid coking 1000 bbl feed/yr

2N.A. (not applicable) is listed under ''Charge Rate Unit' where the MSCC
number is made up of two or more MSCCs whose charge rates are different.



2L-1

Table 1-6-b. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY CF MAJOR CATEGOFIES

INDUSTRIAL PROGESS, WCODO PZGDUCTS PAGE 1
TACR AND EMISSION UNCERTAINTIES PRCJEGCTED 10 1982 RUN DATE= NOV 16,1977
MODIFIED TACRF EMYSSIONS (MILLIONS OF TONS /7 YEAR)
SCGC {SCC UNITS) NO X HC cCo PAFT
3970000090 ¢« L0010 + L0014 + L4568 + L170
- o000 - 801 - 287 - +203
30700410080 NEG MEG + J468 + 170
NEG NEG - 0287 - .202
307002000 + .000 NEG + L,00¢ + .00t
- .003 NEG - 00CF - « 001
307004000 + 387260, NEG + .000 NEG + 000
- Je?72010. NEG -  .008 NEG - L00N
307006000 + £024L9, NEG + .000 NEG NEG
- 50249, NEG - L0090 NE C NEG
307007000 + JujL80. + 009 + . (00 + .000 + 004
- 340480, - <0018 - L0040 - 000 - DN
307008000 + g. NEG + 0.000 + 0,009 + 4,000
- U. NEG - 0- ’100 - 0.000 - .317
307020000 + 2000040, NEG + ,L030D NEG + L0000
- 260000, NEG - . 000 NEG - 000
3079390010 * 0. + 0.000 + 0,000 + 0.000 + 0.000
- 00 - 0.000 - 0.000 - 00000 - BODOG
MSCC . Source Category Charge Rate Unit
307000000 Wood Products
307001000 Sulfate pulping Tons/yr, air dried
307002000 Sulfite pulping Tons /yr, air dried
307004000 Pulpboard mfg. Tons/yr
307006000 Tall oil/rosin Tons/yr
307007000 Plywood/particle board Tons/yr
307008000 Sawmill operations Tons/yr
307020000 Furniture manufacturing Tons/yr

307999000 Miscellaneous wood products Tons/yr
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Table 1-6-b. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY NF MA IS CATEGOIFS

HYDRNCARZON ZVAFORATICN PaGeE 1
TACF B M) Z4ISSION UNCERTAIANTIES SR9JECTEY TC 1982 <UN DATE = NOV 15,1977
MOBIFIFC TACSF EMISSIONS (MYILLICAS CF TONS / YEA®)
SCC (SCC UNITS) MO X HE Co PAFT
L13N000000 NEG + L7883 NEG + 093
NZG - .-36 NZG - 093
-7100000" NEG ¢ 104 NEG NZG
MEG -  .788 NEG NEG
401071000 + 35291, NEG + .006 NEG NEG
- 22099, NEG - .000 NEG NEG
4010020010 + 110720. NEG +  .102 NEG NEG
- c7€60. NEG - 088 NEC NEG
401999000 + 34875, NEG + 018 NE G NEG
- 342875, NEG - M1 NEG Ne b5
MSCC Source Category Charge Rate Unit?
400000000  Point Source Evaporation N. A.
401000000 Cleaning Solvents ‘ N. A.
401001000 Dry cleaning Clothes, tons/yr
401002000 Degreasing Solvent, tons/yr
401999000 Miscellaneous solvent use Solvent, tons/yr
a

N. A. (not applicable) is listed under '"Charge Rate Unit' where the MSCC
number is made up of two or more MSCCs whose charge rates are different.
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Table {-6-b. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES UNCERTAINTY (Continued)
SUMMARY OF MAJOR CATEGORIES

HYDROCARBON EV APORATICN PAGE 2
TACR AMD EMISSION UNCERTAINTIES PROJECTED TO 1982 RUN DATE= NOV 16,1977
MCDIFIED TACRP EMISCSIONS (MILLIONS OF TONS / YEAR)
SCC (SCC ULNITS) NO X HC co PART
Lg2000000 + 75 €E2400, NEG + LE18 NEG + .003
- 5501¢€00., NEG - o361 NEG - .003
<02001000 + 8L EL14L, NEG + 174 NEG NEG
- 8Ll L, NEG -  .084 NEG NEG
4pz2o002000 + 7563000, NEG + L2777 NEC NEG
402003009 * £e378. NEG +  .165 NEG NEG
- S€378., NEG - 085 NEG NEG
402004000 + 26 144, NEG + .033 NEC NEG
402005000 ¢ 104260, NEG + ,N98 NEG NEG
- 104260, NEG - <053 NEG NEG
402006000 + 183¢<749, NEG + J453 NEE NEG
- 1839710, MEG - 218 NEG NEG
402007000 + 107080. NEG +  .125 NEG NEG
- 107080, NEG - .186 NEG NEG
L02008000 + €5220. NEG + . (82 NEC NEG
- €5220. NEG - 034 NEG NEG
4023390819 + 470300, NEG + L1112 NEG + .003
- 470200, NEG - W112 NEG - 003
MSCC Source Category Charge Rate Unit

402000000 Surface Coating Coating, tons/yr

402001000 Paint Coating, tons/yr

402002000 Paper coatings Coating, tons/yr

402003000 Varnish and shellac Coating, tons/yr

402004000 Lacquer Coating, tons/yr

402005000 Enamel Coating, tons/yr

402006000 Primer Coating, tons/yr

402007000  Fabric coatings : Coating, tons/yr

402008000 Oven coatings Coating, tons/yr

402999000  Miscellaneous coatings Coating, tons/yr
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Table 1-6-b. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES UNCERTAINTY (Continued)

SUMMARY OF MAJNRP CLTEGCHIES

HYDRROCARRCON TV IPCRATICN PAGE 3
TACK AND EYISSINM UNCERTAINTIES PROJECTED TC 19382 RUN DATE= NOV 16,1977
MCDIFIED TACKF EMISSIONS (FILLIONS OF TONS / YEAR)
SccC {SCC UNITS) NO X HE Co PAET
473000000 MEG + L179 NEG NES
NEG - 183 NEG NEG
£102001000 NEG + L0117 NEG NEG
NEG - « 135 NEG NEG
403002000 NEG + o149 NEG NEG
NEG - 140 NE G NZG
03003000 + 904490, NEG ¥ 027 NEG NZG
- 3044940, NEG - o101 NEG NEG
4013999300 + 20103008, NEG + L1093 NEG NEG
- 15000000, NEG - < 0€9 NEC NEG
MSCC Source Category Charge Rate Unit?
403000000 Petroleum Storage N. A.
403001000 ' Fixed roof N. A.
403002000 - Floating roof N. A.
403003000 Variable vapor space 1000 gal/yr
403999000 Miscellaneous storage 1000 gal/yr

®N. A. (not applicable) is listed under '""Charge Rate Unit" where the MSCC
number is made up of two or more MSCCs whose charge rates are different.
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Table 1-6-b. SUMMARY OF 1982 EMISSIONS AND CHARGE RATES UNCERTAINTY (Continued)

SUAMARY OF MAJOR CATEGOZIES

HYDROCARBON ZVAPORATICN PAGE &
TACR AND EMISSION UNCEFTAINTIES PRCJECTYED TO 1982 2UN DATE= NOV 16419377

MODIFIEC TACRE EMISSICNS (MILLIONS OF TONS 7 YEAFR)
SCC (SCC UNITS) NO X HC CO PAFT
LOEODOODD + 45022000. MEG +  .205 NEG NEG
- 190£5000. NEG - 128 NEG NEG
406001000 ¢ 17757000, NEG + .178 NEG NEG
- 13908000, NEG - 035 NEG NEG
L06002000 + 41372000, NEG LD § Y NEG NEG
- 130€8000. NEG - 123 NEG NEG

MSCC Source Category Charge Rate Unit

406000000 Petroleum Marketing and Transportation 1000 gal/yrb

406001000 Rail and truck transportation 1000 gal/yr
.406002000 Marine vessel transportation 1000 gal/yr




The major source categories summarized here are

further classified and detailed in Sections II through X.

1.4 DATA ACQUISITION

1.4.1 Data Selected for Study

It was determined at the outset, by EPA, that this study
would be restricted to stationary sources of emissions and that the
emissions of interest were oxides of nitrogen (NOX), carbon monoxide
(CO), hydrocarbons (HC), and particulate matter (PART). It was also
agreed that only point sources (as opposed to area sources) of emissions
would be studied. A point source, as defined by the National Emissions
Data System (NEDS), is a single stack or geographical point from which
more than 100 tons of a given identified air pollutant are discharged
annually into the atmosphere. The NEDS is described in detail in
Ref. 1-1. The processes which contribute to the atmospheric emissions
studied and reported here are described in Refs. 1-2 and 1-3,

The categories of emission sources initially selected for
study were determined from the NEDS nationwide emissions report
(Ref. 1-4). The order of priority was based largely on the desire to
study as many stationary sources of the four emissions in as little time
as possible. Table 1-7 shows the emissions from the categories selected

for study. The values are as reported in the NEDS Nationwide Emissions

Summary, January 10, 1975 (Ref. 1-4).

Table 1-7 shows that stationary area sources represent
from 13 to 30 percent of the emissions of interest. The categories
selected for study represent from 78 to 100 percent of the four point
source emissions identified in Ref. 1-4,

Of the categories inventoried in the first year of this study,
utility and industrial boilers and process gas combustion were studied
together and are reported in Section Il under the more general category
""external combustion (boiler)." The process gas combustion category
was included in this study because an earlier NEDS nationwide emissions

summary (emissions as of December 19, 1973) indicated that nearly



Table 1-7.

STUDY LIST OF EMISSIONS?

Source Category

Percent of Total Stationary
Source Emissions

NOX HC CO PART
Utility Boilers 48, 4 0.8 23.1
Industrial Boilers 9.6 . 1.0 9,8
Process Gas Combustion 0.9 - - 0.1
Stationary IC Engine sb 2.6 0.5 0.1 0.1
Petroleum Industry 22,6 9.7 13.9 6.6
Chemical Manufacturing 1.1 22.3 18,4 1.5
Evaporation - 30.8 - 0.1
Primary Metals 0.1 1.1 24,3 10, 1
Mineral Products 1.4 0.1 0.1 25,4
Secondary Metals . - 4.1 1.1
Wood Products 0.2 2.8 2.9
Point Source Emissions Selected 86.9 66, 4 65.5 80. 8
for Study
Remaining Point Source Emissions - 3.6 18.0 4.7
Total Area Source Emissions 13,1 30,0 16.5 14. 5
Total Stationary Source Emissions 100.0 100.0 100.0 100.0

2Data extracted from Ref. 1-4, dated January 1975.

bInternal combustion (IC) engines,

1-78



20 percent of all NOx from stationary sources originated from process
gas combustion. This information was supported by the large process
gas combustion rates listed in Ref. 1-4. Study of the actual data stored
in the NEDS (from a data tape) showed that large errors in the original
data for two users of process gases accounted for nearly all of the pre-
viously reported nationwide process gas usage rates and, therefore, for
nearly all of the reported NOx emigsions in this category. These errors
were reported, checked, and confirmed by the NEDS personnel, and
greatly reduced NOx emissions are now as reported in Table 1-7.

The stationary internal combustion engines category,
although contributing only small quantities of emissions (Ref. 1-4), was
chosen because the NOx emissions could be very large, depending on
the usage rates of a large population (Ref. 1-5) of gasoline-fueled engines,
each of which is too small to be classed as a point source. Although
emissions from point sources in this category are small, the data are
summarized, along with a discussion of this critical area source problem,
in Section III.

The chemical manufacturing and petroleum refinery
categories were selected because of the high emissions of NOx, Co,
and HC. These categories are reported in Sections IV and V, respect-
ively.

Although the categories under study have been referred to
as NEDS categories, the NEDS was not the only source, or even in some
cases the major source, of original da.ta. Extensive reviews of the
literature were also conducted to obtain other original data as well as
the rationale for projection of the data into the future. The data obtained,
consisting of necessary calculations, sources, and results, are different
for each of the general categories studied, and discussions of these data
are contained in each of the following sections of this report. The NEDS
data acquisition and evaluation techniques were generally common to all

categories studied.
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1.4.2 Preliminary NEDS Data Evaluation

In each study, a computer tape of all point source data
stored in the NEDS for the categories of interest were requested from
EPA. Initially the data contained on the tape were analyzed (by computer)
to determine the significant Source Classification Code (SCC). The NEDS
SCC is listed and described in Appendix A.2 of Ref. 1-1. This summary
of emissions by the NEDS SCC was reviewed to determine those categories
containing the bulk of the four emissions. In most cases it was found
that a small number of SCC categories accounted for nearly all of the
emissions of each type in the general category chosen for study. There-
fore, the total of emissions of some types for the entire general category
chosen for study was comparatively insignificant. Considering the rather
large ranges of uncertainty in the emissions from other major categories,
it was not considered cost-effective to study these small categories. A
general measure used to rule out study of certain emissions within a
general category or to rule out study of certain SCCs altogether was
based on one percent of the total stationary point source emissions. If
the sum of any one of the four selected air pollution emissions over the
entire general category was less than one percent, emissions of that
pollutant were neglected. In certain groups of SCCs, none of the four
emissions exceeded one percent, and these SCCs were neglected.

Reference 1-1 lists all the SCCs represented on the NEDS
data tape in each of the general categories selected for study. Kach
data section in this report shows those SCCs studied. The SCCs listed
in the appropriate category in Ref. 1-1 but not listed in the correspond-
ing data section of this report were neglected for the above reasons.

In cases where any of the four air pollutants were negligible, the data
printout indicates ''meg'' (negligible).

The SCCs which were considered significant for one or
more of the emissions were then reviewed for data entries indicating
excessive process charge rates or emissions. The most commonly used

technique to check charge rates was to review the process state of the



art, select a large processing plant, and execute a computer search
for point sources with listed charge rates greater than this expected
maximum. If such cases were discovered, all of the data for that plant
and point source were printed for further review. Many cases were
found, in this manner, where the listed charge rates were 100 to 1000
times that considered reasonable for a large plant (in some cases even
larger than the entire national capacity). In most categories, no equiv-
alent reliable check could be devised, however, for charge rates listed
too low. After correction of the data for charge rates listed too high,
the corrected total was compared with other original data from the
literature,

Erroneously recorded emissions were checked by com-
paring emission factors calculated from the NEDS tape data on emissions
and charge rates against the latest emission factors recorded in Ref. 1-2.
Some errors in the listed emissions were uncovered in this manner. A
more common error, however, resulted from the accepted practice of
calculating the emissions from the best estimate of emission factors and
the charge rate, instead of from actual measurements. Since most of
the data currently stored in the NEDS was entered in the 1970 through
1972 time period, emission factors were approximately those listed in
Ref. 1-3, Corrections in emission factors between the Ref. 1-3 listing
and the subsequent listing in Ref. 1-2 in some cases increased or de-

creased the emission factors by factors of as much as 75 and 40,

respectively.

