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1 .  SUMMARY 

I 
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 Oil Mills 
SIC 2077--Animal and Marine Fats and Oils 
SIC 2082--Malt Beverages 
SIC 2085--Distilled, Rectified, and Blended Liquors 
Of 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. 
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 
reconstructed facilities i n  the source category. Emission data obtained 
from State and local control agencies, industry representatives, and 
equipment vendors are summarized i n  Table 7-1 (Chapter 7). 

. 

The purpose of these estimates 
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1.2 INDUSTRY AN0 PROCESS OESCRIPTIONS 

The d ry ing  process i n  the produc t ion  o f  animal feed invo lves  reducing 

the  mois ture content  o f  a product  t o  make it s u i t a b l e  f o r  f u r t h e r  process- 

ing ,  storage, and use as an animal feed. Numerous types o f  d ryers  are 

a v a i l a b l e  f o r  d ry ing  animal feed ing red ien ts :  d i r e c t - f i r e d  r o t a r y ,  

steam-tube r o t a r y ,  tunnel  or  conveyor, f l a s h ,  and r i n g  dryers.  I n  1980, 

approximately 32 x106 megagrams (Mg) (35 x l o 6  tons) o f  d r i e d  animal 

feeds were so ld  i n  the Un i ted  S ta tes . l  Animal feeds may be d i v ided  i n t o  

f o u r  general ca tegor ies :  "o i l seed  meal ," " g r a i n  p r o t e i n  feeds," "animal 

p ro te ins , "  and "o the r . "  

1.2.1 Oi lseed Meal 

Oi lseed meal, which represents t h e  l a r g e s t  i n d u s t r y  i n  the  source 

category,  bo th  i n  terms o f  p roduc t ion  and emissions, inc ludes  meal 

produced a t  soybean o i l  m i l l s .  O i l  i s  ex t rac ted  from soybeans by press ing  

o r  so lvent  e x t r a c t i o n ,  and the  remaining meal i s  d r i e d  i n  steam-tube 

r o t a r y  dryers and so ld  f o r  use as a h i g h  p r o t e i n  animal feed. Other 

o i l seed  meals (approximately 1 percent  o f  soybean product ion)  are a l so  

used f o r  animal feed b u t  the use o f  d ryers  i s  no t  a un i form p r a c t i c e  i n  

these indus t r i es .  

(25 x106 tons) o f  the  byproduct animal feed produced i n  1980, o r  70 percent  

o f  the  t o t a l  d r i e d  byproduct animal feed product ion.*  

1.2.2 Gra in P ro te in  Feeds 

Soybeans accounted f o r  approximately 23 x l o 6  Mg 

Grain p r o t e i n  feeds, which i nc lude  feeds produced a t  wet corn 

m i l l e r s ,  d i s t i l l e d ,  r e c t i f i e d  and blended l i q u o r s  manufacturers, and 

ma l t  beverages p lan ts ,  represent  the nex t  l a r g e s t  category o f  animal 

feed product ion.  This  category accounts f o r  12.2 percent ,  o r  3.9 x l o 6  Mg 

(4.3 x106 tons) o f  d r i e d  byproduct animal  feed^.^,^ 
Wet corn m i l l i n g  accounts f o r  3.1 x106 Mg (3.4 x l o 6  tons)  o r  

80 percent ,  o f  the animal feed produc t ion  i n  the  g r a i n  p r o t e i n  feeds 

category.  I n  t h i s  i ndus t r y ,  corn i s  wet -mi l led  t o  produce s tarch.  The 

germ and g lu ten  removed du r ing  the process are mixed w i t h  the  bran, 

c h a f f ,  and steepwater concentrate and d r i e d  t o  produce g lu ten  feed and 

g lu ten  meal. 

category.  

Wheat and po ta to  w e t ' m i l l i n g  are a l so  inc luded i n  t h i s  
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1.2.3 Animal Pro te ins  

The animal p r o t e i n  category encompasses the animal and marine f a t s  

and o i l s  i n d u s t r i a l  c l a s s i f i c a t i o n .  F i s h  and fea the r  meal p roduc t ion  

account f o r  about 0.45 x106 Mg (0 .5  x106 tons) o f  d r i e d  byproduct animal 

feed produc t ion ,  o r  approximately 1.5 percent  o f  t h e  t o t a l  d r i e d  byproduct 

animal feed produced. 

F i s h  meal i s  produced a t  p l a n t s  t h a t  process e d i b l e  f i s h  and a t  

those t h a t  produce f i s h  o i l .  A t  o i l  p lan ts ,  f i s h  a re  cooked and pressed 

t o  remove t h e  o i l ,  and t h e  f i s h  s o l i d s  a re  d r i e d  f o r  use as animal feed. 

I n  p l a n t s  t h a t  process ed ib le  f i s h ,  t h e  byproducts a re  d r i e d  t o  produce 

f i s h  meal. 

Feather meal i s  produced by hyd ro l yz ing  fea thers  i n  steam pressure 

cookers and then d r y i n g  the r e s u l t a n t  meal. 

added d u r i n g  process ing t o  increase t h e  p r o t e i n  content .  

1.2.4 Other Feeds 

Blood may o r  may n o t  be 

The category "other"  inc ludes t h e  remaining i n d u s t r i e s  i n  the  

source category, which account f o r  15 percent  o f  t h e  t o t a l  byproduct 

animal feed product ion.  Dog, c a t  and o the r  p e t  food ( d r i e d  on ly )  accounts 

f o r  2.4 x106 Mg (2 .6  x106 ton) ,  o r  7 percent ,  o f  t h e  t o t a l  d r i e d  animal 

feed produc t ion .6  Grains, o i l s e e d  meals, and animal p ro te ins  a re  mixed, 

cooked, ext ruded as p e l l e t s ,  and d r i e d  i n  the  produc t ion  o f  d ry  animal 

feed i n  t h i s  indus t ry .  

i n  the  produc t ion  o f  animal feed, account f o r  1.1 x106 Mg (1.2 x106 tons) 

o r  3.5 percent ,  o f  t o t a l  d r i e d  animal feed p r o d ~ c t i o n . ~  A l f a l f a  i s  

mowed i n  t h e  f i e l d  approximately f o u r  t imes du r ing  the  growing season 

and i s  then dehydrated i n  a d r y e r  p r i o r  t o  be ing p e l l e t i z e d  and so ld  as 

an animal feed. 

A l f a l f a  dehydrators, the o n l y  segment o f  SIC 2048 t h a t  uses dryers  

The beet  sugar i ndus t r y  produces 1.3 x106 Mg (1.4 x106 tons)  o f  

d r i e d  beet  pu lp ,  which accounts f o r  4 percent  o f  t h e  t o t a l  d r i e d  animal 

feed production. '  

sugar, and t h e  remaining beet pu lp  i s  then d r i e d  t o  produce animal feed. 

The beets a re  s l i c e d  and processed t o  remove the  
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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 equivalent 
of 103 new/modified/reconstructed dryers with production of 2.2 x106 Mg 
(2.6 x106 tons) of animal feed per year. 
soybean oil 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. 
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 x106 Mg (7.0 x106 tons), 0.63 x106 Mg (0.70 x106 tons), 
0.18 x106 Mg (0.2 x106 tons) and 0.22 x106 Mg (0.24 x106 tons) of animal 
feed per year. 
alfalfa dehydrators i n  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 x106 Mg (0.22 tons) of animal feed per 
year. 
through 1985. 
reconstructed dryers will be needed in 1985 to maintain current production 
i n  these two industries. These dryers will account for 1.2 x106 Mg 
(0.23 x10 tons) and 0.05 x106 Mg (0.06 x106 tons) respectively of animal 
feed per year. 

Four industry segments, 

It is estimated 

An annual growth rate of 2 percent is projected for 

No growth is projected for the remaining two industry segments 
It is projected that the equivalent of 18 and 5 new/modified/ 

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. 
cases, the particulate matter emissions represent valuable product ($276 
to $386 per Mg, [a250 to $350 per ton]), and industry practice is to 
minimize product loss by using product recovery devices with the dryer.8 
I n  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 centri iugal 
collectors are used. 

In most 

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 
recycl i ng. 

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. 
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. Particulate 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 
oils. 

These emission estimates show soybean oil 

EPA Reference Method 5 (40 CFR 60, Appendix A [Revised July 1 ,  19791) 
is the recommended procedure for measurement of the particulate matter 
content of animal feed dryer exhaust gases, Depending on the moisture 
content of the exhaust gas, the sample 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. 
stringent for new plants than for existing plants. 
Pennsylvania, and the South Coast Air Quality Management District have 
the lowest particulate matter emission limits; Arkansas, Illinois, and 
Indiana have developed particulate matter emission limits specific to 
animal feed drying plants. 

The SIP'S are more 
New Jersey, 

1-6 



1.4 

1. 

2 

3 

4. 

5. 

6. 

7. 

8. 

REFERENCES 
Feedstuf fs ,  The Weekly Newspaper f o r  Agr ibusiness. 
J u l y  23, 1981. 

g(30): 18. 

Current  I n d u s t r i a l  Reports: Fats and Oi ls - -O i lseed Crushings. 
U.S. Department o f  Commerce. Washington, D.C. June 1981. 

.Current I n d u s t r i a l  Reports: Gra in  M i l l  Products. U. S. Department 
o f  Commerce. Washington, D.C. June 1980. 

Current I n d u s t r i a l  Reports: Beverages. U.S. Department o f  Commerce. 
Washington, D.C. June 1980. 

Current I n d u s t r i a l  Reports: Animal and Marine Fats and O i l s .  U.S. 
Department o f  Commerce. Washington, D.C. J u l y  1980. 

S ta te  o f  the  Indus t r y .  P e t  Food Indus t r y .  Mor r i s ,  I l l i n o i s .  
May-June 1981. p. 8. 

U.S. Beet Sugar Associat ion.  American Beet Sugar Companies 1980-1981 
D i r e c t o r .  Washington, D.C. J u l y  1980. p. 3-5. 

U.S. Environmental P ro tec t i on  Agency. O f f i c e  o f  A i r  Q u a l i t y  Planning 
and Standards. Source Category Survey: Starch Manufactur ing 
Indus t ry .  EPA-450/3-80-040. Research T r iang le  Park, N.C. 
November 1980. D.  3-1. 

1- 7 



2. INTRODUCTION 

The Admin is t ra to r  o f  the  U.S. Environmental P r o t e c t i o n  Agency i s  

d i r e c t e d  under Sect ion 111 o f  the  Clean A i r  Act  t o  e s t a b l i s h  a i r  p o l l u t i o n  

standards f o r  new sources and i n  so doing has a u t h o r i t y  t o :  

1. I d e n t i f y  those ca tegor ies  o f  s t a t i o n a r y  emission sources t h a t  

c o n t r i b u t e  s i g n i f i c a n t l y  t o  a i r  p o l l u t i o n  and cou ld  be reasonably a n t i -  

c ipa ted  t o  endanger the  p u b l i c  hea l th  and we l fa re ;  

purpose o f  e s t a b l i s h i n g  standards; and 

2. D i s t i n q u i s h  c lasses, types, and s izes  w i t h i n  ca tegor ies  f o r  the  

3.  Es tab l i sh  standards o f  performance f o r  s t a t i o n a r y  sources which 

r e f l e c t  the  emission reduc t ion  achievable through a p p l i c a t i o n  o f  the 
best  system o f  continuous emission reduc t ion ,  t a k i n g  i n t o  cons idera t ion  

the  cos t ,  energy, and environmental e f f e c t s  assoc iated w i t h  t h e  emission 

reduct ion.  

The o b j e c t i v e  o f  t h i s  survey was t o  assess whether new source 

performance standards (NSPS) should be developed f o r  dryers used i n  the  

produc t ion  o f  animal feeds. Dryers covered by o ther  new source performance 

standards (such as the g r a i n  dryers NSPS) were excluded from t h i s  study. 

The S I C  codes and products which were examined du r ing  the survey are 

l i s t e d  i n  Table 2-1. In fo rmat ion  about processes, emissions, growth, 

and con t ro l  equipment was gathered as fo l lows:  

1. Process and emission data were c o l l e c t e d  from l i t e r a t u r e  searches, 

EPA reg iona l  o f f i c e s ,  S ta te  and l o c a l  a i r  p o l l u t i o n  c o n t r o l  agencies, 

t rade associat ions,  equipment vendors, and p l a n t  v i s i t s .  

2. Representatives o f  i ndus t r y ,  government agencies, t rade 

associat ions,  and equipment vendors were contacted t o  ob ta in  i ndus t r y  

growth in format ion.  Add i t i ona l  i n fo rma t ion  on growth was obta ined f r o m  

a r t i c l e s  i n  t rade jou rna ls  and o ther  pub l i ca t i ons .  
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TABLE 2-1. INDUSTRIES AND PRODUCTS 

Primary products  f o r  use as 
SIC code/i ndus t ry  c l a s s i f i c a t i o n  animal feed 

2046 

2047 

2048 

2063 

2075 

2077 

2082 

2085 

Wet corn  m i l l i n g  

Dog, c a t ,  and o the r  p e t  food 

Prepared feeds and feed 
ing red ien ts  f o r  animals 
and fowls ,  NEC 

Beet sugar 

Soybean o i l  m i l l s  

Animal and marine f a t s  and o i l s  

M a l t  beverages 

D i s t i l l e d ,  r e c t i f i e d  and 
blended l i q u o r s  

Gluten feed, g l u t e n  meal 

D r ied  p e t  food 

A l f a l f a  meal and p e l l e t s  

Or ied molasses beet  pu lp  

Soybean cake and meal 

F i sh  meal, f ea the r  meal 

Brewers d r i e d  spent g ra ins  

D i s t i l l e r s  d r i e d  spent g ra ins  
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3. V i s i t s  were made t o  the  11 p l a n t s  l i s t e d  i n  Table 2-2. An 

a d d i t i o n a l  v i s i t  was made t o  an equipment manufacturer--Aerogl ide Corpora- 

t i o n ,  Raleigh, Nor th Carol ina.  

sometimes t o  cool  product  p r i o r  t o  f u r t h e r  processing, storage, and sa le  

as an animal feed. Numerous types o f  dryers a re  a v a i l a b l e  f o r  d ry ing  

animal feed ingred ien ts :  the d i r e c t - f i r e d  r o t a r y ,  steam-tube r o t a r y ,  

tunnel  o r  conveyor, f l ash ,  and r i n g  dryers.  The type o f  d rye r  used 

depends on the  mois ture content  o f  the  product  en te r ing  the  d rye r  and 

o ther  fac to rs ,  i n c l u d i n g  the  q u a n t i t y  o f  ma te r ia l  t o  be processed, 

phys ica l  and chemical p roper t i es  o f  the  ma te r ia l  t o  be dr ied ,  and s i t e  

considerat ions.  

