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ABSTRACT 

This report contains an evaluation of  avallable data used to develop 
emission factors for a l f a l f a  dehydration plants,  grain elevators and 
other feed and grain operations. 
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INTRODUCTION 

The w o r k  i n  t h i s  r epor t  was performed by MRI f o r  EPA a s  T a s k  Order No. 22 
on Contract No. 68-02-1324. The o b j e c t i v e  o f  t h i s  w o r k  was t o  develop 
emission f ac to r s  fo r  the  feed and g r a i n  indus t ry  by examination and 
evaluat ion o f  ava i l ab le  da ta .  R e s u l t s  of t h a t  e f f o r t  a r e  described i n  
t h i s  r e p o r t ,  which is divided i n t o  two sec t ions  of two p a r t s  each. 
major s ec t ions  a r e  t i t l e d  

The 

Alfa l f a  Dehydration P lan t s  
Feed and GraCn Plan ts  

The f i r s t  p a r t  of each major s e c t i o n  s u m r i z e s  the  emission f a c t o r s  
t h a t  were developed, descr ibes  the  processes and descr ibes  con t ro l  
methods while t he  second p a r t  of each sec t ion  presents  background 
and support  information f o r  those emission f ac to r s .  

1 



ALFALFA DEHYDRATION PUNTS 

EMISSION FACTORS 

General 

The dehydration of a l f a l f a  f o r  t he  production o f  a l f a l f a  meal is  the  
primary ,ob jec t ive  of an a . l f s l f a ,  dehydration p l an t .  Dehydrated a l f a l f a  . 
i s ' impor t an t  f o r  i t s  p ro te in  q u a l i t y ,  unident i f ied growth and repro- 
duct ive f a c t o r s ,  pigmenting xanthophylls,  and vitamin cont r ibu t ions .  

The process c a r r i e d  out  a t  most dehydration p l an t s  is e s s e n t i a l l y  t h a t  
ahown i n  Figure 1. 
and is transported by t ruck  t o . t h e  dehydrating p l an t  which"is located 
near the  f i e l d  (usually within 10 miles).  
a l f a l f a  onto a s e l f  feeder which c a r r i e s  i t  i n t o  a drying drum. .The 
drying drum, a d i r e c t - f i r e d  ro t a ry  u n i t ,  s u b j e c t s .  the  a l f a l f a  t o . h i g h  
temperature combustion gases (approximately 1800°F a t  the  i n l e t  and 
275'F a t  t he  o u t l e t )  and evaporates t he  water from about'777.,H20 i n  green 
chops down to  89. H20 i n  dry chops. Fiom the  drying drum, the  high 
moisture gases and dry chops en ter  the  primary cyclone which Separates 
t he  product from the  gases.  The mater ia l  separated i n  the  primary 
cyclone next e n t e r s  t he  grinding machine, normally a hammermill, which 
reduces the dehydrated chops t o  a powder r e f e r r e d  t o  as."meal." The 
meal e n t e r s ' e  pneumatic conveyor t h a t  discharges in to  a meal c o l l e c t i o n  
cyclone which sepa ra t e s  t he  meal from the  conveying a i r .  The co l l ec t ed  
meal is then usual ly  fed t o  a pel le t iz ing.machine.  
p e l l e t s  may be s to red  p r i o r  t o  shipment o r  they may be loaded out  
d i r e c t l y  from t h e  process. < 

I . ".;. 
, I  

t :  

: . . 

Standing a l f a l f a  is mowed and chopped i n  the  f i e l d  a 

The t ruck dumps the  chopped 

. 

Product meal or 

Emissions and Controls 

Emissions from a l f a l f a  dehydrating' plants '  a r e  indicated i n ,  Figure 1 and: ' I  . 
include dus t  ,from t h e  primary cyclone, mea.1 c o l l e c t o r  cyclone, p e l l e t  
c o l l e c t o r  cyclone and p e l l e t  cooler..  Although these sources a r e  co&n ' ' 

t o  many p l a n t s  there  are seve ra l  process v a r i a t i o n s  i n  which secondary 

, 
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cyclones may or may not be used, (e.g., a w e  sources  ducted t o  a c m n  
secondary cyclone, or some source8 a r e  ducted back to the  primary cyclone, 
etc.). A number of tests have been conducted to measure emissions from 
a l f a l f a  dehydration p l a n t s  and included p l a n t s  t h a t  enploy some o f  process  
v a r i a t i o n s  descr ibed sboee. Results o f . t h a t  testing are summarized in . , ' ' 

Table 1. 

- 
:; ' . .. 

. .. . . _  
. .  

. .  , .  . . .. 
. .  : : r '  

. .  . .  
L .  . a  1 I ... . 

Data.shown i n  Table 1 were obtained, from a c t u a l  'source tests a t  a l f a l f a  ' I' I .  

c lus ion .  t h a t  t h e  g<eatest por t ion  of t he  p a r t i c u l a t e  emissions come's ' 
from t h e  dryingope,rat , i&i i.e.';. t he  primary cycione. .From t.his same. 
i n f o q a t i o n  i t .  is est imated that:. the'*total p l an t  emission f ac tok ' fo r  a n ,  

' ' .  a l f a l f a ,  dehydra t idn ' . fac i l i ty  wouid. be about 20 lb / ton  of product&,eal ; , .-.. , I  ;, . .  

' were well "tuned" p r i o r  to testing or:in some cases  operated'below , .', I . 

I .  
I ~. dehydration p lan ts .  

ope ra to r s  and otIiers knowledg&ble i n  t h e ' f i e l d ,  have led t o  t h e  con- . . , 
These da ta ,  a s  w e l l  a s  d i scuss ions  with p l a n t  

/> . 'A' !, 
,I. , .  I ' ! , C i  ;. .. 1 .' 

I . / .  , 

. . .  '. . -1 ' 

L >*. - 
. , .  . .  or p e l l e t s )  8s shown in Tsble 2. However,' much of-  t he  d i t a  used in . '  , , .. . . : .  

a r r i v i n g  a t  t h i s .  f i gu re  w a s  based 6n t e s t i n g  a t  p l an t s  which repor ted iy  . ,  . '  

capacity.?' ' It i's the re fo re  poss lb le  t h a t  t h e  emiss ion . fac tor  of  2 0 ' l b / t o n  .: 
msy be below t h e  indus t ry  sverage and 'an ind iv idua l .  p l sn t '  could. be emit- 

1 . , , . ',,". '. :. r +  ring considerably w r e  than 20 lb/ ton of 'product . '  . . ' 1 '  . ' 

In t h e  past . ,  con t ro l  o f  emissions has  been d i r ec t ed  t o  the meal c o l l e c t o r  
cyclone, e tc . .becauseof  the  d i f f i c u l t i e s  icvolvfd in c o n t r o l l i n g  the 

have primarily- ,been cont ro l led  with'cyc.lones but  some p l s n t s  .haire. i n s t a l l e d  : 
f s b r i c  f i l t e r s ;  
t he  American Dehy4rators Associat ion and individua1,plant.q t o  inves t iga t e  - , ' ; 

. '  con t ro l  methods fo r  t he  e f f l u e n t  f r o w t h e  primary cyclone; 
. devices t h a t  hsve been invest igated, :snd f u l l - s c a l e  u n i t s  t h a t  have been 

i n s t a l l e d  on a few p lan t s ,  consis ted of some type  of low-pressure drop 
wet scrubber.  
i n f o r m a t i o n - f o r  some of these  control 'methods.  

. .  
'. 

, 
, 

.. . I  

';' 

. high m o i s t u r e  content  e f f l u e n t  from'the primary cyclone. These sources 

More r e c e n t l y  there has been a concentrated e f f o r t  by 
, .  . ~ .. , , '  . a  ~ . .  . ..... Most of  t he  

. ,  

, :.Y. References Nos. 1. ,2;-.and 3 conta in 'descr ip t ions ;  and cost '; ' . ' ' '  'I '~ 

. .  . .  ..- 

.. ' _. . I,,. r ..'. 
. . .  . .i 



Table 1. PARTICULATE EMISSION FACTOR DATA FOR 
ALFALFA DEHYDRATION PLANT EQUIPMENT 

Emission sources Lblton of product KdMT of product 

Primary cyclone 14.2281 7.1& 
(Dryer only) 

Primary cyclone 
(Dryer only) 

Primary cyclone 
(Dryer and Hammermill) 

P r i m a r y  cyclone 17.461?/ 8 . 7 d  
(Dryer and a l l  o the r  sources) ' 

Meal co l l ec t ion  cyclone 2 . d  .-'I. 3W 

P e l l e t  cooler  cyclone 3.2kl l.&/ 

P e l l e t  regrind c y c l o n e d  8.0- b/ 4 . d  

a /  Reference No. 1. 
b/ Reference No. 2. 
- b/ 

- 
- 

Pellet  regrind is a s p e c i a l  operat ion t h a t  is not normally a 
p a r t  of t he  processing ope ra t  ion. 