1.4.3 Data Coding

The NEDS data categories are identified by an eight-digit
number called the SCC. Where possible and where one or more emissions
in a given SCC were large, a further detailed breakdown of the data in
that SCC was effected. To facilitate handling of this more detailed data
and yet maintain close correspondence with the established NEDS SCC
data coding system, a modified SCC (MSCC) system was initiated for
this study. A ninth digit was added to all of the eight-digit NEDS SCCs
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to form the MSCCs used in this study. All of the NEDS SCCs, then,
appear in this study with an additional zero in the last place of a nine-
digit code number. Where additional breakdown of data in a NEDS SCC
was possible and desirable, the last place in the nine-digit code of this
study shows a nonzero digit. For example, the NEDS SCC category of
1-01-002-02 identifies raw, original data stored for the category:
external combustion, boiler (l-xx-xxx-xx); electric generation
(1-01-xxx-xx); bituminous coal (1-01-002-xx); fired as pulverized coal
in dry-bottom boilers of capacity greater than 100 million Btu/hr
(1-01-002-02). This same general category is identified in this study
by the MSCC 101002020. This MSCC, in this study, however, is con-
sidered a fourth-level summary because the additional breakdowns
101002021 through 101002024 have been included to divide those data into
the boiler firing types: tangential, opposed, single-wall, and vertical,
respectively. These are now the data levels, and the MSCC 101002020
represents the sum of the emissions and charge rates of the four data
SCCs. Where practical the process assigned to each MSCC was the
same as that assigned by the NEDS to the corresponding SCC. In any
case, the process corresponding to each MSCC is defined in the first
table of the respective sections.

Although the data coding system used in this study
closely parallels that of the NEDS system, the data actually stored and
used in this study were acquired from a number of sources (including
NEDS). The original data base being accumulated in the data storage
and handling program at The Aerospace Corporation, then, represents

a careful and judicious sum from other sources as well as NEDS.

1.5 DATA HANDLING AND STORAGE

The sheer volume of data being generated in this study
immediately dictates the use of a computer system for storage and hand-
ling. A total of 413 MSCC data categories have been defined for storage
of significant data. In each of the MSCCs, 40 separate items of infor-

mation must be entered into storage. In any particular MSCC, a



particular storage location may contain data either in the form of a
number or an indication that the particular data are negligible. Thus,
a total of more than 16,000 entries were entered into the program.

The general form of the data storage and handling program
is based on two major considerations:

a. The data acquired from various sources represent
different points in time. Particularly because of
the rapidly changing energy picture, much of those
data may have changed considerably between the time
of acquisition and the time of this study. Data
acquired and stored in general categories at the
beginning of this study were three years older at
the time of the first update. Users of the data need
to have available an estimate of emissions in the
time period of implementation of control systems
(i. e., in the future) rather than at the time of
planning.

b. Complete and accurate original data are difficult to
acquire. As a result, little good data are available,
and data from several sources are often widely
discrepant. As estimates of future emissions are
highly desirable, it is important to know how un-
certain these projections are.

1.5.1 Data Projections

In response to the need for current and future emissions
estimates as well as a set of values upon which these estimates and pro-
jections can be evaluated as to their accuracy, a data storage and hand-
ling program was developed. As in the NEDS summary system,
emissions of each of the four air pollutants NOx, CO, HC, and PART
are calculated from charge rates and emission factors as shown in
eq. (1-1):

Emissions = Emission Factor x Charge Rate (1-1)

For all four of the emissions in a single SCC, the charge
rate is the same and is fundamental data in itself. For that reason,
storage space is available for three values of the charge rate (with the
appropriate year of the data) for each MSCC.



For NOX, CO, and HC emissions, the appropriate
emission factors are entered directly and used with the charge rates
as in Eq. (1-1) to calculate emissions. As such, these emission factors
directly reflect the average degree of control of emissions in all pro-
cesses represented by the MSCC. Since the degree of control may change
with time, either because of more effective control or more widespread
application of the same degree of control, the emission factor must be
projected into the future independently of the charge rates,

Particulate (PART) emissions, however, are normally
controlled by special hardware. Since these are recognizable pieces
of hardware with relatively well-established PART collection efficiencies,
both the collector efficiency and the degree of application of such
collectors to processes represented in the MSCC can be determined.
The emission factors in Eq. (1-1) for PART emissions, then, are cal-
culated from an uncontrolled emission factor for the process and a
function of the average collector efficiency and the average degree of

application of this average collector:

PART Emission Factor = Uncontrolled Emission Factor x
(1 - Collector Efficiency x
Fraction of Application of the
Collector) (1-2)

It is assumed that the uncontrolled PART emission factor is fundamental
to the process and will not change with time. Both the average collector
efficiency and the degree of application of this average collector, how-
ever, can change with time, and both must be projected independently
into the future.

Thus, six time-dependent variables must be entered into
the program storage in order to calculate emissions of the four air
pollutants of interest: the latest charge rate, the three controlled
emission factors, the PART collector efficiency, and the degree of

application of the PART collector. Because of the widely varying



sources of these data, they hardly ever represent the same period in
time. Therefore, the original data cannot be meaningfully combined
directly to calculate emissions. The data storage and handling program
allows for three separate years of record for (1) the latest charge rate,
(2) all three controlled emission factors and the PART control efficiency,
and (3) the degree of PART control application. Whenever emissions
are calculated, according to Eqs. (l-1) and (1-2), these time-dependent
variables must be projected from their individual years of record to
the same date.

The projection of these six time-dependent variables
into the future required a time-dependent projection equation. In light
of the large uncertainties in the original data and the usual uncertainties
of the future, no more sophisticated equation than a straight line is
justified. Thus, for each of the six time-dependent variables, a linear
slope with time (a time derivative) must also be determined from
appropriate rationale and stored in the data storage and handling pro-
gram. All calculations of emissions thus start with the original data
for the six time-dependent variables, use the six appropriate linear
slopes to project these variables to some common time, and then cal-
culate emissions from the projected values according to Eqs. (1-1)
and (1-2). In this report, the current charge rate and emissions raw
data base are generated by projecting all of the data to the current year.

A further projection is made for five years into the future.

1.5,2 Data Uncertainties

The second major consideration in the development of
the data storage and handling program relates to the uncertainties in the
data. As related in Section 1.4.1, data have been found that were in
error by two and three orders of magnitude. Differences between
independent original sources of the same data are often as large as
factors of two. The recent wide variations in charge rates with time,

resulting first from the impact of environmental considerations and then
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from the energy shortage, make projections into the future uncertain.
If users of the data reported here intend to give weight to certain
emissions projected for different sources, then it becomes important
that the user have values of the uncertainty in those emissions.

Even an estimate of the uncertainties in the data is
difficult because of the lack of data. Adequate data are not available
from a sufficient number of original sources that a reasonable statist-
ical estimate of uncertainty can be made. The use of small data sample
statistics results in unrealistically large uncertainties. In most cases,
only two sources (and sometimes only one source) are available.

Usually, however, certain engineering methods can be
followed in estimating realistic bounds on some given data or time-
dependent slope from better -known déta. For example, current levels
of total electrical demand and total installed electric-generating capacity
are reasonably widely studied and well documented. By using engineer-
ing judgment to set various realistic upper and lower bounds on less
well-documented data, such as a breakdown of electric-generating
capacity into fuels, firing types, and plant sizes, an engineering estimate
of a reasonable uncertainty range around the data on charge rates in large
pulverized coal-fired, electric-generating boilers can be obtained. It
may also be possible, from a description of a particular study or survey,
to make an engineering estimate of the degree of completeness and
accuracy of the results. Some cases remain where no data other than
a single estimate from the literature and the corresponding NEDS data
are available. In such cases, there is no alternative other than to take
the data as the average of the two available estimates and the uncertainty
range as the difference between the two.

Some fairly clear limits exist, or are defined here, on
projections into the future. In most cases, Aerospace familiarity with
the basic processes generating or controlling emissions is sufficient
that lower limits on emission factors can be estimated with reasonable

confidence, at least for the near future. These lower limits are stored



in the data storage and handling program, and the program will not
allow the NOx, CO, or HC emission factors (minus the uncertainty)
to drop below these limits. Similarly, upper limits are set on PART
collector efficiencies. The degree of application of a collector cannot
exceed 1.0, Because of the social pressure in all areas to reduce air
pollution, the assumption was made in this program that the maximum
value of a projected emission factor (the projected nominal value plus
the projected uncertainty) cannot exceed the current maximum value
(i.e., no increase in emission factors). Of course, no charge rates
or emissions, including uncertainties, are allowed to be negative.
Limits such as those discussed in this paragraph can result in un-
symmetrical uncertainties in projected data levels. For example, the
1977 NOx emission for MSCC 101004000 is

+0. 195

0. 141 (MILLIONS OF TONS PER YEAR).

0. 641

The above discussion outlines the methods used and
problems encountered in generating engineering estimates of uncertainty
in the data shown in this report. The fact that it is so difficult to gen-
erate these estima;tes underlines the need to provide the user with the
documentation of the uncertainty of these data. These uncertainties
are not statistical quantities. It is necessary, however, to combine the
uncertainty estimates of charge rate, emission factor, collector
efficiency, control equipment application data, and the derivatives of
these with time (slopes) to establish the uncertainties of emission data
projected into the future. In the data storage and handling program,
these are treated as statistical quantities (standard deviation). The
resulting uncertainties in the projected emissions are considered

engineering estimates.
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SECTION II

EXTERNAL COMBUSTION IN BOILERS

2.1 INTRODUCTION

The external combustion (boiler) category of stationary
€mission sources includes all of the fuels burned in stationary boilers for
the Purpose of generating steam for electric generation and various other
industrial purposes. According to the National Emissions Data System
(NEDS) nationwide emissions report of January 10, 1975 (Ref. 2-1), this
Category, at least in the 1970 to 1973 time period, represented the largest
Single stationary source of both oxides of nitrogen (NOx) and particulate
(PART) emissions, NOx emissions of over 8 million tons per year repre-
Sented about 59 percent of NO_ emissions from all stationary sources and
about 36 percent of NOx emissions from all sources inventoried by the NEDS,
PART emissions of over 5 million tons per year represented about 33 per-
cent of PART emissions from all stationary sources and 31 percent of this
alr pollutant emitted from all sources. Hydrocarbon (HC) and carbon mon-
Oxide (CO) emissions from sources in this category represented less than
two Percent, each, of those from all stationary sources. The external com-
bustion (boiler) category was the first to be studied in this continuing inven-
tory because of the large NO, and PART emissions,

A wide range of fuels is burned in external combustion boilers,

Including the following:

a, Coal: anthracite, bituminous, and lignite
b. Oil: residual and distillate



Liquified petroleum gas

c. Gas: natural and processed
d. Wood

e. Bagasse

f.  Coke

g.

h.

Other minor fuels

Of the NOx and PART generated from the external combustion of these
fuels, for electric generation and various purposes, in single sources
emitting more than 100 tons per year of these air pollutants (point sources),
the combustion of bituminous coal is by far the largest fuel source. More
than 58 and 88 percent of the NOx and PART, respectively, from the ex-
ternal combustion, boiler category result from the combustion of bitumin-
ous coal. Other fuel combustion which contributes significantly to the
emission of NOx and PART includes that of natural gas and oil.

At the time that the fuels to be studied in this portion of the
inventory were selected, the then existing NEDS emission summary
(dated December 19, 1973) indicated that process gas combustion in in-
dustrial boilers and heaters was the source of 2. 6 million tons per year
of NOx and resulted from the annual combustion of more than 2 x 1013
cu ft/year of such gaseous fuels. This fuel category, therefore, was
included in those to be studied. During the study, it was found that large
errors in the fuel usage (annual charge rate) data submitted by two
companies accounted for over 90 percent of the listed annual process gas
combustion and more than 80 percent of the listed NOx emissions from
process gas combustion. These errors have subsequently been corrected
in the NEDS data bank. The NEDS emissions inventory of January 10, 1375
(Ref. 2-1) indicates only about 11, 000 tons per year of NO}c from combustion
of process gas. Since this fuel category was studied, however, it is in-
cluded in the projections in this section even though the emissions are
small or negligible. No significant effort was made to estimate future

changes in process gas usage rates or emission factors.
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The fuels selected for study in this inventory were
bituminous coal, residual and distillate oil, natural gas, and process gas.
These five fuels account for 96 and 92 percent, respectively, of the NOx
and PART generated from external combustion, electric generation, and
industrial point sources. All other fuels except lignite and wood represent
sources of less than one percent of these pollutants. Lignite represents
the source of just over one percent of the pollutants from this category
and was neglected. Wood combustion represents the source of nearly two
Percent and more than four percent of the NOx and PART, respectively,
from this category. The more general category of wood products, includ-

ing wood combustion, also represents a significant source of CO emissions.

2.2 SUMMARY

The NEDS Source Classification Code (SCC) for external
Combustion (boiler) point source categories was modified according to the
fuels utilized in utility and industrial boilers and inventoried by this study.
Table 2-1, therefore, identifies the source categories studied according
to the Aerospace-developed Modified Source Classification Code (MSCC)
and presents the total annual charge rate projected (TACRP) unit for each.

A summary of the 1977 and 1982 emissions and charge
Tates for the external combustion (boiler) categories was compiled and is
given in Tables 2-2-a and 2-3-a, respectively. The uncertainties in the
emission and charge rate data for 1977 and 1982 are given in Tables

2-2-b and 2-3-b, respectively.

2.3 APPROACH

Study of fuel usage, emission factors, and projection data

in the exte rnal combustion (boiler) category was initiated in this study
8olely from the available literature. In many areas, however, the avail-
able data did not provide a sufficient breakdown of firing types nor sufficient
Mmultiple sources to evaluate data accuracy (or uncertainty). As a result,

3 computer tape was obtained from the NEDS data bank containing card

images of all stored point source data for utility and industrial boilers,

(Continued on page 2-24)
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Table 2-1.

Definition of External Combustion (Boiler) Processes

MSCC Source Category TACRP Unit
101000000 Utility Boilers
101002000 Bituminous coal Tons/yr
101002010 >100 MMBtu/hr pulverized wet Tons/yr
101002020 >100 MMBtu/hr pulverized dry Tons/yr
101002021 Tangential firing Tons/yr
101002022 Opposed firing Tons/yr
101002023 Single-wall firing Tons/yr
101002024 Vertical firing Tons/yr
101002030 >100 MMBtu/hr cyclone Tons/yr
101002040 >100 MMBtu/hr spreader stoker Tons/yr
101002050 >100 MMBtu/hr overfeed stoker Tons/yr
101002060 10 to 100 MMBtu/hr pulverized wet Tons/yr
101002070 10 to 100 MMBtu/hr pulverized dry Tons/yr
101002080 10 to 100 MMBtu/hr overfeed stoker Tons/yr
101002090 10 to 100 MMBtu/hr underfeed stoker Tons/yr
101002100 <10 MMBtu/hr overfeed stoker Tons/yr
101002110 <10 MMBtu/hr underfeed stoker Tons/yr
101002120 <10 MMBtu/hr pulverized dry Tons/yr
101004000 Residual oil 1000 gal/yr
101004010 >100 MMBtu/hr general 1000 gal/yr
101004011 Tangential firing 1000 gal/yr
101004012 Opposed firing 1000 gal/yr
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Table 2-1.