Animal feed dryers a re  used t o  reduce the mois ture content  and 

I n  many instances, product  recovery devices ( i , e . ,  p r imary  cyclone 

c o l l e c t o r s  o r  discharge housings) are used w i t h  animal feed dryers.  

Therefore, unless otherwise noted, the  p o l l u t i o n  c o n t r o l  equipment 

r e f e r r e d  t o  i n  t h i s  r e p o r t  i s  any dev ice used a f t e r  a product  recovery 

device t o  reduce p a r t i c u l a t e  mat te r  emissions. 

r e f e r s  t o  the  emissions measured a f t e r  the  product  recovery device. 

The i n d u s t r i e s  t h a t  use animal feed dryers  are descr ibed i n  subsequent 

sect ions o f  t h i s  r e p o r t  i n  terms o f  p roduc t ion  capaci ty ;  p r o j e c t i o n s  o f  

cons t ruc t i on  o f  new, reconst ructed,  and mod i f ied  f a c i l i t i e s ;  and produc t ion  

processes. Inc luded are  desc r ip t i ons  o f  emissions, emissions t e s t  data, 

emission c o n t r o l  systems, S ta te  and l o c a l  a i r  p o l l u t i o n  c o n t r o l  regu la t i ons ,  

and methods f o r  emissions sampling and ana lys is .  

"Uncontro l led emissions" 
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3. SURVEY CONCLUSIONS 

3.1 INDUSTRY GROWTH 

Table 3-1 summarizes in fo rmat ion  on i n d u s t r y  growth w i t h i n  t h e  

source category. 

p ro jec t i ons  ' o f  h i s t o r i c a l  p roduc t ion  da ta  and in fo rmat ion  obta ined from 

indus t r y  contacts.  The two l a r g e s t  i n d u s t r i e s ,  soybean o i l  m i l l s  and 

wet corn m i l l i n g ,  are expected t o  grow a t  annual r a t e s  o f  5 and 7 percent ,  

respec t i ve l y .  An increase i n  the supply o f  soybeans o r  i n  the demand 

f o r  soybean meal may cause t h i s  i n d u s t r y  t o  grow a t  a s l i g h t l y  f a s t e r  

ra te .  S i m i l a r l y ,  an increase i n  the  demand f o r  h igh  f ruc tose  corn syrup 

(HFCS) by the  s o f t  d r i n k  i ndus t r y  o r  an increase i n  the  produc t ion  o f  

a lcohol  from corn cou ld  cause the wet corn  m i l l i n g  i n d u s t r y  t o  grow,at  a 

f a s t e r  ra te .  

These growth, est imates were der ived  f r o m  s t r a i g h t  l i n e  

The t rend  i n  a l f a l f a  d ryer  replacements toward l a r g e r  dryers may 

reduce the number o f  p l a n t s  i n  opera t ion  by 1985. Dog, c a t ,  and o ther  

p e t  foods; d i s t i l l e d  l i q u o r ;  and the animal and marine f a t s  and o i l s  

i n d u s t r i e s  are a l l  expected t o  grow a t  5 percent  pe r  year.  

No growth i s  p ro jec ted  i n  the beet  sugar and mal t  beverages i n d u s t r i e s .  

The number o f  p lan ts  i n  t h e  beet  sugar i n d u s t r y  probably  w i l l  dec l ine  f r o m  

1980 t o  1985. 

3.2 AVAILABILITY OF CONTROL TECHNOLOGY 

Technology f o r  the  c o n t r o l  o f  p a r t i c u l a t e  mat ter  emissions f r o m  

animal feed dryers i s  r e a d i l y  ava i lab le .  The m o s t  common device associated 

w i t h  dryers i s  the  cyclone, which i s  used t o  separate en t ra ined product  

from the emission gas stream. I n  many cases, the cyclone c o l l e c t o r  

i s  s u f f i c i e n t  t o  con t ro l  emissions t o  l e v e l s  requ i red  by S I P ' S .  Add i t i ona l  

c o n t r o l  can be achieved through the  use o f  a d d i t i o n a l  cyclones, mu l t i c l ones ,  
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TABLE 3-1. SOURCE CATEGORY GROWTH PROJECTIONS~ 

Estimated 
annual New/modified/reconstructed 
growth, f a c i l i t i e s .  1985 

1980-1 985 Product ion 
Indus t r y  segment percent  P lan ts  Dryers lo3 Mg/yr l o 3  tons /y r  

Soybean o i l  m i l l s  
Wet corn m i l l i n g  

A1 fa1 f a  dehydrators 

Beet sugar 

Dog, c a t ,  and 

D i s t i l l e d  l i q u o r  

Ma l t  beverages 

Animal and marine 

f a t s  and o i l s  

o ther  p e t  foods 

0 
19 

0 

0 

8 

8 

0 
10 

56 

103 

22 

18 

24 

16 

5 

20 

6,350 

3,279 

204 

208 

735 

181 

54 

218 

7,000 
2,500 

225 

230 

700 

200 

60 

240 

est imate.  
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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 application was 
One plant used packed-bed scrubbers with 

The other plant used incineration as for odor control 
observed in two plant visits. 
strong oxidants. 
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 available 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. 

the front and back half catches of the sampling train in determining the 
weight of particulate matter emissions. 

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

The emission limitations in Iowa 
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a r e  ad jus ted  t o  consider the  c o n t r i b u t i o n  o f  t he  condensable p a r t i c u l a t e  

mat te r .  
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4. DESCRIPTION OF INDUSTRIES 

This  chapter descr ibes the source category,  animal feed dryers,  and 

t h e i r  app l i ca t i ons .  A gener ic d e s c r i p t i o n  o f  dryers i s  presented i n  

Sect ion 4.1, and a d iscuss ion  o f  the  major i n d u s t r i e s  which use animal 

feed dryers i s  presented i n  subsequent sect ions.  

4.1 ANIMAL FEED DRYERS DESCRIPTION 

Dry ing i s  t h e  process o f  reducing the  mois ture content  o f  a g iven 

ma te r ia l  t o  the  des i red  l e v e l  by thermal means. The type o f  d rye r  which 

i s  used i n  an i n d u s t r y  w i l l  depend on var ious f a c t o r s  i n c l u d i n g  the  

fo l l ow ing :  

1. Physical  p roper t i es  o f  the  feed ma te r ia l  and d r i e d  product;  

2. 
3. 

4. 

5. S i t e  considerat ions,  i n c l u d i n g  space and he igh t  ava i l ab le ;  

6. Energy a v a i l a b i l i t y ;  and 

7. Emission regu la t ions .  

Dryers t y p i c a l l y  used i n  i n d u s t r i a l  d r y i n g  operat ions may be c l a s s i f i e d  

Dry ing c h a r a c t e r i s t i c s  o f  the  product;  

S p e c i f i c a t i o n  o f  the  d r i e d  product ;  

Est imated product  losses bo th  as dust  and, where so lvents  are 

present ,  so lvent  losses; 

as d i r e c t  o r  i n d i r e c t  depending on the  heat ing  method. With d i r e c t - f i r e d  

dryers,  heated a i r  and combustion gases f l o w  through t h e  dryer  i n  d i r e c t -  

con tac t  w i t h  the  ma te r ia l  being dr ied .  Thus, emissions from d i r e c t  

f i r e d  dryers c o n s i s t  o f  t h e  products o f  combustion as w e l l  as en t ra ined 

p a r t i c u l a t e  mat ter .  

by conduction. 

tubes i n s i d e  dryers,  combustion gases heat ing  the  ou ts ide  o f  dryers,  and 

e l e c t r i c a l  heat ing  elements. I n  i n d i r e c t  dryers,  a i r  f l o w  through the  

With i n d i r e c t  dryers,  heat  i s  suppl ied i n d i r e c t l y  

Examples o f  common i n d i r e c t  heat ing  methods are steam 
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drye r  i s  maintained t o  a s s i s t  i n  t h e  removal o f  water  and o the r  vapors. 

Emissions from i n d i r e c t  dryers c o n s i s t  of en t ra ined p a r t i c u l a t e  mat te r .  

The most common types o f  d ryers  used i n  animal feed manufacturing 

are  d i r e c t - f i r e d  r o t a r y ,  steam-tube r o t a r y ,  conveyor ( tunne l ) ,  and 

pneumatic conveyor ( i . e . ,  r i n g  and f l a s h )  dryers.  I n  d i r e c t - f i r e d  

r o t a r y  d ryers ,  the  ma te r ia l  t o  be d r i e d  i s  f ed  i n t o  a r o t a t i n g  drum 

downstream from the  i n t r o d u c t i o n  o f  combustion gases from the  f i r e  box 

and moves e i t h e r  concurrent  or countercur ren t  t o  t h e  f l o w  o f  combustion 

gases. The m a t e r i a l  i s  tumbled i n  a r o t a t i n g  drum and may make a s i n g l e  

o r  t r i p l e  pass through t h e  dryer .  

I n  a steam-tube r o t a r y  d rye r ,  t h e  ma te r ia l  i s  tumbled through a 

l ong  r o t a t i n g  c y l i n d e r  r i nged  w i t h  steam tubes. These dryers  may be 

operated w i t h  na tu ra l  o r  induced d r a f t .  

I n  conveyor o r  tunnel  d ryers ,  m a t e r i a l  i s  supported on a conveying 

screen t h a t  moves cont inuously .  

double-pass, depending on t h e  to le rance  o f  t h e  ma te r ia l  t o  t h e  a g i t a t i o n .  

Heated a i r  o r  h o t  gases (depending on whether a d i r e c t  o r  i n d i r e c t  heat  

source i s  used) from below o r  above t h e  conveyor pass through the  ma te r ia l  

t o  e f f e c t  dry ing.  

I n  pneumatic conveyor d ryers ,  mo is t  product  i s  d ispersed i n t o  a 

The conveyor may be single-pass o r  

heated gas stream. Mois ture i s  removed as en t ra ined product  i s  c a r r i e d  

upward i n  a conveying duct.  

t h e  gas stream by g r a v i t a t i o n a l  and c e n t r i f u g a l  forces.  

4.2 SOURCE CATEGORY 

The d r i e d  product  i s  then separated from 

Dryers a re  used i n  the  produc t ion  o f  animal feeds i n  t h e  f o l l o w i n g  

1. Soybean O i l  M i l l s ;  

2. Wet Corn M i l l i n g ;  

3. Dog, Cat and Other Pet Foods; 

4. Beet Sugar; 

5. A l f a l f a  Dehydrators; 

6. Animal and Marine Fats and O i l s ;  

7. D i s t i l l e d  L iquor ;  and 

8. Ma l t  Beverages. 

i ndus t r i es :  
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The f o l l o w i n g  sec t ions  present  d iscuss ions o f  these i n d u s t r i e s ,  

t h e i r  d ryer  app l i ca t i ons ,  and emissions. Table 4-1 prov ides a l i s t  o f  

i n d i v i d u a l s  and f i r m s  t h a t  are knowledgeable i n  the source category and 

have been h e l p f u l  i n  t h i s  study. 

4.2.1 Soybean O i l  M i l l s  

t o  produce soybean o i l  and res idua l  cake and meal t h a t  a re  d r i e d  and 

used as an animal feed. Cur ren t ly ,  there  are 121 o i l  m i l l s  opera t ing  i n  

the  U.S. w i t h  the  capac i ty  t o  produce 22.7 x l o 6  Mg/yr (25 x l o 6  tons /y r )  

o f  animal feed.2,3 

(600 t o  7.5 x l o 5  tons/yr )  o f  animal feed. A t y p i c a l  new p l a n t  cou ld  be 

expected t o  produce 3 .2  x l o s  Mg/yr (3.5 x l o 5  tons /y r )  o f  animal feed 

us ing  th ree  dryers.*  I n  1977, 16.8 x l o 6  Mg (18.5 x l o 6  tons) o f  animal 

feed were produced w i t h  a value o f  $ 3 , 7 3 5 - m i l l i 0 n . ~  

the  produc t ion  o f  animal feed grew a t  a 5 percent  annual ra te ;  t h i s  r a t e  

o f  growth i s  expected t o  cont inue through 1985.2.3 

Soybeans are grown over the  same geographical  range as corn. 

States w i t h  s i g n i f i c a n t  soybean acreage inc lude  Arkansas, Delaware, 

I l l i n o i s ,  Indiana, Iowa, Louisiana, Maryland, Michigan, Minnesota, 

M i s s i s s i p p i ,  Missour i ,  Nor th Caro l ina,  Ohio, South Caro l ina,  V i r g i n i a  

and Wisconsin. 

h igh  p r o t e i n  animal feed. Competit ion from g lu ten  feed and meal and 

f i s h  meal i s  impor tant  because o f  t h e  s u b s t i t u t a b i l i t y  o f  the  products 

and the  e f f e c t s  o f  marginal  p r i c i n g  on supply. 

Appendix A, Table A-1, l i s t s  t h e  companies which operate soybean 

4.2.1.1 In t roduc t i on .  Soybean O i l  M i l l s  ( S I C  2075) process soybeans 

O i l  m i l l s  range i n  s i z e  from 544 t o  6.8 x l o s  Mg/yr 

From 1972 t o  1979 

Present ly  soybean meal supp l ies  most o f  the  demand f o r  

o i l  m i l l s .  

4.2.1.2 Process Descr ip t ion .  O i l  i s  ex t rac ted  from the  beans by 

e x p e l l e r  o r  r o t a r y  screw press ing,  batch-type hyd rau l i c  press ing,  o r  

so lvent  ex t rac t i on .  

about 5 kg (11 l b )  o f  o i l  and 21 kg (47 l b )  o f  soybean meal w i t h  0.9 kg 

(2 l b )  normal ly  l o s t  i n  p r o c e s ~ i n g . ~  

by the  hexane e x t r a c t i o n  method i n  a cont inuous process. 

d iscuss ion  w i l l  p e r t a i n  on ly  t o  the so l ven t  e x t r a c t i o n  process, s ince 

the  mechanical e x t r a c t i o n  process produces soybean meal w i thou t  the  use 

o f  dryers.  