Table 2. TOTAL EMISSION FACTOR FOR ALFALFA DEHYDRATION PLANT 

Type of operat ion Lb/ton o f  product:/ &/MT o f  p r o d u c e /  

Total  emissions from 
10.0 b/ uncontrolled p l an t  20.0- 

~~ 

- a/ 
b l  Reference No. 2. 

Product c o n s i s t s  of meal and/or p e l l e t s .  
- 
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BACKGROUND AND SUPPORT INFORMATION FOR MISSION FACTORS FOR ALFALPA 
DEHYDRATION PLANTS 

A i r  P o l l u t i o n  Emission Rate from A l f a l f a  Dehydrators 

Emissions from a l f a l f a  dehydra t ing  p l a n t s  inc lude  d u s t  from t h e  v a r i o u s  
cyclone s e p a r a t o r s ,  and odors  from t h e  v o l a t i l e  matter d r iven  o f f  t h e  
a l f a l f a .  

I n  comparison t o  t h e  o t h e r  segments of  t h e  g r a i n  and feed i n d u s t r y ,  a 
s i g n i f i c a n t  amount of  source  t e s t i n g  has  been done t o  c h a r a c t e r i z e  t h e  
emissions from dehydra t ion  p lan ts .%/  Midwest Research I n s t i t u t e  has  
r e c e n t l y  completed two source  t e s t i n g  programs f o r  t h e  American Dehydrators 
A s s o c i a t i o n  (ADA). Pzferences 1 and 2 p r e s e n t  t h e  r e s u l t s  o f  t h e  t e s t i n g  
programs i n  d e t a i l  and a summary is  g iven  i n  t h e  fo l lowing  paragraphs.  

Reference 1 desc r ibes  t h e  f i e l d  t e s t i n g  program conducted by MRI f o r  t h e  
ADA dur ing  t h e  Summer of 1971, a t  fou r  p l a n t s  which had been s e l e c t e d  
by ADA a s  r e p r e s e n t a t i v e  of  t h i s  i ndus t ry .  P a r t i c u l a t e  emissions and 
p rocess  cond i t ions  were measured a t  t h e  four  a l f a l f a  dehydra t ing  m i l l s  
f o r  both normal and extreme p rocess  o p e r a t i n g  cond i t ions .  

Source t e s t s  were performea t o  determine t h e  p a r t i c u l a t e  emiss ion  r a t e  
from a g iven  source .  The emiss ion - ra t e  tes t  c o n s i s t e d  of  t h e  measure- 
ment of e f f l u e n t  f l owra te  and tempera ture ,  d u s t  loading ,  and c a r r i e r  
gas  composition (moisture  and Orsa t  a n a l y s i s ) .  For t hese  measurements, 
EPA Method 5 and t h e  Research Appliance Company Model 2343 "Staksamplr" 
equipment were used. 
t h e  e n t i r e  duct  c r o s s - s e c t i o n  were c o l l e c t e d  by sampling f o r  equal  
amounts of t i m e  over a network of  p rope r ly  d i s t r i b u t e d  p o i n t s .  
each test t h e  d u r a t i o n  o f  sampling range from 30 t o  60 min so t h a t  s h o r t -  
term f l u c t u a t i o n s  in emissions were averaged ou t .  

Process  parameters  were measured du r ing  t e s t i n g .  
been c l a s s i f i e d  i n t o  t h r e e  groups: (1) raw m a t e r i a l s ,  (2)  product  
( p e l l e t s ) ,  and (3) process  o p e r a t i n g  cond i t ions  r e l a t i n g  t o  d ry ing ,  
g r i n d i n g  and p e l l e t i n g  o f  t he  a l f a l f a .  
p e r i o d i c a l l y  dur ing  t e s t i n g .  

A comparison o f  a v a i l a b l e  emission f a c t o r  d a t a ,  f o r  t h e  p a r t i c u l a t e  
sources  i n  t h e  dehydra t ing  p rocess ,  is shown i n  Table 3. There a r e  
cons ide rab le  d i f f e r e n c e s  i n  the  d a t a  from t h e  d i f f e r e n t  in format ion  
sources .  The emission f a c t o r s  f o r  t h e  primary cyclone (which inc lude  

I n t e g r a t e d  p a r t i c u l a t e  samples r e p r e s e n t a t i v e  of  

For 

These parameters  have 

These q u a n t i t i e s  were measured 
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Table .3.  COMPARISON OF' ALFALFA DEHYDRATION PLANT EMISSION . I  

. ,  . .  FACTOR DATA '(lb/ton)!/ 

i 
.\., , , ., :.:f ! 

. 1. ~ 

. .  
, .  , 

Primary cyc lone  
, .  

- 8 .  . . .  . . . . . .  '. R e f .  3. Ref. 4 '  ' ,  ' ,  ref. 2 . .  Ref. 1, 

, .~ . . . , 
. . . . . . .  . . . . .  . . "  , \ .  . -  ,, . , .. 

~ .. 
. . . . . . . .  ....... Re':. 4 . ... I. .':. ~ ,,i:;k 
. .  

R e f . ' l  ,. , , , , . l > l  . 
. . . . . .  

' Ref. 4 

: 1 1.25 ' , 

" 0.72 

' .  ~ 4; . . ,  . .  
' .: y I ,  .. . .  . , , .  . : . .. ' 

. . .  . 
-. .. I 

. ,  

. . .  . . . . . . . . .  ,' 1. . , : 72.25 , 
. . . . .  ........... 

' , . . ;" 
.< . .  

' 0. 65 :'. .;.' , . . .. > ;  

. . . .  . . . . .  .. . .  4'. . 1 .-, . , .A 

1 ' .  

_ . . ,  . . .  ,''12.0 . ' . 
. .  . .  

. -  . .  'L. 
I ;.I.. 

I , .  , 
, . .; 7. 

. . .  

. .  
, .  

. . . . . .  > ,  

. . -  

. . . . . .  8 , .  , . .  , ,  . I  ' a  

A v g . , l . O .  , . '  2 , '* : A v g .  7 . 1  

. . .  

.s. : ; ,  8 . _  ., .... 
) ,  

I 
., ..< 

. 5  . . ' . .  , .  ' , . .  , .  
. . . .  

. .  
.I., ,.,. 

, .  
* ,  . . .  . , Pell'et 'cooler  cyclbni  , ' , '  Pellet regrind ' . ' 

, . ' .  , 
. . . .  

. . I  I .  

<. 

, .  . . .  . .  . . .  . . . . . .  .... R i f ;  1 ..: .. Ref. 4s,',,>;'.. . . . . . .  2 '  . . . . . .  
I - I 5 , *  

- . . .  - .  c:;. !< ..* ' , ,  
. . . . . . .  I ,  

. .  
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L .  
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R e f . 1 :  :- i .  ; Re&. 4 I ,  
' *  

. , . I .  

.. , . '  
. ,  

. . . .  

' a /  - A l l .  emis 
. .  

';and + e l l e t  cooier .cy,c,lone:;..' # ..C 

, I .  . .  . .  . .  . .  
. .  * , ,  , '  - c/ A 1 1  sources ducted to  primary' cyclone. ~ .I. ' , ,  

- e/ 
- d/ includes discharge from' meal 'collecko; cyclone.  . .. 

