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1. SUMMARY
1.1 BACKGROUND ‘

This source category survey report presents information on animal
feed dryers, particulate matter emissions, and control equipment in the
following Standard Industrial Classification (SIC) Codes:

SIC 2046--Wet Corn Milling

SIC 2047--Dog, Cat, and Other Pet Food

SIC 2048--Alfalfa Dehydrator segment only

SIC 2063--Beet Sugar

SIC 2075--Soybean 0i1 Mills

SIC 2077--Animal! and Marine Fats and 0ils

SIC 2082--Malt Beverages

SIC 2085--Distilled, Rectified, and Blended Liquors

0Of the above categories, only SIC 2047 (Dog, Cat, and other Pet
Food) and SIC 2048 (Alfalfa Dehydrators) produce animal feed as a primary
product; the remaining industries produce residuals or byproducts which
are dried for sale as animal feed. Information from numerous sources on
production, growth, industry structure, and emissions formed the basis
for the estimates given in this report. The purpose of these estimates
is to allow assessment of the need for a new source performance standard.
Therefore, the estimates should not be used for purposes other than
intended. Table 1-1 presents estimates made from available information
on the number of plants, volume of production, growth trends, level of
control, and annual national emissions expected from new, modified, and
recaonstructed facilities in the source category. Emission data obtained
from State and Yocal control agencies, industry representatives, and
equipment vendors are summarized in Table 7-1 (Chapter 7).




*MaALp paaj [BWLUER 34} U0 3DILAIP |O4JUDD uoySS|Ea UR Jo uolledy(dde yjim 3 qRA3LYIE |BLIUIIOd UD)IINPaAL pajEwlys]
~aeak aad sueabebow = a4 sOy

2

‘Blep 3{ge|eAR BOJ) SIEmLYSA —z:u

({5) (s1) (2 (or2) (095}

LS L 59 :1 ¥4 0z oL 5 805 otl i
{06) (09} (ost) (09) (00p)

28 5 9t ts S 0 0 £9¢ 09 88
(00g) {002) {005) (002) (06+)

Zie L8l St gL a1 g S St g6 £6
(LLe) (69) (09s) (00L) (009'2)

it %] B80S SE9 vz g 5 65€'2 021 2z
(s15) (sL1) (069) (0£2) (oot*t)

19% 651 929 602 8l ] 0 012'1 oL s
(162) (8ec) (6211} (522} {00z2‘1)

8lL 90€ ¥20°1L 02 zz 0 2 680° L 002 081
(18¢€) (5/8) {962'1) {005'2) (oov'c)

9tE ¥6¢ ovL“l 892'Z €01 61 2t ¥80°€ 81 9
(051°€) ooL'z) {0s2'g) (000" ¢) (000's2)

8582 506°{ £9L°Y 05£'9 95 0 g 089°'22 £z 1zt

s|Lo pue siey
auliem pue |ewiuy

safedanaq ey

Jonbi palg1ys1g
pooy 3ad

Jayyo pue ‘jed ‘fHog

Jefins qaag

S403e4pAyap eye)y

Bug| (4w vao) jJau

S[[tW |10 ue3ghDg

(JA/5u0Y) (4A/5U07) (44/5u0y) (2£/500% 01) Sa944Q sjueld % Lenuue  (ah/suo) pOf)  sdaKag sjuely

AR /6W A B 44 /By K760 c0L yimoab JA/Bp c0|
{erjvajod  pago4juo)  pa(|odjuodupn uo{3aNpoJy pajewiysy a:omvu:uoLm
uo43Inpay {(§861) s2j11{iIe) . (0861) 3Z1s juaain)

{s861) saLiiLioe} PRIINLSUDIILN/PIL ) | POt /MIN
Pa1INJ}SU0DAL /PaL § | pot/MaY
Wo44 SUOLSSIW |Eenuuy

juaufias Asysnpup

pAUYWANS A¥053LV) 31J¥N0S  “L-L 318Vl

1-2




1.2 INDUSTRY AND PROCESS OESCRIPTIONS

The drying process in the production of animal feed involves reducing
the moisture content of a product to make it suitable for further process-
ing, storage, and use as an animal feed. Numerous types of dryers are
available for drying animal feed ingredients: direct-fired rotary,
steam-tube rotary, tunnel or conveyor, flash, and ring dryers. In 1980,
approximately 32 x10% megagrams (Mg) (35 x 10% tons) of dried animal
feeds were sold in the United States.! Animal feeds may be divided into

four general categories: '"oilseed meal," "grain protein feeds," "animal

proteins," and "other."
1.2.1 0Qilseed Meal

0ilseed meal, which represents the largest industry in the source
category, both in terms of production and emissions, includes meal
produced at soybean oil mills. 0il1 is extracted from soybeans by pressing
or solvent extraction, and the remaining meal is dried in steam-tube
rotary dryers and sold for use as a high protein animal feed. Other
oilseed meals (approximately 1 percent of soybean production) are also
used for animal feed but the use of dryvers is not a uniform practice in
these industries. Soybeans accounted for approximately 23 x 10% Mg
(25 x10% tons) of the byproduct animal feed produced in 1980, or 70 percent
of the total dried byproduct animal feed pmductidn.2

1.2.2 Grain Protein Feeds

Grain protein feeds, which inctude feeds produced at wet corn
miliers, distilled, rectified and biended liquors manufacturers, and
malt beverages plants, represent the next Yargest category of animal
feed production. This category accounts for 12.2 percent, or 3.9 x 10® Mg
(4.3 x10® tons) of dried byproduct animal feeds.®,4

Wet corn milling accounts for 3.1 x10% Mg (3.4 x 10 tens) or
80 percent, of the animal feed production in the grain protein feeds
category. In this industry, corn is wet-milled to produce starch. The
germ and gluten removed during the process are mixed with the bran,
chaff, and steepwater concentrate and dried to produce gluten feed and
gluten meal. Wheat and potato wet milling are also included in this
category.



1.2.3 Animal Proteins

The animal protein category encompasses the animal and marine fats
and 0ils industrial classification. Fish and feather meal production
account for about 0.45 x10% Mg (0.5 x10% tons) of dried byproduct animal
feed production, or approximately 1.5 percent of the total dried byproduct
animal feed produced.®

Fish meal is produced at plants that process edible fish and at
those that produce fish oil. At oil plants, fish are cooked and pressed
to remove the 0il, and the fish soiids are dried for use as animal feed.
In plants that process edible fish, the byproducts are dried to produce
fish meal.

Feather meal is produced by hydrolyzing feathers in sfeam pressure
cookers and then drying the resultant meal. Blood may or may not be
added during processing to increase the protein content.

1.2.4 Qther Feeds

The category "other" includes the remaining industries in the
source category, which account for 15 percent of the total byproduct
animal feed production. Dog, cat and other pet food (dried only) accounts
for 2.4 xi0% Mg (2.6 x10® ton), or 7 percent, of the total dried animal
feed production.® Grains, oilseed meals, and animal proteins are mixed,
cooked, extruded as pellets, and dried in the production of dry animal
feed in this industry.

Alfalfa dehydrators, the only segment of SIC 2048 that uses dryers
in the production of animal feed, account for 1.1 x10% Mg (1.2 x10% tons)
or 3.5 percent, of total dried animal feed production.® Alfalfa is
mowed in the field approximately four times during the growing season
and is then dehydrated in a dryer prior to being pelletized and sold as
an animal feed.

The beet sugar industry produces 1.3 x10% Mg (1.4 x10® tons) of
dried beet puip, which accounts for 4 percent of the total dried animal
feed production.? The beets are sliced and processed to remove the
sugar, and the remaining beet pulp is thgn dried to produce animal feed.

1-4




1.3 INDUSTRY GROWTH AND EMISSIONS

As shown in Table 1-1, some growth in production capacity is forecast
through 1985 for six of the eight industries in this source category.
Wet corn milling is projected to have an annual growth rate of 7 percent
through 1985, and it is estimated that in 1985 there will be the equivaient
of 103 new/modified/reconstructed dryers with production of 2.2 x10% Mg
(2.6 x10° tons) of animal feed per year. Four industry segments,
soybean 0il1 mills; dog, cat, and other pet food; distilled, rectified
and blended liquors; and animal and marine fats and oils are projected
to have annual growth rates of 5 percent through 1985. It is estimated
that in 1985 there will be the equivalent of 56, 24, 16, and 20 new/
modified/reconstructed dryers respectively in these industries, with
production of 6.3 x10€ Mg (7.0 x10® tons), 0.63 x10% Mg (0.70 x10% tons),
0.18 x108 Mg (0.2 x10% tons) and 0.22 x10® Mg (0.24 x10® tons) of animal
feed per year. An annual growth rate of 2 percent is projected for
alfalfa dehydrators in the period 1980 to 1985, and it is estimated that
in 1985 there will be the equivalent of 22 new/modified/reconstructed
dryers with production of 0.2 x10% Mg (0.22 tons) of animal feed per
year. No growth is projected for the remaining two industry segments
through 1985. It is projected that the equivalent of 18 and 5 new/modified/
reconstructed dryers will be needed in 1985 to maintain current production
jn these two industries. These dryers will account for 1.2 x10% Mg
(0.23 x10 tons) and 0.05 x10€ Mg (0.06 x10%® tons) respectively of animal
feed per year.

The primary emissions from animal feed dryers are particulate
matter, and, in the case of direct-fired dryers, the products of combustion.
Particulate matter emissions were the focus of this survey. In most
cases, the particulate matter emissions represent valuable product ($276
to $386 per Mg, [$250 to $350 per ton]), and industiry practice is to
minimize product loss by using product recovery devices with the dryer.®
In addition to achieving product recovery, these devices also help the
plants to meet State Implementation Plans (SIP). Where additional
emission control is needed, mechanical collectors or wet centriiugal
collectors are used. Wet collectors are generally the more efficient
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control devices, but they also have potential for creating a wastewater
disposal problem. Material collected by dry collectors can be recycled
to the process; however, such recycling is generally not feasible with
wet collection systems. In some instances, exhaust gas recycle systems
are being used to conserve energy and reduce particulate matter emissions.
No test data were found to evaluate the effectiveness of exhaust gas
recycling.