Each bushel (27.2 kg [60 l b ] )  o f  soybeans y i e l d s  

Most U.S. soybeans are processed 

The subsequent 
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Figure 4-1 presents a schematic o f  the  o v e r a l l  fea tures  o f  a soybean 

Soybeans are shipped t o  the process ing f a c i l i t y  by r a i l ,  t r uck ,  o r  

processing p l a n t  us ing so lvent  e x t r a c t i o n .  

barge. Upon a r r i v a l  a t  the  p l a n t ,  t h e  beans are cleaned and d r i e d  t o  

between 10.5 and 11 percent  mois ture i n  g r a i n  dryers.  

A f t e r  the  c lean ing  and d ry ing  s teps,  the beans are  prepared f o r  

f l a k i n g .  The beans are f i r s t  passed through crack ing m i l l s  o r  r o l l s  

where each bean i s  broken i n t o  f o u r  t o  e i g h t  pa r t s .  

are then separated i n  dehu l l i ng  equipment, which may u t i l i z e  a combination 

o f  screens, a s p i r a t i o n ,  and g r a v i t y  tab les .  The h u l l s  are c o l l e c t e d  by 

a product  recovery cyclone and/or f a b r i c  f i l t e r  and then sent through a 

g r i n d i n g  s tep p r i o r  t o  being conveyed t o  storage. 

f r o m  the  dehu l l ing-separa t ion  equipment t o  the  c o n d i t i o n i n g  equipment. 

The cond i t i one r  i s  t y p i c a l l y  a steam-tube r o t a r y  u n i t  t h a t  heats the 

meat t o  71' t o  77OC (160O t o  170OF). 

The h u l l s  and meat 

The meat i s  t r a n s f e r r e d  

From the  c o n d i t i o n i n g  equipment, the  meat i s  conveyed t o  the f l a k i n g  

r o l l s  and then t o  the  ex t rac tors .  I n  the  ex t rac to r ,  t h e  f l aked  beans 

are contacted w i t h  hexane a t  approximately 52OC (125OF). 

mix tu re  (misce l la )  produced i n  the  e x t r a c t o r  f l o w s  t o  a working storage 

tank and then t o  hexane recovery operat ions.  

m isce l l a  by steam d i s t i l l a t i o n  i n  a s t r i p p i n g  column o r  s t i l l .  

hexane vapor i s  condensed and re tu rned  t o  the so lvent  working tank a f t e r  

removal o f  water. 

The oi l -hexane 

Hexane i s  removed from the  

The 

Spent f l a k e s  from t h e  e x t r a c t o r  are c a r r i e d  by c losed screw o r  drag 

conveyor through a deso lvent izer .  Four types o f  deso lvent izers  are i n  

use: (1) deso lvent izer - toas ter  system, ( 2 )  steam-jacketed conveyor, 

(3 )  f l a s h  deso lvent izer ,  and (4) vapor desolventizer-deodorizer system. 

Solvent  vapors re leased i n  t h i s  opera t ion  are  condensed and returned t o  

the so lvent  working tank. 

steam-tube r o t a r y  d ryer  and then i s  cooled before being sent  t o  a g r i nde r  

and s torage f o r  sa le  as animal feed. 

4.2.1.3 Emissions. Soybean meal dryers are a source o f  p a r t i c u l a t e  

mat te r  emissions a t  soybean o i l  m i l l s .  A t y p i c a l  l a r g e  p l a n t ,  o f  the  

From a deso lvent izer - toas ter  system, the  meal i s  d r i e d  f i r s t  i n  a 
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Figure 4-1. Soybean oil mill processing f l o w  diagram. 



type expected to be built to replace retired stock, will have two to 
three dryers, each capable of producing approximately 1.36 x lo5 Mg/yr 
(1.5 x lo5 tons/yr) of animal feed. 
Illinois indicate uncontrolled emissions of 0.25 kg/Mg (0.5 lb/ton) were 
measured at one plant.6 
emissions from soybean meal dryers are 0.75 kg/Mg (1.5 lb/ton).’ 
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 lb/kg). 
Using 0.25 kg/Mg (0.5 lb/ton), the estimated uncontrolled emissions from 
a new or replacement dryer would be 34 Mg/yr (38 tons/yr) of particulate 
matter. Using 0.75 kg/Mg (1.5 lb/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 Illinois 
also show that controlled emissions range from 0.065 to 0.3 kg/Mg (0.13 
to 0.6 lb/ton).6 
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 

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 i n  this category in  the U.S. with 
the capacity to produce 3.1 x lo6 Mg/yr (3.4 x lo6 tons/yr) of animal 
feed.8,9,10 
2.9 x lo5 Mg/yr (6 x lo4 to 3.2 x lo5 tons/yr) of animal feed. 
new plant could be expected to produce 2.9 x lo5 Mg/yr (3.2 x lo5 tons/yr) 
of animal feed using eight  dryer^.^ In 1977, 2.4 x lo6 Mg/yr 
(2.7 x lo6 tons) of animal feed were produced with a value o f  
$352.9 million.* 
at a 7 percent annual rate; this rate of growth is expected to continue 
through 1985.8,9,10 
annually if demand increases for high fructose corn syrup (HFCS) or for 
commercially produced ethanol. l2 

Data received from the State of 

Published emission factors show uncontrolled 
It 

Using 0.065 kg/Mg (0.13 lb/ton), the estimated controlled 

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

Wet corn milling plants range in size from 5.4 x lo4 to 
A typical 

From 1972 to 1979 the production of animal feed grew 

The growth rate may increase to as much as 14 percent 
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Corn i s  grown p r i n c i p a l l y  i n  I l l i n o i s ,  I o w a ,  Ind iana,  Ohio, and 

With c u r r e n t  m i l l i n g  p rac t i ces  each bushel o f  corn 

Missour i .  The m a j o r i t y  o f  the  wet corn  m i l l i n g  operat ions are loca ted  

i n  these States.  

(25.4 kg 156 l b ] )  y i e l d s  approximately 15 kg (34 l b )  o f  s ta rch ,  5.9 kg 

(13 l b )  o f  animal feed, and 0.9 kg (2  l b )  o f  o i l . l 3 , l 4  

p lan ts .  

o f  animal feed ing red ien ts  f r o m  wet corn m i l l i n g  i s  g iven i n  F igure 4-2. 

The major feed ingred ien ts  produced are g lu ten  feed and g lu ten  meal. 

Steepwater concentrate and germ meal (as i nd i ca ted  i n  F igure 4-2) are 

a l so  produced. 

kernels  are then soaked (steeped) f o r  30 t o  50 hours i n  a warm water 

s o l u t i o n  which conta ins s u l f u r  d iox ide .  Steeping removes some o f  the  

so lub le  ma te r ia l ,  toughens the  center  o f  the kernel  (germ) and sof tens 

the  p r o t e i n  r i c h  ma te r ia l  (g lu ten) .  

the  f i b e r  and h u l l  w i thout  crushing the germ. The macerated kernels  are 

sent t o  separators t o  remove the germ. 

o r  i s  i n t e r n a l l y  processed i n t o  corn  o i l  o r  germ meal. 

and g lu ten)  are f i n e l y  ground and then washed through screens t o  remove 

the  f i b e r .  The f i b e r  i s  combined w i t h  steepwater concentrate and c h a f f  

and d r i e d  t o  produce g lu ten  feed. 

10 percent  mois ture and cons is ts  o f  mater ia l  w i t h  approximately 21 percent  

p r o t e i n  content.  

i t i s  sold.  

Table A-2 l i s t s  the  companies which operate s ta rch  manufactur ing 

4.2.2.2 Process Descr ip t ion .  A process f l ow  diagram f o r  p roduc t ion  

Shel led corn i s  cleaned by s i f t e r s  and an a i r  stream. The cleaned 

The softened kernels  pass t o  degermination m i l l s ,  which macerate 

Germ i s  washed, d r ied ,  and so ld  

The remaining po r t i ons  of  the  corn ( i n c l u d i n g  s ta rch  f i b e r  [bran] 

Gluten feed conta ins approximately 

The f i n a l  product  may be pressed i n t o  p e l l e t s  before 

The remaining aqueous suspension ( m i l l s t a r c h )  i s  processed i n  

c e n t r i f u g a l  separators t o  separate t h e  l i g h t e r  g lu ten  f r o m  the  heavier  

s ta rch  ma te r ia l .  The g lu ten  f r a c t i o n  i s  d r i e d  and so ld  as g lu ten  meal 

f o r  animal feed (conta in ing  approximately 60 percent  p r o t e i n ) .  The 

s ta rch  i s  (1) washed, d r ied ,  and so ld  t o  the food, paper, and t e x t i l e  

i ndus t r i es ;  (2 )  f u r t h e r  processed t o  mod i f ied  s ta rch  products o r  d e x t r i n ;  

o r  (3) converted t o  syrup o r  sugar. 
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Figure 4-2. Wet corn m i l l i n g  f l o w  diagram.  
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. 

4.2.2.3 Emissions. Animal feed dryers are a source of particulate 
matter emissions at wet corn mills.15 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 lo4 Mg/yr (4.0 x lo4 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 lb/ton).16,17 
0.5 kg/Mg (1.0 lb/ton), the estimated uncontrolled emissions from a new 
or replacement dryer would be 18 Mg/yr (20 tons/yr) of particulate 
matter. 
0.15 kg/Mg to 0.35 Kg/Mg (0.3 to 0.7 lb/t~n).",'~ 
(0.3 lb/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 

. 

Using 

Available data suggest that controlled emissions may range from 
Using 0.15 kg/Mg 

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 involv'es 
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.g 
(2.6 x lo6 tons/yr) accounting for 58 percent of the feed produced in 
this industry.19 
9.1 x lo4 Mg/yr (5.0 x lo4 to 1.0 x los tons/yr). 
could be expected to produce 9.1 x los Mg/yr (1 x lo5  tons/yr) using 
three  dryer^.^ 
were produced with a value of $1,208 million.* 
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.','' 

Current dry food production is 2.4 x lo6 Mg/yr 

Pet food plants range in size from 4.5 x lo4 to 
A typical new plant 

In 1977, 1.9 x lo6 Mg (2.1 x lo6 tons) of dry pet food 
From 1972 to 1979, the 

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. 
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 bulk (already dried to meet a moisture 

Dried pet 
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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. 
evenly distributed on the dryer oven conveyor 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 lo3 to 2.27 x lo4 kg/h (4 x lo3 to 4 x lo4 lb/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. 
about 9.4 m3/s (20,000 acfm) is typical for a dryer of 9 Mg/h (10 tons/h) 
capacity. 
recovery. 

matter emissions at pet food manufacturing plants. A typical plant, o f  

the type expected to be built to replace retired stock, will have two to 
three dryers, each capable of producing 4.5 x lo4 Mg/yr (5 x lo4 tons/yr) 
of animal feed. Uncontrolled emissions of 0.8 kg/Mg (1.6 lb/ton) have 
been estimated from a manufacturers test of a representative system. 2o 
Using this figure, the estimated uncontrolled emissions from a new or 
replacement dryer would be 36 Mg/yr (40 tons/yr) o f  particulate matter. 
According to manufacturer's test data, controlled emissions are 0.005 kg/Mg 
(0.01 lb/ton).21 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 

These pellets are 

An air flow of 

Dryers are equipped with cyclone collectors for product 

4.2.3.3 Emissions. Pet food dryers are a source of particulate 

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.S. 
with the capacity to produce 1.3 x lo6 Mg/yr (1.4 x lo6 tons/yr) of 
animal  feed^.*^,^^ Beet sugar plants range in size from 9 x lo3 to 
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4.5 x l o 4  Mg/yr (1 x l o 4  t o  5 x lo4  tons /y r ) .  

expected t o  produce 2.4 x l o 4  Mg/yr (2.6 x l o4  tons /y r )  o f  animal feed 

us ing two  dryer^.^ I n  1977, 1.27 x l o 6  Mg (1.4 x l o 6  tons) o f  animal 

feed were produced w i t h  a value o f  $106.9 m i l l i o n . 2 2  

the  produc t ion  o f  animal feed remained e s s e n t i a l l y  unchanged, vary ing  

p l u s  o r  minus 1 percent  annual ly .22 
1985, and negat ive growth i s  poss ib le .  The manufacture o f  beet  sugar i s  

a seasonal operat ion.  I n  most o f  the U.S. the harvest  pe r iod  l a s t s  from 

October u n t i l  the  end o f  November, by which t ime the  harvest  must be 

completed t o  avo id  f reez ing  o f  the  beets i n  the  ground. It i s  customary 

t o  b u i l d  storage p i l e s  o f  beets and t o  cont inue f a c t o r y  operat ions f o r  

about two more months, r e s u l t i n g  i n  an opera t ing  season o f  approximately 

120 days. Table A-4 l i s t s  the companies which operate beet  sugar p lan ts .  

beet  sugar processing opera t ion  i s  presented i n  F igure 4-4. 

weighed a t  the  r e c e i v i n g  s t a t i o n  and undergo an i n i t i a l  c lean ing  t h a t  

removes most o f  the  d i r t ,  rocks,  and o t h e r  debr is .  From here the  beets 

are moved i n  water flumes t o  supply hoppers loca ted  over the beet  s l i c i n g  

mechanism. Hor izon ta l  ax i s ,  r o t a t i n g  drum s l i c e r s  a re  used t o  s l i c e  the  

beets i n t o  pieces 2 t o  3 m i l l i m e t e r s  (mm) (0.08 t o  0.12 i n . )  t h i c k  and 

up t o  15 cent imeters (cm) (5.9 i n . )  long. Next, the  sugar i s  ex t rac ted  

from t h e  beet  s l i c e s  i n  a d i f f u s e r .  I n  a t y p i c a l  d i f f u s e r ,  the  s l i c e d  

beets t r a v e l  up a covered s lop ing  t rough countercur ren t  t o  a stream o f  

h o t  water. 

i s  screened t o  remove small p ieces o f  sugar beet. The pu lp  leaves the  

d i f f u s e r  w i t h  a water content  o f  about 95 percent  and i s  pressed i n  

screw-type presses u n t i l  i t  conta ins approximately 75 t o  80 percent  

moisture.  

i s  re tu rned t o  the  d i f f u s e r .  The pressed pu lp  i s  enr iched by the a d d i t i o n  

o f  molasses. 