Definition of External Combustion (Boiler) Processes (Continued)

MSCC Source Category TACRP Unit
101004013 Single-wall firing 1000 gal/yr
101004014 Vertical firing 1000 gal/yr
101004020 10 to 100 MMBtu/hr general 1000 gal/yr
101004030 <10 MMBtu/hr general 1000 gal/yr
101005000 Distillate oil 1000 gal/yr
101005010 >100 MMBtu/hr general 1000 gal/yr
101005020 10 to 100 MMBtu/hr general 1000 gal/yr
101005030 <10 MMBtu/hr general 1000 gal/yr
101006000 Natural gas Million cu ft/yr
101006010 >100 MMBtu/hr general Million cu ft/yr
101006011 Tangential firing Million cu ft/yr
101006012 Opposed firing Million cu ft/yr
101006013 Single wall firing Million cu ft/yr
101006014 Vertical firing Million cu ft/yr
101006020 10 to 100 MMBtu/hr general Million cu ft/yr
101006030 <10 MMBtu/hr general Million cu ft/yr
101007000 Process gas Million cu ft/yr
101007010 >100 MMBtu/hr general Million cu ft/yr
101007020 10 to 100 MMBtu/hr general Million cu ft/yr
101007030 <10 MMBtu/hr general Million cu ft/yr
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Table 2-1.

Definition of External Combustion {Boiler) Processes {Continued)

MSCC Source Category TACRP Unit
102000000 Industrial Boilers
102002000 Bituminous coal Tons/yr
102002010 >100 MMBtu/hr pulverized wet Tons/yr
102002020 >100 MMBtu/hr pulverized dry Tons/yr
102002030 >100 MMBtu/hr cyclone Tons/yr
102002040 >100 MMBtu/hr spreader stoker Tons/yr
102002050 10 to 100 MMBtu/hr overfeed stoker Tons/yr
102002060 10 to 100 MMBtu/hr underfeed stoker Tons/yr
102002070 10 to 100 MMBtu/hr wet pulverized Tons/yr
102002080 10 to 100 MMBtu/hr dry pulverized Tons/yr
102002090 10 to 100 MMBtu/hr spreader stoker Tons/yr
102002100 <10 MMBtu/hr overfeed stoker Tons/yr
102002110 <10 MMBtu/hr underfeed stoker Tons/yr
102002120 <10 MMBtu/hr dry pulverized Tons/yr
102002130 <10 MMBtu/hr spreader stoker Tons/yr
102004000 Residual-oil-fired 1000 gal/yr
102004010 >100 MMBtu/hr residual-oil-fired 1000 gal/yr
102004020 10 to 100 MMBtu/hr residual-oil-fired 1000 gal/yr
102004030 <10 MMBtu/hr residual-oil-fired 1000 gal/yr




L=1

Table 2-1.

Definition of External Combustion (Boiler) Processes (Continued)

MSCC Source Category TACRP Unit
102005000 Distillate-~oil-fired 1000 gal/yr
102005010 >100 MMBtu/hr distillate-o0il-fired 1000 gal/yr
102005020 10 to 100 MMBtu/hr distillate-oil-fired 1000 gal/yr
102005030 <10 MMBtu/hr distillate-oil-fired 1000 gal/yr
102006000 Natural-gas-fired Million cu ft/yr
102006010 >100 MMBtu/hr natural-gas-fired Million cu ft/yr
102006020 10 to 100 MMBtu/hr natural-gas-fired Million cu ft/yr
102006030 <10 MMBtu/hr natural-gas-fired Million cu ft/yr
102007000 Process gas-fired Million cu ft/yr
102007010 >100 MMBtu/hr process gas-fired Million cu ft/yr
102007020 10 to 100 MMBtu/hr process-gas-fired Million cu ft/yr
102007030 <10 MMBtu/hr process-gas-fired Million cu ft/yr

Million British thermal units (MMBtu).
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1977 EXTERNAL COMBUSTION EMISSIONS AND CHARGE RATES (Continued)

Table 2-2-a.

2

PAGE

RUN DATE= NOV 16,1977

ECILER CATEGORY

EXTERNAL COMBUSTION,

ANNUAL CHAGE RATES AND EMISSIONS

P20 JECTED T0 1977

PART

TONS /7 YEAR)

GO

-
F

EMISSIONS QFILLIONS o

TACKF
NO X

(SCC ULNITS)

MCDIFIFCD
SGC

« 019
.N19

.001 «022
«022

« 001

e 415
408

25¢7200.

101006000

25%1¢00.

101006010

O WO el
otCoom
[~f el ] ]
* e 00

WO O e
fooe

oo
e a0

Ptoe
cooe
oo
e o &

N SN
[Vol. Jat ¥
Oieits
* o o

¢ o » 0
oo
oo
oo
oW
[ "AL *Rlangd
wok

M T
ed g vd o
[~ ] =T =4 ]
WO WO
oooe
[=f ] -~J~]
wdetoed el
oo
ol g od od

.00
»00

(=]

[~ L]
[ ~F =]
e &
o &

~
ee
om

4LET700,
0.

[ g ]
oM
o0
OO
o
[~1~]
Lol

-l ey

« 000 NEG NEG NEG

« 200

€0290.

101007000

NEG
NEG NEG
NEG NEG

1.043

90.

MWD
e uny
L

oo
- W
Coo
gl
ooe
oo
o el ol
oo
vl e

2-9

123 1.774

. 050

107910000.

102002000

DA TN QOMINNM
AN OOMNANNO SO
ONOIOH-MOITOCOD
® 8 000000 s0000

P P WD I o £ AL U VL) i 0

CORNOWHOON D«

OooooOOOOoCoOMe

L I BE I B SR S A )
[~

ONNM D@ IMINAIOLN
g =l L =TT YT V.Y )
OeOCoooooOCEo™

® & 0 o 0 00 0 0¢ 00 00

(-}

NN OO DN M
IO N N M EIN e 8D o el
CriM-HOROR-DoDe

®® & & o0 0 90000 9
o .

(LI I I B I A Y Y
oot oooOOOee
CROOOO0 COMOD
PREOOOD OO
ANOODOOD OO
MEMBMM’OY QT 0w
NOWNAIDN. oSO
NI IO NN -W
Lo L LAV ] N

OOOOOOOODOOO
M PO OO = OIM
OO viejrie
NN NN AN N NN
T 1T 1T T T Y- T_Y_Y_
OOOOOOOCOMOOD
AN NN NN AINAINN
Y YT YT Y VYT Y0
ot el o o ot el o o v ol gl

« 027 o042 + 210

18220000, .« 328

102004000

Ut
L alsY

(1~}
e

Lol
[ ala
oo

LIy

Ao
aelae]
Lakal

[ K]
Qe
oo

(=] ]
o

N

oo
-

e
oo
oo

e
Lal o)



01-¢

Table 2-2-a. 1977 EXTERNAL COMBUSTION EMISSIONS AND CHARGE RATES (Continued)

EXTERNAL COMBUSTION, FOILER CATEGORY PAGE 3
ANNUAL CHARGE RATES AN[ EMISSIONS PRROJECTEC TO 1977 RUN DATE= NOV 1641977
MCDIFIED TACRP EMISSIONS (MILLIONS OF TONS / YEAR)

SccC (SCC UNITS) NO X HC co PARTY
102004030 3330000. « 060 « 0805 <007 « 038
102005000 6720000, «121 « 010 013 «050
102005010 3120000, « 056 « 105 006 023
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102087000 174300, « 000 NEG NEG NEG
102007010 1257008, « 000 NEG NEG NEG
1020070620 L€4000, <000 NEG NEG NEG
102007030 23260, « 008 NEG NEG NEG
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1977 EXTERNAL COMBUSTION UNCERTAINTIES (Continued)
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1977 EXTERNAL COMBUSTION UNCERTAINTIES (Continued)
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Table 2-2-b. 1977 EXTERNAL COMBUSTION UNCERTAINTIES (Continued)

EXTERNAL COMBUSTION, PROILER CATEGORY PAGE 5
TACR AND =ZMISSIOM UNCEFITAINTIES PRCJIECTED 10 1977 RUN DATE= NOV 16,1977
MCDIFIED TACRF EMISSIONS (FILLIONS OF TONS 7 YEAR)
SCC (SCC UNITS) NO X HC co PAFT
192006010 * 25004, + 051 + 003 + W014 + L0090
- 350000 - « 081 - 0002 - +009 - «0 01D
10200€020 *+ 84000, + +04L3 + .002 + L0172 + 001
- 24000, - « 068 - « 001 - 008 - « 001
102006030 + 17€000. + L.025 + L0001 + .00¢ + .002
- 1?5000. - 0036 - 0001 - .00‘9 - .BDZ
102007000 + 1429990, + L0048 NEG NEG NEG
- 142998, - 000 NEG NEG NEG
1020887010 + 1zcv04, + L0040 NEG NEG NEG
- 12557090, - L0018 NEG NEG NEG
102007020 + €8100, + .00D NEG NEG NEG
- cgign, - L0108 NEG NEG NEG
1020070390 + 2800, + L0000 NEG NEG NEG
- 28410, - L0100 NEG NEG NEG
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1982 EXTERNAL COMBUSTION EMISSIONS AND CHARGE RATES (Continued)
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Table 2-3-a. 1982 EXTERNAL COMBUSTION EMISSIONS AND CHARGE RATES (Continued)

EXTERNAL COMBUSTION, POILER CATEGQORY PAGE 3
ANNUAL CHARGE RATES ANC EMISSIONS PROJECTEC TO 1@g82 <UN DATE= NOV 16,1977
MODIFIED TACRF EMISSICNS (MILLIONS OF TONS / YEAR)

SCC (SCC UNITS) X HC co PART
102004030 3915000. « 014 « 806 .0038 «0L5
102005000 7904%040, «0129 012 «01€ «059
102005010 36700040, +013 « 006 «007 028
1020050210 204€500, « 0037 .003 «004 015
1062005030 2188000, - 008 « 003 eND & «016
102006000 55t¢<q04. « 303 . 008 047 « 050
102006010 2473019, «135 « 004 «021 «022
102006020 20525040, «112 003 017 «018
10200€030 1023000, « 056 « 0902 +009 « LC9
102007000 17422080, . 008 NEG NEC NEG
102007010 1257000, 008 NEG NEG NEG
1020070290 L€4009, « 000 NEG NE G NEG
102007030 23260. 000 NEG NEC NEG
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SCC 1-01-001-01 through 1-02-999-99 (see Refs. 2-2 and 2-3 for definition
of terms and SCC categories). It was necessary to write computer pro-
grams to extract, summarize, and check the data contained on this tape.
Much of the literature search and literature data analyses were completed
by the time the NEDS tape data was received. The NEDS tape data were
used as a second data source, both to accomplish a further breakdown of
some of the larger source categories into more detailed firing types and
to provide a means of estimating the accuracy, or uncertainty, of the data.

In the special case of process gas combustion, the situation
was reversed in that little or no data existed in the literature,. but the NEDS
data indicated large fuel usage rates and NOx emissions. In that case,
only the NEDS tape data were examined in detail, and uncertainties were
derived from that data analysis alone. As discussed in Section 2.1, the
errors found were sufficiently large to reduce that category to negligible
proportions.

The SCC external combustion (boilers) category was sub-
divided according to the fuels selected for study within this category,
which are represented by 58 MSCC categories. In order to accomplish
the type of linear projections into the future, with cited uncertainties, as
described in Section I, a total of 40 distinct input numbers had to be
generated for each MSCC. Thus, for this category alone, more than 2,000
separate data entries had to be considered.

In general, initial efforts were made, from data in the
literature, to estimate current values of fuel usage rates and emission
factors. The NEDS data were used to improve and confirm these estimates,
provide further breakdowns into finer categories, and estimate uncertain-
ties in current data levels. Methods of projecting data into the future
could only be derived from the literature and other unpublished data sources.
All data sources were also used to estimate uncertainties in the projection
methods and the resulting projected levels, The resulting data level
estimates and uncertainties were then used to derive the linear slopes and

the uncertainties in these slopes.
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Since the literature search and analyses of data from the
literature provided a major source of current data and the only source
of projection data and methods, these data and analyses are discussed in
depth in Section 2.4. In most cases, the data finally used in the projections
were reviewed and somewhat modified (or established) by subsequent
comparison with NEDS tape derived data. A discussion of the NEDS data

is contained in Section 2. 5.

2.4 DATA ANALYSIS FROM LITERATURE
Data in the literature can be divided into the source cat-

egories of utility boilers and industrial boilers. Data concerning these
two sources are sufficiently different, both in depth and type, that separ-
ate data sources and analyses were necessary to derive the desired data.
Further, PART control equipment efficiency and degree of application
data represented a special effort. Therefore, studies in these three areas

were generally conducted separately.

2.4.1 Fuel Usage, NOX, HC, and CO Emissions in and

from Utility Boilers

An Edison Electric Institute (EEI) survey (Ref. 2-4) of
several hundred utility steam generator units provided data on boiler
firing type, fuel type, 'and unit megawatt electrical design capacity. This
survey provided the basis for a proportional breakdown of burner firing
types categorized as follows: tangential, opposed wall, front or back wall,
cyclone, and vertical. The sample contained in the EEI survey was
sufficiently large to be deemed representative of the overall utility
industry.

Since many utility stations were shown to have multifuel
operating capability, a further time-related refinement was required.
Annual fuel usage statistics for multifuel-fired plants were sampled
(Ref. 2-5). The sample size chosen for analysis of these data was ar-
bitrarily limited to utilities with power capability exceeding 400 MW,

This was done for reasons of manageability. The average proportions of
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annual usage of each fuel as reported for these stations (coal/oil,

oil/gas, coal/oil/gas) were acquired. In the analysis, data were weighted
to account for differences in fuel heating values. The proportional
statistics for adjusted fuel consumption and breakdown by firing type were
then used to develop a summary breakdown expressed as the percent of
total energy output.

The total estimated 1973 electrical energy output of the
United States was 1. 88 x 1012 kW-hr(Ref.2-6). The fossil-fueled steam
electric energy value of 1.43 x IOIZkW-hr is about 76 percent of the total
annual output (Refs. 2-7 and 2-8). An average plant net heating rate of
10,350 Btu/kW-hr was selected as representative of the industry (Refs.
2-9 and 2-10). This equals an electrical conversion efficiency of 33 per-
cent, a figure which is somewhat below the most efficient of recently
installed large units but which conservatively accounts for many of the
older units still in operation.

With these factors, tables were derived for electrical and
heat energy generation by firing type. The heating values for coal, oil,
and gas, taken as 25 x 106 Btu/ton, 142, 800 Btu/gal, and 1050 Btu/cu ft,
respectively, enabled the determination of fuel consumption by firing type.

Emission factors published by the Environmental Protection
Agency (EPA) (Ref. 2-11) are given in pounds of pollutants per unit fuel
usage and are categorized by source. Additional data on tangential-fired
furnace emissions were obtained from other sources (Refs. 2-12 and
2-13). The product of fuel usage multiplied by the appropriate emission
factor (CO, HC, NOx) provided the detailed data breakdown for the
stationary power plant emission inventory by boiler firing type.