Table 1-1 also contains estimates of annual emissions from new,
modified or reconstructed facilities in 1985 for each industry segment.
These estimates were developed to assess the magnitude of particulate
matter emissions from animal feed dryers. Therefore, the estimates were
calculated using the upper range of emission factors developed from test
data and other information. These emission estimates show soybean oil
mills have the greatest emissions of particulate matter in the source
category; i.e., 4,763 Mg/yr (5,250 tons/yr) if all dryers are uncontrolled
and 1,905 Mg/yr (1,905 tons/yr) if all dryers are equipped with pollution
control equipment. Particutate matter emissions from the remaining
industry segments of the source category are estimated to range from
1,140 Mg/yr (1,256 tons/yr) and 794 Mg (875 tons/yr) for uncontrolled
and controlled wet corn milling to 65 Mg/yr (72 tons/yr) and 14 Mg/yr
(15 tons/yr) for uncontrolled and controlled animal and marine fats and
0ils.

EPA Reference Method 5 (40 CFR 60, Appendix A [Revised July 1, 1979])
is the recommended procedure for measurement of the particulate matter
content of animal feed dryer exhaust gases. ODepending on the moisture
content of the exhaust gas, the sampie train may need to be modified to
prevent blinding of the filter.

The SIP's for 47 States in which animal feed dryers are located
require the control of particulate matter emissions. The SIP's are more
stringent for new plants than for existing plants. New Jersey,
Pennsylvania, and the South Coast Air Quatity Management District have
the lTowest particulate matter emission limits; Arkansas, Iliinois, and
Indiana have developed particulate matter emission limits specific to
animal feed drying plants.
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2. INTRODUCTION

The Administrator of the U.S. Environmental Protection Agency is
directed under Section 111 of the Clean Air Act to establish air pollution
standards for new sources and in so doing has authority to:

1. Identify those categories of stationary emission sources that
contribute significantly to air pollution and could be reasonably anti-
cipated to endanger the public health and welfare;

2. Distinquish classes, types, and sizes within categories for the
purpose of establishing standards; and

3. Establish standards of performance for stationary sources which
reflect the emission reduction achievable through application of the
best system of continuous emission reduction, taking into consideration
the cost, enerqy, and environmental effects associated with the emission
reduction.

The objective of this survey was to assess whether new source
performance standards (NSPS) should be developed for dryers used in the
production of animal feeds. Dryers covered by other new source performance
standards {such as the grain dryers NSPS) were excluded from this study.
The SIC codes and products which were examined during the survey are
listed in Table 2-%. Information about processes, emissions, growth,
and control equipment was gathered as follows:

1. Process and emission data were collected from literature searches,
EPA regional offices, State and local air pollution control agencies,
trade associations, equipment vendors, and plant visits.

2. Representatives of industry, government agencies, trade
associations, and equipment vendors were contacted to obtain industry
growth information. Additional information on growth was obtained from
articles in trade journals and other publications.
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TABLE 2-1. INDUSTRIES AND PRODUCTS

Primary products for use as

SIC code/industry classification animal feed

2046 Wet corn milling Gluten feed, gluten meal
2047 Dog, cat, and other pet food Dried pet food

2048 Prepared feeds and feed Alfalfa meal and pellets

ingredients for animals
and fowls, NEC

2063 Beet sugar Dried molasses beet pulp

2075 Soybean oil mills Soybean cake and meal

2077 Animal and marine fats and oils Fish meal, feather meal

2082 Malt beverages Brewers dried spent grains
2085 Distilled, rectified and Distillers dried spent grains

blended ligquors




3. Visits were made to the 11 plants listed in Table 2-2. An
additional visit was made to an equipment manufacturer--Aeroglide Corpora-
tion, Raleigh, North Carolina.

Animal feed dryers are used to reduce the moisture content and
sometimes to cool product prior to further processing, storage, and sale
as an animal feed. Numerous types of dryers are available for drying
animal feed ingredients: the direct-fired rotary, steam-tube rotary,
tunnel or conveyor, flash, and ring dryers. The type of dryer used
depends on the moisture content of the preduct entering the dryer and
other factors, including the quantity of material to be processed,
physical and chemical properties of the material to be dried, and site
considerations.

In many instances, product recovery devices (j.e., primary cyclone
collectors or discharge housings) are used with animal feed dryers.
Therefore, unless otherwise noted, the pollution control equipment
referred to in this report is any device used after a product recovery
device to reduce particulate matter emissions. "Uncontrolled emissions"
refers to the emissions measured after the product recovery device.

The industries that use animal feed dryers are described in subsequent
sections of this report in terms of production capacity; projections of
construction of new, reconstructed, and modified facilities; and production
processes. Included are descriptions of emissions, emissions test data,
emission control systems, State and local air pollution control regulations,
and methods for amissions sampliing and apalysis.
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3. SURVEY CONCLUSIONS

3.1 INDUSTRY GROWTH

Table 3-1 summarizes information on industry growth within the
source category. These growth estimates were derived from straight line
projections of historical production data and information obtained from
industry contacts. The two largest industries, soybean oil mills and
wet corn milling, are expected to grow at annual rates of 5 and 7 percent,
respectively. An increase in the supply of soybeans or in the demand
for soybean meal may cause this industry to grow at a slightly faster
rate. Similarly, an increase in the demand for high fructose corn syrup
(HFCS) by the soft drink industry or an increase in the production of
alcohol from corn could cause the wet corn milling industry to grow at a
faster rate.

The trend in alfalfa dryer replacements toward larger dryers may
reduce the number of plants in operation by 1985. Dog, cat, and other
pet foods; distilled liquor; and the animal and marine fats and oils
industries are all expected to grow at 5 percent per year.

No growth is projected in the beet Sugar and mailt beverages industries.
The number of plants in the beet sugar industry probably will decline from
1980 to 1985.

3.2 AVAILABILITY OF CONTROL TECHNOLOGY

Technology for the control of particulate matter emissions from
animal feed dryers is readily available. The most common device associated
with dryers is the cyclone, which is used to separate entrained product
from the emission gas stream. In many cases, the cyclone collector
is sufficient to control emissions to levels required by SIP's. Additional
control can be achieved through the use of additional cyé]ones, muiticlones,
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TABLE 3-1. SOURCE CATEGORY GROWTH PROJECTIONS?

Estimated

annual New/modified/reconstructed

growth, facilities, 1985

1980-1985 Production
Industry segment percent  Plants Dryers  10° Mg/yr 10 tons/yr
Soybean 011 mills 5 0 56 6,350 7,000
Wet corn milling 7 19 103 3,279 2,500
Alfalfa dehydrators 2 0 22 204 225
Beet sugar 0 18 208 230
Dog, cat, and 5 24 735 700

other pet foods

Distilled liquor 5 8 16 181 200
Malt beverages 0 0 5 54 60
Animal and marine 5 10 20 218 240

fats and oils

aMRI estimate.
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and other dry mechanical systems. With these secondary systems, emission
control is the primary function, but product is also recovered. Better
controlled dryers have some form of wet scrubber as the final control
device. With direct-fired rotary dryers, "skimming" is widely practiced
to return a portion of the emission gas stream to the dryer inlet. This
recirculation reduces energy consumption and may reduce particulate
matter emissions.

Technology for odor control is also available, and appiication was
observed in two plant visits. One plant used packed-bed scrubbers with
strong oxidants. The other plant used incineration as for odor control
but retained a packed-bed scrubber as an alternative system.

3.3 SIGNIFICANT EMISSION SOURCES

An individual animal feed dryer with an associated product recovery
device is the facility which would be affected by an NSPS for this
source category. Maximum estimated uncontrolled emissions from an
affected facility vary from about 20 to slightly less than 100 tons/yr.
Therefore, this source category is not classified as a major source of

emissions.

3.4 AVAILABILITY OF EMISSION DATA

The majority of the test data on animal feed dryers is from dryers
used in gluten feed and meal, alfalfa meal, and beet sugar meal production.
Eighty percent of the test data is for emissions after a product recovery
cyclone. Insufficient data are avaiiable to correlate operational
characteristics of the dryers or the physical properties of the product
with emissions.

3.5 APPLICABLE METHODS FOR SAMPLING AND ANALYSIS

EPA Reference Method 5 is the procedure generally used for measuring
particulate matter emissions in this source category. For the industry
segments with high moisture content exhaust gases, some modifications to
the Method 5 sample train will be required to prevent blinding of the
sample filter.

. In applying EPA Reference Method 5 the State of Iowa includes both

the front and back half catches of the sampling train in determining the
weight of particulate matter emissions. The emission limitations in Iowa
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are adjusted to consider the contribution of the condensable particulate |

matter.




4. DESCRIPTION OF INDUSTRIES

This chapter describes the source category, animal feed dryers, and
their applications. A generic description of dryers is presented in
Section 4.1, and a discussion of the major industries which use animal
feed dryers is presented in subsequent sections.

4.1 ANIMAL FEED DRYERS DESCRIPTION

Drying is the process of reducing the moisture content of a given
material to the desired level by thermal means. The type of dryer which
is used in an industry will depend on various factors inciuding the
following:!

1. Physical praperties of the feed material and dried product;

2. Drying characteristics of the product;

3. Specification of the dried product;

4. Estimated product losses both as dust and, where solvents are
present, solvent losses;

5. Site considerations, including space and height available;

6. Energy availability; and

7. Emission regulations.

Dryers typically used in industrial drying operations may be classified
as direct or indirect depending on the heating method. With direct-fired
dryers, heated air and combustion gases flow through the dryer in direct-
contact with the material being dried. Thus, emissions from direct
fired dryers consist of the products of combustion as well as entrained
particulate matter. With indirect dryers, heat is supplied indirectly
by conduction. Examples of common indirect heating methods are steam
tubes inside dryers, combustion gases heating the outside of dryers, and
electrical heating elements. In indirect dryers, air flow through the
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dryer is maintained to assist in the removal of water and other vapors.
Emissions from indirect dryers consist of entrained particulate matter.