( f i r e d  by na tu ra l  gas, f u e l  o i l ,  l i g n i t e  o r  coal )  t o  a f i n a l  mois ture 

content  o f  6 t o  10 percent  and i s  cooled and s to red  f o r  sa le  as animal 

feed. 

l a r g e  discharge housing, causing i t  t o  drop ou t  o f  t h e  gas stream i n t o  a 

s c r o l l .  

A t y p i c a l  p l a n t  cou ld  be 

From 1972 t o  1979 

No growth i s  p ro jec ted  through 

4.2.4.2 Process Descr ip t ion .  A representa t ive  f l o w  diagram o f  a 

Beets are 

The raw d i f f u s i o n  j u i c e  l eav ing  the  lower end o f  the  d i f f u s e r  

The water pressed ou t  o f  t h e  pu lp  conta ins some sucrose and 

This  enr iched pu lp  i s  d r i e d  i n  d i r e c t - f i r e d  r o t a r y  dryers 

A t  the discharge end o f  the  d rye r  drum, the  product  enters  a 

Hot gases r i s e  t o  the top  o f  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 lo4 Mg/yr (1.8 x 10; tons/yr) 
of animal feed. Test data indicate uncontrolled emissions range from 
0.75 to 3.0 kg/Mg (1.5 to 6.0 l b / t ~ n ) . ? ~ , ~ ~  
the estimated uncontrolled emissions from a new or replacement dryer 
would be 49 Mg/yr (54 tons/yr) of particulate matter. 
have been reported to range from 0.15 to 0.75 kg/Mg (0.3 to 1 . 5  l b / t ~ n ) . ~ ~ , ~ ~  
Using 0.15 kg/Mg (0.3 lb/ton) and 0.75 kg/Mg (1.5 lb/ton), 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" alfalfa for use as an animal feed. Currently, there are 
180 alfalfa dehydrating plants operating i n  the U . S .  with the capacity 
to produce 1.1 x lo6 Mg/yr (1.2 x lo6 tons/yr) of animal feed.8,27 
Alfalfa dehydrators range i n  size from 900 to 3.18 x lo4 Mg/yr (1 x lo3 
to 3 . 5  x lo4 tons/yr). 
1.9 x l o4  Mg/yr (2.1 x lo4 tons/yr) of alfalfa using two  dryer^.^ 
1977, 1.1 x lo6 Mg/yr (1.2 x lo6 tons) of animal feed were produced with 
a value of $91 million.s From 1972 to 1979, the production of alfalfa 
has remained essentially 
expected through 1985. 2 8  

New England and the southeastern States. 
i n  the Northern Plains States. 
within 16 kilometers (10 miles) of the source of alfalfa. Table A-5 
provides a list of alfalfa dehydrating plants. 

Using 3.0 kg/Mg (6.0 lb/ton), 

Controlled emissions 

A typical new plant could be expected to produce 
In 

A 2 percent rate of growth is 

Alfalfa dehydrators are located throughout the country except i n  
The center of the industry is 

Alfalfa dehydrators are typically located 

4.2.5.2 Process Description. A representative flow diagram of an 
alfalfa dehydration plant is shown in Figure 4-5. 
is received at the plant and dried to 8 to 10 percent moisture content, 
usually in a direct-fired rotary drum dryer. 

Chopped alfalf- ("chops") 

Alfalfa dryers typically 
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operate i n  the  range o f  982' t o  1093'C (1800' t o  2000'F). 

o f  exhaust gases f r o m  the dryer  ranges f r o m  121' t o  160'C (250' t o  

320'F). Customari ly,  a cyclone i s  used t o  separate the  product  from the  

gases as they leave the dryer .  

product  recovery. 

hammermill, which reduces the dehydrated chops t o  meal. 

enters  a negat ive pneumatic conveyor, which discharges i n t o  the  meal 

c o l l e c t i o n  b i n .  From the meal b in ,  the product  may go t o  bagging, b u l k  

storage, o r  p e l l e t i z i n g  operat ions.  Add i t i ona l  cyclone c o l l e c t o r s  are 

used t o  recover product  and t o  reduce emissions from the  hammermill, 

p e l l e t  m i l l ,  and associated c o l l e c t i n g  b ins.  

secondary cyclones are u s u a l l y  ducted back t o  the  pr imary cyclone c o l l e c t o r .  

4.2.5.3 Emissions. The dryers ,  hammermills, and p e l l e t  m i l l s  are 

sources o f  emissions a t  a l f a l f a  dehydrat ing p lan ts .  A t y p i c a l  l a rge  

p l a n t ,  o f  t h e  type expected t o  be b u i l t  t o  rep lace r e t i r e d  stock, w i l l  

have two dryers,  each capable o f  producing approximately 9 x l o 3  Mg/yr 

(1 x l o 4  tons/yr ) .  Test data i n d i c a t e  uncon t ro l l ed  emissions range from 

0.75 t o  5.0 kg/Mg (1.5 t o  10.0 l b / t ~ n ) . ~ ~ , ~ ~  

uncont ro l led  emissions from a new o r  replacement d ryer  would be 45 Mg/yr 

(50 tons/yr )  o f  p a r t i c u l a t e  matter.  Con t ro l l ed  emissions range from 0.5 

t o  1.5 kg/Mg (1.0 t o  3.0 l b / t ~ n ) . * ~  Using 0.5 kg/Mg (1.0 l b / ton ) ,  

c o n t r o l l e d  emissions f r o m  a new o r  replacement d ryer  would be 4.5 Mg/yr 

(5  tons/yr )  o f  p a r t i c u l a t e  matter.  

4.2.6 Animal and Marine Fats and O i l  

The temperature 

The pr imary  f u n c t i o n  o f  t h i s  cyclone i s  

The product  recovered i n  t h e  cyclone enters  the  
The meal then 

The a i r  streams from these 

Using 5.0 kg/Mg (10.0 l b / ton ) ,  

4.2.6.1 In t roduc t i on .  Animal and Marine Fats and O i l s  ( S I C  2077) 

inc lude p l a n t s  t h a t  produce f i s h  meal and fea the r  meal, which are d r i e d  

and used as animal feed. Cur ren t l y ,  there  are 67 companies t h a t  produce 

f i s h  and fea the r  meal i n  the  U.S. w i t h  the  capac i ty  t o  produce 5.1 x l o s  Mg/yr 

(5.6 x l o 5  t ~ n s / y r ) . ~ l , ~ *  F ish  and fea ther  meal p lan ts  range i n  s i ze  

from 7.3 x l o 3  t o  1.27 x l o 4  Mg/yr (8  x l o 3  t o  1.4 x l o 4  tons/yr )  and 

4.5 x l o 3  t o  4.35 x l o 4  Mg/yr (5 x l o 3  t o  4.8 x l o 4  tons /y r ) ,  respec t i ve l y .  

A t y p i c a l  new f i s h  meal p l a n t  cou ld  be expected t o  produce 1.63 x l o 4  Mg/yr 

(1.8 x l o4  tons/yr )  o f  animal feed us ing two t o  th ree  drycrs ,  wh i l e  a 
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t y p i c a l  new fea the r  meal p l a n t  cou ld  be expected t o  produce 1.36 x l o 4  Mg/yr 

(1.5 x l o 4  tons /y r )  us ing two  dryer^.^ 
(2.82 x l o s  tons) o f  f i s h  meal and 1.58 x l o s  Mg/yr (1.74 x l o 5  tons) o f  

f ea the r  meal were produced, w i t h  values o f  $82 and $39 m i l l i o n ,  respec- 

t i ~ e l y . ~ ~ , ~ *  From 1972 t o  1979, t h e  produc t ion  o f  f i s h  meal grew a t  a 

4 percent  annual r a t e  w h i l e  the  produc t ion  o f  f ea the r  meal grew a t  a 

3 percent  annual ra te.32 

t o  remain e s s e n t i a l l y  s tab le  w h i l e  fea the r  meal p roduc t ion  i s  expected 

t o  grow a t  a 5 percent  annual rate.34,35 

I n  1977, 2.56 x l o 5  Mg/yr 

Through 1985, f i s h  meal p roduc t ion  i s  expected 

Table A-6 l i s t s  the  companies t h a t  operate f i s h  meal and fea the r  

meal p lan ts .  

4.2.6.2.1 Process d e s c r i p t i o n - - f i s h  meal. A representa t ive  process 

f l ow  diagram o f  a f i s h  meal p l a n t  i s  g iven i n  F igure  4-6. F i sh  are  

pumped from boats i n t o  a measuring dev ice,  which i s  c a l i b r a t e d  i n t o  a 

measure known as "one-thousand f i s h .  'I 

t o  approximately 0.36 m3 (22,000 in .3 )  o r  302 kg (665 l b ) .  

the  f i s h  a re  moved t o  a raw storage b in .  

storage b i n  v i a  a screw conveyor i n t o  a l i v e  steam cooker. The cooker 
i s  a Inn: hnr iznnta!  sect-inn nf t h e  s c r e w  conveyor f i t t e d  w i t h  a cover.  

Cooking breaks t h e  o i l  sacs and d i s i n t e g r a t e s  the f i s h .  From the  l i v e  

steam cooker t h e  m ix tu re  i s  conveyed t o  dewatering presses, which reduce 

the  f i s h  mea? t o  42 t o  50 percent  mo is tu re  content. 

pressed from the  f i s h  a re  processed through shaker screens t o  remove 

res idua l  s o l i d s  and are then c e n t r i f u g e d  t o  separate the  o i l  from water 

and f i s h  so lub les.  The f i s h  o i l  recovered i s  a f i n a l  product .  The 

water generated from t h e  above process i s  known as " s t i c k  water" and i s  

sent t o  an evaporator t o  concentrate the  so lub le  and suspended s o l i d s .  

These f i s h  so lub les are  added t o  t h e  meal t o  produce a h igher  q u a l i t y  

f i s h  meal known as whole f i s h  meal. From t h e  dewatering presses, t h e  

f i s h  meal en ters  r o t a r y  drum dryers  where i t  i s  d r i e d  t o  approximately 

10 percent  moisture. 

on the  end of t h e  d rye r  and then conveyed t o  b u l k  storage. 
gases are passed through an odor scrubber and then exhausted t o  the  

atmosphere. 

One-thousand f i s h  i s  equ iva len t  

From here 

F i sh  are moved from t h e  raw 

The water and o i l  

The meal i s  recovered by product  recovery cyclones 

The exhaust 
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4.2.6.2. Process desc r ip t i on - - fea the r  meal. Feathers a re  rece ived 

from chicken o r  tu rkey  process ing p l a n t s  and are hydro lyzed t o  a meal i n  

continuous o r  batch l i v e  steam o r  steam-tube pressure cookers. Blood 

may be added t o  the  fea thers  be fore  o r  a f t e r  hydro lyza t ion .  

70 percent  t o  7 percent  i n  steam-tube r o t a r y  dryers.  

then goes through a c o o l i n g  and mois tu re  adjustment process where d ry  o r  

wet fea the r  meal i s  added t o  the  produc t  as needed t o  a d j u s t  t h e  f i n a l  

mois ture conten t  t o  10 percent .  

Exhaust gases from t h e  pressure cookers, dryers,  and coo le rs  a re  

c o l l e c t e d  and rou ted  through cyc lone c o l l e c t o r s  t o  remove suspended 

p a r t i c u l a t e  mat te r  and then are shunted t o  an odor c o n t r o l  system. 

Feather meal i s  recovered from t h e  cyclones and i s  re tu rned  t o  t h e  

process. A rep resen ta t i ve  f l o w  diagram o f  a fea the r  meal p l a n t  i s  

presented i n  F igure  4-7. 

4.2.6.3 Emissions. The f i s h  and fea the r  meal d ryers  a re  sources 

o f  p a r t i c u l a t e  mat te r  emissions i n  these indus t r i es .  A t y p i c a l  p l a n t ,  

o f  t h e  type  expected t o  be b u i l t  t o  rep lace r e t i r e d  s tock  i n  the  f i s h  

meal i ndus t r y ,  w i l l  have two t o  th ree  dryers ,  each capable o f  producing 

approximately 7.3 x l o3  Mg/yr (8 x l o 3  tons/yr).  

a v a i l a b l e  f o r  e i t h e r  c o n t r o l l e d  o r  uncon t ro l l ed  emissions from f i s h  meal 

dryers.  

emissions g iven i n  AP-42, a new o r  replacement d rye r  would be expected 

t o  emi t  l e s s  than 0.9 Mg/yr (1 ton /y r )  o f  p a r t i c u l a t e  mat ter .36 

A t y p i c a l  p l a n t ,  o f  the  type  expected t o  be b u i l t  t o  rep lace  r e t i r e d  

s tock  i n  t h e  fea the r  meal i ndus t r y ,  w i l l  have two t o  f o u r  dryers,  each 

capable o f  producing approximately 1.45 x l o 4  Mg/yr (1.6 x l o 4  tons/yr )  

Test  data i n d i c a t e  uncon t ro l l ed  emissions o f  0.3 kg/Mg (0.6 l b / t ~ n ) . ~ ’  

Using 0.3 kg/Mg (0.6 lb / ton) ,  t h e  est imated uncon t ro l l ed  emissions from 

a new o r  replacement d rye r  would be 4.4 Mg/yr (4.8 tons/yr )  o f  p a r t i c u l a t e  

mat te r  pe r  dryer .  

ra tes.  