S& of pellet"collecto;.and pel let  coo.1er"cyclone~'discharges. ' . 
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o t h e r  s i g n i f i c a n t  sources  in some c a s e s )  a r e  h ighes t  f o r  t h e  d a t a  i n  
Reference 1, and show a range o f  2.6 t o  6.5 l b / t o n  chops and an average 
of  4.65 l b / t o n  of chops. Howevpr, emiss ions  from t h e  o t h e r  sources  a r e  
lower i n  Reference 1 than Reference 3 .  e s p e c i a l l y  from the  meal c o l l e c t i o n  
cyclone. 
ment, measurement techniques  or p l a n t  o p e r a t i n g  condi t ions .  Data i n  
keference  1, f o r  emissions from t h e  meal c o l l e c t o r ,  were taken  s t  the  
o u t l e t  of  t h e  secondary cyclone t h a t  is i n  series w i t h  t h e  primary 
cyclone which should h e l p  t o  reduce t h e  emissions.  The emissions from 
t h e  primary cyclone r epor t ed  i n  References 1 and 2 a l s o  inc lude ,  i n  
some c a s e s ,  t h e  e f f l u e n t s  from o t h e r  sources  t h a t  a r e  ducted t o  t h e  
primary cyclone.  This  could add t o  t h e  e f f l u e n t  from t h e  primary cyclone,  
b u t  t h e  t o t a l  emissions may be less than  they  would be  i f  t h e  e f f l u e n t  
from o t h e r  sources  were allowed t o  vent  t o  atmosphere. 

Although t h e  d a t a  r epor t ed  i n  References 1 end 2 r e p r e s e n t  r e l a t i v e l y  
w e l l  c o n t r o l l e d  p l a n t s ,  the measurement techniques  a r e  s i g n i f i c a n t l y  
d i f f e r e n t  than  those  used i n  References 3 and 4.  Measurements i n  
References 1 and 2 were accord ing  t o  EPA Method 5 and included duc t  
ex tens ions  f o r  the cyclone o u t l e t s .  A t  l e a s t  p a r t  of t h e  sampling 
r epor t ed  i n  Reference 3 was performed r i g h t  a t  t h e  cyclone o u t l e t  which 
makes i t  d i f f i c u l t  t o  o b t a i n  a c c u r a t e  resul ts .  While d i f f e r e n c e s  i n  
t h e  emission f a c t o r s  may be p a r t l y  caused by t h e  type of primary cyclone 
and t h e  measurement techniques ,  i t  i s  a l s o  known t h a t  emissions from 
t h e s e  p l a n t s  can vary widely due t o  q u a l i t y  of t h e  a l f a l f a  (moisture  
and p r o t e i n  con ten t )  and ope ra t ing  c o n d i t i o n s  (over dry ing  o r  under 
dry ing ,  e t c . ) .  

These v a r i a t i o n s  may b e  due t o  d i f f e r e n c e s  i n  c o n t r o l  equip-  

Examination of  t h e  a v a i l a b l e  d a t a  p l u s  many p l a n t  v i s i t s  and d i s c u s s i o n s  
wi th  p l a n t  o p e r a t o r s  and o t h e r s  knowledgeable i n  the  f i e l d  have led  
t h e  conclus ion  t h a t  t h e  g r e a t e s t  p o r t i o n  of  t he  d u s t  emission from a n  
a l f a l f a  dehydra t ing  p l a n t  comes from t h e  dry ing  o p e r a t i o n  ( i - e . ,  t h e  
primary cyc lone) .  The d a t a  i n  Table 3 show t h a t  t h e  average emission 
f a c t o r  f o r  t h e  primary cyclone v a r i e s  from 2.0 t o  4.65 l b / t o n  of chops. 
The d a t a  r epor t ed  i n  References 1 and 2 were obta ined  us ing  EPA Method 
5 procedures  so t hese  a r e  probably t h e  most a c c u r a t e  va lue  a v a i l a b l e .  
The average of  t h e s e  two va lues  (2.86 and 4.65) i n d i c a t e  t h a t  t h e  over-  
a l l  average would be 3.75 l b / t o n  of g reen  chops. This  i s  approximately 
e q u i v a l e n t  t o  15.0 l b / t o n  o f  meal.- 5 1  which is much lower than  t h e  

emission f a c t o r  o f  60 l b / t o n  of  meal s p e c i f i e d  i n  Reference 6. The 
f a c t o r  i n  Reference 6 was appa ren t ly  based on d a t a  from Reference 3. 
These d a t a  were obta ined  p r i o r  t o  1960, us ing  techniques  t h a t  a r e  
probably not a s  a c c u r a t e  a s  t he  r e c e n t  EPA procedures .  It is  t h e r e f o r e  

to  
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f e l t  that the emission factor  Of 15 lb/ton o f  meal is  more representative 
for  t h e  primary cyclone and that the t o t a l  plant  emission factor  probably 
does not exceed 20 lb / ton o f  meal. More complete information on test 
data and evaluation o f  r e s u l t s  is contained in Reference 5. 

i .. 
I I .. . 

. .  

. I  

..>. 
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Emissions and Cont ro ls  

Grain handl ing ,  m i l l i n g  and p rocess ing  inc lude  a v a r i e t y  o f  o p e r a t i o n s  
from t h e  i n i t i a l  r e c e i p t  o f  t he  g r a i n  a t  e i t h e r  a couht ry  or t e r m i n a l  
e l e v a t o r  t o  t h e  d e l i v e r y  of  a f i n i s h e d  product .  
soybean o i l  and co rn  syrup  a r e  among t h e  p roduc t s  produced from p l a n t s  
i n  t h e  g r a i n  and feed  i n d u s t r y .  Emissions from the  feed and g r a i n  i n d u s t r y  
can be sepa ra t ed  i n t o  two g e n e r a l  a r e a s ,  those  o c c u r r i n g  a t  g r a i n  e l e v a t o r s  
and those  occur r ing  a t  g r a i n  p rocess ing  o p e r a t i o n s .  

Grain E leva to r s  - Grain  e l e v a t o r  emiss ions  can occur  from many d i f f e r e n t  
ope ra t ions  i n  the  e l e v a t o r  i nc lud ing  unloading ( r e c e i v i n g ) ,  loading ( sh ip -  
p ing ) ,  d r y i n g ,  c l e a n i n g ,  headhouse ( l e g s ) ,  t u n n e l  b e l t ,  and t r i p p e r s ,  e t c .  
Emissions f a c t o r s  f o r  t hese  o p e r a t i o n s  a t  t e rmina l ,  coun t ry  and expor t  
e l e v a t o r s  a r e  presented  i n  Table  4. 
ope ra t ions  a r e  assumed to be from t r u c k s  f o r  country e l e v a t o r s  and t r u c k s  
and r a i l r o a d  c a r s  f o r  t e rmina l  and e x p o r t  e l e v a t o r s .  Emission f a c t o r s  f o r  
removal o f  g r a i n  from t h e  s t o r a g e  b i n s  ( i . e . ,  tunnel  b e l t  d rop-poin ts )  were 
based on a s t u d y  done a t  a t e rmina l  e l e v a t o r . l /  
‘emission f a c t o r  i s  a l s o  based on t h e  t e rmina l  e l e v a t o r  s tudy . l ’  
and c l ean ing  emiss ion  f a c t o r s  a r e  based mainly on d a t a  r e p o r t e d  i n  
References 1, 2 ,  and 3. 

The emiss ion  f a c t o r s  shown i n  Table 4 r e p r e s e n t  the  amount of  d u s t  
genera ted  per  t o n  of  g r a i n  processed  through each o f  the  des igna ted  
o p e r a t i o n s  ( i . e . ,  uncon t ro l l ed  emiss ion  f a c t o r s ) .  Amounts of  g r a i n  
processed through each of t h e s e  o p e r a t i o n s  i n  a g iven  e l e v a t o r  i s  de- 
pendent on such f a c t o r s  a s  t h e  amount of  g r a i n  turned ( i n t e r b i n  t r a n s -  
f e r ) ,  amount dryed ,  and amount c l e a n e d ,  e t c .  Becausetheamountofgrainpas-  
s i n g t h r o u g h e a c h o p e r a t i o n i s o f t e n d i f f i c u l t t o d e t e r m i n e , i t  may be more 
u s e f u l  t o  expres s  t h e  emiss ion  f a c t o r s  i n  terms of the  amount o f  g r a i n  
shipped o r  r e c e i v e d ,  assuming these  amounts a r e  about t h e  same ove r  t h e  
long term. Emission f a c t o r s  from Table  4 have been modif ied acco rd ing ly  
and a r e  shown i n  Table 5 a long  w i t h  the a p p r o p r i a t e  m u l t i p l i e r  t h a t  was 
used  a s  r e p r e s e n t a t i v e  o f  t y p i c a l  r a t i o s  of. throughput  a t  each o p e r a t i o n  
t o  the  amount of  g r a i n  shipped o r r e c e i v e d .  This r a t i o  is  an  approximate 
va lue  based on  average v a l u e s  f o r  t u r n i n g ,  c l e a n i n g ,  and d ry ing  i n  each 
type of e l e v a t o r .  However, o p e r a t i n g  p r a c t i c e s  i n  i n d i v i d u a l  e l e v a t o r s  
a r e  d i f f e r e n t ,  so t h e s e  r a t i o s ,  l i k e  the b a s i c  emiss ion  f a c t o r s  them- 
s e l v e s ,  would be more v a l i d  f o r  a group of e l e v a t o r s  r a t h e r  t h a n  i n d i v i d u a l  
e l e v a t o r s ,  