The most common types of dryers used in animal feed manufacturing
are direct-fired rotary, steam-tube rotary, conveyor (tunnel), and
pneumatic conveyor (i.e., ring and flash) dryers. In direct-fired
rotary dryers, the material to be dried is fed into a rotating drum
downstream from the introduction of combustion gases from the fire box
and moves either concurrent or countercurrent to the flow of combustion
gases. The material is tumbled in a rotating drum and may make a single
or triple pass through the dryer.

In a steam-tube rotary dryer, the material is tumbled through a
long rotating cylinder ringed with steam tubes. These dryers may be
operated with natural or induced draft.

In conveyor or tunnel dryers, material is supported on a conveying
screen that moves continuously. The conveyor may be single-pass or

double-pass, depending on the tolerance of the material to the agitation.

Heated air or hot gases (depending on whether a direct or indirect heat

source is used) from below or above the conveyor pass through the material

to effect drying.

In pneumatic conveyor dryers, moist product is dispersed into a
heated gas stream. Moisture is removed as entrained product is carried
upward in a conveying duct. The dried product is then separated from
the gas stream by gravitational and centrifugal forces.

4.2 SOURCE CATEGORY
Dryers are used in the production of animal feeds in the following
industries:
1. Soybean 011 Mills;
Wet Corn Milling;
Dog, Cat and Other Pet Foods;
Beet Sugar;
Alfalfa Dehydrators:
Animal and Marine Fats and Gils;
Distilled Liquor; and

00 ~ O WD WwN

Mait Beverages,
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The following sections present discussions of these industries,
their dryer applications, and emissions. Table 4-1 provides a list of
individuals and firms that are knowledgeable in the source category and
have been helpful in this study.
4.2.1 Soybean 0i1 Mills

4.2.1.1 Introduction. Soybean 0i1 Mills (SIC 2075) process soybeans
to produce soybean oil and residual cake and meal that are dried and

used as an animal feed. Currently, there are 121 oil mills operating in
the U.S. with the capacity to produce 22.7 x 10® Mg/yr (25 x 10% tons/yr)
of animal feed.2,® 0i1 mills range in size from 544 to 6.8 x 105 Mg/yr
(600 to 7.5 x 105 tons/yr) of animal feed. A typical new plant could be
expected to produce 3.2 x 105 Mg/yr (3.5 x 10% tons/yr) of animal feed
using three dryers.* In 1977, 16.8 x 10% Mg (18.5 x 10® tons) of animal
feed were produced with a value of $3,735 million.2 From 1972 to 1979
the production of animal feed grew at a 5 percent annual rate; this rate
of growth is expected to continue through 1985.2,2

Soybeans are grown over the same geographical range as corn.
States with significant soybean acreage include Arkansas, Delaware,
I11inois, Indiana, Iowa, Louisiana, Maryland, Michigan, Minnesota,
Mississippi, Missouri, North Carolina, Ohio, South Carolina, Virginia
and Wisconsin. Presently soybean meal supplies most of the demand for
high protein animal feed. Competition from gluten feed and meal and
fish meal is important because of the substitutability of the products
and the effects of marginal pricing on supply.

Appendix A, Table A-1, 1ists the companies which operate soybean
oil mills.

4.2.1.2 Process Description. 0il1 is extracted from the beans by

expeller or rotary screw pressing, batch-type hydraulic pressing, or
solvent extraction. Each bushel (27.2 kg [60 1b]) of soybeans yields
about 5 kg (11 1b) of 0il and 21 kg (47 1b) of soybean meal with 0.9 kg
(2 1b) normally lost in processing.® Most U.S. soybeans are processed
by the hexane extraction method in a continuous process. The subsequent
discussion will pertain only to the solvent extraction process, since
the mechanical extraction process produces soybean meal without the use
of dryers.
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Figure 4-1 presents a schematic of the overall features of a soybean
processing plant using solvent extraction.

Soybeans are shipped to the processing facility by rail, truck, or
barge. Upon arrival at the plant, the beans are cleaned and dried to
between 10.5 and 11 percent moisture in grain dryers.

After the cleaning and drying steps, the beans are prepared for
flaking. The beans are first passed through cracking mills or rolls
where each bean is broken into four to eight parts. The hulls and meat
are then separated in dehulling equipment, which may utilize a combination
of screens, aspiration, and gravity tables. The hulls are collected by
a product recovery cyclone and/or fabric filter and then sent through a
grinding step prior to being conveyed to storage. The meat is transferred
from the dehulling-separation equipment to the conditioning equipment.
The conditioner is typically a steam-tube rotary unit that heats the
meat to 71° to 77°C (160° to 170°F).

From the conditioning equipment, the meat is conveyed to the flaking
rolls and then to the extractors. In the extractor, the flaked beans
are contacted with hexane at approximately 52°C (125°F). The oil-hexane
mixture (miscella) produced in the extractor flows to a working storage
tank and then to hexane recovery operations. Hexane is removed from the
miscella by steam distillation in a stripping column or still. The
hexane vapor is condensed and returned to the solvent working tank after
removal of water.

Spent flakes from the extractor are carried by closed screw or drag
conveyor through a desslventizer. Four types of desolventizers are in
use: (1) desolventizer-toaster system, (2) steam-jacketed conveyor,

(3) flash desolventizer, and (4) vapor desolventizer-deodorizer system.
Selvent vapors released in this operation are condensed and returned to
the solvent working tank.

From a desolventizer-toaster system, the meal! is dried first in a
steam-tube rotary dryer and then is cooled before being sent to a grinder
and storage for sale as animal feed.

4.2.1.3 Emissions. Soybean meal dryers are a source of particulate
matter emissions at soybean oil mills. A typical large plant, of the
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Figure 4-1. Soybean o1l mill processing flow diagram,
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type expected to be built to replace retired stock, will have two to
three dryers, each capable of producing approximately 1.36 x 10° Mg/yr
(1.5 x 105 tons/yr) of animal feed. Data received from the State of
I11inois indicate uncontrolled emissions of 0.25 kg/Mg (0.5 1b/ton) were
measured at one plant.® Published emission factors show uncontrolled
emissions from soybean meal dryers are 0.75 kg/Mg (1.5 1b/ton).”7 It
would be reasonable to conclude that on the average uncontrolled emission
rates probably range from 0.25 kg/Mg to 0.75 kg/Mg (0.5 to 1.5 1b/kg).
Using 0.25 kg/Mg (0.5 1b/ton), the estimated uncontrolled emissions from
a new or reptacement dryer would be 34 Mg/yr (38 tons/yr) of particulate
matter. Using 0.75 kg/Mg (1.5 1b/ton), the uncontrolled emissions from
a new or replacement dryer are estimated to be 84 Mg/yr (94 tons/yr)
of particulate matter. The data received from the State of Il1linois
also show that controiled emissions range from 0.065 to 0.3 kg/Mg (0.13
to 0.6 1b/ton).® Using 0.065 kg/Mg (0.13 1b/ton), the estimated controlled
emissions from a new or replacement dryer would be about 9 Mg/yr {10 tons/yr)
of particulate matter.
4.2.2 Wet Corn Milling

The Wet Corn Milling (SIC 2046) category includes primarily plants

that manufacture corn or milo (soybean grain) by a wet milling process
into starch, syrup, oil, sugar, and gluten feed and meal. Also included
are plants that manufacture starch from other vegetable sources (wheat,
potato, etc.) by a wet milling process.

Currently, there are 46 plants in this category in the U.S. with
the capacity to produce 3.1 x 10® Mg/yr (3.4 x 10% tons/yr) of animal
feed.8,9,10 Wet corn milling plants range in size from 5.4 x 10% to
2.9 x 105 Mg/yr (6 x 10 to 3.2 x 10° tons/yr) of animal feed. A typical
new plant could be expected to produce 2.9 x 105 Mg/yr (3.2 x 10° tons/yr)
of animal feed using eight dryers.* 1In 1977, 2.4 x 10%® Mg/yr
(2.7 x 10% tons) of animal feed were produced with a value of
$352.9 million.® From 1972 to 1979 the production of animal feed grew
at a 7 percent annual rate; this rate of growth is expected to continue
through 1985.8,9,10 The growth rate may increase to as much as 14 percent
annually if demand increases for high fructose corn syrup (HFCS) or for
commercially produced ethanol.!?




Corn is grown principally in I1linois, Iowa, Indiana, Ohio, and
Missouri. The majority of the wet corn milling operations are located
in these States, With current milling practices each bushel of corn
(25.4 kg [56 1b]) yields approximately 15 kg (34 1b) of starch, 5.9 kg
(13 1b) of animal feed, and 0.9 kg (2 1b) of oil. 13,14

Table A-2 lists the companies which operate starch manufacturing
plants.

4.2.2.2 Process Description. A process flow diagram for production

of animal feed ingredients from wet corn milling is given in Figure 4-2.
The major feed ingredients produced are giuten feed and gluten meal.
Steepwater concentrate and germ meal (as indicated in Figure 4-2) are
also produced.

Shelled corn is cleaned by sifters and an air stream. The cleaned
kernels are then soaked (steeped) for 30 to 50 hours in a warm water
solution which contains sulfur dioxide. Steeping removes some of the
soluble material, toughens the center of the kernel (germ) and softens
the protein rich material (gluten).

The softened kernels pass to degermination mills, which macerate
the fiber and hull without crushing the germ. The macerated kernels are
sent to separators to remove the germ. Germ is washed, dried, and sold
or is internally processed into corn 0il or germ meal.

The remaining portions of the corn (including starch fiber [bran]
and gluten) are finely ground and then washed through screens to remove
the fiber. The fiber is combined with steepwater concentrate and chaff
and dried to produce gluten feed. Gluten feed contains approximately
10 percent moisture and consists of material with approximately 21 percent
protein content. The final product may be pressed into pellets before
it is sold.

The remaining aqueous suspension (millstarch} is processed in
centrifugal separators to separate the lighter gluten from the heavier
starch material. The gluten fraction is dried and sold as gluten meal
for animal feed {containing approximately 60 percent protein). The
starch is (1) washed, dried, and soid to the food, paper, and textile
industries; (2) further processed to modified starch products or dextrin;
or (3) converted to syrup or sugar.
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Figure 4-2, Wet corn milling flow diagram.