The emission projections involved establishment of
expected fuel usage figures for 1980 (Ref. 2-8). However, current drastic
changes in sociceconomic conditions may strongly affect actual overall
electric energy demand by 1980 as well as the fuel mix used to supply
that demand. The differences between current fuel usage and the 1980

usage estimates represent new construction.
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Consideration was given to recent trends showing that
Combustion Engineering, supplier of tangential furnaces, has shown in-
Creasing market penetration and is currently reported (Ref. 2-14) to
be controlling about 50 percent of the new boiler market. In addition,
multifuel firing capability, already in common practice, tends to favor a
shift in this direction with coal remaining as the predominant fuel,
especially in view of uncertainties in the future availability of oil and gas.
Thus, the projected fuel usage breakdown, reflecting these considerations,
is based on the assumption that one half of the new construction for fuel
consumption (coal, oil, and gas) will be allocated to tange{ltial-ﬁred
Units, and the remaining one half will be proportioned as in 1973. The
incremental fuel usage values were summed to the 1973 usages to obtain
the projections.

The new construction is expected to fulfill the EPA national
€missions requirements already legislated (Ref. 2-15). It is further
anticipated that improvements in existing units will be torthcoming.
Exploratory efforts concerning the feasibility of reduced NO_ by means
©f combustion modifications have shown promise in several investigations
(Refs. 2-12, 2-16, and 2-17). Therefore, slightly lower emission
factors were assumed for NOx emitted trom existing facilities. Other.
Studies which have been conducted in this field are reported in References
2-18 through 2-20.

For all coal-fired furnaces, it was assumed that the 1980
NOX emission factors could be reduced by 25 percent from the 1973
factors listed in Reference 2-11. NOx emission factors estimated for
coal in 1980 wete 13.5 lb/ton for all pulverized firing and 41 lb/ton for
Cyclone furnaces. The 1973 NOx emission factors for gas and oil, con-
vVerted to parts per million (PPM) in the flue gas, are 273 for oil and 238
for gas in tangential-fired boilers and 572 for oil and 476 for gas in other
firing types. Recent efforts to reduce NO_ emissions in utility boilers
indicate that simple, practical combustion modifications can reduce NOx

€missions in both gas- and oil-fired utility boilers at least to 200 parts
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per million. On the assumption that this technology is currently avail-
able and W111 be widely 1mp1emented by 1980, NO emission factors of
36 1b/10 gal of oil and 250 1b/10 cu ft of gas in a.11 firing types were
estimated.

Although there is little well-documented information in
the technical literature, the popular media and personal observation of
some public and private utilities indicate that natural gas may disappear
as a fuel for electric generation well before 1980. Many utilities are
already experiencing long seasonal periods during which natural gas
fuels are not available. Even the highly publicized Alaskan natural gas
supply, when fully developed, is expected to deliver less than 10 percent
of the current demand in utility and industrial boilers alone. For these
reasons, projected natural gas usage in utility and industrial boilers was
estimated to decrease at a slope (and slope uncertainty) which indicates
zero usage as early as 1978. Considering the unsubstantiated quality of
this type of popular data, however, the uncertainty in this negative slope
is large. The projected electrical demand which would have been supplied
by natural gas combustion was shifted to coal-burning utilities and coal-
and oil-burning industrial boilers.

In general, HC and CO emissions from external combustion
boilers are low and usually well below the limits of any foreseen regu-
lations. For this reason, no effort was made to project changes in HC
and CO emission factors. In all cases in this category, HC and CO

slopes were considered equal to zero.

2.4.2 Fuel Usage, NOX, HC, and CO Emissions in and from
Industrial Boilers

The three major pieces of information needed to calculate
the industrial boiler emissions are the installed boiler capacity, the con-
sumption of each type ot fuel, and the emission factors. Within the time
constraints of this study, only a limited literature search and a survey
of potential information sources were possible. For boiler capacity

data, the only source located was Reference 2-21, in which were several
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tables based on information in Reference 2-22. In those tables, in-
dustrial boiler capacities were given for 1967, with projections to 1975
and 1980, in terms of total steam generation in pounds per hour. An
estimate was made of the breakdown of the 1967 total capacity into three
Size categories: 10 to 100, 100 to 250, and 250 to 500 KPPH. * Sales
data from Refs. 2-23 and 2-24 were used to project how the total capacity
would be divided into these three size ranges in 1973 and 1980.

The Ehrenfeld 1967 data given in Ref. 2-22 also included
coal, oil, and natural gas annual consumption for the industrial boilers.
6 Btu/bbl),
and gas (1050 Btu/cu ft) and assuming 1000 Btu/lb heat content of steam,

Using heating values for the coal (25 x 106 Btu/ton), oil (6 x 10

it was possible to relate capacity data in heat output per hour to the
annual heat input. A factor of 3800 was derived, an average factor, in
hours per year at rated capacity operation. Lacking any later data along
these lines, this factor was used for all subsequent year calculations to
relate boiler capacities to heat input and thus to total annual fuel con-
Sumption.

Next, the total fuel consumption derived for 1973 and 1980
Was divided among coal, oil, and gas. The boiler population data in
Ref. 2.23 (for 1972) were used to estimate the 1973 fuel usage split.
Although these data are boiler number percentages rather than capacity
Percentages, there are sufficient size categories that the two percentages
Should not be widely different. For 1980, Battelle is currently working
On such an estimate, taking into account the energy supply situation; how-
€ver, results were not available in time for this study. Therefore, a
best estimate was made on the basis that the use of coal would show a
Sharp rise, both from new boilers and conversion of existing units, with
a smaller rise in oil consumption and a decrease in natural gas use. A
rough guideline was the fuel breakdown given in Ref. 2-23 for 1950 when

€oal was widely used in industrial boilers. A further consideration was

e ——

e
KPPH = thousands of pounds of steam per hour.

2-29



the greater tendency toward coal in large units compared to the
smaller sizes.

With boiler capacities and fuel consumption estimates in
hand, the emissions of NOX, CO, and HC for 1968 and 1973 were cal-
culated using the emission factors of Ref. 2-11. Emission factors for
NOx from gas-fired boilers, given in Ref. 2-11 for industrial boilers,
range from 120 to 230 1b/106 cu ft from the smallest to the largest
boilers. Rather than trying to interpolate and use multiple factors, an
arithmetic average of 175 was applied to the total gas consumption.
Since NOx emissions from natural gas combustion represent only about
20 percent of the total, an error in using an average emission factor
should not significantly affect the total emissions.

In estimating probable NC)x emission factors for 1980,
it was noted that there are currently no NOx regulations for industrial
boilers other than for new units larger than 250 million Btu/hr heat in-
put but that some sort of control appears likely in the near future. Much
of the NOx control technology developed for utility boilers should be
directly applicable, but the larger question concerns the degree to which
new regulations will be met in industrial boilers by 1980. For the 1980
projections, it was assumed that the N()x emission factors for coal
firings will be reduced by 25 percent (as in the case of utility boilers)
but that NO_ emissions from gas and oil-firings will be reduced by 50
percent, rather than the 58 to 65 percent reduction which appears likely
for utility boilers. A summary of the 1973 NOx emission factors and
those assumed in this study for 1980, for both utility and industrial

boilers, is as follows:
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Emission

Factor Utilities Industrial

Fuel Unit - Use 1973 1980 1973 1980
Coal lIb/ton General 18 13.5 18 13.5

lb/ton Cyclone 55 41 55 41

lb/ton Stoker - - 15 11. 25
Oil 1b/1000 gal Tangential 50 36 40 20

1b/1000 gal Other 105 36 80 40
Natural 1b /million cu ft Tangential 300 250 180 90

Gas 1b/million cu ft  Other 600 250 180 90

As in the utility boiler category, HC and CO emissions were considered

currently satisfactory, and the 1980 emissions factor used were unchanged

from those of Ref 2-11.

2 4. 3 PART Emisgsions from Utility and Industrial Boilers

The PART emission category is different from those of
Nox’ CO, and HC in that PART emissions are not only a function of the
fuel type but are also strongly dependent on the PART control equipment
used. PART emissions from gas- and oil-fired utility and industrial
boilers represent less than seven percent of the total from these sources.
As a result, only PART emissions from coal-fired boilers were examined
in detail. For these coal-fired boilers, the PART emission factors can
be .classified in the general pulverized coal category and the more
specific firing categories of stoker and cyclone. For each of these cat-
egories, the annual PART emissions can be calculated from the product
of five factors: (1) coal usage rates, (2) average weight percent of ash
in the coal, (3) ash factors, (4) average collector efficiencies, and (b)
fraction of total plants using the collectors to control PART emissions.
Data for each of these factors were obtained, respectively, from (1) the
reference sources and analyses discussed in the previous sections plus
Refs. 2-26 through 2-29 in the utility boiler area, (2) Ref. 2-25, (3)

Ref. 2-11, (4) Ref. 2-25, and (5) Ref. 2-29 for utility boilers and
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Ref. 2-25 for industrial boilers. The values of percent ash, ash factors,
collector efficiencies and control application factors (2) through (5)

used to calculate 1967 to 1973 PART emissions in this analysis were as

follows:
Utility Boilers
Boiler Ash a ) Col'le.ctor C01:1tro_1 Net
Type Factor™ Ash Efficiency Application Control
Pulverized 16 11.9 0.92 0.97 0. 89
Stoker 13 11.2 0. 80 0.87 0.70
Cyclone 3 11.8 0.91 0.79 0.72
Industrial Boilers

Pulverized 16 10.6 0. 85 0.95 0. 81
Stoker 13 10.2 0. 85 0.62 0.53
Cyclone 3 10.3 0. 82 0.91 0.75

For the utility boiler projections the assumption, based
on data in Ref. 2-27, was that new construction would be 85 percent of
the pulverized category, 15 percent of the cyclone firing type, and no
new stoker construction. Application of control equipment to new con-
struction was assumed to be 100 percent.

In the industrial boiler area, EPA standards of perform-
ance for new stationary sources (Ref. 2-1%) require control efficiencies
of about 0. 988 (based on allowable emissions of 0.1 lb/million Btu and
an average coal ash content of 10. 4 percent), but these standards
currently apply only to boilers with a capacity greater than 250 million
Btu/hr heat input. It was assumed, therefore, that all new construction
of boilers greater than 250 million Btu/hr capacity would be 100 percent

controlled by the efficiency rate of 0. 988. No regulations for industrial

a'Tne ash factor multiplied by the percent of ash yields the uncontrolled
emission factor.
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boilers of smaller capacity are currently forecast, and the control
efficiencies and applicatioh (net control) therefore, were assumed to
be constant.

Since PART emissions from gas- and oil-fired boilers,
both utility and industrial, together represent a small fraction of those
from coal-fired boilers, little effort was made to estimate changes in
control efficiencies or control applications. Even on the assumption of
100 percent uncontrolled gas- and oil-fired utility and industrial boilers,
the PART emissions projected for gas- and oil-firing represent less
than 7 percent of the total from these sources. PART emissions from
gas- and oil-fired utility boilers were considered uncontrolled in all
time periods. Controls for industrial boilers were treated the same
except that new construction in the capacity range greater than 250
million Btu/hr were assumed to meet the EPA standards of performance

for new stationary sources as given in Ref. 2-15.

2.4. 4 Update of Charge Rate Data
Emissions from external combustion (boiler) sources,

as projected during the first year of the inventory, are quite uncertain.
Part of the reason for this uncertainty is the age of the data base (1973
and earlier) but the primary cause is the redistribution of boiler fuel
usage among coal, oil and gas fuels resulting from oil and gas shortages.
The following paragraphs describe the analysis and rationale used to
update the data base for boilers in the charge rate (fuel usage) area.

Emission factors were assumed already sufficiently accurate.

2.4.4.1 Utility Boilers

Reference 2-30 lists the annual consumption rate of
fossil fuels (coal, oil and gas) used for nationwide electric generation
through 1975. This data was used to update the data base for utility
boilers firing bituminous coal, residual oil and natural gas. Other
utility boiler fuel categories such as distillate oil and process gas con-

tribute insignificant emissions.
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The 1975 values for fuel usage rate were distributed
among the respective boiler categories in the same proportion as had
been observed in the initial (1975) data base. The distribution of fuel
usage among three boiler sizes as defined in the initial data base com-
pared favorably with the distribution shown for the same categories in
Ref. 2-31. The boiler sizes for which comparisons were made included:
(1) less than 10 million BTU per hour, (2) between 10 and 100 million
BTU per hour, and (3) greater than 100 million BTU per hour. More
than 95 percent of the utility boiler fuel was fired in the 3rd category
(>100 x 106 BTU/hr), for each of the three fuel types (coal, oil and
gas).

Although the 1975 fuel usage data in Reference 2-30
was marked as ''preliminary', they are considered quite accurate
(<5 percent uncertainty) because little change was observed between
preliminary values published in previous years and the revised values
published in this (1975) document. Also, good agreement was noticed
between Ref. 2-30 data and that published in other independent sources.
Therefore, the charge rate uncertainty was set at 3 percent of the
nominal value.

The slopes of the charge rates for total coal, oil and
gas were set equal to the typical annual growth rates cited in Ref, 2-30
over the last several years. These slopes, for utility boilers, are

listed below:

Years of Effective
Fuel Observation Slope, %
Coal 1970 - 1975 +3.9
Oil 1970 - 1975 +6.0
Natural
Gas 1971 - 1975 -10.7

These values for the changes in total fuel charge rates
with time were then apportioned among the various utility boiler sub-

categories in proportion to the subcategory charge rates.
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Uncertainties in these slopes, or projections into the
future, are, of course, still quite large. This is primarily a result of
uncertainties in the shift between fuels which might be implemented in

the near future to satisfy the energy demand.

2.4.4.2 Industrial Boilers

Reference 2-31 lists firing rates for several industrial
boiler sizes for each of the fuels of interest. Since the installed
capacity of industrial boilers is large compared to the new installation/
retirement rates, the relative distribution of usage among boiler sizes
and fuel types is expected to be about the same in 1977 as reported in
Ref. 2-31 for 1971. Appendix C of Ref. 2-32 describes the growth
rates of coal, oil and natural gas usage in industrial applications
(based on actual data until 1974 and estimated data for later years).

These growth rates are shown below:

Annual Growth Rates, %

Fuel 1971-1972 1972-1974 1974-1977
Coal -1.7 -5.6 +6.3
Oil +2.3 +2.0 +3.3
Natural )

Gas +4.3 +2.3 +2.1

Annual charge rates for 1975 were estimated by pro-
jecting the 1971 charge rate data from Ref. 2-31 using the annual
growth rates from Ref. 2-32 (the above table). Charge rates calculated
in this manner for 1975 were then compared with those previously
derived for the same year in this study. Agreement between these two
values were excellent for coal usage but differed by 44 and 73 percent
for oil and natural gas usage, respectively. Those two estimates were
combined to develop new estimates of charge rates and uncertainties
for the three fuels for 1975, Charge rates for 1977 and subsequent,
then, were projected from the new 1975 levels using the projected

annual growth rates from Ref. 2-32.
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Although the individual fuel usage rates for industrial
boilers may dip or rise drastically during the next few years, the
combined firing rate of all three fuels should rise at a relatively con-
stant rate. Although the data in the above table shows that the growth
rate for coal usage in industrial boilers ranged from a 5. 6 percent
decrease in 1973-1974 to a 6. 3 percent increase in 1975-1977, the total
industrial boiler firing rate growth ranged only from +0. 6 percent to
+3. 3 percent over the same period, with an average of 2.3 percent per

year.