F l o u r ,  l i v e s t o c k  feed ,  

The emission f a c t o r s  f o r  unloading 

The headhouse ( l egs )  
Drying 
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Table '4. PARTICUIATE EMISSION FACTORS FOR 
1-31 GRAIN ELEVATORS-  

Type of source 
Emission fac tor  (uncontrolled)8/ 

( lb/  ton) (kdMT) 

Terminal of e levators  

Unloaded (receiving).  1.00 0.50 
Loading (shipping) 0.27 0.14 
Removal from bins (tunnel b e l t )  1.40 
Dryin&/ 
Cleaning 
Headhouse (legs) 1.50 0.75 ' ' 

Tripper (gal lery b e l t )  1.00 ' 0.50 

v 0.70 'i 

' .1.05 0.52 . .  
.. I , .  

, .  
6.00 3.00 I .  . 

Country e leva tors  

Unloading (receiving) 
Loading (shipping) 
Removal from bins  

Cleaning 
Dryingbl 

. Headhouse (legs) 

Export e leva tors  

Unloading (receiving) 
Loading (shipping) 
Removal from bins ( t u n n e l  b e l t )  
Drying- b/ 

Cleaning 
Headhouse ( legs)  
Tripper (gal lery bel ts)  

0.64 0.32 
0.13 
0.70 

0.27 
1.40 
0.68 0.34 
6.00 3.00 
1.50 0.75 

1.00 0.50 
1.00 0.50 
1.40 0.70 
1.05 0.52 
6.00 3.00 
1.50 0.75 . 
1.00 0.50 

- a /  

b/ 

Emission fac tors  are i n  terms o 
of gra in  processed by each source. 

Emission fac tors  for drying-are based on 1.8 lb l ton  for  rack 
dryers and 0.3 lb/ ton f o r  column dryers prorated on the bas i s  
of d i s t r i b u t i o n  of these two types of dryers i n  each elevator  
category, a s  discussed i n  Reference 3. 

pounds of d u s t  e m i t t e d  per ton 
I 
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I n  t h i s  same rega rd ,  t h e  f a c t o r s  i n T a b l e s 4  O r  5 should not  be added to -  !'., 

g e t h e r  i n  a n  a t tempt  to o b t a i n  a s i n g l e  emiss ion  f a c t o r  va lue  f o r  g r a i n  
e l e v a t o r s  because i n  most e l e v a t o r s  some of t h e  o p e r a t i o n s  a r e  equipped 

emiss ions  must be  ' d i r e c t e d  t o  each o p e r a t i o n  and its a s s o c i a t e d  c o n t r o l  

e s t i m a t e  t o t a l  p o t e n t i a l  (.i.ei,, uncon t ro l l ed )  emiss ions .  A n  example' 4 

. ,  

' , t  
.('. 

. .  . . ,, 
w i t h  c o n t r o l  dev ices  and some a r e  no t .  

dev ice ,  r a t h e r  than t h e  e l e v a t o r  a s  a whole , -unless  t h e  purpose was t o  , .  

'. (' 

of the  use o f  emission f a c t o r s  i n  m a k i G  a n  e m f s i o n  inventory  i s . c o n - ' "  :: 
t a i n e d  i n  Reference 3. 

Therefore ,  any e s t i m a t i o n  o f  
? '. 

, .  t'i:.. 

. .  

I. 
, .  . .: .. <: , 
, '  ..~.., , '  i ,  

1 :.. ; ,  

:,.: ,4' 4. 
* . ,, :)I . . 

, . I  . . .  
. . ,  . 

.. Some of ' t h e  operatio&'liste.d,in;the . t a b l e s ;  i , .'.' .such. as t h e  tunne l , , be l t . ,  

'I' i n t e r n a l  s e t t l i n g .  is.;not known and ., i t  is q u i t e ' p o s s f b l e  !hat a l i ' b f  . , , _ _  t h i s  '.:,.:, ..: . .c 'I 

'; 
~ and t r i p p e r , ' a r ~ e  i n t e r n a l . . o r .  in-honus? 1 .  d u s t  6ources which, i f  uncontrol?ed, . . -  

might show lower .than' expected,-;atmospheric'.emi&ions ,. ...' because ,of , . $ i t k r n a l  ,.. . , 
- ..<-. ; .._. _). , . . '  . 

' s e t t l i n g  of d u s t ;  . On, t h e  ,o ' ther 'hand,  t h e  , r e d u c t i o n  in emissions.hia; .  ,;:,;, .. -:, ':. 
, ,  

I. . 

d u s t  is e v e n t u a i l y  emi t t ed  due ' t o  .subsequent e x t e r n a l  o p e r a t i o n s ,  % in te rna l ' ; ,  ;.,!', ' ,-, 
" . ' . V . <  I . , . I .  

c ; .  , 
.. I. 

.. . 
. .  . 

. .  , 
'~ ,+, , .,. 

'*. '  . . . *  .. , I  

v e n t i l a t i o n .  o r ' o t h e r  means. . . *  
. .  , .  . -  .* . .  . 

As mentioned above, many e l e v a t o r s ,  u t i l i z e '  c o n t r o r  dev ices  .on a t  i'east 
some sources .  
sou rces  a s  l e g s  i n  t h e  headhouse and tunne l  b e l t  hooding systems:. 
r e c e n t l y ,  f a b r i c  f i l t e r s  have been  u t i l i z e d  a t  many ' e l e v s t o r s  on a l m o s t ;  ... 
a l l  types  of  sources .  However, some sources  i n  g r a i n  e l e v a r o r s  dp present . .  

d i f f i c u l t  t o  c o n t r o l  because.df  t he  problem of ,containment :o f ' the .  e m i s -  ; i  

s i o n s .  Probably'  t h e  most d i f f i c u l t  sou rce  t o  ' c o n t r o l ,  b.dc$use,of ' the . '  , ; 
l a r g e  f lowra te  and h igh .moi s tu re  c o n t e n t  of  - t h e  exhaust  'gases, ii' t h e  1 .  

', . ,  

I n ' t h e , p a s t , '  cyclones have,  commonly .been' app l i ed  t o  such ' 

&re .,. 
. I  

.- 

. 

. 
c o n t r o l  problems. Cont ro l  o:f loadout  o p e r a t i o n s  i s , o n e  s o u r c e - t h a t  i s  . : , ' . '  

d r y e r s .  Screen-houses or cont inuous ly  vacuumed sc reen  systems -a re  a v a i l -  / .  
a b l e  f o r  reducing  d rye r  emissions and have been app l i ed  a t  s e v e r a l  
f a c i l i t i e s .  Deta i led  d e s c r i p t i o n s  of  d u s t  c o n t r o l  -systems f o r  g r a i n  I . ,  

, .  . :. . 
. ' .  -' 

, 

. ,  . .  
.r  1 .. 

e l e v a t o r  o p e r a t i o n s ,  and . t he i r , . e s t ima ted  c o s t s ,  a r e  conta ined  i n  Reference. ..: . .  . ' . ..;.I I . ' .  , 

2. 

Grain  Process ing  Opera t ions  - Grain p rocess ing  o p e r a t i o n s  inc lude  many of ,':.'. , ' , ;: ,% . 

> '  
. .  

. .I 

, .  ., .) 
' . I  I i 

. . '!* . . , .  . .. 
' . .  . .  

.' . . , .  