4,.2.2.3 Emissions. Animal feed dryers are a source of particulate
matter emissions at wet corn mills.!3 A typical large plant, of the
type expected to be built to replace retired stock will have four to
eight dryers, each capable of producing 3.6 x 10% Mg/yr (4.0 x 10% tons/yr)
of animal feed. Test data indicate uncontrolled emissions for each
dryer may range from 0.1 to 0.5 kg/Mg (0.2 to 1.0 ib/ton).1%,17 Using
0.5 kg/Mg (1.0 1b/ton), the estimated uncontrolled emissions from a new
or replacement dryer would be 18 Mg/yr (20 tons/yr) of particulate
matter. Available data suggest that controlled emissions may range from
0.15 kg/Mg to 0.35 Kg/Mg (0.3 to 0.7 1b/ton).!7,1% Using 0.15 kg/Mg
(0.3 1b/ton), estimated controlled emissions from a new or replacement
dryer would be 5.4 Mg/yr (6 tons/yr) of particulate matter.
4.2.3 Dog, Cat, and Other Pet Food

4.2.3.1 Introduction. Dog, Cat, and Other Pet Food (SIC 2047)
manufacturers process cereal, meat products, and other ingredients into

canned, frozen, or dry animal feeds. Only dry food manufacturing involves
the use of dryers and is included in this survey.

Currently, there are 272 plants operating in the U.S. that produce
both "wet” and dry foods.® Current dry food production is 2.4 x 106 Mg/yr
(2.6 x 108 tons/yr) accounting for 58 percent of the feed produced in
this industry.!® Pet food plants range in size from 4.5 x 10% to
9.1 x 10% Mg/yr (5.0 x 10% to 1.0 x 105 tons/yr). A typical new plant
could be expected to produce 9.1 x 105 Mg/yr (1 x 10% tons/yr) using
three dryers.* In 1977, 1.9 x 10% Mg (2.1 x 10% tons) of dry pet food
were produced with a value of $1,208 million.® From 1972 to 1979, the
production of dry pet food grew at a 3 to 5 percent annual rate; a
5 percent rate of growth is expected to continue through 1985.8,1%

Table A-3 lists the companies which operate dry pet food plants.

4.2.3.2 Process Description. Figure 4-3 gives a representative

process flow diagram of a dry pet food manufacturing process. Dried pet
food is formulated from grains, soybeans, meat and meat by-products,
tallow, vitamins, minerals, and other by-product meals. The typical
production process consists of grinding and mixing, expanding in a
cooker, pellet extruding, cooling, drying and cooling, and packaging.
Grains and beans received in butk (already dried to meet a moisture
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STORAGE SILOS

|

BATCH FQRMULATION_AND
BLENDING OF BULK MATERIALS

)

HAMMERMILL

v
MIXER

v

COOKER/EXPANDER

EXTRUDER

COOLER

\J
PET FOOD CONVEYOR DRYERS(*)

ORIED PET FOOD

{*) Particulate and vaporous emissions

Figure 4-3. Dry pet food manufacturing flow diagram.
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specification) are stored in silos and then ground to desired particle
size in hammermills. Vacuum collection systems are installed at transfer
points in the process to reduce fugitive dust, recover product, and
maintain cleanliness.

The expander/cooker-extruder~cooler unit produces pet food pellets
with approximately 12 percent moisture content. These peliets are
evenly distributed on the dryer oven conbeyor where they make one or
more passes before emerging cooled and dried to about 8 to 10 percent
moisture content. Typical of dryers used in the industry is the tunnel
dryer with either one or two passes that is sold in sizes ranging from
2.27 x 103 to 2.27 x 10% kg/h (4 x 10° to 4 x 10* 1b/h). The heat
source may be natural gas or oil burners, steam coils, electrical resistance
elements, or waste heat. To increase the evaporation rate, dryers are
equipped with blowers to provide controlled circulation. An air flow of
about 9.4 m3/s (20,000 acfm) is typical for a dryer of 9 Mg/h (10 tons/h)
capacity. Dryers are equipped with cyclone collectors for product
recovery.

4.2.3.3 Emissions. Pet food dryers are a source of particulate
matter emissions at pet food manufacturing piants. A typical pilant, of
the type expected to be built to replace retired stock, will have two to
three dryers, each capable of producing 4.5 x 10% Mg/yr (5 x 10%* tons/yr)
of animal feed. Uncontrolled emissions of 0.8 kg/Mg (1.6 1b/ton) have
been estimated from a manufacturers test of a representative system.2°
Using this figure, the estimated uncontrolled emissions from a new or
replacement dryer would be 36 Mg/yr (40 tons/yr) of particulate matter.
According to manufacturer's test data, controlied emissions are 0.005 kg/Mg
(0.01 1b/ton).2! Using this figure, the estimated controlled emissions

from a new or replacement dryer would be 0.23 Mg/yr (0.25 tons/yr) of
particulate matter.
4.2.4 Beet Sugar
4.2.4.1 Introduction. Beet Sugar (SIC 2075) plants process beets !
to produce sugar; the residual beet pulp is dried and sold as an animal
feed. Currently, there are 57 beet sugar plants operating in the U.§, 1
with the capacity to produce 1.3 x 10® Mg/yr (1.4 x 10% tons/yr) of
animal feeds.22,23 PBeet sugar plants range in size from 9 x 10% to
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4.5 x 104 Mg/yr (1 x 10 to 5 x 10 tons/yr). A typical plant could be
expected to produce 2.4 x 10% Mg/yr (2.6 x 104 tons/yr) of animal feed
using two dryers.* 1In 1977, 1.27 x 108 Mg (1.4 x 10% tons) of animal
feed were produced with a value of $106.9 million.22 From 1972 to 1979
the production of animal feed remained essentially unchanged, varying
plus or minus 1 percent annua]]’y.z2 No growth is projected through
1985, and negative growth is possible. The manufacture of beet sugar is
a seasonal operation. In most of the U.S. the harvest period lasts from
October until the end of November, by which time the harvest must be
completed to avoid freezing of the beets in the ground. It is customary
to build storage piles of beets and to continue factory operations for
about two more months, resulting in an operating season of approximately
120 days. Table A-4 lists the companies which operate beet sugar plants.
4.2.4.2 Process Description. A representative flow diagram of a

beet sugar processing operation is presented in Figure 4-4. Beets are
weighed at the receiving station and undergo an initial cleaning that
removes most of the dirt, rocks, and other debris. From here the beets
are moved in water flumes to supply hoppers located over the beet slicing
mechanism. Horizontal axis, rotating drum slicers are used to slice the
beets into pieces 2 to 3 millimeters (mm) (0.08 to 0.12 in.) thick and

up to 15 centimeters (cm) (5.9 in.) long. Next, the sugar is extracted
from the beet siices in a diffuser. In a typical diffuser, the sliced
beets travel up a covered sloping trough countercurrent to a stream of
hot water. The raw diffusion juice leaving the lower end of the diffuser
is screened to remove small pieces of sugar beet. The pulp leaves the
diffuser with a water content of about 95 percent and is pressed in
screw-type presses until it contains approximately 75 to 80 percent
moisture. The water pressed out of the pulp contains some sucrose and

is returned to the diffuser. The pressed pulp is enriched by the addition
of molasses. This enriched pulp is dried in direct-fired rotary dryers
(fired by natural gas, fuel o0il, lignite or coal) to a final moisture
content of 6 to 10 percent and is cooled and stored for sale as animal
feed. At the discharge end of the dryer drum, the product enters a

large discharge housing, causing it to drop out of the gas stream into a
scroll. Hot gases rise to the top of the enlarged housing and pass
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through an induced draft fan to a cyclone for the control of particulate
matter.

4,2.4.3 Emissions. Beet pulp dryers are a source of particulate
matter emissions at beet sugar plants. A typical plant, of the type
expected to be built to replace retired stock, will have two dryers,
each capable of producing approximately 1.63 x 10% Mg/yr (1.8 x 104 tons/yr)
of animal feed. Test data indicate uncontrolled emissions range from ‘
0.75 to 3.0 kg/Mg (1.5 to 6.0 1b/ton).24,25 Using 3.0 kg/Mg (6.0 1b/ton),
the estimated uncontrolled emissions from a new or replacement dryer
would be 49 Mg/yr (54 tons/yr) of particulate matter. Controlled emissions
have been reported to range from 0.15 to 0.75 kg/Mg (0.3 to 1.5 1b/ton).24,26
Using 0.15 kg/Mg (0.3 1b/ton) and 0.75 kg/Mg (1.5 1b/ten), the estimated
controlled emissions from a new or replacement dryer would be 2.4 Mg/yr
(2.7 tons/yr) and 12 Mg/yr (13.5 tons/yr), respectively.
4,.2.5 Alfalfa Dehydrators

4.2.5.1 Introduction. Alfalfa Dehydrators (SIC 2048) dry "green"
or "sun-cured" aifalfa for use as an animal feed. Currently, there are

180 alfalfa dehydrating plants operating in the U.S. with the capacity
to produce 1.1 x 10® Mg/yr (1.2 x 10® tons/yr) of animal feed.®,?7
Alfalfa dehydrators range in size from 900 to 3.18 x 10 Mg/yr (1 x 103
to 3.5 x 104 tons/yr). A typical new plant could be expected to produce
1.9 x 104 Mg/yr (2.1 x 104 tons/yr) of alfalfa using two dryers.* In
1977, 1.1 x 10% Mg/yr (1.2 x 10°% tons) of animal feed were produced with
a value of $91 million.® From 1972 to 1979, the production of alfalfa
has remained essentially stable.?,? A 2 percent rate of growth is
expected through 1985, 28

Alfalfa dehydrators are located throughout the country except in
New England and the southeastern States. The center of the industry is
in the Northern Plains States. Alfalfa dehydrators are typically located
within 16 kilometers (10 miles) of the source of alfalfa. Table A-5
provides a list of alfalfa dehydrating plants.