4.2.7 D i s t i l l e d  L iquor  

The mois tu re  conten t  o f  the  fea the r  meal i s  reduced from approximately 

The fea ther  meal 

No t e s t  data a re  

Using the  f a c t o r  o f  0.005 kg/Mg (0.1 lb / ton)  o f  uncon t ro l l ed  

No data a re  a v a i l a b l e  t o  est imate c o n t r o l l e d  emission 

4.2.7.1 In t roduc t i on .  D i s t i l l e d  L iquors (SIC 2085) inc lude p l a n t s  

t h a t  manufacture a l c o h o l i c  l i q u o r  by d i s t i l l a t i o n  and r e c t i f i c a t i o n  and 
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Figure  4-7.  Feather meal product ion f l o w  diagram. 
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t h a t  produce d i s t i l l e r s '  d r i e d  g r a i n  f o r  sa le  as an animal feed. Cur ren t l y ,  

t he re  are 93 d i s t i l l e r s  opera t ing  i n  t h e  U.S. ( n o t  a l l  o f  these produce 

d r i e d  g ra ins )  w i t h  the  capac i t y  t o  produce 4.45 x 10' Mg/yr 

(4.9 x l o 5  ton /y r )  o f  animal feed.38,39 A t y p i c a l  new p l a n t  cou ld  be 

expected t o  produce 2.27 x l o 4  Mg/yr (2.5 x l o 4  tons/yr )  o f  d r i e d  g r a i n  

us ing two  dryer^.^ I n  1977, 3.5 x l o s  Mg/yr (3.87 x l o s  tons) o f  d r i e d  

g r a i n  were produced w i t h  a value o f  $42 m i l l i o n . 4 0  

t h e  p roduc t i on  o f  animal feed grew a t  a 3 percent annual ra te ;  a 5 percent 

annual r a t e  o f  growth i s  expected through 1985.40,41 

From 1972 t o  1979, 

Table A-7 l i s t s  the companies which operate d i s t i l l e r i e s .  

4.2.7.2 Process Descr ip t ion.  F igure  4-8 shows a general process 

f low diagram o f  a d i s t i l l e d  s p i r i t s  p l a n t .  

cooked t o  g e l a t i n i z e  the s tarch,  cooled, and sacchar i f i ed  w i t h  malt .  

A f t e r  s e t t l i n g  f o r  a p e r i o d  t o  pe rm i t  s a c c h a r i f i c a t i o n ,  t he  mash i s  

cooled t o  fermentat ion temperature, innocu la ted  w i t h  yeast ,  and al lowed 

t o  ferment from 3 t o  5 days. The fermented mash i s  d i s t i l l e d ,  and the 
whole spent s t i l l a g e  i s  f u r t h e r  processed t o  make d i s t i l l e r s '  d r i e d  

gra ins.  

f r a c t i o n  be ing  r e t a i n e d  on the  screens and the  suspended s o l i d s  and 

l i q u i d s  passing through the screens. 

pressed f o r  f u r t h e r  removal o f  water be fore  d ry ing ,  and the l i q u i d s  and 

suspended s o l i d s  may be e i t h e r  c e n t r i f u g e d  t o  remove suspended s o l i d s  o r  

evaporated t o  a syrup (30 t o  40 percent  s o l i d s ) .  

screened and pressed f r a c t i o n  and syrup are mixed and dr ied,  genera l l y  

i n  steam-tube r o t a r y  dryers.  

gra ins,  on l y  the  coarse f r a c t i o n  i s  d r i ed .  

mat te r  emissions a t  d i s t i l l e r i e s .  A t y p i c a l  p l a n t ,  o f  t he  type expected 

t o  be b u i l t  t o  replace r e t i r e d  stock, w i l l  have two dryers,  each capable 

o f  producing 1.36 x l o 4  Mg/yr (1.5 x lo4  tons/yr )  o f  d r i e d  grains.  No 

t e s t  da ta  were a v a i l a b l e  f o r  uncon t ro l l ed  o r  c o n t r o l l e d  emissions. An 

emission f a c t o r  o f  2.5 kg/Mg (5.0 l b / t o n )  i s  g iven i n  AP-42 f o r  uncon t ro l l ed  

Cereal gra ins a r e  ground, 

F i r s t . ,  t.he whole st . i l lage i s  sPparat.ed n v e r  screens wit .h t.he cnarse 

The coarse f r a c t i o n  i s  genera l l y  

I n  the produc t ion  o f  d i s t i l l e r s '  d r i e d  gra ins w i t h  so lub les,  t he  

I n  the  produc t ion  o f  d i s t i l l e r s  d r i e d  

4.2.7.3. Emissions. Spent g r a i n  dryers are a source o f  p a r t i c u l a t e  
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emissions.42 
emissions from a new or replacement dryer would be 34 Mg/yr (37.5 tons/yr) .  
4.2.8 Malt Beverages 

Using 2 .5  kg/Mg (5.0 lb / ton) ,  t h e  expected uncontrolled 

4.2.8.1 Introduction. Malt Beverages (SIC 2082) p lan ts  process 
cereal grains  i n t o  malt beverages and dry  the spent grain fo r  use as an 
animal feed. Currently,  there  a r e  88 plants  operating i n  the U.S. (not  
a l l  produce brewers' dr ied gra ins)  w i t h  the  capacity t o  produce 
3.63 x lo5  Mg/yr (4  x lo5 tons/yr)  of animal feed.43,44 
i n  s i z e  from 1.8 x lo3 t o  1.8 x l o4  Mg/yr ( 2  x lo3 t o  2 x lo4 tons/yr)  
of brewers' dr ied grains. A typical  new p lan t  could be expected t o  
produce 1.8 x lo4 Mg/yr (2  x lo4 tons/yr)  of brewer 's  dr ied grain u s i n g  
two  dryer^.^ I n  1977, 3.54 x los  Mg (3.9 x 1OS'tons) of animal feed 
were produced w i t h  a value of 346 m i l l i ~ n . ~ ~ , ~ ~  From 1972 t o  1979, the 
production of brewers' dr ied gra in  remained e s s e n t i a l l y  s t a b l e ;  t h i s  
s t a b l e  level of production i s  expected t o  continue t h r o u g h  1985.40,4s 

Breweries range 

A t  one time, general industry prac t ice  was t o  s e l l  wet spent  gra ins  
fo r  feed o r  t o  bury o r  t o  f lush  t h e  material i n to  nearby streams. 
brewers s t i l l  s e l l  wet grains  f o r  feed. Table A-8 l i s t s  the companies 
which operate malt beverage p lan ts .  

diagram of a malt beverage p l an t  i s  given i n  Figure 4-9. 
i n  the  production of brewers' d r ied  grains  process is  t o  move the  spent 
grain from the spent  grains  holding hopper t o  the dewatering press surge 
hopper and then by screw conveyor t o  the ro ta ry  dewatering press .  Three 
l i n e s  of mater ia ls  leave the press:  the water produced is  sen t  t o  an 
e f f luen t  cen t r i fuge ,  most of the  pressed gra in  i s  sen t  t o  dryers ,  and 
the remaining portion of the pressed g r a i n  leaves along another conveyor 
t o  the wet spent  grains  s torage b i n .  Some of the wet g ra ins ,  along w i t h  
some of the  material  from the  e f f l u e n t  cen t r i fuge ,  a r e  mixed back i n t o  
the dr ied grain t o  produce the  raw feed mater ia l .  

matter emissions a t  breweries. A typical  large p l a n t ,  of the type 
expected t o  be b u i l t  t o  replace r e t i r e d  s tock ,  wi l l  have two dryers ,  
each capable of producing 1 . 1  x lo4  Mg/yr (1 .2  x lo4 tons/yr) .  
data a re  ava i lab le  f o r  uncontrolled emissions. AP-42 l i s t s  an uncontrolled 

Many 

4.2.8.2.  Process Description. A representat ive process flow 
The f i r s t  s t ep  

4.2.8.3. Emissions. Spent gra in  dryers  are a source of pa r t i cu la t e  

No t e s t  
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~ 1 
.. I 

emission f a c t o r  o f  2.5 kg/Mg (5 .0  l b / t ~ n ) . ~ ~  

the  est imated uncon t ro l l ed  emissions f r o m  a new o r  replacement d rye r  

would be 27 Mg/yr (30 tons /y r )  o f  p a r t i c u l a t e  matter. 

have been repor ted  t o  be approx imate ly  1 .0  kg/Mg (2.0 l b / t ~ n ) . ~ ~  Using 

1.0 kg/Mg (2.0 lb / ton) ,  t he  est imated c o n t r o l l e d  emissions f r o m  a new o r  

replacement d ryer  would be 11 Mg/yr (12 tons/yr )  o f  p a r t i c u l a t e  mat ter .  

Using 2.5 kg/Mg (5.0 l b / ton ) ,  

Con t ro l l ed  emissions 
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Salem, N.C. September 6-7, 1978. 
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5. A I R  EMISSIONS DEVELOPED I N  SOURCE CATEGORY 

5.1 PLANT AN0 PROCESS EMISSIONS 

The p r i n c i p a l  a i r  p o l l u t a n t  r e s u l t i n g  from the  d r y i n g  o f  products 

used as animal feeds i s  p a r t i c u l a t e  mat ter .  S u l f u r  d iox ide  (SO,), 

hexane, and odor emissions may a l so  occur. I n  d i r e c t - f i r e d  dryers ,  the  

products o f  combustion are present  i n  the  emissions. 

r o t a r y  drum dryers  use na tu ra l  gas, f u e l  o i l ,  coal ,  o r  l i g n i t e  as a f u e l  

source. I f  f u e l s  o ther  than na tu ra l  gas are used, SO2 may be emit ted.  

Furthermore, a t  soybean o i l  m i l l s  hexane may be emi t ted  f r o m  the animal 

feed dryers.  No data were found t o  q u a n t i f y  the  presence o f  SO2 and 

hexane emissions f r o m  dryers.  Table 5-1 i s  a summary o f  p a r t i c u l a t e  

mat te r  emission f a c t o r s  from t y p i c a l  d ryers ,  which was developed from 

a v a i l a b l e  t e s t  and pe rm i t  data. 

5.2 TOTAL NATIONAL EMISSIONS FROM SOURCE CATEGORY 

D i r e c t - f i r e d ,  

Animal feed d ry ing  produces p r i m a r i l y  p a r t i c u l a t e  mat ter  emissions 

b u t  may a l so  produce s u l f u r  d iox ide ,  odor, and o ther  t r a c e  substances 

( i . e . ,  hexane). Estimates o f  c u r r e n t  na t i ona l  p a r t i c u l a t e  mat ter  emissions 

are g iven i n  Table 5-2. The annual p roduc t ion  f i gu res  g iven i n  Table 5-2 

were obtained from pub l ished U.S. Department o f  Commerce s t a t i s t i c s  f o r  

1975 through 1979 and from p ro jec ted  o r  est imated s t a t i s t i c s  f o r  1980.'-1° 

The uncont ro l led  emission fac to rs  g iven i n  Table 5-2 are the upper l i m i t  

o f  the  range o f  the  emission f a c t o r s  g iven i n  Table 5-1 o r  a re  publ ished 

emission fac to rs .  11,12 Consequently, the  emissions g iven i n  Table 5-2 are 

thought t o  represent  maximum est imated emissions f o r  each indus t r y .  

l a r g e s t  source o f  pa r t i cu !a te  mat ter  emissions i s  the  soybean o i l  m i l l  

segment, which e m i t s  an est imated 17,010 Mg/yr (18,750 t o n d y r ) .  The 

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

Typical Controlled 
process emi ssiog Uncontrolled 

factor emission factora 
Industry $?%%% kg/Mg lb/ton kg/Mg 1 b/ton 

Soybean mills 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) 

7.2 8 0.125 0.25 0.7 1.6 d Pet food 
(SIC 2047) 

Beet sugar' 9.1 10 0.13-0.7 0.3-1.5 0.7-2.7 1.5-6.0 
(SIC zu6jj 

dehydrators' 
(SIC 2048) 

Alfalfa 5.4 6 0.45-1.4 1.0-3.0 0.75-5.0 1.5-10.0 

Malt beverages' 3.6 4.0 0.9 2.0 N/A N/A 
(SIC 2082) 

Marine Fatse 
Animal and 3.6 4.0 N/A N/A 0.3 0.6 

!/A = Not available. 

bEstimated from permit and test data. 
'Calculated from available emission test data. 
dEstimated from equipment manufacturer's' test data. 
%timate from test data for feather meal drying. 

Expressed in terms o f  Mg and tons of dried product. 
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smal les t  source o f  p a r t i c u l a t e  mat te r  i s  the  animal and marine o i l s  and 

f a t s  segment, which emits an est imated 152 Mg/yr (168 tons/yr ) .  

There i s  p o t e n t i a l  f o r  s u l f u r  d i o x i d e  emissions when d i r e c t - f i r e d  

dryers  are used w i t h  o i l ,  coa l ,  o r  l i g n i t e  as f u e l .  However, na tu ra l  

gas i s  p resen t l y  the  f u e l  most f r e q u e n t l y  used. There are  l i t t l e  o r  no 

da ta  a v a i l a b l e  upon which t o  base est imates o f  s u l f u r  d iox ide  emissions 

from t h i s  source category. 

5.3 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 
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6. EMISSION CONTROL SYSTEMS 

6 . 1  CONTROL APPROACHES 

P a r t i c u l a t e  mat ter  con t ro l  devices used a t  p l a n t s  i n  the  source 

category inc lude:  cyclones used s i n g l y ,  i n  ser ies ,  and i n  p a r a l l e l ;  

ven tu r i  scrubbers; o r i f i c e - t y p e  scrubbers; mechanical c e n t r i f u g a l  c o l l e c t o r s  

w i t h  water spray; and wet mechanical scrubbers. Packed bed scrubbers 

and i n c i n e r a t o r s  are used f o r  odor c o n t r o l  on the  emissions from the  

d ry ing  o f  f ea the r  meal and f i s h  meal. 

Recent ly,  several  d ryer  manufacturers have begun t o  i nc lude  p a r t i a l  

exhaust gas r e c i r c u l a t i o n  as a p a r t  o f  t h e  dryer  system. 

o f  the ho t  gases reduces the  energy requirements o f  the  dryer  and i s  

c la imed t o  reduce emissions. 

6.1.1 Product Recovery f o r  the Animal Feed Dryer 

and product  recovery devices are u s u a l l y  purchased as p a r t  o f  a d ry ing  

system. 

product.  

cyclones are among the  devices used f o r  product  recovery. 

housings o r  s e t t l i n g  chambers a l l ow  the  product  t o  drop ou t  o f  the  

exhaust gas stream, and cyclones separate p a r t i c u l a t e  mat ter  from the 

e f f l u e n t  gas by changing the  d i r e c t i o n  and v e l o c i t y  o f  the  stream. 