2.5 NEDS DATA ANALYSIS

The NEDS data are stored in a large number of SCC by
type of source (external combustion boiler, electric generation and
industrial), by fuel (e.g., bituminous coal, lignite), and to some degree
by firing types (e.g., pulverized wet, cyclone, stoker) (Table A. 2 of
Ref. 2-3). These data represent a more detailed breakdown than was
available in the literature for the boilers of this study. The NEDS data
also contain a large amount of detail on primary and secondary PART
control equipment, categorized by control equipment identitication
codes (Table A. 3 of Ref. 2-3), which does not appear to be available
anywhere else. For these reasons, it was considered desirable to
obtain a magnetic tape of data stored in the NEDS system for analysis.
The availability of these in-house data on tape allowed extensive com-
puter analysis and represents a powerful tool for emission inventories
and other studies. A comparison of some of the totals, such as fuel
usage and emissions, with data from other sources indicated that the
NEDS data were considerably more comprehensive. In all cases,
totals from various sources agreed as well as can be expected with the
NEDS data. The NEDS data were initially accumulated and stored over
the time period from about 1969 to 1972. Data available from other
sources tend to represent time periods from about 1968 to 1973, Com-
paring the NEDS data with interpolated data for the same time period,
and considering the probable accuracies of these other sources, the

NEDS data appear to be in good agreement.

2-36



Two significant problems with the NEDS tape data were
found during this study. Significant errors of unknown origin can exist in
some of the stored data. It appears that a single individual can submit
data that are grossly in error and this error can enter into and remain in
the NEDS data bank, undetected, grossly affecting all summary uses of the
data. Annual CO emissions from coal-fired utility boilers were found to be
more than a factor of five (more than 3 x 106 tons) too high. Two individuals
submitting data in the process gas combustion area may have entered fuel
usage data (total of several point sources within their plant) which were
too high by factors of as much as 1000 (a total error of more than 2 x 10]'3
cu ft/yr). Such excessively high values can be detected with relative ease
by screening the data for charge rates (fuel usage) larger than that of a
very large plant. For excessively small values, however, Aerospace was
unable to develop reliable, consistent methods for detecting errors or even
to assure that zero values were not valid. The best overall checks found
in this study involved correcting excessively high values and comparing
the corrected totals against data from other sources, if available. These
problems led to rather large estimates of the uncertainty of the final data.

The data stored in the NEDS were generated by many
primary sources over a period of several years. In many cases, the
emissions recorded were calculated from fuel usage rates and the then-
current listing of emission factors. Most of the emission factors used in
compiling the NEDS data are listed in the 1972 compilation (Ref. 2-33).
From the 1972 compilation to the 1973 compilation (Ref. 2-11), there were

some very large changes. Those important to this study are listed below:

2-37



Emission Factor Ratio,

Fuel Plant Type Emission 1973/1972

Coal None - -

0Oil Utility CO 75.0
Industrial CcoO 20.0

Natural Gas Utility NOx 1.538
Utility HC 0.025
Utility coO 42.5
Industrial HC 0.075
Industrial CcO 42.5

The changes in emission factors between these two compilations do not
represent real changes in emissions but are more likely errors in the 1972
compilation, the first of its kind ever issued. In some cases, the emissions
found in the NEDS tape data analyses could be brought into line with data
from other sources by applying the above emission factor corrections. In
the case of CO from all fuels, however, the emission totals from the NEDS
tape analysis could not be brought into agreement with either the other
sources in the literature or the NEDS nationwide emissions reports, even
when these corrections were made.

Because of these problems, only the NEDS data which coixld
be roughly verified by some other source were used. Similarly, because
of the questions concerning the proper emission factors, the recorded NEDS
emission data were not used as such. Instead, the NEDS fuel usage data
were multiplied by 1973 emission factors obtained from Ref. 2-11. A
check of resulting emission totals calculated in this manner showed reason-
ably good agreement with direct NEDS emissions data, except as discussed
in the CO and the process gas category.

A further complication in using the NEDS point source data
(NEDS tape) results from the use of a number of fuels, concurrently or at
different times, in the same facility. The emissions, operating times,

PART control equipment, and compliance data (card Nos. 3 through 5)

2-38



are combined, listed, and stored as single values for the facility, while
fuel and fuel usage data are listed separately by fuel (multiple cards

No. 6). There appears to be no way to determine those emissions or
fractions of operating time associated with each fuel. To generate total
emissions data from the NEDS tape, this study utilized data from facilities
usihg only one fuel (single card No. 6) to determine an effective emission
factor for that SCC. Total emissions for that fuel were then calculated
from the total usage of that fuel in that SCC. This procedure assumes
that the emission factor for a given fuel in a given facility is the same
whether or not the facility operates with multiple fuels. For example,
there is some evidence in the literature that NOx emissions during gas
firing may be higher for a significant period of operation if it was pre-
ceded by a period of oil firing. 'No solution for this possible source of
error was tound.

One of the greatest values of the NEDS tape analysis is in
the extremely detailed breakdown of PART control equipment usage and
pertormance. No other source of such detail in the use of PART control
equipment was identified. The data on the NEDS tape are such that
further valuable information such as collector efficiencies, degree of
application, and use of secondary collectors could also be developed.
While such data were not of interest to the current study, it appears that

a powerful tool for further data analysis is available.
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SECTION III

STATIONARY INTERNAL COMBUSTION ENGINES

3.1 INTRODUCTION

Stationary internal combustion (IC) engines include those used
for (1) electrical power generation, (2) industrial use, (3) commercial and
institutional application, and (4) engine testing. The fuels used in these
engines range from natural gas to crude oil. The types of engines include
diesel and spark ignition reciprocating engines and gas turbines.

Since by definition point source engines are those where one
Or more of the common emissions exceed 100 tons per year, it is to be
expected that many stationary engines fall into the area source category (all
Stationary sources of pollution other than point sources). These engines fail
to qualify as point source engines because of (1) a smallness in size, (2) a low
usage rate, (3) a low emission factor, or (4) a combination of these factors.

Although the emissions total (point source plus area source)
for most types of stationary engines is not much larger than point source
only, four engine-fuel combinations were identified where area source emis-
8ions are estimated to be significantly large simply because their populations
are enormous. These four engines are distillate-fueled and crude -oil-fueled
turbines and gasoline-fueled and diesel-fueled reciprocating engines.

This study concentrates on point sources of air pollution as
described in Section 3. 3; Section 3, 4 describes the assessment of the engine
Categories that make significant contributions to both area and point source

€miggions.



3.2 SUMMARY

The point source stationary IC engines studied along with their
modified source classification code (MSCC) numbers and MSCC charge rate
units are listed in Table 3-1. The point source charge rates and emission
rates for the two sample years are shown, respectively, in Tables 3-2-a
and 3-3-a and their uncertainties in Tables 3 -2-b and 3-3-b.

By the 1980's point source IC engines will contribute about one-
half million tons per year of both nitrogen oxides (NOx) and hydrocarbons (HC)
and about 60, 000 tons of carbon monoxide (CQO)annually. The annual area
source emissions for the four previously mentioned engines are estimated to
be about 3 million tons of NOX, 1 million tons of HC, and about 13.5 million
tons of CO. The largest contributor to stationary IC engine pollution is the

conventional gasoline engine,

3.3 POINT SOURCES

This category includes fixed installations of diesel and spark

ignition reciprocating engines and gas turbine engines. These engines are
used for electrical power generation and for industrial use such as pumps

for fuels, water, and sewage and compressors for gaseous fuels and air,
The three basic types of engines may be further subdivided into subtypes such
as two and four stroke, direct and indirect injection, and carburetion.

However, obtaining emissions from such breakdowns is
frustrated by a lack of a breakdown in annual fuel consumption and emission
factors by engine subtype. Thus, itris not possible to establish the effect on
the environment of variations in engine configuration, state of repair, or
specific application. Significant pollution contributors in this category are
listed in Table 3-1.

3.3.1 Diesel Engines

Diesel engines are used for electrical generation in oil and

gas pipelines, 0il and gas exploration, and pumping water and sewage.

(Continued on page 3-10)
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Table 3-1. DEFINITION OF INTERNAL COMBUSTION PROCESSES
MSCC Source Category Charge Rate Unit
¥201000000 Internal Combustion
(Electrical Generating)

201001010 Distillate-oil-fueled turbine 1000 gal/yr
201002010 Natural-gas-fueled turbine Million cu ft/yr
201002020 Natural-gas-fueled recii)rocating Million cu ft/yr
201003010 Diesel-fueled reciprocating 1000 gal/yr
201999970 Other, not classified Million cu ft/yr
201999980 Other (not classified) 1000 gal/yr
202000000 Internal Combustion (Industrial)

202001010 Distillate-oil-fueled turbine 1000 gal/yr
202002010 Natural gas turbine Million cu ft/yr
202002020 Natural gas reciprocating Million cu ft/yr
202003010 Gasoline reciprocating 1000 gal/yr
202004010 Diesel reciprocating 1000 gal/yr
202999970 Other (not classified) Million cu ft/yr

——
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Table 3-2-a. 1977 INTERNAL COMBUSTION EMISSIONS AND CHARGE RATES

INTERNAL CGMBUSTION ENGINES PAGE 1
ANNUAL CHARGE RATES AN[ EMISSIONS PROJECTEC T0 1977 RUN DATE= NOV 16,1977

b-¢

MCDIFIED TACRE EMISSIONS (FMILLIONS OF TONS 7/ YEAR)

SCC {SCC UNITS) HC co PAFT
201001000 11€3100. «129 . 002 «010 «.008
201001010 11¢€2100. «129 .082 0180 «008
201002000 319¢£70. « 0931 001 +001 «000
501005020 315d30: 1072 0’000 05000 02000
201003000 78259, <011 «001 «80°¢ « 002
201003010 78254, . 011 . 001 «00°F .002
201999000 «018 0990 .002 .001
201999¢70 7€90. <011 012 0,000 0.000
201999¢<3¢ 125¢00. «086 . 078 +002 .001
202001000 71473, « 004 . 000 .002 .001
2020010110 71473, « 004 . 000 «0902 001
202002000 914110, 327 «0BL o041 004
2020020110 €0468. 0149 « 902 «002 « 000
20200220 823240, « 318 . 084 «03¢ «004
202003000 2¢33. 0300 . 000 083 »000
202603010 3933. «000 « 000 003 00D
202004000 29971. 005 « 000 002 «000
202004010 2¢¢c71. « 005 . 000 002 000
202999000 27u66. « 004 « 198 «001 « 000
202999¢<70 27466. « 004 «198 «.001 «C000



1977 INTERNAL COMBUSTION UNCERTAINTIES

Table 3-2-b.
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1977 INTERNAL COMBUSTION UNCERTAINTIES (Continued)

Table 3-2-b,

2

PAGE

RUN DATE= NOV 16,1977

INTERNAL COM3BUSTICN ENGINES

TACR AND EVMISSIOM UNCERTAINTIES PROJECTED TO 1977

PAFRT

Co

EMISSIONS &EILLIONS OF TONS /7 YEAR)

NOX

TACRP
UNITS)

(SCC

MCDIFIED
SCC
202002010
202002020

JIe.9.T
oo e

oo
o s 0 0

PO

e o
N
[ J=J o N n
¢ e 00

LB 2 |

NN O
NN -
oo

e & o 9

- 140

FoOOO
[aal 21 N 8
oLt o
e e oo

* 4t 4+

e e &
[l g~
D DINLN
(T
A =15V 1V
Owere
i Ny

LR A |

=
(e fe ]
oo

M~
[l ]
Qe

LK

* |

(1]
oo
oo

L

+

e
[ =] ]
[~ L)
L

*w
OO
3¥13V)
W)
-l

L ]

202003000

o
oD

]~
LI

My et
oo
oo
* »

(=]~}

oe
[ 1=

+ |

o
ceo

+ )

o e
WL

WY}
ww
vl ot

*

2020030160

;e
oo

[ =]}
LI

+ 4

ey
=T
=] ]
L N ]

oo
oo
oo

wnn
;e
]

e

¥

20200L000

oo
[==Fon]
(=T}
o ®

LR}

aree
;e
om
s e

oo
oo
[ ey ]

+ §

wnin
[ o~
(=1
L)

+ ¢

o
[
N~
-l
W
NN

+

202004010

3-6

oo
oo
(=] =]

L

+

o0
NS

it
(=1 ~]
(=1 ]

o

e e
MM
wnin

e

+

2029994000

[ ]
(=g ]
(=1 =]
LI

(=1~}
(=1~}
[o~1)

LY

N oo
[=IN
(W=

* o

it wd
oe
(=1 ]

o0

+

202999¢7p



L-€

Table 3-3-a. 1982 INTERNAL COMBUSTION EMISSIONS AND CHARGE RATES

INTERNAL CSOMIUSTION ENGINES PAGE 1
ANNUAL CHAGE RATES ANC EMISSIONS PROJECTED TO 1982 QUN DATE= NOV 16,1977
MODIFIED TACRE EMISSIONS (MILLIONS OF TONS /7 YEAR)

SCC (SCC UNITS) NOX HC Cca PAPT
201001000 1350¢090. «149 . 002 - 112 .010
201001010 13c0€00., « 149 .002 012 + 018
201002000 27123490, 077 . 200 .3J00 .000
201002010 c1€88., 016 » 000 «0010 .08
201002020 172¢€60. « 001 0.000 3.300 g.000
201003000 BEDDOQ, . 012 . 001 «00€ . 002
201003010 86009, «012 «301 «30¢€ 002
2019993000 .020 « 107 .002 002
281999¢<70 8421, « 013 «014 8.000 0.000
2119¢9¢8) 1£0€00. « 007 « 093 002 002
202001000 85273, » 005 «N01 002 01
2020010140 85273. « 015 . 001 «002 001
202002000 7Teaurza, « 276 «N70 «03°¢ » 003
503005020 r3atuss 1278 L 0¢5 2033 1003
202003000 5090. « 001 001 004 +000
202003010 50940, « 001 . 001 .004 000
202004000 32396, 007 .001 «003 «000
2920040180 33396, « 007 .001% .003 . 000
202999000 36561, « 005 . 2€3 <002 « 000

202999¢70 3gce1. « 005 « 263 «002 000



1982 INTERNAL COMBUSTION UNCERTAINTIES

Table 3-3-b.
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1982 INTERNAL COMBUSTION UNCERTAINTIES (Continued)

Table 3-3-b.

PAGE 2
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For electrical generation, diesel engines represent on the
order of 1.2 percent of the 1970 total electrical generating capacity in the
United States and only about 0.3 percent of the total power generated, for an
average utilization of about 12 percent, These engines are used for elec-
trical peaking power and also standby installation. The projected utilization
factor for 1980 drops to eight percent.

Diesel engines represent about four percent of the installéd
horsepower in pipelines and about five percent of the power generated. For
oil and gas exploration, about 75 percent of the power used is generated by
diesel engines. For municipal water and sewage pumping about 50 percent
is diesel-powered, while agricultural water pumping is done almost exclu-

sively by diesel engines.