4,2.5.2 Process Description. A representative flow diagram of an

alfalfa dehydration plant is shown in Figure 4-5. Chopped alfaifz ("chops")
is received at the plant and dried to 8 to 10 percent moisture content,
usually in a direct-fired rotary drum dryer. Alfalfa dryers typically
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operate in the range of 982° to 1093°C (1800° to 2000°F). The temperature
of exhaust gases from the dryer ranges from 121° to 160°C (250° to
320°F). Customarily, a cyclone is used to separate the product from the
gases as they leave the dryer. The primary function of this cyclone is
product recovery. The product recovered in the cyclone enters the
hammermill, which reduces the dehydrated chops to meal. The meal then
enters a negative pneumatic conveyor, which discharges into the meal
collection bin. From the meal bin, the product may go to bagging, bulk
storage, or pelletizing operations. Additional cycione collectors are
used to recover product and to reduce emissions from the hammermill,
pellet mill, and associated collecting bins. The air streams from these
secondary cyclones are usually ducted back to the primary cyclone collector.
4.2.5.3 Emissions. The dryers, hammermills, and pellet mills are
sources of emissions at alfalfa dehydrating plants. A typical large
plant, of the type expected to be built to replace retired stock, will
have two dryers, each capable of producing approximately 9 x 103 Mg/yr
(1 x 10%* tons/yr). Test data indicate uncontrolled emissions range from
0.75 to 5.0 kg/Mg (1.5 to 10.0 1b/ton).2%,30 Using 5.0 kg/Mg (10.0 1b/ton),
uncontrolled emissions from a new or replacement dryer would be 45 Mg/yr
(50 tons/yr) of particulate matter. Controlled emissions range from 0.5
to 1.5 kg/Mg (1.0 to 3.0 1b/ton).2® Using 0.5 kg/Mg (1.0 1b/ten),
controlled emissions from a new or replacement dryer would be 4.5 Mg/yr
(5 tons/yr) of particulate matter.
4.2.6 Animal and Marine Fats and 0i]
4.2.6.1 Introduction. Animal and Marine Fats and 0ils (SIC 2077)
include plants that produce fish meal and feather meal, which are dried

and used as animal feed. Currently, there are 67 companies that produce

fish and feather mea) in the U.S. with the capacity to produce 5.1 x 10° Mg/yr
(5.6 x 105 tons/yr).31,32 Fish and feather meal plants range in size

from 7.3 x 10% to 1.27 x 10 Mg/yr (8 x 103 to 1.4 x 104 tons/yr) and

4.5 x 103 to 4.35 x 10% Mg/yr (5 x 10% to 4.8 x 10% tons/yr), respectively.

A typical new fish meal plant could be expected to produce 1.63 x 10% Mg/yr

(1.8 x 10* tons/yr) of animal feed using two to three drycrs, while a




typical new feather meal plant could be expected to produce 1.36 x 10% Mg/yr
(1.5 x 104 tons/yr) using two dryers.® 1In 1977, 2.56 x 10°% Mg/yr
(2.82 x 10° tons) of fish meal and 1.58 x 105 Mg/yr (1.74 x 105 tons) of
feather meal were produced, with vatues of $82 and $39 million, respec-
tively.31,32 From 1972 to 1979, the production of fish meal grew at a
4 percent annual rate while the production of feather meal grew at a
3 percent annual rate.32 Through 1985, fish meal production is expected
to remain essentially stable while feather meal production is expected
to grow at a 5 percent annual rate.34,35

Table A-6 1ists the companies that operate fish meal and feather
meal plants.

4.2.6.2.1 Process description--fish meal. A representative process

flow diagram of a fish meal plant is given in Figure 4-6. Fish are
pumped from boats into a measuring device, which is calibrated into a
measure known as "one-thousand fish." One-thousand fish is equivalent
to approximately 0.36 m® (22,000 in.3) or 302 kg (665 1b). From here
the fish are moved to a raw storage bin. Fish are moved from the raw
storage bin via a screw conveyor into a live steam cooker. The cooker
s a long horizontal saection of the screw conveyor fitted with a cover.
Cooking breaks the o0il sacs and disintegrates the fish. From the live
steam cooker the mixture is conveyed to dewatering presses, which reduce
the fish meal to 42 to 50 percent moisture content. The water and oi)
pressed from the fish are processed through shaker screens to remove
residual solids and are then centrifuged to separate the oil from water
and fish solubles. The fish oil recovered is a final product. The
water generated from the above process is known as "stick water" and is
sent to an evaporalor to concentrate the soluble and suspended solids.
These fish solubles are added to the meal to produce a higher guality
fish meal known as whole fish meal. From the dewatering presses, the
fish meal enters rotary drum dryers where it is dried to approximately
10 percent moisture. The meal is recovered by product recovery cyclones
on the end of the dryer and then conveyed to bulk storage. The exhaust
gases are passed through an odor scrubber and then exhausted to the
atmosphere.
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4.2.6.2. Process description--feather meal. Feathers are received

from chicken or turkey processing plants and are hydrolyzed to a meal in
continuous or batch live steam or steam-tube pressure cookers. Blood
may be added to the feathers before or after hydrolyzation.

The moisture content of the feather meal is reduced from approximately
70 percent to 7 percent in steam-tube rotary dryers. The feather meal
then goes through a cooling and moisture adjustment process where dry or
wet feather meal is added to the product as needed to adjust the final
moisture content to 10 percent.

Exhaust gases from the pressure cookers, dryers, and coolers are
collected and routed through cyclone collectors to remove suspended
particulate matter and then are shunted to an odor control system.
Feather meal is recovered from the cyclones and is returned to the
process. A representative flow diagram of a feather meal plant is
presented in Figure 4-7.

4,2.6.3 Emissions. The fish and feather meal dryers are sources
of particulate matter emissions in these industries. A typical plant,
of the type expected to be built to replace retired stock in the fish
meal industry, will have two to three dryers, each capable of producing
approximately 7.3 x 10% Mg/yr (8 x 102 tons/yr). No test data are
available for either controlled or uncontrolled emissions from fish meal
dryers. \Using the factor of 0.005 kg/Mg (0.1 1b/ton) of uncontrolled
emissions given in AP-42, a new or replacement dryer would be expected
to emit less than 0.9 Mg/yr (1 ton/yr) of particulate matter. 3¢

A typical plant, of the type expected to be built to replace retired
stock in the feather meal industry, will have two to four dryers, each
capable of producing approximately 1.45 x 104 Mg/yr (1.6 x 10% tons/yr)
Test data indicate uncontrolled emissions of 0.3 kg/Mg (C.6 1b/ton).37
Using 0.3 kg/Mg (0.6 1b/ton), the estimated uncontrolled emissions from
a new or replacement dryer would be 4.4 Mg/yr (4.8 tons/yr) of particulate
matter per dryer. No data are available to estimate controlled emission
rates.

4.2.7 Distilled Liquor

4.2.7.1 Introduction. Distilled Liquors (SIC 2085) include piants

that manufacture alcoholic liguor by distillation and rectification and
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that produce distillers' dried grain for sale as an animal feed. Currently,
there are 93 distillers operating in the U.S5. (not all of these produce
dried grains) with the capacity to produce 4.45 x 10% Mg/yr
(4.9 x 105 ton/yr) of animal feed.38,39 A typical new piant could be
expected to produce 2.27 x 10% Mg/yr (2.5 x 10* tons/yr) of dried grain
using two dryers.* In 1977, 3.5 x 105 Mg/yr (3.87 x 105 tons) of dried
grain were produced with a value of $42 million.4® From 1972 to 1979,
the production of animal feed grew at a 3 percent annual rate; a 5 percent
annual rate of growth is expected through 1985.4¢,41
Table A-7 lists the companies which operate distillieries.
4.2.7.2 Process Description. Figure 4-8 shows a general process
flow diagram of a distilled spirits plant. Cereal grains are ground,

cooked to gelatinize the starch, cooled, and saccharified with malt.

After settling for a period to permit saccharification, the mash is

cooled to fermentation temperature, innoculated with yeast, and allowed

to ferment from 3 to 5 days. The fermented mash is distilled, and the

whole spent stillage is further processed to make distillers' dried

First, the whole stillage is separated aver screens with the coarse

grains. J

fraction being retained on the screens and the suspended solids and
liquids passing through the screens. The coarse fraction is generally
pressed for further removal of water before drying, and the liquids and
suspended solids may be either centrifuged to remove suspended solids or
evaporated to a syrup (30 to 40 percent solids).

In the production of distillers' dried grains with solubles, the
screened and pressed fraction and syrup are mixed and dried, generally
in steam-tube rotary dryers. In the production of distillers dried
grains, only the coarse fraction is dried.

4,2.7.3. Emissions. Spent grain dryers are a source of particulate
matter emissions at distilleries. A typical plant, of the type expected
to be built to replace retired stock, will have two dryers, each capable
of producing 1.36 x 10¢ Mg/yr (1.5 x 10% tons/yr) of dried grains. No
test data were available for uncontroiled or controlled emissions. An
emission factor of 2.5 kg/Mg (5.0 Tb/ton) is given in AP-42 for uncontrolled

D e g
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emissions. %2 Using 2.5 kg/Mg (5.0 1b/ton), the expected uncontrolled
emissions from a new or replacement dryer would be 34 Mg/yr (37.5 tons/yr).
4.2.8 Malt Beverages

4.2.8.1 Introduction. Malt Beverages (SIC 2082) plants process
cereal grains into malt beverages and dry the spent grain for use as an
animal feed. Currently, there are 88 plants operating in the U.S. (not
al) produce brewers' dried grains) with the capacity to produce
3.63 x 105 Mg/yr (4 x 105 tons/yr) of animal feed.*3,44 Breweries range
in size from 1.8 x 103 to 1.8 x 10% Mg/yr (2 x 103 to 2 x 10%* tons/yr)
of brewers' dried grains. A typical new plant could be expected to
produce 1.8 x 10%* Mg/yr (2 x 10% tons/yr) of brewer's dried grain using
two dryers.® In 1977, 3.54 x 105 Mg (3.9 x 10°% tons) of animal- feed
were produced with a value of $46 million. 40,44 From 1972 to 1979, the
production of brewers' dried grain remained essentially stable; this
stable level of production is expected to continue through 1985.40,45

At one time, general industry practice was to sell wet spent grains
for feed or to bury or to flush the material into nearby streams. Many
brewers still sell wet grains for feed. Table A-8 lists the companies
which operate malt beverage plants.