, .  I .  t h e  o p e r a t i o n s  performed' in . 'a  g r a i n  e l eva - to r  m ' a d d i t i o n  t o  m i l l i n g  a n d ,  . .., , . , \ 
I 

:":- 

I '  

1 . 1  
~ <e:. ' , process ing  o f  t h e  g r a i n ;  . Emis'kion. f a c t o r s a . f o r  d i f f e r e n t  g r a i n  m i l l i n g  '' . *  .' .;_I 

and p rocess ing  o p e r a t i o n s  a r e  'p resented  ' .in Tahie .6 .  
t h e s e  d i f f e r e n t  o p e r a t i o n s  and t h e  . - L  methods'used f o r  a r r i v i n g  a t  t h e  e m i s -  

B r i e f  d i s c u s s i o n  of , ..-:' .. . 
. . , ;  

. . 'sion f a c t o r  va lues  shownJin Table 6 are p resen ted  .. , . .  below. 
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Table 6. PARTICULATE WSSION FACTORS FOR 
GRAIN PROCESSING OPERATIONS~.Z.;LI 

h i i s i o n  f a c t o r G I  
l u n c o n t r o l l e d  excep t  where i n d i c a t e d )  

Type of s o u ~ c e  

Feed Mills 

Receiving 
Shipping  
Handling 
Gr ind ing  
P e l  l e t  c o o l e r s  

Wheat Mills 

Receiving 
P rec l ean ing  and handl ing  
Cleaning  house 
H i l l h o u s e  

Durum Mills 

Receiving 
P rec l ean ing  and handl ing  
Cleaning  house 
Mi l lhouse  

Rye Mi l l i ng  

Receiving 
P rec l ean ing  and handl ing  
Cleaning  house 
Mi l lhouse  

Dry Corn Mi l l i ng  

Receiving 
Drying 
P rec l ean ing  
Cleaning  house 
Degerning a n d  m i l l i n g  

I l b l t o n )  

1.30 
0.50 
3.00 
O.l&l 
O . l & f  

1.00 
5.00 

70.00 
-- 

1.00 
5.00 -- 
- -  

1.00 
5.00 

70.00 
_ -  

1.00 
0.50 
5.00 
6.00 _ -  

(kF,/MT) 

0.65 
0.25 
1.50 
o.o*/ 
0. o*l 

0 . 5 0 .  
2.50 

35.00 
-- 

0.50 
2.50 _ -  
- -  

0.50 
2.50 

35.00 
_-  

0.50 
0.25 
2.50 
3.00 -- 

a' m i s s i o n  f a c t o r s  are expres sed  i n  terns o f  pounds of d u s t  emi t t ed  p e r  ton  
of g r a i n  e n t e r i n g  t h e  p l a n t  ( i . e . ,  r e c e i v e d ) ,  which is not  n e c e s s a r i l y  
t h e  same as t h e  amount o f  m a t e r i a l  p rocessed  by each  o p e r a t i o n .  

Con t ro l l ed  emiss ion  f a c t o r s .  
--Blanks i n d i c a t e  i n s u f f i c i e n t  i n fo rma t ion .  
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Table  6. (Concluded) 

mission f a c t o r G I  
l u n c o n t r o l l e d  excep t  vhe re  ind ica t ed )  

mpe of source  l l b l t o n l  IkRIM'TL 

Oat M i l l i n g  

T o t a l  

Rice M i l l i n g  

Rece iv ing  
Handling and p rec l ean ing  

Cleaning  and mi l lhouse  
Drying 

Soybean M i l l s  

Rece iv ing  
Hand1 ing  
Cleaning 
Drying 
Cracking and d e h u l l i n g  
Hul l  g r i n d i n g  
Bean c o n d i t i o n i n g  
F lak ing  
Meal d rye r  
Meal c o o l e r  
Bulk load ing  

0.64 0.32 
5.00 . .  2.50 . ' . . . .  --. -- 

, _- , . .  
3 

- -  
I '  . 

. .  
, .. ' 

I ,  

. .  
I 

1.60 0.80 
5.00 2.50 

7.20 3.60 
3.30 1.65 

0.10 0.05 
0.57 0.29 
1:50 0 . 7 5  
1.80 0.90 
0.27  0.14 

-- -- 

2.00 1.00 

Corn Wet M i l l i n g  

Rece iv ing  
Hand l i n g  
Cleaning 

1.00 0.50'  
5.00 2 .50  
6.00. 3.00 _ _  _ -  - 

_- -- Dryers 
Bulk load ing  

, r .  

I 
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Emission f a c t o r  da t a  f o r  feed m i l l  o p e r a t i o n s  a r e  spa r se .  
due t o  t h e  f a c t  t h a t  many i n g r e d i e n t s ;  whole g r a i n  and o t h e r  d u s t y  m a t e r i a l s  
(bran, dehy a l f a l f a ,  e t c . )  a r e  r ece ived  by b o t h  t r u c k  and r a i l  and s e v e r a l  
unloading methods a r e  employed. However, some o p e r a t i o n s  (handl ing,  sh ip -  
p ing ,  and r ece iv ing )  f o r  a feed m i l l  a r e  s i m i l a r  t o  o p e r a t i o n s  i n  a g r a i n  
e l e v a t o r ,  so a n  emission f a c t o r  f o r  each o f  t h e s e  d i f f e r e n t  o p e r a t i o n s  
was es t imated  on t h i s  b a s i s .  
from t h e  b e s t  in format ion  a v a i l a b l e . /  

This  is p a r t l y  

The remaining o p e r a t i o n s  were e s t ima ted  

Three  emission a r e a s  f o r  wheat m i l l  p rocess ing  o p e r a t i o n s  a r e  g r a i n  re -  
c e i v i n g  and handl ing ,  c l ean ing  house,  and m i l l i n g  ope ra t ions .  Data from 
a g r a i n  e l e v a t o r  studyLl were used t o  e s t i m a t e  emission f a c t o r s  f o r  g r a i n  
r e c e i v i n g  and handl ing.  Data f o r  t he  c l ean ing  house were i n s u f f i c i e n t  
t o  e s t i m a t e  an emission fa ,c tor  and in fo rma t ion  taken  from Reference 2 
was used t o  e s t i m a t e  t h e  emission f a c t o r  f o r  m i l l i n g  ope ra t ions .  The 
l a r g e  emission f a c t o r  for t he  m i l l i n g  o p e r a t i o n  is somewhat mis leading  
because almost  a l l  of t h e  sources  involved a r e e q u i p p e d w i t h  c o n t r o l  
dev ices  t o  prevent  product  l o s s e s  and f a b r i c  f i l t e r s  are widely used 
f o r  t h i s  purpose.  

Operat ions f o r  durum m i l l s  and rye  m i l l i n g  a r e  s i m i l a r  t o  those  o f  wheat 
m i l l i n g .  
f o r  wheat m i l l  ope ra t ions .  

The g r a i n  unloading,  handl ing and c l e a n i n g  o p e r a t i o n s  f o r  dry  corn  m i l l i n g  
a r e  s i m i l a r  t o  those  i n  o t h e r  g r a i n  m i l l s  bu t  t h e  subsequent o p e r a t i o n s  
a r e  somewhat d i f f e r e n t .  Also,  some d ry ing  of corn  rece ived  a t  t h e  m i l l  
may be necessary  p r i o r  t o  s to rage .  An estimate o f  t he  emiss ion  f a c t o r  f o r  
dry ing  was obta ined  from Reference 2. I n s u f f i c i e n t  in format ion  was a v a i l -  
a b l e  t o  e s t i m a t e  emission f a c t o r s  f o r  degerming and m i l l i n g .  

Information necessary  t o  e s t i m a t e  emiss ions  from o a t  m i l l i n g  was unavai l -  
ab l e .  It was a l s o  f e l t  t o  be unwise t o  a t tempt  t o  use emission f a c t o r  
d a t a  f o r  o t h e r  g r a i n s  because handl ing  o f  o a t s  is r e p o r t e d  t o  be d u s t i e r  
than many o t h e r  g r a i n s .  The only emissions f a c t o r  da t a  t h a t  were a v a i l -  
a b l e  were f o r  c o n t r o l l e d  emissions. /  
f a c t o r  o f  2.5 l b / t o n  was c a l c u l a t e d  from t h i s  da t a .  