3,.3.2 Gas Turbines

The main applications for stationary gas turbines include
electric power generation for utilities and for industrial and pipeline use.
Gas turbines have low initial costs, short delivery times, small space re-
quirements, flexible fuel needs, and high thermal efficiency. For these
reasons, turbines are being installed in electrical plants to replace steam
plants or to add capacity.

Gas turbine engines vary greatly in size and configuration,
Turbines have single- or two-shaft designs. Both types can be operated in
simple cycles, regenerative cycles, or combined cycles. The simple-cycle
engines operate at 25 to 30 percent efficiency, Regenerative cycles utilize a
heat exchanger which uses turbine exhaust gases to heat the air as it passes
from the compressor into the combustor. Efficiency of these engines runs
about 34 to 38 percent. In the combined cycle, turbine exhaust gas is used
to generate steam which drives a second generator or other device. Effi-

ciencies of 40 to 42 percent are realized with these units.

3.3.3 Spark Ignition Engines

The spark ignition internal combustion engine is the most

widely used powerplant in the world today. These engines range from small
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single-cylinder units producing as little as a fraction of a horsepower to
large multicylinder units with power ratings of several thousand horsepower.
The large units are predominantly used in stationary power applications.
Medium-sized gasoline engines (50 to 200 hp) are used for
commercial and construction site compressors, pumps, blowers, and elec-
tric power generators. Medium-large spark ignition engines (200 to 1000 hp)
are generally operated on gaseous fuels to power gas compressors or standby
Power generators. Large spark ignition engines (greater than 1000 hp) always
Operate on gaseous fuels and are used for gas-well recompression, gas plant
Compressors, refinery process compressors, water and sewage pumping,

and continuous electrical power generation.

3.3.4 Charge Rate

The NEDS was used as the primary source of data. Annual
charge rates (fuel consumption), as of the year of record, formed the start-
ing point for the charge rate projections.

The rate of change of charge rate for electric utility turbines
s based on the fuel demand data shown in Figure 3-1, The total rises every
Year for all fuels except natural gas, reflecting the increased dependence on
turbine power. Lacking fuel consumption projections on gas turbines for
industrial use, the assumption was made that ch‘arge rate trends for these
turbines are equal to those for electrical power demand. For turbines used
in the handling of petroleum products in such services as pumping and pres-
Surization, it ie also reasonable to assume that the same trends exist as for
the electric utility consumers.

For reciprocating engines, it was necessary to use less direct
Methods of estimating charge rate changes. Table 3-4 shows data on the
Mumber of IC engines versus end use for gasoline and diesel fuels. Only
thoge listed in the source (Ref. 3-4) for construction, generator sets, or
Beneral industrial use were considered in this part of the study, Of the

®ngines produced (Table 3-4), many were probably for replacement of
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THOUSANDS OF

1,320 TOTAL FUEL DEMAND

RES1DUAL

CRUDE

JET/ KEROSENE
DISTILLATE

NATURAL GAS
(1000 barrel equivalent)

BARRELS PER DAY 180
960
120
760 560
70 280
510 f5o | 150 ,
g
480 60
20 7‘-————#‘
AEE
50 | 150 280 300 320 350
260
200 190 180 170
972 W13 1915 177 190
CALENDAR YEAR
Figure 3-1.
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Table 3-4, INTERNAL COMBUSTION ENGINE DISTRIBUTION:
NUMBER VERSUS END USE

. sy b
Engine Type Number of IC Engines Distributed

a
and End Use 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

Gasoline

Construction 1,172,836 1,306,153 1,192,112 - 1,239,276 1,424,790 1,225,742 1,174,173 975,637 1,399,800 1,272,551
and General

Industrial Use

Generator 67,769 76,678 67,930 67,798 90, 760 86,264 104, 142 146,270 165, 183 176,014
Sets

Total Gasoline 1,240,605 1,382,831 1,260,042 1,307,074 1,515,550 1,312,006 1,278,320 1,121,907 1,564,983 1,448, 565

€rT-¢

Diesel
Construction 130, 185 140,021 134, 665 139,577 156, 329 142,266 130,216 150,823 175,071 200,054
and General
Industrial Use

Generator. 13,209 12,746 5,564 6,070 8,535 10,201 8, 400 9,661 13, 327 15,212
Sets

Total Diesel 143, 394 152,767 140, 299 145, 647 164, 864 152, 467 138,616 160, 484 188, 398 215,266

Total IC 1,383,999 1,535,598 1,400,271 1,452,721 1,680,414 1,464,473 1,416,936 1,282,991 1,753, 381 1,663,831
Engines

2Ref, 3-4.

bRepresenta total number of engines shipped or produced and incorporated into products at the same establishment during the time
period 1965 through 1974.



worn-out engines or were exported, with perhaps only 10 percent of pro-
duction going into new installations. Hence, the assumption of a change of
charge rate based on 10 percent of the annual production seems conservative,
but the uncertainty of this slope is rather large. Comparison of several
sources of predicted consumption for electrical generation shows variations
in slopes of from 3 to 22 percent per year. Thus, a 10 percent slope with

10 percent uncertainty in the slope was assumed.

3.3.5 Emission Factors

The emission factors were derived from the NEDS data by
dividing the emissions by the charge rate. Other sources of emission factors
(Refs. 3-1 through 3-3) were used to determine the uncertainty of the NEDS
data. It was assumed that emission factors would not change with the passage
of time. The only factor that would change that assumption would be the
imposition of clean air standards on all of the users of this equipment. This
factor was ignored in the data input; thus, the data represent emissions with

no controls imposed.
3.3.6 Results

Table 1-6-a shows the 1982 projections of annual charge rates
and emissions for point sources. The data show that about one-half million
tons per year of both NOx and HC are produced by stationary IC engines. Of
this amount, about 50 percent of the NOx and 25 percent of the HC are from
electrical generating plants, with the remainder from industrial sources. In
the electrical generating category, the worst offender is the distillate -oil-
fueled turbine (201001010), With a charge rate of over 1. 35 billion gal/year,
it contributes about 150, 000 tons /year of NOX. In the industrial use class-
ification, natural gas reciprocating engines (202002020) contribute about
270, 000 tons /year of NO_ from about 725 billion cu ft /year of gas.

3-14



3.4 TOTAL EMISSIONS FROM SELECTED STATIONARY IC
ENGINES (POINT AND AREA SOURCES)

3.4.1 Introduction

As reported in Section 3.1, four stationary IC engine-fuel
combinations were identified whose total {(area plus point source) emissions
far exceed the estimated point source emissions reported in Section 3, 3.
The four offenders are distillate-fueled and crude-oil-fueled turbines, and
Basoline -fueled and diesel-fueled reciprocating engines. Identification of
the engine types responsible for these large area source emissions was pos-
sible through analysis of the data extracted from Refs. 3-1, 3-4, and 3-5,
This section reports the rationale and results of estimating the total emis-

Sions for those four types of engines.

3.4,2 Summary

Four engine-fuel combinations were found to contribute poten-
tially significant amounts of area source pollution: distillate-fueled and
crude -oil-fueled turbines and gasoline-based and diesel-fueled reciprocating
engines. Table 3-5 shows the total emissions for these engines in 1980.
Table 3-6 gives the 1980 projection of pollutants from these four sources in

excess of the point sources data reported in Section 3. 3,

3.4.3 Discussion
3.4,3,1 Turbines

In 1971, the installed horsepower for gas turbines was about
38 million. About 29 million of that was for electrical power generation, and
the remainder was for pipelines and natural gas processing. For power gen-
®ration, gas turbines provide the repowering when old and less efficient
Plants are retired and also fill the need for increased power. In 1970,
Approximately 5 percent of the power generated was by gas turbines; by 1980,
it is estimated that as much as 12 percent of the power capacity will be from

8as turbines. Projected electrical generation use is about 120-million hp in
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Table 3-5. 1980 PROJECTION OF TOTAL INTERNAL

COMBUSTION ENGINE EMISSIONS?

Emissions, million

tons/yr
Source Category LA Cll'(x)aol(;ge R/ate,
NO,  HC co gal/yr

Distillate -Fueled Turbines  0.459 0.0i{1  0.060 6.70 x 10°
Crude-0il-Fueled 0.884 0,022 0.116 12.90 X 106
Turbines
Gasoline -Fueled 1. 345 0.924 13,273 12.75 X 106
Reciprocating Engines
Diesel-Fueled 0.432 0,032  0.142 2,40 X% 10°
Reciprocating Engines
Total 3.120 0.989 13.591 34,75 x 10°

A . ..
Point source and area source emissions,
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Table 3-6, 1980 PROJECTION OF AREA SOURCE INTERNAL
COMBUSTION ENGINE EMISSIONS

—

Emissions, million

——

tons/vyr
Source Category L Ci}(l)%lé)ge l}/ate,
NO, HC co galiyr

Distillate -Fueled Turbines 0.313 0.009 0.047 5.34 X 106
Crude-Oil-Fueled 0.884 0.022  0.116  12.90 X 10°
Turbines
Gasoline - Fueled 1.344 0.923 13.269 12,74 X 106
Reciprocating Engines
Diesel-Fueled 0.414 0.031 0.134 2,28 X 106
Reciprocating Engines
Total 2.955 0.985 13.566  33.26 X 10°

3-17



1980. Similar growth rates for other uses can be expected. By 1980,
therefore, total gas turbine installed horsepower will be on the order of
150 million.

Figure 3-1 shows distillate consumption for gas turbines for
electrical generation growing to 350, 000 bbl (14. 7-million gal/day in 1979).
Projecting this to 1980, fuel consumption can be expected to be 5, 6-billion
gal/year for electrical generation alone. Adding consumption for other
uses increases this number by 20 percent to 6.7-billion gal/year. The
1979 crude oil demand from Figure 3-1 is 560, 000 bbl (23, 52-million gal/
day). Projecting the growth rate to 1980 and adding 20 percent for uses
other than electrical generation, the estimated consumption of crude oil in
gas turbines will be 12.9-billion gal/year in 1980.

Emission factors used to estimate total emissions are the
average of emission factors derived from the NEDS data and from Refs. 3-1
through 3-3. Crude oil emission factors were assumed to be the same as

the distillate emission factors, in the absence of any other information.

3.4,3.2 Diesel Engines

In Ref. 3-1, the total estimated installed horsepower of sta-
tionary diesel engines was about 16-million bhp (brake horsepower) in 1971,
Of this total, 5.2-million bhp were used for electrical generation, and the
remainder was for industrial uses.

Table 3-4 indicates that about 215,000 diesel engines for in-
dustrial construction and generator sets were shipped in 1974, Total horse-
power was about 42 million for engines of greater than 50 hp, To estimate
fuel consumption, it was necessary to make the following assumptions:

a. Twenty percent of the engines shipped were new installa-

tions. The remainder were replacement engines or were
exported (nine percent were exported in 1974).

b. Engines will be operated on an average of 1170 hr/year,
NEDS data for 1970 indicate an average of 1888 hr/year
for electrical generation and 5282 hr/year for industrial
use. The estimated 1980 operation is 8 percent for elec-
trical generation and 15 percent for industrial use.
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Specific fuel consumption is 0, 40 1b/bhp-hr, (According to
Ref, 3-1, an average specific fuel consumption is 0, 403 for
diesels of this class,) Using data from Ref, 3-4 and the
1974 growth rate, it is estimated that diesel horsepower will
be about 36 million in 1980; fuel consumption will be 2, 40-
billion gal/year (7.0 lb/gal). Emission factors were derived
as for gas turbines (Section 3. 3, 5),

3.4.3.3 Spark Ignition Engines

Spark ignition engines, both liquid- and gaseous-fueled, are
by two orders of magnitude the most common engines in the country today.
The 1971 total installed horsepower is estimated at 800-million (Ref. 3-1),
These engines are used for everything from small power tools to 1000-hp
and greater compressors, pumps, and electrical power installations.

Table 3-4 shows the number of IC engines shipped in the years
1965 to 1974, Gasoline engines for construction, general industrial use, and
electrical generator sets number well over one million in each of those years,
Assuming that the engines in these categories are the larger horsepower
rated engines, this represents about 50-million hp/year. Of the 800-million

‘hp in 1971, it is estimated that about 50 percent was devoted to these

Categories.
Using the same assumptions as were made for diesel engines,

hamely, that 20 percent were new installations, but now assuming the aver-
age engine is used for 300 hr/year: the 1980 estimated installed horsepower
is 490 million and the annual fuel consumption (at 0,52 lb/bhp-hr) is 12. 75-
billion-gal/year. Gasoline density of 6.0 lb/gal was used in this computation.
Emission factors were derived by the same method used for

gas turbines (Section 3. 3. 5).

3.4,3,4 Results and Conclusions

From charge rates and emission factors, the 1980 total emis-
siong were estimated and are presented in Table 3.5, The data indicate that
about 3-million tons of NOx, i-million tons of HC, and 13, 6-million tons of
Co (mainly from gasoline engines) will be emitted from these engines.

Table 3.6 is the same data minus the point source data. This shows an

estimate of the area source pollution,

3.19



The uncertainty of the data is large. Although the
assumptions made are thought to be conservative, the real contribution of
these engines could be much higher.

The conclusions to be drawn from this study are that a large
number of stationary IC engines are being produced in this country every
year and that information as to the application and utilization rates of these
engines is lacking., Therefore, a potentially large source of air pollutioh is
going undetected. Efforts to trace these engines to the user and to estimate

numbers of engines, use rate, and emissions are recommended.
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SECTION 1V

CHEMICAL MANUFACTURING

4.1 INTRODUC TION

The emission sources discussed in this section are classified
Under the general process category of chemical manufacturing and the more
SpPecific categories of carbon black and ammonia manufacturing. The emis-~
Sions under consideration are oxides of nitrogen (NOx), hydrocarbons ‘(HC),
carbon monoxide (CQO), and particulate (PART) matter.

This section describes the development of the data base used
to calculate emissions from chemical manufacturing. The development of
®misgion equations is described in Section I, Data Handling. Chemical manu-
fa‘cturing processes studies are defined according to the National Emissions
Data System (NEDS) Source Classification Code (SCC) and, in Table 4-1, by
the NEDS Modified Source Classification Code (MSCC) developed by The

Aerospace Corporation for this study.
4.2 SUMMARY

Chemical manufacturing production rates and emissions are
defin«ed for two sample years and are listed in Tables 4-2-a and 4-3-a with
the respective uncertainties in the production and emission data listed in
Tables 4-2-b and 4-3-b. Table 4-1 describes the process and production

Tate (charge rate) unit for each MSCC for which emissions were determined.