6.1.2 Emission Contro l  f o r  the  Animal Feed Dryer 

Rec i r cu la t i on  

E f f i c i e n t  product  recovery i s  essen t ia l  t o  p r o f i t a b l e  p l a n t  operat ions,  

These devices separate the  exhaust gases f r o m  the en t ra ined 

Large discharge housings a t  the  end o f  the  dryer  drum and 

Discharge 

Table 6-1 l i s t s  types o f  c o n t r o l  devices used i n  the i n d u s t r i e s  

which make up the  animal feed source category. 

us ing  i n fo rma t ion  obta ined i n  p l a n t  v i s i t s  and from emission t e s t  repo r t s ,  

i n d u s t r y  contacts ,  and manufacturers '  1 i t e r a t u r e .  

6.1.2.1 Dry Co l l ec to rs .  A cyclone w i t h  a h igh  i n l e t  v e l o c i t y ,  

small diameter, and long cone i s  commonly c a l l e d  a h i g h - e f f i c i e n c y  

This  t a b l e  was compiled 
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TABLE 6-1. CONTROL DEVICES USED ON EMISSIONS FROM 
ANIMAL FEED DRYERS BY SIC CODE 

S I C  Code Indus t r y  type  Contro l  dev ice 

2046 

2047 

2048 

2063 

2075 

2077 

2082 

2085 

Wet corn  m i l l i n g  

Dog, c a t  and o ther  

Prepared feeds, NEC 

p e t  foods 

Beet sugar 

Soybean o i l  m i l l s  

Animal and marine f a t s  
f a t s  and o i l s  

Ma l t  beverage 

D i s t i l l e d  l i q u o r  

High e f f i c i e n c y  cyclones 
Mul t i c lones ,  Ventur i  scrubbers 

Mu l t i c l one  

Wet scrubbers, P a r t i a l  recyc le  o f  

Cyclones, P a r t i a l  recyc le  o f  exhaust 

High e f f i c i e n c y  cyclones 

Inc ine ra to rs .  Packed bed scrubbers 

exhaust a i r  

a i r  

Mechanical, c e n t r i f u g a l  c o l l e c t o r s  

Mechanical, c e n t r i f u g a l  c o l l e c t o r s  

w i t h  water spray 

w i t h  water spray 
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cyclone. 
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. 
gravity carries the particles to the dust outlet. 

density of the particulate matter, particle diameter, inlet velocity, 
length of cyclone, ratio of cyclone body diameter to cyclone outlet 
diameter, and number of gas revolutions within the cyclone.' 

for the control of particulate matter emissions. These are described 
bel ow. 

One type of high-efficiency cyclone consists of a cylinder 

The downward spiral assisted by 

Cyclone efficiency increases with an increase in any of the following: 

6.1.2.2 Wet Collectors. A variety of wet collection devices exist 

In a mechanical, centrifugal collector with water sprays, a spray 
The of water is added to the inlet to increase collection efficiency. 

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.2 

which water is added at the throat. 
velocities at the throat that range from 4,570 to 6,100 meters per 
minute (mpm) (15,000 to 20,000 feet per minute [f~m]).~ 
range from 2,488 to 7,565 pascals (Pa) (10 to 30 inches H20).3 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 particles 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. 
are not used commonly by industries in the animal feed source category. 

In a venturi scrubber, the exhaust gas passes through a venturi to 
Venturi scrubbers commonly have gas 

Pressure drops 

These scrubbers 
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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 droplets, 
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 
liquid 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 e f f i ~ i e n c y . ~  Like mechanical centrifugal 
collectors with water sprays, these scrubbers are subject to particulate 
matter buildup or corrosion at the rotor blades. 

also remove particulate matter. 
function of the residence time of the odor-laden air in the scrubber, 

6.1.2.3 Odor Control. Packed bed scrubbers used for odor control 
Odor removal by wet scrubbing is a 

'the avai!ahl~ contact. area; and the solubility of the odor-causing 
pollutant in the scrubbing liquid. 
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. 
chamber contains a packed bed to increase retention time and contact 
area. 
oxidize the odor-causing particles to nonodorous or easily removable 
compounds. 
further oxidize the odor-causing pollutant. 
caustic is sprayed onto a packed bed to neutralize the scrubbing solution 
prior to discharge. 

Packed bed scrubbers observed in the 

The second 

Sulfuric acid (5 to 10 percent) is sprayed into this chamber to 

Next, the gas stream is contacted with chlorine gas to 
In the third chamber, 

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

An observed packed bed scrubber controlling 
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rates each of 0.02 m3/s (384 gpm).4 
scrubber is claimed to be 98 percent of all particles larger than 8 pm.’ 

Incinerators and waste heat boilers have been used to control odors 
from fish and feather meal dryers. 
product recovery cyclone 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 collection efficiency for this 

The use of the exhaust gas from the 

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 Triangle 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, 6. D . ,  MRI/N.C., to Telander, J. A . ,  EPA/ISB. 
August 14, 1981. Plant Visit--Standard Products Plant, Southport, 
N. C. 
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7. EMISSION DATA 

7.1 AVAILABILITY OF DATA 
Emission test data were obtained from State and local control 

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. 
test data obtained for controlled emissions. 

In only a few cases were 

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 o f  the exhaust gas, modification 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 i n fo rma t ion  on S ta te  and l o c a l  regu la t i ons  

t h a t  are app l i cab le  t o  animal feed dryers.  

from telephone contac ts  w i t h  State and l o c a l  p o l l u t i o n  c o n t r o l  agencies 

and from the Environment Reporter. ,* 
8.1 SUMMARY OF EMISSION REGULATIONS 

These data were compiled 

Animal feed d r y i n g  p l a n t s  operate i n  47 States. A l l  47 States 

regu la te  p a r t i c u l a t e  mat te r  emissions from new and e x i s t i n g  p l a n t s .  

State regu la t i ons  f o r  new p l a n t s  (see Table 8-1 f o l l o w i n g  page 8-2) are 

more s t r i n g e n t  than those f o r  e x i s t i n g  p lan ts .  A l l  bu t  f o u r  States have 

opac i t y  l i m i t a t i o n s  (Table 8-1). Most o f  t he  States l i m i t  opac i t y  t o  
20 percent w i t h  exceptions t h a t  pe rm i t  h igher  l e v e l s  f o r  a small percentage 

o f  t ime i n  an hour o r  a day. I n  add i t i on ,  most States have odor r e s t r i c t i o n s  

on animal feed d rye rs  r e s t r i c t i n g  odors t o  no more than 150 odor concentra- 

t i o n  u n i t s  as determined by an odor panel. 

equations shown below t o  determine a l lowab le  p a r t i c u l a t e  mat te r  emissions 

from animal feed dryers.  

The 

T h i r t y - f o u r  o f  t he  fo r ty -seven States use the  process weight r a t e  

Equation Set 1: E = 3.59 Po.62 P 530 tons/h 

E = 17.31 Po.16 P >30 tons/h 

Equation Set 2: E = 4.10 P o - 6 7  P 630 tons/h 

E = 55 P0.11-40 P >30 tons/h 

where E equals a l lowab le  p a r t i c u l a t e  mat te r  emission r a t e  i n  pounds per  

hour and P equals process weight r a t e  i n  tons per  hour. 

States use Equation Set 2, t e n  States use Equation Set 1, and two States 

use both equations f o r  d i f f e r e n t  cond i t i ons .  Using Equation Set 1 and 

assuming process weight r a t e s  o f  18 and 36 Mg/h (20 and 40 tons/h), 

Twenty-two 
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a l lowab le  emissions would be 10.4 kg/h (23.0 lb /h )  and 14.2 kg/h 

(31.2 lb /h ) ,  respec t i ve l y .  Using Equation Set 2 and the  same process 

weight  r a t e  assumptions, a l lowab le  emissions would be 13.8 kg/h and 

19.3 kg/h (30.5 l b / h  and 42.5 l b /h ) ,  respec t i ve l y .  

New Jersey, Pennsylvania, and the  South Coast A i r  Q u a l i t y  Management 

D i s t r i c t  have the  lowest  p a r t i c u l a t e  mat te r  emission l i m i t s .  A d r y e r  

process ing 4.5 Mg/h ( 5  tons/h) would be r e s t r i c t e d  t o  3.9 kg/h (8.5 lb /h)  

o f  p a r t i c u l a t e  mat te r  emissions i n  these th ree  areas b u t  would be al lowed 

t o  emi t  5.4 kg/h (12 lb /h)  o f  p a r t i c u l a t e  mat te r  (based on Equation Set 

2) i n  most o f  the  remaining States.  

mat te r  emission l i m i t s  s p e c i f i c  t o  animal feed d r y i n g  p lan ts .  Arkansas 

has a s p e c i f i c  r e g u l a t i o n  f o r  p o u l t r y  feed m i l l s  and soybean o i l  m i l l s  

(Table 8-1). I l l i n o i s  has a spec ia l  r e g u l a t i o n  f o r  wet corn  m i l l s ,  and 

Ind iana se ts  p a r t i c u l a t e  mat te r  emission l i m i t s  on a case-by-case bas is  

f o r  soybean o i l  m i l l s  and wet co rn  m i l l s .  

p a r t i c u l a t e  mat te r  emission l i m i t s  f o r  a l l  p l a n t s  on a case-by-case 

bas is .  

8.2 REFERENCES 

Three States--Arkansas, I l l i n o i s ,  and Indiana--have p a r t i c u l a t e  

New Mexico and Utah s e t  

1. Telecon: Shular, J., M R I ,  w i t h  McGrogan, Jr. Pennsylvania Bureau 
o f  A i r  Q u a l i t y  Contro l .  J u l y  7, 1981. In fo rma t ion  on p a r t i c u l a t e  
mat te r  and opac i t y  standards. 

2. Environment Reporter. S ta te  A i r  Laws. Volumes 1, 2, and 3. 
Bureau o f  Nat iona l  A f f a i r s .  Washington, D.C. pp. 301:OlOl t o  
556: 0501. 

a-2 



v) z 
I2 
C 

4 a 
a 
0 
W 

z 
E 
I- 
2 
2 
0 

a 

a. 
a 
a 
I 

W 
C 

I- 
v) 

a 

I& 
0 

d, 
W 
d 

U 
m 

W 
U c 
W 
L 
W 
L 
W 
L 

c 
0 
Y m 
a 
m 
W 
L 
E 
0 

4 

.r 

c 

.r 

a 
F - 
0 
R 

L 
.r 
a 

2, 
Y 

U 

R 
0 

.r 

m 

W 
Y m 

U 

c, 
L 
Lz 

c 
a 
.r 

m 

W 
Y 

Y 
v) 

m 

L D  2 
m a 
L 

V I W  
w u  

n 

u 
.r 
> .  
L -  a o  
W L  

c, 
C C  
Y O  
- v  
w c  
X O  
I .r 
I c ,  

W -  
- 0  &a. 
C L  

m 

m a  
7 

.r 
o a  n m  .r 

w w a  

a 
8 
N 

0 

c, 
W 
v) 

E 
0 

c, 

0- 
W 

- 
.r 

m a 

m 
5 n 

a 
m 
7 

$3 * 

Y 
u 
L 
Y 
VI 

.r 

.r 
a 

Y -  m o  
- L z  

m L  
w .r 
a 

a a  

W 
VI 

I Z  x -  u .C c 
N C 0 0  w .r w 
c, 0 mv) a C  w 
v)O L c 

0 
C Y  c o no;=- 

. - m u m  m 
~ u m a  .r 
m x a u  u 
a w k u  
0- R 
w v) 

VI 
m m c VI 
0 c 
N m 
.r Y 
L L a a 

N 

4 
W 
v) 

E 
0 

Y m 
0 
W 

.r 

a 

L 
.r 
a 

* 
Lo 

W 

4 .  
c m  
0 > u  c - m  
VI 
c -  
O N  

Y -  
.r 

m -  
a m  
- 
cnc 
w o  az .r 

n 
8 
N 

8 
N 

c, h -  C m  
0 V c ,  
.r v) w 

c 
VI w o  
V I w -  .r 

% s *  
w ~ n  c, u m m  m 
O L C  a 
L 0 
0. W 

Y 
VI 

0 
V 

0 c U 
Y m a L 
0 0 
v) - 

0 u 

m 

V I 0  
W O O  

U -  c 
W L  
m w  
0 

w r  
Y U  

c, 
v) 

.- m 

a n  

m o  

I 

0 
L 
> c 
W L  

0 

.r 

.r 
-a 

n 
8 
N 

Y 
W 
v) 

c 
0 

Y 

0 
W 

.r 

m a 

Y 

U 

c, 
U 
W c c 
0 
V 

a 
.r 

8 
N 

7 

c, 
W 
v) 

c 
0 

c, m a 
0- 
W 

.r 

m 
U 
L 
0 

U 

.r - 

8 * 

N 

c, 
W 
v) 

c 
0 

c, m 
0 
W 

.r 

a 

m 
.r 
m 
L 
0 
W a 

8- 3 



h 
U 
W 
3 
c 
U c 
0 
U 

.r 

v 

c 
I m 

W 
-I 

4 + 
m 

W 
U 
c 
W 
L 
W 
1c 
W 
L 
E 
0 

U 

3 cn 
W 
L 

c 
0 
U 

.r 

m 
c 

.r 

a 

n 

c 
c 
0 

L 
4 
.r 

% 
4 

U m 
0 

.r 

n 

W 
U 

a 
U 

U 
L 

m 
c 

.r 

m 
n 

W 
U 

U 
v) 

m 

L 
4 
.r 

VI 
c L - C  
0 

> 

N 
3 

N 

U 
W 
v) 

E 
0 

U m 
0. 