Therefore ,  most o f  t h e s e  emiss ion  f a c t o r s  a r e  equa l  t o  those  

An o v e r a l l  c o n t r o l l e d  emission 

Emission f a c t o r s  for rice m i l l i n g  were based on those  f o r  s i m i l a r  opera-  
t i o n s  i n  o t h e r  g r a i n  handl ing f a c i l i t i e s .  I n s u f f i c i e n t  in format ion  was 
a v a i l a b l e  t o  e s t i m a t e  emission f a c t o r s  f o r  d ry ing ,  c l ean ing  and m i l l  
house ope ra t ions .  ? 
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Informat ion  t a k e n  from Reference 2 wa8 used t o  e s t i m a t e  emission f a c t o r s  
for soybean m i l l s .  

i Informat ion  on c o r n  w e t - m i l l i n g  emiss ion  f a c t o r s  was unava i l ab le  i n  most 
c a s e s  due to  t h e  w i d e  v a r i e t y  O f  products  and t h e  d i v e r s i t y  of  ope ra t ions .  

: , .  Y ,, ,?. .. I . .  
Receiving,  handl ing  and c l e a n i n g  o p e r a t i o n s  emiss ion  f a c t o r s  were assumed 
t o  be  s i m i l a r  t o  t h o s e , f o r  d ry  corn m i l l i n g .  

Many o f  t he  o p e r a t i o n s  performed i n  g r a i n  m i l l i n g  and p rocess ing  p l a n t s  

s i m i l a r .  
cyc lones  o r  f a b r i c  f i l t e r s  ' to c o n t r o l ' e m i s s i o n s  from t h e  g r a i n  handi ing  , 1 ' ' '  ' 

o p e r a t i o n s  (e.g., unloading,  l e g s ,  . c l e a n e r s ;  e t c . ) ,  ,These sa& dev ices  , ,;; 
a r e  a l s o  o f t e n  used t o  c o n t r o l  emiss ions  f rom,o the r  p rocess ing  o p e r a t i o n s  ' , ,  

f l o u r  m i l l s .  However, t h e r e  a r e  a l s o ' c e r t a i n ,  sources  w i t h i n . s o &  m i l l i n g  . .  : 
o p e r a t i o n s  t h a t  are no t  amenable to  u s e  of  t h e s e  devices .  
w e t  sc rubbers% have found some a p p l i c a t i o n ,  p a r t i c u l a r l y  where ' theef f luent :  ' 

. .  . .  
.' 

are t h e  same a s  those  i n  g r a i n  e l e v a t o r s ,  so t h e  c o n t r o l  methods a r e  * .. 
As i n  t h e  c a s e  of g r a i n . e l e v a t o r s ,  . . .  these p l a n t s  o f t e n  use 

8 . .  ' ,  , , , .  ' .  . 
. ,  

I . .' 
., : d. . 

, ,  . 
I .. . .( , .  . I 

. : .  . ,  

. .  , .. 
I . ,  . and a good example of  t h i s  i s  t h e  e x t e n s i v e  u s e  of f a b r i c  f i l t e r s  i n  

gas  s t ream has  h i g h  mois ture  conten t .  
'found t o  be e s p e c i a l l y  d i f f i c u l t . t o  ' c o n t r o l ,  and one of t h e s e  i s  the  

p r o c e s s i n g  i n d u s t r i e s .  a r e  conta ined  i n  Reference 2. 
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I' . . C e r t a i n  o t h e r  sources  have been 
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r o t a r y  d r y e r s  i n  wet corn  m i l l s .  . Desc r ip t ions  of t h e  emission c o n t r o l  
systems t h a t  have been applced t o  sources  w i t h i n  t h e  g r a i n  m i l l i n g  and . .  
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BACKGROUND AND SUPPORT INFORMATION FOR BISSION FACmRS FOR FEED AND 
GRAIN MILLS AND ELEVATORS 

General 

Grain e l e v a t o r s  a r e  t r a n s f e r  and s to rage  areas f o r  g r a i n  and a r e  usual ly  
c l a s s i f i e d  a s  e i t h e r  country,  terminal  or expor t  e l eva to r s .  Country 
e l e v a t o r s  gene ra l ly  receive g r a i n  or soybeans as they a r e  harvested from 
f i e l d s  w i t h i n  a 10- toZO-mi lerad iusof  t h e  e l e v a t o r .  
unload, weigh and s t o r e  g r a i n  a s  i t  is received from the  farmer. 
a d d i t i o n ,  t h e  country e l e v a t o r  may dry o r  c l e a n  the  g r a i n  be fo re  i t  is 
shipped t o  the terminal  e l e v a t o r s  or processors .  

Terminal e l e v a t o r s  r ece ive  most of the i r  gra in  from country e l e v a t o r s  
and sh ip  t o  processors ,  o the r  terminals ,  and exporters .  The primary 
func t ion  o f  a terminal  e l eva to r  is t o  s t o r e  grain i n  quan t i ty  without 
d e t e r i o r a t i o n  and t o  b r ing  i t  to commercial grade so aa to conform t o  
t h e  needs of buyers. A s  w i th  country e l e v a t o r s ,  terminals  dry,  clean 
and a t o r e  gra in .  
a p e c i f i c a t  ions. 

The country e l e v a t o r s  
I n  

I n  add i t ion ,  they can blend g r a i n  to meet buyer 

Export e l e v a t o r s  are s i m i l a r  t o  terminal e l e v a t o r s  with t h e  except ion 
that they mainly load g r a i n  on sh ips  for export .  

The o the r  types of operat ions involved i n  t h e  processing of g r a i n  i n  
g r a i n  and feed p l a n t s  range from very simple mixing s t e p s  t o  complex 
processes which a r e  c h a r a c t e r i s t i c  of i n d u s t r i a l  processing p l an t s .  
Included a r e  such d ive r se  processes a s :  (a) simple mixing processes 
i n  feed m i l l s ;  (b) g r a i n  m i l l i n g  i n  f l o u r  m i l l s ;  (c) solvent  e x t r a c t i n g  
i n  soybean processing p l a n t s ;  and (d)  a complex series of processing 
s t e p s  i n  a corn wet-mill ing p l an t .  

Emissions and Controls 

Grain handling, m i l l i n g ,  and processing include a v a r i e t y  of ope ra t ions  
from t h e  i n i t i a l  r e c e i p t  of t he  g r a i n  a t  e i ther  a country o r  terminal 
e l eva to r  t o  the  de l ive ry .o f  a f in i shed  product. F lour ,  l i ves tock  feed, 
soybean o i l  and corn syrup a r e  among the products produced from p l a n t s  
i n  t h e  g r a i n  and feed indus t ry .  Emissions from the  feed and g r a i n  

g r a i n  elevators and those' occurr ing a t  g r a i n  processing operat ions.  
industry can be separated i n t o  two general  a r e a s ,  those occurr ing a t  . . I  

22 



Grain Elevators  - Grain e l e v a t o r  emissions can occur from many d i f f e r e n t  
operat ions i n  the  e l e v a t o r ,  including unloading ( rece iv ing) ,  loading 
(shipping),  drying, c leaning,  headhouse ( l e g s ) ,  tunnel b e l t ,  and t r i p -  
pe r s  (primarily f o r  terminal and export  e l eva to r s ) .  Emissions factors 
f o r  s eve ra l  o f  t hese  operat ions a r e  presented i n  Table 7 .  