4,2.8.2. Process Description. A representative process flow

diagram of a malt beverage plant is given in Figure 4-9. The first step
in the production of brewers' dried grains process is to move the spent
grain from the spent grains holding hopper to the dewatering press surge
hopper and then by screw conveyor to the rotary dewatering press. Three
lines of materials leave the press: the water produced is sent to an
effluent centrifuge, most of the pressed grain is sent to dryers, and
the remaining portion of the pressed grain leaves along another conveyor
to the wet spent grains storage bin. Some of the wet grains, along with
some of the material from the effluent centrifuge, are mixed back into
the dried grain to produce the raw feed material.

4,2.8.3. Emissions. Spent grain dryers are a source of particulate
matter emissions at brewerjes. A typical large plant, of the type
expected to be built to replace retired stock, will have two dryers,
each capable of producing 1.1 x 10% Mg/yr (1.2 x 10% tons/yr). No test
data are available for uncontrolled emissions. AP-42 lists an uncontrolled
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emission factor of 2.5 kg/Mg (5.0 1b/ton).%2 Using 2.5 kg/Mg (5.0 1b/ton),
the estimated uncontrolled emissions from a new or replacement dryer

would be 27 Mg/yr (30 tons/yr) of particulate matter. Controlled emissions
have been reported to be approximately 1.0 kg/Mg (2.0 1b/ton).%% Using

1.0 ka/Mg (2.0 1b/ton), the estimated controlled emissions from a new or
replacement dryer would be 11 Mg/yr (12 tons/yr) of particulate matter.
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5. AIR EMISSIONS DEVELOPED IN SOURCE CATEGCRY

5.1 PLANT AND PROCESS EMISSIONS

The principal air pollutant resulting from the drying of products
used as animal feeds is particulate matter. Sulfur dioxide (50;),
hexane, and odor emissions may also occur. In direct-fired dryers, the
products of combustion are present in the emissions. Direct-fired,
rotary drum dryers use natural gas, fuel oil, coal, or lignite as a fuel
source. If fuels other than natural gas are used, S0, may be emitted.
Furthermore, at soybean oil mills hexane may be emitted from the animal
feed dryers. No data were found to quantify the presence of 50, and
hexane emissions from dryers. Table 5-1 is a summary of particuilate
matter emission factors from typical dryers, which was developed from
availabie test and permit data.

5.2 TOTAL NATIONAL EMISSIONS FROM SOURCE CATEGORY

Animal feed drying produces primarily particulate matter emissions
but may also produce sulfur dioxide, odor, and other trace substances
(i.e., hexane). Estimates of current national particulate matter emissions
are given in Table 5-2. The annual production figures given in Table 5-2
were obtained from published U.S. Department of Commerce statistics for
1975 through 1979 and from projected or estimated statistics for 1980.1-10
The uncontrolled emission factors given in Table 5-2 are the upper limit
of the range of the emission factors given in Table 5-1 or are published
emission factors.l1!,12 C(Consequently, the emissions given in Table 5-2 are
thought to represent maximum estimated emissions for each industry. The
largest source of particulate matter emissions is the soybean 0il mill
segment, which emits an estimated 17,010 Mg/yr (18,750 tons/yr). The




TABLE 5-1. SUMMARY OF EMISSION FACTORS
DEVELOPED FROM TEST AND PERMIT DATA

Typical Controlled
process emissiog Uncontrolled
weight rate factor emission factor
Industry Mg/h  tons/h  kg/Mg 1b/ton kg/Mg ib/ton
Soybean mi115b 13.6 15 0.04-0.27 0.1-0.6 0.13-0.7 0.3-1.5
(SIC 2075)
Wet corn 8.2 9 0.15-0.32 0.3-0.7 0.09-0.7 0.2-1.0
milling
(SIC 2046)
Pet food? 7.2 8 0.125 0.25 0.7 1.6
(SIC 2047)
Beet sugar® 9.1 10 0.13-0.7  0.3-1.5 0.7-2.7  1.5-6.0
(SIC 20863)
Alfalfa c 5.4 6 0.45-1.4 1.0-3.0 0.75-5.0 1.5%-10.0
dehydrators
{SIC 2048)
Malt beverages® 3.6 4.0 0.9 2.0 N/A N/A
(SIC 2082)
Animal and 3.6 4.0 N/A N/A 0.3 0.6

Marine Fats

Q/A = Not available.

Expressed in terms of Mg and tons of dried product.
Estimated from permit and test data.

Calculated from available emission test data.
Estimated from equipment manufacturer's test data.
Estimate from test data for feather meal drying.
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smallest source of particulate matter is the animal and marine oils and
fats segment, which emits an estimated 152 Mg/yr (168 tons/yr).

There is potential for sulfur dioxide emissions when direct-fired
dryers are used with o0il, coal, or lignite as fuel. However, natural
gas is presentiy the fuel most frequently used. There are 1ittle or no
data available upon which to base estimates of sulfur dioxide emissions
from this source category.

5.3 REFERENCES

1. 1977 Census of Manufacturers: Fats and 0ils. U.S5. Department of
Commerce. Washington, D.C. July 1980.

2. Current Industrial Reports: Fats and 0ils--0Oilseed Crushings.
U.S5. Department of Commerce. Washington, D.C. June 198].

3. 1977 Census of Manufacturers: Grain Mill Products. U.S5. Department
of Commerce. Washington, D.C. August 1980.

4. Current Industrial Reports: Grain Mill Products. U.S. Department
of Commerce. Washington, D.C. June 1980.

5. 1977 Census of Manufacturers: Sugar and Confecticnary Products.
U.S. Department of Commerce. Washington, D.C. July 1980.

6. 1977 Census of Manufacturers: Animal and Marine Fats and Qils.
U.S. Department ‘of Commerce. Washington, D.C. July 1980.

7. Current Fishery Statistics No. 8100. Fisheries of the United
States, 1980. U.S. Department of Commerce. Washington, D.C.
April 1981.

8. Current Industrial Reports: Beverages. U.S. Department of Commerce.
Washington, D.C., 1979,

9. 1977 Census of Manufacturers: Beverages. U.S$. Department of Commerce.

Washington, D.C. July 1980,

10. Distilled Spirits Council of the United States Annual Statistical
Review 1980. Washington, D.C. September 1981.

11. Compilation of Air Pollutant Emission Factors. AP-42. U.S.
Environmental Protection Agency. Office of Air Quality Planning
and Standards. Research Triangle Park, N.C. 1973. Section 6.4
revised April 1977.

12. Reference 11. Section 6.5.1 revised February 1980.



6. EMISSION CONTROL SYSTEMS

6.1 CONTROL APPROACHES

Particulate matter control devices used at plants in the source
category include: cyclones used singly, in series, and in parallel;
venturi scrubbers; orifice-type scrubbers; mechanical centrifugal collectors
with water spray; and wet mechanical scrubbers. Packed bed scrubbers
and incinerators are used for odor control on the emissions from the
drying of feather meal and fish meal.

Recently, several dryer manufacturers have begun to include partial
exhaust gas recirculation as a part of the dryer system. Recirculation
of the hot gases reduces the energy requirements of the dryer and is
claimed to reduce emissions.

6.1.1 Product Recovery for the Animal Feed Dryer

Efficient product recovery is essential to profitable plant operations,
and product recovery devices are usually purchased as part of a drying
system. These devices separate the exhaust gases from the entrained
product. Large discharge housings at the end of the dryer drum and
cyclones are among the devices used for product recovery. Discharge
housings or settling chambers allow the product to drop out of the
exhaust gas stream, and cyclones separate particulate matter from the
effluent gas by changing the direction and velocity of the stream.

6.1.2 Emission Control for the Animal Feed Dryer

Table 6-1 1ists types of control devices used in the industries
which make up the animal feed source category. This table was compiled
using information obtained in plant visits and from emission test reports,
industry contacts, and manufacturers' literature.

6.1.2.1 Dry Collectors. A cyclone with a high inlet velocity,

small diameter, and long cone is commonly called a high-efficiency

6~1




TABLE 6-1. CONTROL DEVICES USED ON EMISSIONS FROM
ANIMAL FEED DRYERS BY SIC CODE

SIC Code Industry type Control device
2046 Wet corn milling High efficiency cyclones
Multiclones, Venturi scrubbers
2047 Dog, cat and other Multiclone
pet foods

2048 Prepared feeds, NEC Wet scrubbers, Partial recycle of
exhaust air

2063 Beet sugar Cyclones, Partial recycle of exhaust
air

2075 Soybean o0il1 mills High efficiency cyclones

2077 Animal and marine fats Incinerators, Packed bed scrubbers

fats and oils

2082 Malt beverage Mechanical, centrifugal collectors
with water spray

2085 Distilled liquar Mechanical, centrifugal collectors
with water spray




cyclone. One type of high-efficiency cyclone consists of a cylinder
with a tangential gas inlet, an axial gas outlet, and a conical lower
section with an axial dust outlet. The tangential, high-velocity gas
entry imparts a circular motion to the gas stream; the particles, because
of their greater inertia, tend to concentrate on the wall of the cyclone.
The gas follows a double vortex path, spiraling down at the outside and
up at the inside to the gas outlet. The downward spiral assisted by
gravity carries the particles to the dust outlet.

Cyclone efficiency increases with an increase in any of the following:
density of the particulate matter, particle diameter, inlet velocity,
length of cycione, ratio of cyclone body diameter to cyclone outlet
diameter, and number of gas revoiutions within the cyclone.!

65.1.2.2 Wet Collectors. A variety of wet collection devices exist

for the control of particutate matter emissions. These are described
below.
In a mechanical, centrifugal collector with water sprays, a spray

of water is added to the inlet to increase collection efficiency. The
wet fan serves as a surface for impingement of dust particles. The
spray formed by the fan functions mainly to keep the blades wet and
flush away the collected dust. This type of collector has limited
effectiveness for particulate matter in the submicron range and is
subject to dust buildup and corrosion at the blades.?