W 

.r 

a 

.C 

.C 

m 

I 
% 

3 
N 

N 

U 
W 
Ln 

c 
0 

Y 

0 
W 

.r 

m a 

0 c 
'CI 
m 
* 

7 co t m  , -  
Y) 
N T  
m u  

L 

.-z 
U 

+ .  .c 
w u  u c  
U L  

W > -  
.C 0 
U L  m c ,  
L C  u o  
VIU 

c c  
fr 0 
E .- u u  
4 3  

e o  

U L  c .r -u 

w m  

.- 

o m  
m 

.r 

c 
m -  
m a  
.r 

U 
E 

c m 
L N  C V I  

w o  .r VI c 

w e-.? m u u  w m c c  N 

uc,v) u L . r E  u 
W W  

W W E E z  m 3 c  m u  
c + . r  c e m o  c 
o n c ,  o n w u  o .- w m ..- w a ..- 
c , u a  u u u u  u 
m x u  m x o w  m 
a w w  a w m 3  a 

0 C L  

U U U 
W W W 

VI 
.r m 
0 c 

c U 
c C 0 

E m s .r .r - w w 

.. 
c 
0 

e 0  
O v )  

c 
m 
L 

U 

z 
1c 
0 

a 
m 

3 
N 

N 

c, 
W 
v) 

c 
0 

U m 
m 
W 

.C 

a 

VI 
m 
VI 
E 

Y 
m 

3 
N 

c 

c, 
W 
v) 

c 
0 
U m a 
0. 
w 

.C 

> 
Y 
U 

U 

W 
Y 

a 

n 
3 
N 

N 

U 
W 
v) 

c 
0 

c, 

U 
W 

.r 

m a 

m 
m E 

.r 
VI 

a 
0 
-I 

.r 

c 
0 

.C 

. .  
> m  - 
c a m  
w 00 
' C L ,  O ' r O O  . 
u'zg 
r e  - 
W O V I  
E L >  Y a w L  
L m m u  w n a  m 
n L  m E 
w a-C m 
n m - 3  

3 
N 

7 

Y 
W 
v) 

c 
0 

c, m 
0 
W 

.r 

a 

W c 

x 
.r m 

a-4 



h 
U 
W 
2 
E 

U 
E 
0 
U 

.r 

v 

7 

d, 
W 
-1 
m 
5 

W 
U 
E 
W 
L 
W e 
W 
L 
c 
0 

U 
.r 

m 
a 
c 

cn 
W 
L 
c 
0 
U 
.r 

a 

n 

c 
c 
0 

L 

4 
.r 

% 
U 

U 

0 

.r 

m n 

W 
U m 
a c 

U 

U 
L m 

.r 

n 

W 
U 

Y 
v) 

m 

0 

m 
7 

E 
U 
VI 
0 
\- 

Y U  
Y) 

- 0  
I \  
O L  
X 

Ln 
L n O  

m e  

- m  

. o  c 

cv 

n c m 
c -  m 

z a  
. c  
0 .r 

h r 

c o u  
.r c 

c w  
0 

m 
L -- 

c , m  a 

n -  
c c  

\ 
w m  u c  m o e  r 

Y O  Y E  N r m  w o  
m v)o u .- 0 W 
w u  c o  v) 

h C  
V I W  U L .  0 

L U  *> 

3- . z m  

VI-  m w u  ,- w n  = > o  u u m  U O L  m o u  w v p .  a 
L 0 
n w 

VI 
U 
U 
W 
VI a c 
U 

VI r 
VI U m .r r r 

r m m m .r 

" N  w m  

3 
N 

c 

U 
W 
v) 

c 
0 

Y 

U 
w 

.r 

m a 

m 
c, 
0 
VI 
W c c 
r .- 

7 

0 
L 
c , -  c- 
0 1  
VLn 

N 

a 

r 

r c  
. r - Y \  w 

u >  

3 2 m -  E 

Z L w -  U = 

m w o r  c, 
w n  n v) 

VI -0 0 
o w  .Ln .r 
w ~ m .  u u m  . w  m 

n W 

.r 
Q 
Q 

VI L 
VI 3 
.r 0 
VI VI 
VI VI 

.r .r 

.r r .r r 

3 
N 

N 

c, 
W 
v) 

E 
0 

U a 
3 
(5 
W 

.r 

m c 
Y c 
0 
E 

m 

8-5 



h 
U 
W 

C 

Y 
C 
0 
U 

a 
.r 

v 

- 
I m 

W 
2 

U + 
m 

W 
V 
C 
W 
L 
al 
L 
W 
L 

C 
0 

Y m 

m 
W 
L 
C 
0 

Y 

.r - 
a 

.r 

a - 
7 

0 
Q 

L 
U 
.r 

h 
Y 

U m 
. Q  
0 

.r 

W 
Y m 
a 
- 
V 

Y 
L m 
0 

.r 

W 
Y 

Y 
v) 

m 

- .  

L 

w .C 0 
O Y a )  

m c  
n o .  

a m  

8 
N 

N 

Y 
W 
v) 

C 
0 

c, 
a 
U 
W 

.r 

m 

m 

m 
n 

Y 
VI 

L 
W z 

8 
N 

m 
Y 
L m c 
U 

Y 
J= 
m 
.r 

% 
VI 
VI 
W 
U 
0 
L 
a. 

m 
U 
> 
W z 

m 

8 
N 

N 

c, 
W 
v) 

c 
0 

Y 

U 
W 

.r 

m a 

W 
L 
C 
VI 

I- 

n 
5 
2 
8 

z 

z W .. 
L 
W 
Y 
Q 

.c u 
m 

" 
W 
U 
0 .  
VPI 

PI 
W U l  > -  
Y z ,  

c, 
VI 

c w  
E L  u w  
U Y  

.r 

22 
.r . 
.r 

n 

h n  
w a  

22  
m u  

7 v )  

U 
L m 
U 

I C  a m  
C C Y  
pc m m  .- h E 
Y U  0, 
v c  F C  w w m.- 
7 .r L L  
- v  w a  
0.- C Y  
U L  m u  

'c m c  
% w  0 m z  

m 
m 

n 
8 
N 

8 
N 

.r 
v) N 

Y Y 
W W 
v) v) 

C C 
0 0 

Y * m m 
U U 
W W 

.r .r 

a a 

m 
C 
.r - 
0 
L 

L V 
0 > .c * 

L 
0 z 

Y m 

5 z 

n 

N 

N 

* 
W 
Lo 
C 
0 

Y m 
U 
W 

.- 
a 

m 
Y 
0 
Y 

0 

E 
Y 
L 
0 z 

m 

8-6 



- 
U 
W a 
c 
Y 
c 
0 
U 

.r 

d 

c 
0 a 
0 
L c 
Y 

7 

111 
c 
0 

Y 
.r 

m 
a - 
m 
W a - 

I 
I 
L 

m 
L .. 
W h  u u  

.- 111 

0 c .r 
Y Y  

m -  
I m  

W 
L a  

n c  

- m  
w a  

0 

Y .  
- 0  m -N 
w r  I 
I o m  

W 
U 
C 
W 
L 
W 
L 
W 
L 

C 
0 

Y 
.r 

m 
a 
7 

m a! 
L 
c 
0 

U 
.r 

a 

a 

7 
r 
0 

L 
U 
.r 

h 
U 

U m 
0 

.C 

n 

W 
4.2 m 

U 

U 
L m 
n. 

- 
a 
.r 

W 
Y 

U 
v) 

m 

111 

? 
m 
U 
C 

Y 
v) 

L 
W 
Y 
U 

r 

m 

m 

L I  
U Y O  
.r c 0 
- O N  
R V -  a 
n c c  
l C . r  a 
O Y  0 
3 G  

Y - L  
c - u  
w o  
E L -  
Y I  
L ~m m . r  I 
auom 
a b N m  

o m  

w 0- 

0 - -  
W 
W C W L  
W O L W  

w 111Y E 

c > m u  
w . - c  w 

111.- w n  
c.-  a w  

+ n v o  

Y111L 
L w n  
m u w  e m  

Yp1 

0- 
v) 

L 
L a  
O R  

E 
W W  
w >  
- 0  a x  

a m  

a 

0- 

Y m  
c w  
W P I  
E 
Y -  
L O  m L  
0.4 
w c  
0 0  

V 

c - 0  
-40 
0 c- 
L W  

v c w  
= L E  
Y.C w 
O C O  
V l W Z  

a 

m .  .- m m 

m E L  
o n  

a > >  

VI- 

? Y  111 
w m ~  
a c a  
a w m  ~a 
w c u  > o  
.r L u .r . 
L C O  
u w  L 
m > -  

" L  . 
w w -  
U Y Q  

c 
w v -  > .r .- - L  

o n m  
v m -  

& V I P .  
m w u  
L U  
Y L  
m a .  
.r 0 VI 
C W W  
.r w u 
E a  m u -  u- a 
111 L . r  

X Y  L 
I - Z D  

m u  
m a +  
w m m  

- 
r 

Y O  
C L  
W Y  
E C  
Y O  
L V  m 
0 . C  w o  n .- . 

Y O  u a m  
c - m  m - -  

~m 

- 0  
2 

w . r  a u u  L o n  e+ w 
a o u  

Y -  .- m 12 
+ e m  c a  
w w o  
U E L  
0 C Z  
V O Y  

L m .r 
.r > N c c- m w  
> 1 1 1  
r l C  L 
? O 2  
C Y  n c c m  
n. E V  
w w e  

.r 
U 
C 

O Q  
Urn 
h 

a o  

? 

Y.- 

W 
U m 
a 

L m  m -  

- 
U .  

zzi 
n. c o u  
.r L e m  
O X  

.r .r 
- L  

0 

L .  

U- 

m n  a u  

.- m 
h 
-0 
W 

E 

U 
E 
0 
U 

a 
.C 

v 

W 
-I 
m 
2 

W c 
0 z 

N 
U 
W 
v) 

C 
0 

Y m a 
U 
W 

.r 

0 

c 
0 

.r 

W 
C 
0 z 

N 
U 
W 
v) 

C 
0 

U 

U 
W 

.r 

m a 

m c 

0 
L 
U 

c 
Y 

0 
v) 

.r 
7 

m 

a 

s 
N 

N 
Y 
W 
v) 

C 
0 

U 

U 
W 

.r 

m a 

m 

m 

E 
0 c 

Y 
0 

r 

?4 
N 

N 
U 
W 
v) 

c 
0 
Y 

U 
W 

.r 

m a 

E 
0 
m 
W 
L 
0 

?3 
N 

N 
U 
W 
v) 

N 

Y 
b 

Y 
W 
v) 

C 
0 

Y m 
CT 
w 

.r 

a 

VI m 
X 
W 
I- 

") 
W 

L 
0 0  

W 
1Cv) 

N 7 

Y 
W 
v) 

c 
0 

Y 
5 

U 
W 

.r 

a 

W 
W 
W 
VI 
W 
C 
C 
W 
I- 

C, 
W 
v) 

U 
lnc 
0 0  
\ .- 
L U  

N U  
O W  

m m  a 

C 
0 

Y 

a 
U 
W 

.r 

m 

C 
0 

Y 

U 
W 

.r 

m a 
0 

m 
C 

> 

.r 

m 

U c m 
7 

111 
CI 

m 
U 
0 
Y m 
0 

I 

, c :: 
c 
C a 
n. 

aJ 
U 
0 
12 
a 

c 
Y 

0 
v) 

a 



h 
u 
W 
a 
c 
Y c 
0 
U 

.r 

v 

W 
2 

4 + 
m 

W 
U 
c 
W 
L 
W 
Y- 
W 
L 
c 
0 

c, m 

cn 
W 
L 

c 
0 
Y 

.r 

7 
a 

.r 

a 

n 

7 
F 
0 

L 
4 
.r 

h 
Y 

U m 
0 

.r 

n 

W 
Y 

a 
U 
Y 
L m a. 

m 
7 

.r 

W 
c, 
c, 
v) 

m 

a l .  
c , w  
4 - 4  
v ) Y  

T E  m E  
Y O  

Y-c  
0 0  

m u  c m  
0 5  
.r L 
Y W  
m V I  - c  
OU 
al 
E T  

m w  

.- 
a u  

.C 

a o  

n s 
N 

E 
W 
Y 
0 
E 
Y 
0 
0 
U 

-s 
c, 
3 

m 

Y 

m 
.r 
W 

VIY 
VIL 
w m  u-c o u  
L 
0 

3c 

c, c 
0 

al > 
e 

n s 
N 

01 

c, 
W 
v) 

E 
0 

Y 

0- 
W 

.C 

m 
a 

m 
.r 
c 
0 
L 

> 

.r 

.r 

n s 
N 

'c 
U 
VI u 
\ 
L 

0 

0 

m - 

E 
0 
Y m 
E 

c 
VI 

.r 

3 

n 
23 
N 

7 

Y 
W 
v) 

c 
0 

c, m 
0 
W 

.r 

a 

E 

VI 
E 
0 
U 
VI 

.- 

.r 
3 

n 
3 
N 

7 

Y 
W 
v) 

c 
0 

c, 

0 
w 

.r 

m a 

m 
E 

E 
0 

.r 

3 

2 
7 

7 

m 
W 

8 
VI 

._ 
al 
c, m 
Y 
v) 

0 
Y 

W 
c, m 
c, 
v) 

a 
2 .  
L 
c 

m u  
5 0  
.r 

W L  
V I W  
% Q  
t=L a 
0 
.L u ,  

g -  
2 2  
- m  m c 
w .r ~ 

L m u  

U 
Q C  0 
0 0  * 
m w  

10 I 
..N I E L .. - 
-10 . 0 0  cur- - 

. O  L'C 1 0 .  
+ o n  c Q . 0  
w n -  &? w o n  
m m m  m o  v)no 

Y ) . E L n  - .  c . Y )  c .P1 0 o m -  ' r e  o*Y) 
.r c, w .r 

m w w  m 
0 X L  0- 

W w o  w 

c, II II n> Y II II 
a w w  a w w  u 

m n U 

a-a 



n 
W 
W a 
c 
c, 
C 
0 
U 

.r 

u 

7 
I 

0) 

W 
-I 

4 
m 

u 
W 
VI 
VI 
W 
U 
0 
L n 
E .- 
a 
m L 

'c 
0 

.. . .  
e m  \ .  
N W  0 s  

L 
- u  - a  

o m  
o f -  
0 .  -u 
o r  
N 

00 
O N  
0 .  

-01 
0 

O L D  

0 .  
- f -  

Q 

o m  

0 0  
0 
0- u; 
u 

W 
U 
L 
3 
0 

V I V I  
m c  

O E  
W L\ 
u1c'c 
L U  

O W  
v)c, e 

m E .- 

a w  VI 

.r s 

~ ~ o o o a o  
O - W N u O  

. . . . .  
F N m  

L 
W 
c, 

VI W 
W L 
7 0 

VI m 

L L 
0 .  0 

L D 0 0 0 0  

O ? 0 0 0  
O o - N m  

. . . . .  