(Continued on page 4-9)



Table 4-1. DEFINITION OF CHEMICAL MANUFACTURING PROCESSES
MSCC Source Category Charge Rate
Unit
301002010 Purge gas in ammonia plant with methanator Tons/yr
301002020 Storage and loading in ammonia plant with
methanator
301003010 Regenerator exit in ammonia plant with CO
absorber
301003020 Purge gas in ammonia plant with CO absorber
301003030 Storage and loading in ammonia plant with CO
absorber
301003990 Miscellaneous processes in ammonia plant with
CO absorber
301005010 Channel process carbon black production
301005020 Thermal processes carbon black production
301005030 Gas-fired furnace process carbon black
production
301005040 Oil-fired furnace process carbon black
production
301005050 Gas- and oil-fired furnace process carbon
black production
301005991 SIC 2952 sector of miscellaneous carbon black
processes
301005992 SIC 3624 sector of miscellaneous carbon black
processes
301005993 SIC 3999 sector of miscellaneous carbon black
processes
301005994 SIC 2899 sector of miscellaneous carbon black
' processes
301005995 All other SICs of sector of miscellaneous
carbon black processes
301999991 SIC 2818 sector of miacellaneous chemical
manufacturing
301999992 SIC 3999 sector of miscellaneous chemical
manufacturing
301999993 All other SICs of sector of miscellaneous

chemical manufacturing

2standard industrial classification (SIC). The product description
corresponding to each SIC is given in Ref. 4-1.
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Table 4-2-a. 1977 CHEMICAL MANUFACTURING EMISSIONS AND CHARGE RATES

INDUSTRIAL PROCESS, CHFMICAL MANUFACTURING PAGF 1
ANNUAL CHARGF RATES ANC EMISSIONS POJECTEC TO 1977 FUN NATE= NOV 16,1977
MODIFIED TACRE EMISSIONS (MILLIONS OF TONS / YEAR)

SCC {SCC UNITS) NOX HC co PART
301002000 64CS6R00, | NEG . 223 .00% NEG
301002010 5570200, NEG + 223 .0032 NEG
301002020 926€00. NEG 0,000 N,000 NEG
301003000 25¢88090, NEG .033 040 NEG
301003010 818200, NEG . 001 0409 NFEG
301003020 790400, NEG . 032 0.000 NEG
301003030 5€0400, NEG 09,000 0.000 NEG
301003<90 3cacpgg, NEG . 000 0,000 NEG
301005000 611400, NEG 324 2.292 NEG
301005010 118400, NEG . 105 475 NEG
301005020 231¢80., NEG . 000 .003 NEG
301005030 33393, NEG .129 088 NEG
301005040 516080, NEG <108 «579 "NEG
301005050 673200, NEG o D74 1,092 NEG
301005990 454 6€00, NZG .109 .85¢ NEG
30100591 4003000, NEG 8.000 0,000 NEG
301005¢92 425400, NEG + 004 .009 NEG
301005¢€93 24330, NES . 085 oB4E NEG
301005394 44550, NEG . 000 .080 NEG
301005¢9¢5 4€299, NEG 0.000 0,000 NEG
301999000 151160000, NEG .518 .33¢ NEG
301939990 1511 £0000, NEG .518 «33¢ NEG
301999991 703500000, NEG 276 «067 NEG
301999¢9?2 181°¢00, NEG .018 153 NEG
3019939¢93 81000000, NEG 224 W11¢€ NEG
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1977 CHEMICAL MANUFACTURING UNCERTAINTIES (Continued)
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1982 CHEMICAL MANUFACTURING EMISSIONS AND CHARGE RATES
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Table 4-3-b. 1982 CHEMICAL MANUFACTURING UNCERTAINTIES (Continued)

INCUSTRIAL PROCESSy CH=MICAL MANUFACTURING PAGE 2
TACR AND EMISSIOM UNCEFTAINTIES PROJECTED TO 1982 PUN DATE= NOV 16,1977
MODIFIEC TACRF EMISSICNS (MILLIONS OF TONS / YE IR)

SCC (SCC UNITS) NO X HC Co PART
301005¢92 + <0000, NEG + L1000 + .00t NEG
- 20009, NEG - .039 - 301 NEG
301005¢<92 + 1000, NEG + ,001 + .00¢ NEG
- 1000, NEG - 001 - .00¢ NEG

301005994 + 2000, NEG + .000 + <000 NEG
- 20080, N=G - 009 - 000 NEG
30100¢ Q¢ * 5000. NEG + 0,000 + 0.000 NEG
- cono. NEG - 9.000 - 0.00°0 NEG
301939934000 + 174€4000, NEG +  L065 + 126 NEG
- 174€40010, NEG - 085 - 129 NEG
3n1999¢39 * 174€4000. NEG + .065 + .129 NEG
- 17464000, NEG - 065 - 129 NEG
301999991 + 7000000, NEG + ,039 + .010 NEG
- 7000000, NEG - .039 - 010 NEG

301999¢92 * 20000, NEG ¢+ 011 + J12€ NEG
- 20000. NEG - D1t - 126 NEG
301939¢33 + 16000000, NEG + .050 + 026 NEG
- 16000000, NEG -  +050 - «D2¢ NEG



4.3 EMISSION ANALYSIS

The NEDS categorizes chemical manufacturing as a
member of the industrial process family of stationary sources of emissions
(Ref, 4-2), Industrial process emissions are compared to other point
sources in Table 4-4, Industrial process emissions for chemical manu-
facturing (SCC 3-01-xxx-xx) are compared in Table 4-5 with emissions
from the petroleum industry and other members of the industrial process
group. The PART and NOX emissions from chemical manufacturing repre-
sent a small fraction, approximately three percent and four percent,
respectively, of total industrial process emissions. Since the PART
and NOx emissions from chemical manufacturing processes represent
such small fractions of the totals from stationary sources, these pollutants
were largely neglected in this study.

The charge rate, emissions, and other pertinent data were
extracted from the NEDS point source data for each of the 143 SCC process
categories in the chemical manufacturing group. Table 4-6 ranks the cate-
gories with the highest charge rates. Tables 4-7 and 4-8, respectively,
list the most significant chemical manufacturing emitters by SCC category
and product for HC and CO emissions, In comparing the process categories
that produce the most emissions {Tables 4-7 and 4-8) to those having the
highest charge rates (Table 4-6), it is seen that the miscellaneous synthetic
rubber production (3-01-026-99) and the ammonium nitrate prilling tower
cooler (3-01-027-03) categories have high charge rates, but are not producers
of the largest amount of pollutants,

As a check against erroneous data, the effective emission
factors from the NEDS data (emissions and charge rate) were compared
with data published elsewhere. Although little data were available (data
were obtained only from Refs. 4-4 and 4-5), good agreement existed where

comparisons could be made. These comparisons plus a general knowledge

(Continued on page 4-15)
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Table 4-4. NATIONWIDE POINT SOURCE EMISSIONS®

Emissions, . tons/yr

Source

Category PART NO_ HC co

Fuel

Combustion 5,414,427 8,922,937 239,403 645, 880

Industrial

Processes 8,427,012 3,728,717 7,033,590 21,132,667

Other Point

Sources 150,847 29,725 165,847 5,455,023
~ Total 13,992,286 12,681,379 7,438,840 27,233,570

qRef. 4-3.
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a

Table 4-5, INDUSTRIAL PROCESS EMISSIONS
Source PART NO HC co
Category X
Total Industrial Process Emissions, tons/yr
Chemical 232,886 155,068 2,319, 544 5,992, 262
Manufacturing: (2.76%) (4.16%) (32.98%) (28.36%)
SCC 3-01 -xxx-xx
Petroleum 1,036,281 3, 264, 812 1,012, 131 4,524,476
Industry: (12.30%) (87.56%) (14.39%) (21.419%)
SCC 3-06-xxx%-Xx
OCther Industrial 7,157, 845 308, 837 3,701, 915 10,615,929
ProcessesP (84, 94%) (8.28%) (52.63%) (50.23%)
Total Industrial 8,427,012 3,728,717 7,033,590 21, 132, 667
Processes (100%) (100%) (100%) (100%)
Total Nationwide Point Source Emissions, %
Chemiical 1.7 1.2 31.2 22.0
Manufacturing
Petroleum 7.4 25.7 13.6 16.6
Industry
Other 51.2 2.4 48.8 39.0
Industrial
Processes
Total Industrial 60.2 29.4 94,6 77.6

Processes

a

Ref. 4-3.

Includes such processes as food, agriculture, primary metals, and secondary metale.
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Table 4-4. PRODUCERS OF GREATEST EMISSIONS
IN CHEMICAL MANUFACTURING

Number Annual
Rank SCC of Point Source Category Production
Sources Rate,
tons /yr@

1 3-01-999-99 1944 Miscellaneous 151,29 ¥ 106
chemical
manufacturing

2 3-01-026-99 189 Miscellaneous 13.63 % 106
synthetic rubber
production

3 3-01-021-99 40 Miscellaneous 11,67 x 106
sodium carbonate
production

4 3-01-018-99 225 Miscellaneous 5.30 x 106
plastics production

5 3-01-005-99 74 Miscellaneous 4.75 x 106
carbon black
production

6 3-01-002-01 33 Ammonia pro- 4.62 x 106
duction with
methanator

7b 3.01-027-03 41 Ammonium nitrate 4.25 x 106
with prilling
tower

2Also known as annual charge rate (ACR).

bThese categories were not among the five categories yielding the greatest

emissions in the chemical manufacturing group,
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Table 4-7. PRODUCERS OF GREATEST HC EMISSIONS IN
CHEMICAL MANUFACTURING
Rank by Emissions

Effective ..
Emission Emission

Rank SCC Source Category F Rate,

actor,
1b/tona tons /yr
1 3-01-999-99 Miscellaneous chemical 6.86 519 x 103
manufacturing

2 3.01-005-01 Carbon black, channel 1767. 227 x 103
3 3-01-002-01 Ammonia with methanator 69.2 160 ¥ 103
4  3-01-005-04 Carbon black, furnace oil 425, 82 x 10>
5 3-01-018-99 Miscellaneous plastics 30.6 81 x 103

production

Rank by Product

Rank Product

Production Rate

Emission Rate

7 Tons /yr % Tons /yr %
| Carbon black 0.634 x 106 0.4 309 x 10° 29

2 Ammonia a.622x10° 2.9 160x103 15

3 Plastics 5.296 x 106 3.3 81 x 103 8

4  Other 151.3 x 10°  93.5 519 x 103 49
Total 161.85 x 10° 100 1069 x 105 100

————

®Effective emission factor is the emission rate (Ib/yr) divided by the
production rate (tons/yr).



Table 4-8. PRODUCERS OF GREATEST CO EMISSIONS IN
CHEMICAL MANUFACTURING

Rank by Emissions

Effective ..
Emission Emission
Rank SCC Source Category Factor Rate,
' 1b/ton® tons/yr
{  3.01-005-01 Carbon black, channel 8031. 1032 x 10>
2 3.01-005-05 Carbon black, furnace 3246, 797 x 10°
oil and gas
3 3.01-005-04 Carbon black, furnace oil 2137, 403 x 10°
4  3-01-999-99 Miscellaneous chemical 4.44 336 x 103
5 3-01-005-03 Carbon black, furnace gas 5000, 60 x 103
6  3-01-005-99 Carbon black, miscella- 24.44 58 x 10>
neous processes
Rank by Product
Rank Product Production Rate Emission Rate
Tons/yr % Tons /yr %

{  Carbon black 5.90 x 10° 3.8 2350 x 103 87
2 Miscellaneous 151.29 x 106 96.2 336 x 103 13

chemical

manufacturing

Total 157.19 x 10° 100 2686 x 10° 100

Apffective emission factor is the emission rate (Ib/yr) divided by the
production rate (tons/yr).
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of the subject process resulted in the elimination of synthetic rubber

and ammonium nitrate manufacturing as major contributors of the four

emissions of interest,

4.3.1 Chemical Manufacturing Processes Studied

- As mentioned, only unburned HC and CO emissions were
¢xamined when forming the list of products and SCCs for which future charge
rate and emission forecasts were to be made. All SCC categories related
to an offending product were studied regardless of the magnitude of the
current emissions represented by any one SCC, Table 4-7 shows that cer-
tain carbon black, ammonia, and miscellaneous chemical manufacturing
emissions represent 93 percent of the HC emitted by the five largest pro-
ducers in the chemical manufacturing category. Table 4-8 shows that
certain carbon black manufacturing processes produce the most CO emis-
sions in the chemical manufacturing group.

The chemical manufacturing products and SCC categories

for which future emissions and production rates were projected are as

follows:
SCC Product
3-01-002 -x%x Ammonia made with methanator
3-01-003-xx Ammonia made with CO absorber
3-01-005-xx Carbon black
3-01-999.99 Miscellaneous chemical manufacturing

. These four broad categories were divided into 19 MSCC
categories, and a current data base and projections were made for each.

More detailed definitions of these processes, as well asg charge rates, are

listed in Table 4-1.

4.3.2 General Observations

In the course of the chemical manufacturing emissions study,

certain errors and discrepancies were noted in the NEDS point source
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¢mission data, Most of these observations were trivial, but two were

helieved sufficiently significant to be reported here.

4.°.2.1 Summary of Point Source Comparison

The charge rate (production) and emissions as extracted from.
the NEDS point source data (Ref. 4-6) are shown in Table 4-9 far the chemi-
cal manufacturing group. Although the years of record vary from 1969 to
1973 for the NEDS data, the preponderance of SCC data is for 1971. The
emissions from Refs., 4-3, 4-6, and 4-7 are summarized in the following

table and arc presented graphically in Figure 4.1,

Emissions, million tons/yr

Data Source PART NOX HC cO
NEDS Tape:
1971 0.28 0.33 1.42 2.92

NEDS Nationwide Emis-
sion Summary Report:

December 1973 0.22 0.15 2.37 6.01
January 1975 0.23 0.16 2.33 5.99

A discontinuity appears to exist between the 1971 and the
1974-75 data shown in Figure 4-1, indicating an inconsistency in ground
ruies or methods of establishing the two sets of data. Two known factors
which may have contributed to the inconsistency are listed here, Their
exac: effects are unknown, but are believed to be significant.

a. Emissions listed on the NEDS tape are based frequently

on preliminary (sometimes inaccurate) emission factors

(Ref. 4-4) or in some cases simply a guess. A com-

parison of emission factors published in Refs. 4-4 and

4.5 reflects the size of certain data errors. These

could cause either high or low emissions to be entered
on the NEDS tape.
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Table 4-9., SUMMARY OF CHEMICAL MANUFACTURING
AND EMISSIONS REPORTED IN NEDS2
scc Annual Emissions, ~ tons/yr
Charge Rate
PART NO_ HC CcO
3-01-002-01 4,621,676 118 3, 259 160, 008 2,777
3-01-002-02 766, 500 - - - .
3-04-002-99 - - - - -
3-01-002 118 3,259 160, 008 2,777
(- %) (1.0%) (t1.3%) (0. 1%)
31-01-003-01 679,793 40 65 772 10, 995
1-01-003-02 651,996 119 - 2,510 -
1-01-003-03 486, 877 - - - -
3-01-003-99 330, 000 - - 331 .
3-01-003 159 65 3,613 10, 995
{0.1%) (- %) {(0.3%) {0.4%)
3-01-005-01 257, 163 22, 146 - 227, 337 1,031,710
3-01-005-02 - - - :
3-01-005-03 24, 381 3,614 - 19, 997 63,469
3-01-005-04 376,731 901 435 82, 204 402, 659
3-01-005-05 491,484 7,168 10 54,013 797, 087
3.01-005-99 4,745, 552 8,079 68 8, 967 57, 506
3-01-005 41,908 513 392, 518 2,352,431
(15.2%) (0.2%) (27.7%) (80, 7%)
3-01-999-99 151,288, 357 69,015 44, 054 518, 506 335, 500
(25.0%) {13.3%) (36, 5%) (11.5%)
3-01-008 248,813 343 55,730 - 144
{100 tons /yr) (0. 1%) (16.8%) (-) (-%)
3-01-033-01 3, 000 - - 5, 801 -
(gal/yr) (-) (-) (0.4 %) (-)
3-01-900-99 747 4,667 146 - 18,850
{million cu ft/yr) - {(1.7%) (=) (-) (0. 6%)
Other 182, 696, 930 159, 870 228, 523 338, 554 194, 503
3-04 (57.9%) (68. 8%) {23.9%) (6.7%)
Total 276, 080 332,290 1,419, 000 2,915,200
(100%) {100%) {100%) (100%)

3Extracted from Ref. 4-6.