Emissions f a c t o r s  f o r  unloading ope ra t ions  a r e  assumed to be from t rucks  
f o r  country e l e v a t o r s  and t rucks  and r a i l r o a d  c a r s  f o r  terminal  and 
export  e l eva to r s .  Emission f a c t o r s  f o r  removal o f  g r a i n  from s to rage  
b i n s  were based on a study done on a terminal  e levator i ’  and considered 
t h e  f a c t  t h a t  g r a i n  i s  o f t e n  turned a t  a country e l eva to r  by r e tu rn ing  
i t  i n t o  the  receiving p i t .  The headhouse (legs) emission f a c t o r  i s  a l s o  
based on t h e  terminal e l eva to r  study.!./ 
f a c t o r s  a r e  based mainly on da ta  c o l l e c t e d  from a feed and g r a i n  s t u d y u l  
and t h e  previously mentioned e l eva to r  s tudy . i /  

The emission f a c t o r s  shown i n  Table 7 represent  t he  amount o f  dus t  
generated per t on  of g r a i n  processed through each of the  designated 
operat ions ( i .e. ,  uncontrolled emission f a c t o r s ) .  Amounts of g r a i n  pro- 
cessed through each o f  these ope ra t ions  i n  a given e l eva to r  a r e  dependant 
on such f a c t o r s  a s  the amount of g r a i n  turned ( i n t e r b i n  t r a n s f e r ) ,  
acxiunt dryed, and amount cleaned, e tc .  Because the  amount of g r a i n  pas- 
s i n g  through each operat ion is o f t e n  d i f f i c u l t  t o  determine, it may be 
more use fu l  t o  express the  emission f a c t o r s  i n  terms of t h e  amount o f  
g r a i n  shipped o r r e c e i v e d ,  assuming t h e s e  amounts a r e  about t h e  same 
over the  long term. Emission f a c t o r s  from Table 7 have been modified 
accordingly and a r e  shown i n  Table 10 along with the  appropr i a t e  m u l i t i -  
p l i e r  t h a t  was used a s  r ep resen ta t ive  of t y p i c a l  r a t i o s  of throughput 
a t  each ope ra t ion  t o  the  amount of g r a i n  shipped o r  recieved. 
is an approximate value based on average values fo r  tu rn ing ,  c leaning,  
and drying i n  each type of e l e v a t o r ,  a s  explained i n  Table 11. However, 
ope ra t ing  p r a c t i c e s  i n  ind iv idua l  e l e v a t o r s  are d i f f e r e n t ,  so these 
r a t i o s ,  l i k e  the  bas i c  emission f a c t o r s  themselves, would be more v a l i d  
f o r  a group o f  e l e v a t o r s  r a t h e r  than individual  e l eva to r s .  

I n  t h i s  same regard ,  t he  f a c t o r s  given i n  the  t a b l e s  should not be added 
together  i n  a n  attempt t o  o b t a i n  a s i n g l e  emission f a c t o r  value f o r  g r a i n  
e l e v a t o r s  because i n  most e l e v a t o r s  some of the  operat ions a r e  equipped 
with c o n t r o l  devices and some a r e  not.  Therefore,  any est imat ion Of 
emissions mus t  be d i r ec t ed  t o  each o p e r a t i o n  and i t s  associated c o n t r o l  
device,  r a t h e r  than t o  t h e  e l eva to r  as a whole, unless the  purpose was t o  
estimate t o t a l  p o t e n t i a l  ( i .e. ,  uncontrolled) emissions. 
o f  the use of emission f a c t o r s  i n  making a n  emission inventory is con- 
ta ined i n  Reference 3. 

Drying and cleaning emission 

This r a t i o  

. 

An example 
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Table 8. BEST AVERAGE VALUE OF LONG-TERM 
COMPOSITE EMISSION FACTORS (LB/TON)L/ 

Operation 

'Truck unloading 
Car unloading 
Car loading 
Corn c l eane r  
Ga l l e ry  b e l t  
Tunnel b e l t  
Headhouse 

Emission f a c t o r  
(Ib/_ton of g r a i n  processed) 

0.64 
1.30 
0.27 
5.78 
0.11 
1.40 
1.49 

Table 9.  PARTICULATE EMISSIONS FROM G R A I N  
~ IWDLING AND PROCESSING?' 

( l b / ton  of g r a i n  processed) 

Lbl ton Range o f  emissions 
Emission source Processed ( lb / ton)  

Terminal Elevators  

Shipping or receiving 
R a i l  1 
Truck 1.4 
Barge 1.2 

Trans fe r r ing ,  conveying, e t c .  2.0 

Drying 5.5 
Screening and cleaning 5.0 

.Country Elevators  

Shipping or receiving 
Rail  4 
Truck 4.5 
Barge 5.5 

Trans fe r r ing ,  conveying, e t c .  3.5 
Screening and cleaning 8.5 
Drying 7.5  

25 

(1 - 3) 
(0.8 - 3.5) 
(1 - 3.5) 
( 2  - 2.5) 
(5 - 7) 
(4 - 8) 
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Some of  t h e  o p e r a t i o n s  l i s t e d  in ' the  t a b l e s ,  such as t h e  t u n n e l  b e l t  
and t r i p p e r ,  a r e  i n t e r n a l ' o r  in-house d u s t  sou rces  which, i f .  uncontrol-  
l e d ,  might show lower than  expected a tmospher ic  emissions hecause of 
i n t e r n a l  s e t t l i n g  of d u s t .  
v ia  i n t e r n a l  s e t t l i n g  i s  not  knoyn and it is q u i t e  p o s s i b l e  t h a t  a l l  of 

i n t e r n a l  v e n t i l a t i o n  or o t h e r  means. I , 

As mentioned above, many e l e v a t o r s  u t i l i z e  c o n t r o l  dev ices  on a t  least 
some sources .  In t h e  pa , s t ,  cyc lones  have comnonly been a p p l i e d  to s u c h ' .  ' . . . 

sources  a s  l egs  i n  t h e  headhouse and tunne l  b e l t  hooding syscems. More .I, , '.'. . . 

r e c e n t l y ,  f a b r i c  f i l t e r s  have been u t ' i i i z e d  a t  many e l e v a t o r s  on almost 
a l l  sources  .. 
sources  t o  c o n t r o l  because of  t he  problem'of containmeiit ' .of t h e  emissions:. 

r a t e  and h i g h  moisture .  con ten t  d f .  t h e  exhaust  gases, is t h e  d r y e r s .  

r e d u c i n g ' d r y e r  emissions and have b e s n - a p p l i e d  a t  s e v e r a l  f a c i l i t i e s . .  

and t h e i r  es t imated  c o s t s ,  a rk  conta ined  in 'Refer9,nce.  .2. 

G r a i n  Process ing  Opera t ions  - Gtain  process ing   operations inc lude  many 
of  t h e  o p e r a t i o n s  performed in',?. g r a i n  e l e v a t o r  ,;in a .ddi t ion t o . m i l l i n g  ' 
and p rocess ing  , o f  t h e  g r a i n . .  . &1issi6n. f a c t o r s  . ; for \ .different  g r a i n  m i l -  
l i n g  and p rocess ing  o p e r a t i o n s  '.a>re. prese,nted 'in Table 12. 
c u s s i o n  o f  t h e s e  d i f f e r e n t  opera.tionS'.and t h e  methods. used f o r  a r r i v i n g '  

More d e t a i l e d  d i s c u s s i o n  and de.rivation of". the ' emiss ion  f a c t o r s  shown I., 

On t h e  o t h e r  hand, t he  r educ t ion  in emissions ' . 
. : f '....' *: t h i s  d u s t  is e v e n t u a l l y  emi t t ed  due t o  subsequent  e x t e r n a l  o p e r a t i o n s ,  1 

. I . .  . . , ,  .~ 1. . ' . 
4 _ 1  ' I . .  .. 
: , 

. .  

i . (  .~ . . ,  .. . , .  
. I  .. 

. "'I' . . ..,' .: . . However, some sources"in g r a i n  e l e v a t o r s - d o  p resen t  c o n t r o l  
, .. . ??.':; ii 

. : I * .  '. , problems. Cont ro l  of loa$-out operation is one of. t h e  more d i f f i c u l t  I .  

Probably the '  most d i f f i c u l t  source ' t o  c o n t r o l ,  because of t h e  1arge . f low-  . 
Screen houses or cont inuous ly  vacuumed -scre ,en .systems a r e '  a v a i l a b l e  f o r  ,f * 

D e t a i l e d  d e s c r i p t i o n  of  d u s t  cont ro l . ,  , .  s y s t e m s  f o r ' g r a i n  e l eva , to r  ope ra t ions , :  

:, -;/, . * .  
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Br ie f  d i s -  

a t  t h e  emission f a c t o r '  v i l i e i .  Shoiin-in."Table'.i2 i a r e  presented  below. 

i n  Table  12 a r e ' p r e s e n t e d .  in '  Appendix 8. .. . . .  

.. 1 '  -, 

,' 1 . .  

I .. . ?. 
, . ,  . .  , .  .. 