L 
W 
c, 

v) W 
W L 
7 0 

VI m 

L L 
0 0 

m 0 0 0 0  
- 0 0 0  

- r u m  

a o o a o  

_ " ^  

0 0  
O L D  
VI1 A 
on  

VI r 
\ 
VI 

m m 
Y 

42 .r 
VI C 

m c c 
X 

a a 

.r 
W r Q 

-,.r L 
W 
c, 

.C .r \ c 
C VI x -  m 
a c u  L 

0 E m  
1c .r I1 .r c 
0 VI U 

V I X L  
'c . r w O L  
U E W c ,  0 
VI w c u  * u  .r m c 

..N w 'c 0 
o m  n o w e  

u o  e o  m . - w u  
W - 0  w w 3 V I w a  
Incum m w  0.- u u  

0 0  --.- 0 0  

0 \ nee, e m 

a n e  
c e.- a 0 

U 3 n .- 

L i Y >  *clq-c .r 

c . .  o o o  , ~ o < w o n  c . - E L L  
.r 
Y II II g ll ll II II I1 m 
U 0 
a w w  a u u w u 3  
w W 

.r ") 



h 
0 
W 

C 

U 
C 
0 
U 

a 
.r 

v 

7 

a 
Y 
2 

c 
m a 

U 
VI 
W 
U 

W 
U c 
m 

P 

U 

.r 
7 

E 

h n 
U 
W 

E 
.r 
Y- 
c 
0 
U 

0 
C m 
m 
m U 

-0 

U 
.r 

E 
W 
P 
e 
0 

0 
W 
In m 

.c.c 
\ \  Ln an Ln .r 
c c  VI 

n 

0 0  m 
Y Y  n 
0 0  % 
CUN Y . 
VI1 ,? .- Y 
an. - L 

.r m u c  m u  
Y- 

Y 
m c  cn c .r 
O W  

3 

8-10 



APPENDIX A 

LISTS OF COMPANIES FOR SIC CODES DESCRIBED IN CHAPTER 4 
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TABLE A-1. SOYBEAN OIL (SIC 20751)~ 

Company Company location 

Allied Mills, Inc. 
American Lecithin Company, Inc. 
Anderson, C1 ayton & Company 
Archer-Daniels-Midland Company 
Boone Valley Cooperative Processing Assn. 

Central Soya Company, Inc. 
Hartsville Oil Mill 
Lauhoff Grain Company 
PVO International Inc. 
Planters Mfg. Company 

Planters Oil Mill, Inc. 
Producers Cooperative, Inc. 
Ralston Purina Company 
Riceland Foods, Inc. 
J. R .  Short Milling Company 

Spencer Kellogg 
A. E. Staley Mfg. Company 

Chicago, Ill. 
Atlanta, Ga. 
Houston, Tex. 
Decatur, Ill. 
Eagle Grove, Iowa 

Ft. Wayne, Ind. 
Hartsville, S.C. 
Danville, Ill. 
San Francisco, Calif. 
Clarksdale, Miss. 

Rocky Mount, N.C. 
Richmond, Va. 
St. Louis, Mo. 
Stuttgart, Ark. 
Chicago, Ill. 

Buffalo, N.Y. 
Decatur, I1 1 .  

Source: Standard and Poor's Register of Corporations, Directors and 
Executives. Volume 3. 1981. 

a 
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TABLE A-2. WET CORN MILLING ( S I C  2046) PLANTS 
~~ ~ 

P l a n t  Hame Plant location 

~ 

vegetable 
Telephone NO. nilled 

AOW Corn Sweeteners 

AOM Corn Sweeteners 
Alembic (19831 
Ammican Maize Products Co. 
k r i c a n  Maize Products to. 
Amsta7 corp. 
Anheurer BusCh. Inc. 
Cargill. Inc. 

Cargill. 1°C..  

Cargill. Inc. 
Chemrtar Products 
Clinton Corn Pmcersing Co. 
Clinton Corn Processing Co. 
Colorcon 
CPC International, Inc. 
CPC International. Inc. 
CPC International. Inc. 
CPC International. Inc. (1981) 
CPC International. Inc. (19821 
Grain Processing Cow./ 

Kent Feeds. Inc. 
treat western Sugm 

Great Western Sugar (1903) 

Holly Sugar Corll. 
Hubinger CompanylH. J. Heinz 
Lincoln Giain t o . /  
General Life Co. ,  Inc. 

National Stawn 
and Chemical Corn. 

4. E. staiey nrg. co. 
A. E. Staley Mfg. Co. 
A. E. Staley Wfg. Co. 
A. E .  Staley Mfg. to. 
Centennial Mills 
Centennial nillr 
Henkel 
Industrial Grain Products/ 
Olgilvie Mills 

Widwert Solventr co.. 1°C. 

Boise Cascade 
Colby Cooperative Starch Co. 
Frenchville Starch 
National Starch ana Chemical 
Corp./Stein Hall 6 Co. 

1350 waconia Avenue. S . W . .  Cedar Rapids. Iowa 52406 
Post Off ice  00% 1470. Oecatur. 111. 62525 
Becker. Minn. 

113th and Indianapolis 8lud.. H a m n d .  Ind. 46326 
E. Joner 6 7th S t i . .  P. 0. Box 169. Oimitt. Tex. 79027 
2245 Sagmre Parkway, Lafayette. Ind. 47902 
1710 16th St. S . E . ,  P. 0. Box 1467. 
Cedar Rapids. Iowa 52406 
3201 H e e m r e  Road. Oayton. Ohio 45414 
4943 Stepherson Road. Mewhir. Tenn. 38113 

1251 Beaver Channel Parhay. Clinton. IOU 52732 
Moontemma. N.Y. 13117 
Indianapolir. Ind. 
64 and Archer Road. Argo. 111. 60501 
1300 5 .  2nd Street. P. 0. Box 31, Pekin. Ill. 61554 
1001 Bedford. N. Kansas Clty. 110. 64116 
Stackton. Calif. 
Winston- Salem. N. C. 
1600 Oregon. Muscatine. Iowa 52761 

Johnson. Colo. 
RelLrVe. La. 
Tracy. Calif. 
1005 South 5 t h  Street. Keokuk. Iowa 52632 
RR 3 .  P. 0. Box 436. Atchiion. Kanr. 66002 

1515 Orovcr St.. P. 0. Box 1084. 
Indtanapolir. Ind. 46221 
22W Eldorado. Oeedtur. Ill. 62525 
Lafayette. Ind .  47903 
Mowisville. Pa. 19067 
Loudon. Tenn. 
1464 N.W. Front Avenue. Portland. Oreg. 97208 
Spokane. Wash. 99220 
410 Johnson Street. Keokuk, Iowa 52632 
Aiken. S.C. 

1300 Main Street. Atchison. Kanr. 66002 
Stanfield. Orcg. 
Water Street. CaPibOU. Maine 04736 
Frenchville. Waine 04745 
Burleigh Street. Island Falls. Maine 04747 

U t .  1 .  Alabma State  OoCk Road. Occatur. A l a .  35601 

McPherrOn. Kanr. 

(3191 398-0600 Corn 
(217) 424-5752 Corn _ _  C W "  
(20s) 355-8815 Corn 
(219) 659-2000 corn 
(8061 647-4141 C a m  
(317) 447-6311 Corn 
(319) 366-3591 Corn 

(513) 236-1971 Corn 
(901) 795-2660 Corn 

Cor" 
(3191 242-1121 corn 
(315) 776-4811 Corn  

COP" 

(312) 458-2000 Corn 
(309) 346-1121 Corn 
(816) 471-8000 Corn 

Cor" 
Cap" 

(319) 263-1321 Corn 

COT" 

Cor" 
corn 

(319) 524-4641 Corn 
(913) 367-1621 Corn 

(317) 635-4455 Corn 

(217) 423-4411 Corn 
(317) 474-5474 Corn 
(215) 698-9402 Corn 

COT" 

Wheat 
wheat 

(3191 524-2323 Wheat 
wheat 

(913) 367-1480 wheat 

Potato 
(207) 492-5971 Potato 

Potato 

Potato 

_ _  

_ _  _ _  
_ _  
_- _ _  

_- _ _  _ _  
_ _  

_ _  
_ _  

J. R. Simplot 
A. E. Staley Mfg. Co.. lnc. 
A. E. Staley Mfg. Co., l n c .  

western StalShrwCltEm Polymer 

Heyburn. Idaho 83336 
Post office BOX 786. nouiton. Maine 04730 
North Warhingtoo. Box 911. Monte Vista. Colo. 81144 
P. 0. Box 488. Tulelake, Calif. 96134 

POt*tO 
(207) 532-9523 Potato 
(3031 852-2412 Potato 
(9161 667-2269 Potato 

_ _  
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TABLE A-7. DISTILLED, RECTIFIED, AND BLENDED LIQUOR (SIC 2085) PLANTSa 

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 Distillery, Inc. 
Bohemian Distributing Company 
A. Smith Bowman Distillery, Inc. 
Brown-Forman Distillers Corporation 

New York, N.Y. 
New York, N.Y. 
Detroit, Mich. 
Chicago, Ill. 
Chicago, 111. 

Indianapolis, Ind. 
Clifton, N.J. 
North Hollywood, Calif. 
Sunset Hills, Va. 
Louisville, Ky. 

' China Trade Corporation New York, N.Y. 
Cointreau, Ltd. Lawrenceville, N.J. 
Jack Daniel Distillery L. Motlow PRP Lynchburg, Tenn. 
John De Kuyper & Son, Inc. New York, N.Y. 
Distillers Company, Ltd. (DEL) New York, N.Y. 

Federal Distillers Inc. 
Foremost-McKesson, Inc. 
Glenmore Distilleries Company 
Golden Crown Citrus Corporation/ 

Grain Processing Corporation 
Heaven Hill Distilleries, Inc. 
Heublein, Inc. 
Charles Jacquin Et Cie, Inc. 
Laird & Company 

Lawrence & Company 
Liggett Group Inc. 
Maker's Mark Distillery, Inc. 
McCormick Distilling Company 
Medley Distilling Company 

Midwest Solvents Company 
Montebello Brands, Inc. 
National Distillers & Chemical Corp. 
Norton Simon, Inc. 
Old Fitzgerald Distillery, Inc. 

Venture Coastal 

Cambridge, Mass. 
San Francisco, Calif. 
Louisville, Ky. 
Evanston, Ill. 

Muscatine, Iowa 
Bardstown, Ky. 
Farmington, Conn. 
Phi 1 adelphia, 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. 

Publicker Industries Inc. Greenwich, Conn. 
Rapid-American Corporation New York, N.Y. 
Schenley Industries, Inc. New York, N.Y. 
Joseph E. Seagram & Sons, Inc. New York, N.Y. 

(continued) 
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TABLE A-7. (continued) 

Company Company location 

Standard Brands Incorporated 
Standard Distrillers Products Inc. 
F. Strauss & Son, Inc. of New Orleans 
Sun-Maid Growers of California 
Todhunter International, Inc. 

Tribuno Wines Inc. 
M. S. Walker, Inc. 
Julius 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. 

aSource: Standard and Poor's Register of Corporations, Directors and 
Executives. Volume 3. 1981. 
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TABLE A-8. MALT BEVERAGE PLANTSa 

Company Company l o c a t i o n  

Anheuser-Busch, Inc.  
Bl i tz-Weinhard Company 
Car l i ng  Nat ional  Breweries, Inc .  
Champale, Inc .  
China Trade Corporat ion 

Adolph Coors Company 
D i x i e  Brewing Company, Inc.  
F a l l s  City Indus t r i es ,  Inc.  
F a l s t a f f  Brewing Corporat ion 
Genesee Brewing Company, Inc.  

G. Heileman Brewing Company, Inc.  
I roquo is  Brands, Ltd. 
Fred Koch Brewery 
Jacob Leinenkugel Brewing Company 
L ion  Inc. 

Lone Star  Brewing Company, Inc .  
Lucky Breweries, Inc.  
M i l l e r  Brewing Company 
Nor-Cal Beverage Company 
N o r l i n  Corporat ion 

Olympia Brewing Company 
Pabst Brewing Company 
Pear l  .Brewing Company 
P h i l i p  Mor r is ,  Inc.  
P i t t sbu rgh  Brewing Company 

Queen Ci ty Brewing Company 
Ra in ie r  Brewing Company 
The F.M. Schaefer Brewing Company 
Jos. S c h l i t z  Brewing Company 
C. Schmidt & Sons, Inc .  

Schre ier  Ma l t i ng  Company 
The St roh  Brewery Company 
Sunset Beverage Company, Inc .  
Todhunter I n t e r n a t i o n a l ,  Inc.  
Walter Brewing Company 

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

Inc.  

S t .  Louis,  Mo. 
Por t land,  Oreg. 
Bal t imore,  Md. 
Trenton, N.J. 

'New York, N.Y. 

Golden, Colo. 
New Orleans, La. 
L o u i s v i l l e ,  Ky. 
Corte Madera, C a l i f .  
Rochester, N.Y. 

La Crose, Wis.  
Greenwich, Conn. 
Dunkirk,  N.Y.  
Chippewa F a l l s ,  Wis.  
Wilkes-Barre, Pa. 

San Antonio, Tex. 
San Francisco, C a l i f .  
Milwaukee, Wis. 
W. Sacramento, Cal i f .  
White P la ins ,  N.Y. 

Olympia, Wash. 
Milwaukee, Wis. 
San Antonio,  Tex. 
New York, N.Y. 
P i t t sburgh,  Pa. 

Cumberland, Md. 
Sea t t l e ,  Wash. 
New York, N.Y. 
Milwaukee, Wis.  
Ph i lade lph ia ,  Pa. 

Sheboygan, Wis. 
D e t r o i t ,  Mich. 
Hawthorne, C a l i f .  
West Palm Beach, Fla.  
Eau C la i re ,  Wis.  

U t i ca ,  N.Y. 
Newport, Ky 
P o t t s v i  11 e, Pa. 

Source: 
Executives. Volume 3. 1981. 

Standard and Poor's Reg is te r  o f  Corporat ions,  D i rec to rs  and a 
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