Unless otherwise specified, charge rate units are in tons of product per year.
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EMISSTIONS, MILLIONS OF TONS PER YEAR
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Figure 4-1. Emissions from chemical manufacturing



b. Emissions listed in the summary reports (Refs. 4-3
and 4-7) are¢ bascd on the product of charge rate and
known emission factors. Where the emission factors
are not known, zero emissions are entered. This
characteristic can only causc the summary report
emissions to be low.

4.3.2.2 Lack of Thermal Carbon Black Data

No data were reported under SCC 3-01-005-020 thermal
carbon black production. Reference 4-8 shows a steady growth from 47, 000
tons in 1950 to 137, 000 tons in 1965. Approximately 170, 000 tons should
have been reported in 1970 according to the trend reported in Ref. 4-8.
Total carbon black production in 1970 as extracted from the NEDS falls on
the trend line established from Ref. 4-8 only if some production other than
that reported in the SCC categories 3-01-005-01, -03, -04, and -05 existed.
The difference is close to the forecast production of thermal black in the
Ref. 4-8 data. Either thermal carbon black was not reported or it was
erroneously reported in SCC 3-01-005-99. Normally, this SCC would be used
to report carbon black handling or the manufacturing of some product where
carbon black is a principal ingredient. That portion of SCC 3-01-005-99
corresponding to Standard Industrial Classification (SIC) 2895 is close to the
deficit. Of the nine SICs comprising SCC 3-01-005-99, SIC 2895 is the only

one identified as carbon black,

4.3.3 Ammonia Production

4.3.3.1 Process Description

Two principal methods of ammonia (NH3) production exist:
a. Methanator process

b. CO ahsorber process

Both processes combine nitrogen (N) from the atmosphere with hydrogen (HZ)
from some hydrocarbon (HC) feed stock such as natural gas. The difference in
the two techniques is centered on how the large amounts of CO are handled.
The CO results when H, is extracted from the HC feed stock. While the

2
CO cmissions in the main process of ammonia production are substantially



less in the CO absorber technique, the CO efflux from the absorber when
it is being rejuvenated tends to be quite high. An extensive water scrubber
and incinerator system can considerably reduce the CO emissions during
absorber regeneration,.
Unburned HC emissions (usually methane) from the purge
gas stream are of the same concentration whether the methanator or CO
absorber system is used. Scrubbers have a modest effect on HC emissions,
Although beyond the scope of this study, another noteworthy
emission is ammonia vapor. This emission can be reduced to almost any

level of insignificance through repeated water scrubber application.

4.3.3.2 Data Research and Analysis

Production rates’ of synthetic ammonia are recorded in
Refs. 4-6 and 4-9. The charge rate history is graphically presented in
Figure 4-2. Several straight lines were derived by least square fit tech-
niques from various combinations of the data points on Figure 4-2. The
straight line obtained when 1964 and 1965 data were excluded yielded the
best correlation. Its equation was used when estimating future ammonia
production. The uncertainty in baseline production is simply the standard
error of estimate obtained with the straight line derivation. The uncertainty
of the production slope is the difference in slope for the adopted line and the
line derived using the six data points in Figure 4-2. This number is
approximately 21 percent of the baseline value.

The total production reflected in Figure 4-2 is considered to
be apportioned among the six SCC categories for all years in the same per-
centage as that listed by the NEDS for the 1970-72 era. Emission factor

data are found in three areas:

The term '"‘production rate' as used here refers to the charge rate
associated with the particular operation; e.g., SCC 3-01-002-02 is related
to storage and loading, and the ammonia charge rate was actually produced
or created under 3-01-002-01 for methanator systems. The production
SCC for CO absorption systems is 3-01-003-02.
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Figure 4-2. Synthetic ammonia production



a. Reference 4-5
b. Reference 4-10
c. Quotient of emissions and charge rate from Ref. 4-6

data,

Where emission factor data exist in Ref. 4-10, they are considered to
supersede Ref. 4-5 data. In the following discussion, that which prevails
between Refs. 4-5 and 4-10 will be referred to as the "EPA emission
factor, "

Where reasonable agreement (i.e., less than 15 percent
difference) exists between the EPA emission factor and that derived from
the NEDS data, the average of the two was established as the baseline value,
Where the difference was great, a third source was enlisted as a referee;
where no third source was available, engineering judgment was exercised on
the basis of knowledge of the process in question. The uncertainty in the base-
line emission factor is simply the difference between the baseline value and
the nearest source value which contributed to its derivation.

As mentioned, PART and NOX emissions from chemical
manufacturing were so small (Table 4-7) in comparison to the total indus-
trial process that no time was spent in establishing their emission factors
(or related variables like slope or uncertainties); these emissions were
defined as negligible for all future years.

The literature survey described ammonia production
processes as having remained essentially unchanged since 1953, and no
substantial changes in controls or process are forecast for the immediate
future. As a result, the slope and the slope uncertainties for ammonia

emission factors were set to zero.

4,.3.3.3 Projections of Ammonia Activity

The total HC emission from ammonia production in 1982 is
estimated to be 256, 000 tons * 35,000. The majority (223, 000 tons) of these

emissions is from methanator-type production. The total estimated CO



emissions from ammonia industries in 1982 is 59, 000 tons * 38,000, The
NOX and PART emissions arc expected to be negligible in 1982 {as is the
case presently) compared to other point source industrial processes

emissions.

4,3.4 Carbon Black Industry

4.3.4.1 Processes and Uses

Carlbon black is an oil-frec ultrafine soot. Although it is
used in the paint and printing industry as a pigment, the prominent use is
in the rubber industry as a reinforcing agent, Tires, for example, roll
three to five times farther with carbon black than without.

Threce principal techniques of carbon black production exist:

a. Impingement process
b. Thermal process
C. Furnace process

The furnace process, which accounts for most carbon black production, is
subdivided further according to fuel type: oil, natural gas, and oil-enriched

natural gas.

The impingement and thermal processes involve incomplete
combustion of HC fuel, whercas the thermal process involves the rmal
decomposition (or cracking) of natural gas by exposing it to heated (2400°
to 2800°F) brick work., The impingement process (also called channel
process) involves natural gas-fueled flames impinging on surfaces of steel
(usually channel cross section) and depositing carbon black., The carbon
black is periodically scraped off the channels before pelletizing (to increase
the density for more economical shipment) for packaging and shipment.
Channel black is one of the finest (20 to 50 nm particle size) grades made.
Furnace black particle size is 25 to 160 nm. Although the thermal process
produces a much larger particle size (150 to 500 nm) and consequently
facilitates control of particulate-type HC emissions, many users of carbon

black, such as tire manufacturers, simply cannot use this product. The
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furnace process employs refractory-lined furnace combustion chambers
where the natural gas and oil is burned with insufficient air. The process
is continuous in nature, whereas the thermal and impingement processes
are cyclic. Furnace reactors have grown to be sophisticated efficient
plants compared to the channel black burner houses., The latter are
normally temporarily set up at the source of cheap natural gas and involve
few controls (except for air flow). Gas furnaces yield 12 to 16 1b of carbon
black per 1000 cu ft of gas compared to a yield of 2 to 3 1b/1000 cu ft from
the channel black process. The theoretical yield is approximately 32 1b/
1000 cu ft,

By its nature, carbon black production is a high emitter of
HC and CO. Although much of the following practice was implemented to
improve efficiency, pollution control benefits are inherent. Since most HC
emission are in the form of soot particulate, the most common forms of
alleviation are cyclone separators; water scrubbers; bag filters; and, more
recently, electrostatic percipitators. Also some consideration has been
given to burning HC emissions. This would alleviate the flow of gaseous
emissions such as methane as well as the fine particulate socot. CO emis-

sions are left essentially uncontrolled in carbon black production.

4.3.4.2 Data Research and Analysis

4.3.4,2.1 Carbon Black Production

Production rates of carbon black are listed in Ref. 4-8 for
selected years from 1925 to 1965. Production rates for 1970 are recorded
in Ref, 4-6. With some difficulty, the data from Ref. 4-8 for the years
1950, 1955, 1960, and 1965 were merged with the Ref, 4-6 data to establish
a modern-day trend. Two problems were encountered:

a, The Ref. 4-8 furnace data were not broken down by
type, i.e., oil, gas, or oil and gas.

b. No production rates were recorded in Ref, 4-6 for
the rmal black.

4-24



Problem a. was disposed of by assuming Ref. 4-8 furnace charge rates
were apportioned among the three processes on a percentage basis the same
as the Ref, 4-6 data.

The trend of total carbon black production for 1970 follows
the same curve as Ref, 4-8 data only if some carbon black production exists
other than that reported in Ref., 4-6 under the SCC categories 3-01-005-01,
-03, -04, and -05. As seen in Figure 4-3, the deficit closely matches the
charge rate reported under SIC 2895 of SCC 3-01-005-99, These observa-
tions (plus the fact that corporations listed in the NEDS point source data
were involved in other carbon black production) led to defining the 1970
production as the sum of the charge rate for the four previously mentioned
SCC categories and the portion of SCC 3-01-005-99 allocated to SIC 2895,
Products corresponding to SIC classifications are defined in Ref. 4-1,
Figure 4-4 shows the production rate of carbon black for the five processes
under these ground rules,

Trend curves were established for the production rate of
each process by deriving the least square fit straight line using various
combinations of the 1955 to 1970 data. Figure 4-4 shows the curve which
used all five sets of data between 1950 and 1970, Even though the 1950-65
data resulted in a better fit (higher correlation coefficient), it was decided

to use (for future black production estimates) those curves derived from all

five points (1950 to 1970). The rationale was as follows:
a. The inclusion of the latest data (1970) adds credence
to future estimates.
b. Use of data from several sources offsets errors in
individual data where checking for validity is not
possible.

These trend curves were used to establish baseline production in the year
1975. The uncertainty in baseline production is equal to the standard error
of estimate obtained in deriving the straight line. The uncertainty of the
baseline slope (change in production rate per year) was defined as the dif-

ference in slope of straight lines using all five points and that excluding the

1970 data.
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Figure 4-4. Breakdown of carbon black production



Emission factors for carbon black production are reported
in Refs, 4-5 and 4-10 and also can be calculated by dividing the pounds of
c¢missions by the tons of carbon black produced from Ref. 4-6. Data in
Ref. 4-10 for a particular process were considered an update of Ref. 4-5
data. Reference 4-5 or 4-10 data (whichever prevail) is referred to as
the "EPA emission factor.'" The other source is called the "NEDS emis-
sion factor.'" Where reasonable agreement (i.e., < 15 percent difference)
exists between the EPA and NEDS emission factors, the average of the
two values was established as baseline and its uncertainty was the difference
between the baseline value and the parent data.

Three cases were encountered where the EPA emission factor

differed substantially from the one based on the NEDS data:

a. Hydrocarbon emission factor for channel process

b. Carbon monoxide emission factor for channel
process

C. Carbon monoxide emission factor for oil-fed
furnace,

It was reasoned that the emission factors should be inversely proportional
to the percent theoretical product yield,

The theoretical maximum yield of carbon black is 32 1b/
1000 cu ft of natural gas. However, according to Ref. 4-11, approximately
40 percent of this HC is needed to raise the temperature sufficiently to
separate the carbon. Therefore, if none of the 32 lb of carbon black were
collected, approximately 19 1b would escape to the atmosphere, and the
remainder would be consumed to heat the gas. Stated mathematically, the

hypothesis is as follows:

EF, (1.0 -0.4-7)"M,
EF, (1.0-0.4-T,) 111
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whe re
EF = emission factor

T = decimal fraction of 32 1b that the process yields of

carbon black
Since the emission factor for furnace process with gas was known (i.e.,
good agreement between the EPA emission factor and the one derived from
the NEDS), it was used as a basis to establish the three discrepant emis-
sion factors. This approach yielded values so close to the ones derived
from the NEDS data that the latter was selected for channel baseline
emission factors,

In the case of the oil-fired furnace process, the baseline
CO emission factor was defined as five percent higher than the one based

on NEDS data.

4.3.4.2.2 Miscellanecus Carbon Black Processes

Data were prepared to allow projections to be made in the
five MSCC categories of the miscellaneous carbon black industry
{MSCC 3-01-005-99), These MSCC categories were based on the SIC
classifications listed below and their corresponding products and comprised
the point sources under SCC 3-01-005-99 in Ref. 4-6 of the NEDS data:

MSCC SI1C Product
3-01-005-99-1 2952 Asphalt, felts, and coatings
3-01-005-99-2 3624 Carbon and graphite products
3-01-005-99-3 3999 Manufacturing industries NEC®
3-01-005-99-4 2899 Chemical preparation NEC
3.01-005-99-5 3334 Primary aluminum

3069 Fabricated rubber products
3991 Brooms and brushes
2999 Petroleum and coal products

2Not elsewhere classified (NEC).



The baseline charge rate was set equal to the NEDS (1970)
value. Uncertainties were set at 5 percent of the base value for categories
MSCC 3-01-005-99-1 through 3-01-005-99-4 and to 10 percent for MSCC
3-01-005-99-5, which is a bigger uncertainty since it is comprised of a broad
collection of activities. Typical uncertainty of the carbon black production
is eight percent.

The baseline emission factors were set equal to the NEDS
emissions divided by the chargé rate. The emission factor uncertainty was
set to 10 percent of baseline value, which was typical of the primary carbon
black production SCC categories.

Since little is known about the production and processes in
this miscellaneous manufacturing group, no attempt was made to establish
a finite slope (trend) or slope uncertainty of any of the data leading to pro-

jections of the 3-01-005-99 SCC categories.

4.3.4.3 Projections of Carbon Black Activity

The estimated HC emissions in 1982 carbon black industries
are 331,000 tons. Although the channel process is by far the dirtiest (high
emission factor), its HC emissions are down both trend-wise and process-
wise. The 1982 HC emissions from channel black production is 86, 000 tons
compared to 121, 000 for the oil-fired furnace process. The estimated
channel black HC emissions in 1975 are 112,000 tons.

The estimated CO emissions from carbon black in 1982 are
2.42-million tons. The oil-enriched natural gas-fired furnace technique

leads CO emissions with 1.22-million tons in 1982.

4.3.5 Miscellaneous Chemical Manufacturing
4.3.5.1 Products

Some 78 separate products (SIC classifications) at 1944
point sources comprised the miscellaneous chemical manufacturing (SCC

3-01-999-99) categories in the NEDS data tape. Entries made under
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SIC 2818 and 3999, respectively, constituted approximately 50 percent of

the 11C and CO emissions. The 76 other SIC products combined represented
only 43 percent of the HC and 35 percent CO emissions, Emi