In a venturi scrubber, the exhaust gas passes through a venturi to

which water is added at the throat. Venturi scrubbers commonly have gas
velocities at the throat that range from 4,570 to 6,100 meters per

minute (mpm) (15,000 to 20,000 feet per minute [fpm]).3 Pressure drops
range from 2,488 to 7,565 pascals (Pa) (10 to 30 inches H,0).2 Impaction
of the particles by liquid drops is the predominate collection mechanism.
The high velocity at the throat causes turbulence, which promotes intimate
particle/liquid contact. The wetted particlies and droplets are collected
in a cyclone spray separator. A venturi scrubber can have a high

(98+ percent) collection efficiency for particulate matter in the
submicronmeter range, if operated at a high pressure drop. These scrubbers
are not used commonly by industries in the animal feed source category.
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In orifice type scrubbers, the gas stream passes over a reservoir

of scrubbing liquid at high velocity just before entering an orifice.
The high velocity of the gas entrains the scrubbing liquid dropiets,
which interact with the particulate matter in and immediately after the
orifice. Centrifugal forces, impingement, and turbulence cause wetting
of the particles and their collection. Zig-zag or baffle plates remove
spray droplets at the gas exit.

In wet mechanical scrubbers, the spray of scrubbing liquid is

generated by a mechanical rotor or fan which disperses the scrubbing
1iquid into droplets. The most efficient wet mechanical systems are
designed to produce finely divided liquid droplets and extreme turbulence,
which increases chances of collision between dust particles and liquid
droplets to increase capture efficiency.* Like mechanical centrifugal
collectors with water sprays, these scrubbers are subject to particulate
matter buildup or corrosion at the rotor blades.

6.1.2.3 O0Odor Control. Packed bed scrubbers used for odor control

also remove particulate matter. Odor removal by wet scrubbing is a
function of the residence time of the odor-laden air in the scrubber,
‘the available contact area. and the solubility of the odor-causing
pollutant in the scrubbing 1iquid. Packed bed scrubbers observed in the
control of animal feed dryers typically contain three sections. In the
first section, water sprays are used to cool the exhaust gases and to
entrain and remove some of the odor-causing pollutant. The second
chamber contains a packed bed to increase retention time and contact
area, Sulfuric acid (5 to 10 percent) is sprayed into this chamber to
oxidize the odor-causing particles to nonodorous or easily removable
compounds. Next, the gas stream is contacted with chlorine gas to
further oxidize the odor-causing pollutant. In the third chamber,
caustic is sprayed onto a packed bed to neutralize the scrubbing solution
prior to discharge.

Water and chemical flow rates in packed bed scrubbers vary depending
on the exhaust gas flow rate. An observed packed bed scrubber controiling
a fish meal dryer had a gas flow rate of 17.7 m3/s (37,500 cfm), a water .
flow rate of 0.063 m3/s (1,000 gpm), and sulfuric acid and caustic flow



rates each of 0.02 m3/s (384 gpm).4 The collection efficiency for this
scrubber is claimed to be 98 percent of all particles larger than 8 um.®
Incinerators and waste heat boilers have been used to control odors

from fish and feather meal dryers. The use of the exhaust gas from the
product recovery cycione as combustion air for the burner in the plant
boiler is also used as an odor control system in these industries.

6.2 BEST SYSTEMS OF EMISSION REDUCTION

The available data are too limited to determine the most effective
systems of emission control for each industry in the source category.
However, the available information does indicate that the most effective
system of control would include the use of pollution control devices in
series with product recovery devices. Energy conservation programs have
led some industries to employ exhaust gas recirculation with claims of
both energy savings and emissions reduction.

6.3 REFERENCES

1. Air Pollution Engineering Manual (Second Edition). U.S. Environmental
Protection Agency. Research Triangie Park, N.C. AP-40. May 1973.
p. 93.

2. U.S. Environmental Protection Agency. Office of Air Quality Planning
and Standards. Control Techniques for Particulate Emissions from

Stationary Sources. Volume 1. Preliminary Draft. Research Triangle
Park, N.C. July 1980. p. 4.5-12.

3. Reference 1, p. 104.
4. Reference 2. p. 4.5-15 to 16.
5. Memo from Gold, B. D., MRI/N.C., to Telander, J. A., EPA/ISB.

August 14, 1981. Plant Visit--5tandard Products Plant, Southport,
N.C.

6-5




7. EMISSION DATA

7.1 AVAILABILITY OF DATA

Emission test data were obtained from State and local cantrol
agencies, plants, and equipment vendors. Particulate matter sampling
was typically conducted using EPA Reference Method 5 (with modification
as required by the situation). In one case, a high-volume sampling train
was used. Odor sampling was conducted at one plant using ASTM
Method D 1391-57.

Table 7-1 includes (1) results of particulate matter emission
testing and (2) calculated allowable emissions using the appropriate
State regulation (typically in the form of a process weight rate equation).
The emissions presented in the table are characterized as controlled or
uncontrolled depending on whether or not the device associated with the
dryer was used primarily for product recovery. In only a few cases were
test data obtained for controlled emissions.

Insufficient data were available on dryer operating conditions and
characteristics of the feed material to determine the effect, if any, of
these factors on particulate matter emissions.

7.2 SAMPLE COLLECTION AND ANALYSIS

EPA Reference Method 5 is the recommended method for measuring
particulate matter emissions in this source category. Depending upon
the moisture content of the exhaust gas, medification of the method may
be required.

7.3 REFERENCES

1. Source Sampling Reports for Plants A-L provided by plants and State
and local air pollution control agencies.
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8. STATE AND LOCAL EMISSIONS REGULATIONS

This chapter provides information on State and local regulations
that are applicable to animal feed dryers. These data were compiled
from telephone contacts with State and local pollution control agencies
and from the Environment Reporter.!,?

8.1 SUMMARY OF EMISSION REGULATIONS

Animal feed drying plants operate in 47 States. A1l 47 States
regulate particulate matter emissions from new and existing plants. The
State regulations for new plants (see Table 8-1 following page 8-2) are
more stringent than those for existing plants. All but four States have
opacity limitations (Table 8-1). Most of the States 1imit opacity to
20 percent with exceptions that permit higher levels for a small percentage
of time in an hour or a day. In addition, most States have odor restrictions
on animal feed dryers restricting odors to no more than 150 odor concentra-
tion units as determined by an odor panel.

Thirty-four of the forty-seven States use the process weight rate
equations shown below to determine allowable particulate matter emissions
from animal feed dryers.

Equation Set 1: E = 3.59 P%.62  p <30 tons/h
E =17.31 P08 p 530 tons/h
Equation Set 2: E = 4.10 P®-87 P 230 tons/h
E=55pP0.11-40 P >30 tons/h

where E equals allowable particulate matter emission rate in pounds per
hour and P equals process weight rate in tons per hour. Twenty-two
States use Equation Set 2, ten States use Equation Set 1, and two States
use both equations for different conditions. Using Equation Set 1 and
assuming process weight rates of 18 and 36 Mg/h (20 and 40 tons/h),




allowable emissions would be 10.4 kg/h (23.0 1b/h) and 14.2 kg/h
(31.2 1b/h), respectively. Using Equation Set 2 and the same process
weight rate assumptions, allowable emissions would be 13.8 kg/h and
19.3 kg/h (30.5 1b/h and 42.5 1b/h), respectively.

New Jersey, Pennsylvania, and the South Coast Air Quality Management
District have the lowest particulate matter emission limits. A dryer
processing 4.5 Mg/h (5 tons/h) would be restricted to 3.9 kg/h (8.5 1b/h)
of particulate matter emissions in these three areas but would be allowed
to emit 5.4 kg/h (12 1b/h) of particulate matter (based on Equation Set
2) in most of the remaining States.

Three States--Arkansas, I11inois, and Indiana--have particulate
matter emission 1imits specific to animal feed drying plants. Arkansas
has a specific regulation for poultry feed mills and soybean oil mills
(Table 8-1). Illinois has a special requlation for wet corn mills, and
Indiana sets particulate matter emission limits on a case-by-case basis
for soybean oil mills and wet corn mills. New Mexico and Utah set
particulate matter emission limits for all plants on a case-by-case
basis.

8.2 REFERENCES

1. Telecon: Shular, J., MRI, with McGrogan, Jr. Pennsylvania Bureau
of Air Quality Control. July 7, 1981. Information on particulate
matter and opacity standards. :

2. Environment Reporter. State Air Laws. Volumes 1, 2, and 3.
Bureau of National Affairs. Washington, D.C. pp. 301:0101 to
556:0501.
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APPENDIX A

LISTS OF COMPANIES FOR SIC CODES DESCRIBED IN CHAPTER 4




TABLE A-1. SOYBEAN OIL (SIC 2075)2

Company

Company location

Allied Mills, Inc.

American Lecithin Company, Inc.
Anderson, Clayton & Company
Archer-Daniels-Midland Company

Boone Valley Cooperative Processing Assn.

Central Soya Company, Inc.
Hartsville Qi1 Mill
Lauhoff Grain Company

PVO International Inc.
Planters Mfg. Company

Planters Qi1 Mill, Inc.
Producers Cooperative, Inc.
Ralston Purina Company
Riceland Foods, Inc.

J. R. Short Milling Company

Spencer Kellogg
A. E. Staley Mfg. Company

Chicago, Il1.
Atlanta, Ga.
Houston, Tex.
Decatur, I11.
Eagle Grove, lowa

Ft. Wayne, Ind.
Hartsville, S.C.
Danvilie, I11.

San Francisco, Calif.
Clarksdale, Miss.

Rocky Mount, N.C.
Richmond, Va.

St. Louis, Mo.
Stuttgart, Ark.
Chicago, I11.

Buffalo, N.Y.
Decatur, IN1.

3Source: Standard and Poor's Register of Corporations, Directors and

Executives. Volume 3. 1981.
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TABLE A-2.

WET CORN MILLING (SIC 2046) PLANTS

Vegetable
#lant Name Plant lacation Telephone No. milled
ADM Corn Sweeteners 1350 waconia Avenue, S5.W., Cedar Rapids, Iowa 52406 (319) 398-0600 Corn
ADM Corn Sweeteners Post Office Box 1470, Decatur, I11. 62525 (217} 424-57%2 Corn
Alembic (1983) Becker, Minn, -- Corn
American Maize Products Co. Rt. 1, Alabama State Dock Road, Decatur, Ala. 35601 (205) 3155~8815 Corn
American Maize Products Co. 113th and Indianapolis Blvd, , Hammond, Ind. 46326 (219) 659-2000 Corn
Amstar Corp. E. Jones & 7th Sts., P. 0. Box 169, Dimmitt, Tex. 79027 (B06) 647-4141 (orn
Anheuser Busch, [nc. 2245 Sagamore Parkway, lLafayette, Ind. 47902 {117) 447-6911 Corn
Cargill, Inc. 1710 16th 5t. 5.E., P. 0. Box 1467, (319) 366-13591 Corn
Cedar Rapids, Jowa 52406
Cargill, Inc., 3201 Needmore foad, Dayton, Ohic 454i4 (513) 236-1971 Cora
Cargiil, Inc. 4943 Stepherson Road, Memphis, Tenn. 38113 (901) 795-2660 Corn
Chemstar Products McPherson, Kans. Corn
Clintan Corn Processing Co. 1251 Beaver Channel Parkway, Clinton, lowa 52732 (319) 242-1121 Corn
Clinton Corn Processing Co. Montezuma, N.Y. 13117 (315) 776-4811 Corn
Colorcan Indianapalis, [nd. - Carn
CPC International, Inc, 54 and Archer Road, Argo, [11. 60501 (312) 458-2000 Corn
CPC International, Inc. 1300 5. 2nd Street, P. 0. Box 31, Pekin, I11. 51554 £3209) 346-1121 Carn
CPC International, Inc. 1001 Bedford, K. Kansas City, Mo. 64116 (816) 471-8000 Corn
CPC International, Inc. {1981} Stockton, Calif. - Corn
CPC International, Inc. (1982} Winston-Sajem, N.C. -- Lorn
Grain Processing Carp./ 1600 Oregon, Muscatine, lowa 52761 (319) 263-1321 Corn
Kent Feeds, Inc.
Great Western Sugar Johnson, Calo. -- Carn
Great Western Sugar {1983) Reserve, La. - Corn
Holly Sugar Corp. Tracy, Calif. .- Corn
Hubinger Company/H. J. Heinz 1005 South 5th Street, Keokuk, Iowa 52632 (319) 524-4541  Corn
Lincaln Grain Co./ RR 3, P. O. Box 436, Atchison, Kans. 66002 (913) 367-1521 Corn
Genaral Life Co., Inc.
National Starch 1515 Drover St., P. 0. Box 1084, {317) 635-4455 Corn
ang Chemical Corp. [ndfanapolis, Ind. 46221
A. E. Stajey Mfg. Co. 2200 Eldorado, Decatur, I11. 62525 (217) 423-441) Corn
A. E. Staley Mfg, Co. Lafayette, Ind. 47903 (317) 474-5474 Corn
A. E. Staley Mfg. Co. Morrisviile, Pa. 19067 (215) 693-9402 (orn
A. E. Statey Mfg. Co. Loudon, Tenn. - Carn
Centennial Mills 1464 N.W. Front Avenue, Portland, Oreq. 97208 -- Wheat
Cantennial Mills Spokane, Wash. 99220 -- Wheat
Henkel 410 Johnson Street, Xeokuk, [owa %2632 (319) 528-2323 wheat
Ingustrial Grain Products/ Aiken, S5.C. -- wheat
Olgilvie Mills
Migwest Solvents Co., Inc. 1300 Main Street, Atchison, Kans. 66002 (913) 367-1480 Wheat
Boise Cascade Stanfield, Oreg. - Potato
Colby Cooperative $tarch Co. Water Street, Caribou, Maine 04736 (207) 492-597 Potato
Frenchville Starch Frenchville, Maine 04745 -- Patato
National Starch and Chemical Burleigh Street, Island Falls, Maine 04747 Potato
Corp./Stein Hall & Co.
J. R. Simplot Heyburn, Idano 83336 -- Potato
A. E. Staley Mfg. Co., Inc. Post Qffice Box 786, Houlton, Maine 04730 {207} 532-9523 Potate
A. E. Stalay Mfg. Co., Inc. North Washington, Box 911, Monte Vista, Colo. 81144 (303) B852-2412 Potato
Western Starch/Western Polymer P, Q. Box 488, Tulelake, Calif. 96134 (916) B67-2269 Potato
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TABLE A-7. DISTILLED, RECTIFIED, AND BLENDED LIQUOR (SIC 2085) PLANTS?

Company

Company location

American Brands, Inc.

Austin, Nichols & Company, Inc.
James Barclay & Company, Ltd.
Barton Brands, Ltd.

James B. Beam Distilling Company

Fred A. Beck Company

The Black Prince Distiilery, Inc.
Bohemian Distributing Company

A. Smith Bowman Distillery, Inc.
Brown-forman Distillers Corporation

" China Trade Corporation

Cointreauy, Ltd.

Jack Danietl Distillery L. Motlow PRP
John De Kuyper & Son, Inc.
Distillers Company, Ltd. (DEL)

Federal Distillers Inc.

Foremost-McKesson, Inc.

Glenmore Distilleries Company

Golden Crown Citrus Corporation/
Venture Coastal

Grain Processing Corporation
Heaven Hil11 Distilleries, Inc.
Heublein, Inc.

Charles Jacquin Et Cie, Inc.
Laird & Company

Lawrence & Company

Liggett Group Inc.

Maker's Mark Distillery, Inc,
McCormick Distilting Company
Medley Distilling Company

Midwest Solvents Company

Montebeilo Brands, Inc.

National Distillers & Chemical Corp.
Norton Simon, Inc.

01d Fitzgerald Distillery, Inc.

Publicker Industries Inc.
Rapid-American Corporation
Schenley Industries, Inc.
Joseph E. Seagram & Sons, Inc.

New York, N.Y.
New York, N.Y.
Detroit, Mich.
Chicago, I11.
Chicago, I11.

Indianapolis, Ind.
Clifton, N.J.

North Hollywood, Calif.
Sunset Hills, Va.
Louisville, Ky.

New York, N.Y.
Lawrenceville, N.J.
Lynchburg, Tenn.
New York, N.Y.

New York, N.Y.

Cambridge, Mass.

San Francisco, Calif.
Louisville, Ky,
Evanston, I11.

Muscatine, Iowa
Bardstown, Ky.
Farmington, Conn.
Philadelphia, Pa.
Scobeyville, N.J.

Lewistown, Maine
Montvale, N.J.
Loretto, Ky.
Weston, Mo.
Owensboro, Ky.

Atchison, Kans.
Baltimore, Md.
New York, N.Y.
New York, N.Y.
Louisville, Ky.

Greenwich, Conn.
New York, N.Y.
New York, N.Y.
New York, N.Y.

A-35

(continued)




TABLE A-7. (continued)

Company

Company location

Standard Brands Incorporated

Standard Distrillers Products Inc.

F. Strauss & Son, Inc. of New Orileans
Sun-Maid Growers of California
Todhunter International, Inc.

Tribuno Wines Inc.

M. S. Walker, Inc.

Jutius Wile Sons & Company, Inc.
Willett Distilling Company

New York, N.Y.
Baltimore, Md.
New Orleans, La.
Kingsburg, Calif.

West Palm Beach, Fla.

Lodi, N.J.

Boston, Mass.

New Hyde Park, N.Y.
Bardstown, N.Y.

35ource: Standard and Poor's Register of Corporations, Directors and

Executives. Volume 3. 1981.
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TABLE A-8.

MALT BEVERAGE PLANTS?

Company

Company location

Anheuser-Busch, Inc.
Blitz-Weinhard Company

Carling National Breweries, Inc.
Champate, Inc.

China Trade Corporation

Adolph Coors Company

Dixie Brewing Company, Inc.
Falls City Industries, Inc.
Falstaff Brewing Corporation
Genesee Brewing Company, Inc.

G. Heileman Brewing Company, Inc.
Iroquois Brands, Ltd.

Fred Koch Brewery

Jacob Leinenkugel Brewing Company
Lion Inc.

Lone Star Brewing Company, Inc.
Lucky Breweries, Inc.

Miller Brewing Company

Nor-Cal Beverage Company
Nartin Corporation

Olympia Brewing Company
Pabst Brewing Company
Pearl Brewing Company
Phitip Morris, Inc.
Pittsburgh Brewing Company

Queen City Brewing Company
Rainier Brewing Company

The F.M. Schaefer Brewing Company
Jos. Schlitz Brewing Company

C. Schmidt & Sons, Inc.

Schreier Malting Company

The Stroh Brewery Company
Sunset Beverage Company, Inc.
Todhunter International, Inc.
Walter Brewing Company

West End Brewing Company
George Wiedemann Brewing Company,
D. G. Yuengling & Son, Inc.

Inc.

St. Louis, Mo.
Portland, Oreq.
Baltimore, Md.
Trenton, N.J.

‘New York, N.Y.

Galden, Colo.

New Orleans, La.
Louvisville, Ky.
Corte Madera, Calif.
Rochester, N.Y.

La Crose, Wis.
Greenwich, Conn.
Dunkirk, N.Y.
Chippewa Falls, Wis.
Wilkes-Barre, Pa.

San Antonio, Tex.

San Francisco, Calif.
Milwaukee, Wis.

W. Sacramento, Calif.
White Plains, N.Y.

Qlympia, Wash.
Milwaukee, Wis.
San Antonio, Tex.
New York, N.Y.
Pittsburgh, Pa.

Cumberland, Md.
Seattle, Wash.
New York, N.Y.
Milwaukee, Wis.
Philadelphia, Pa.

Sheboygan, Wis.
Detroit, Mich.
Hawthorne, Calif.
West Palm Beach, Fla.
Eau Claire, Wis.

Utica, N.Y.
Newport, Ky
Pottsville, Pa.

a
Saurce:

Executives. Volume 3. 1981,
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