' 't,;,:k> i , * .  ' . .  . .  . .  .. 
I : ' .  , ,  

Emission f a c t o r  d a t a  fo r , ' f eed  m i l l  o p e r a t i o n s  a r e - s p a r s e .  This  i s  partly;: .  , .',~.~~,'''~i.,~: . , 

(bran. dehy a l f a l f a ,  etc. ') '  a r e , , r e c e i v e d  by both  , t ruck .and  , r a i l  and s e v e r a l  . :  !:(; 

p i n g  and r e c e i v i n g )  for '  a,.'feed m i l l :  a r e  . s i m i l a r  .to. 'opera$ions i n  .a  g r a i n  

due' t o  t he  f a c t  t h a t  'many i n g r e d i e n t s ;  who g r a i n  and o t h e r  d u s t y  materials'>::;?'" .... I ' 1- .' ' '. 

unloading methods a r e  empl-oyed., Howev'er, some o p e r a t i o n s  (handl'ing, 'ship:: I '  . 

e l e v a t o r ,  so an emis,sion: f a c t o r  f o r  each o f  theseTdi f fe r ' en t  . bpe ra t ions  

I .  . 
8 .  : ., 

e .  
., 

I' 

1 . .- : 

was e s t ima ted  on th i s : ,bas ik .  The remaining o p e r a t i o n s  were;.estimated , ' , , 
h?":'. .: ."  
(I. .. . 
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Three emission a r e a s  for, wheat m i l l  p r o c e s s i n g  o p e r a t i o n s ,  'ar!$  grain^ re- 
c e i v i n g  and hand l ing , '  c l ean ing  house,  ,and m i l l i n g  ope ra t ions . ,  
a g r a i n  e l e v a t o r  study.!d were 'used  t o ,  esc imate  emission . f a c t o r s  f o r  grd' in ' . ,  
r e c e i v i n g  and handl ing .  :Data f o r  t h e  ,c leaning  house were' i n s u f f i c i e n t  
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Table 12 .  ' PARTICULATE WSSION FACTORS FOR 
GRAIN PROCESSING OPERATION& 

Emission factore-/ 
(uncontrolled except where indicated) 

Wpe of source ( l b l t o n l  (kn/MTl 

Feed Mills 

Receiving 
Shipping 
Handling 
Grinding 
P e l l e t  coolers 

Wheat Mills 

Receiving 
Precleaning and handling 
Cleaning house 
Mi llhouse 

D u m  Mills 

Receiving 
Precleaning and handling 
Cleaning house 
Mi llhouse 

Rye Milling 

Receiving 
Precleaning and handling 
Cleaning house 
Mi1 lhouse 

lhy Corn Milling 

Receiving 

Precleaning 
Cleaning house 
Degerming 2nd mill ing 

Drying 

1.30 
0.50 
3.00 
0 . l d  
0. l o g  

1.00 
5.00 

70.00 
-- 

0.65 
0.25 
1.50 
0 . 0 4  
0.05d 

0.50 
2.50 

35.00 
-- 

1.00 0.50 
5.00 2.50 -- - -  
-- - -  

1.00 0.50 
5.00 2.50 

70.00 35.00 
- -  -- 

1.00 0.50 
0.50 0.25 
5.00 2.50 
6.00 3.00 

d See Appendix B. 
a/ Emission fac tors  are expressed in terms of pounds of dust emirted per ton 

of grain entering the plant  (i.e.;received), which i s  not necessarily 
the same as the amount of  material processed by each operation. 

SI Controlled emission factor.  
5!l Blanks indicate  in su f f i c i en t  information. 
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Table 12. (Concluded) - 

Tme of sourcc 

Emission factors=/ Emission factors=/ 
' (uncontrolled except where ind ica t cd l  

Tme of sourcc I l b / t o n l  (ka/HT) 

- 
' (uncontrolled except where ind ica t cd l  

p / t o n l  (ka/HT) 

Oat Mil 1 ing 

Tota l  2 . 5 d  1.25%' '. . 
Rice Mil l ing 

Receiving ' ' 

Handling and precleaning 

Cleaning and millhouse 
W i n g  

Soybean Eli1 Is 

Receiving 
Handling 
Cleaning 

Cracking and dehulling 
H u l l  gr inding . ,. ~ 

Bean condicioning . 
Flaking 
Heal dryer  
Meal coo le r  
Bulk loading 

h y i n g  

. .  

. \  

1.60. . 0.80 
5.00 2.50 _- _ _  
7.20 
3.30 
2.00 
0.10 
0.57 
1.50 
1.80 
0 .27  

_ _  
3.60 
1.65 

, 1.00 
0.05 
0.29 
0.75 
0.90 
0.14 

G x n  Wet Plil l ing 

.1.00 0.50 
5.00 2 .50 .  ' 
6.00 . 3.00 

Receiving 

Cleaning 
Handling r-1 " - 
Dryers -- 
Bulk loading ' . -- . . .  , .  e .  3 

. .  . 
, i  , ".". , 1. 

.a 

,. . , I  

? .  ' .  , ,  i'", . . '  - .  
+ -  ; I . ,  
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t o  e s t ima te  an  emission f a c t o r  and information taken from Reference 2 
was used to estimate the  emission f a c t o r  f o r  mi l l i ng  operat ions.  The 
l a rge  emission f a c t o r  f o r  t he  m i l l i n g  operat ions is somewhat misleading 
because almost a l l  o f  t he  sources involved a r e  equipped with cont ro l  
devices t o  prevent product l o s s e s  and f a b r i c  f i l t e r s  a r e  widely used 
f o r  t h i s  purpose. 

Operations f o r  durum mills and rye m i l l i n g  a r e  s i m i l a r  t o  those o f  
wheat mi l l ing .  Therefore,  m s t  of  t h e s e  emission f a c t o r s  are equal t o  
those f o r  wheat m i l l  operat ions.  

The g r a i n  unloading, handling and cleaning operat ions for dry corn 
mi l l i ng  a r e  s i m i l a r  t o  those i n  other g r a i n  m i l l s  bu t  t h e  subsequent 
ope ra t ions  a r e  somewhat d i f f e r e n t .  
a t  t he  m i l l  may be necessary p r i o r  t o  s torage .  
%mission f a c t o r  fo r  drying was obtained from Reference 2 .  Insu f f i c i en t  
information was a v a i l a b l e  t o  estimate emission f a c t o r s  f o r  degerming 
and mi l l ing .  

Information necessary to  estimste emissions from o a t  mi l l i ng  was unavail- 
ab l e .  It was a l s o  f e l t  t o  be unwise t o  attempt t o  use emission f a c t o r  
da t a  f o r  o the r  g ra ins  because handling o f  o a t s  is reported to be d u s t i e r  
than many o the r  gra ins .  The only emissions f a c t o r  da ta  t h a t  were a v a i l -  
a b l e  were f o r  con t ro l l ed  emissions./ 
f a c t o r  o f  2.5 l b l t o n  was ca l cu la t ed  from t h i s  da ta .  

Emission f a c t o r s  for r i c e  mi l l i ng  w e r e  based on those for s i m i l a r  operat ions 
i n  o t h e r  g r a i n  handling f a c i l i t i e s .  
able t o e s t i m a t e  emission f a c t o r s  for drying, c leaning and m i l l  house 

Also ,  some drying of corn received 
An estimate of the  

An o v e r a l l  control led emission 

7 I n s u f f i c i e n t  information was a v a i l -  ‘1 operat ions.  

Information taken from Reference 2 was used t o  eatimate emission f a c t o r s  
f o r  soybean m i l l s .  

Information on corn wet mi l l i ng  emission f a c t o r s  was unavailable i n  most 
cases  due t o  the  wide v a r i e t y  o f  products and the  d i v e r s i t y  o f  operat ions.  
Receiving. handling and cleaning operat ions emission f a c t o r s  were assumed 
to be s i m i l a r  t o  those f o r  dry corn mi l l ing .  . 
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APPENDIX A 

EMISSION FACTORS FOR GRAIN DRYERS AT GRAIN ELBVATORS 

GRAIN DRYER EMISSION FACTORS 

A quan t i t a t ive  asaessment of  emissions from grain dryers  i s  d i f f i c u l t ,  
p r imar i ly  because of  lack  of  ava i l ab le  da ta .  
o the r  informationhave indicated t h a t  the emission r a t e  from any given 
i n s t a l l a t i o n  is dependent upon t h e  dryer  configurat ion.  L e . ,  rack or 
column; the type of g ra in  being processed, 1.e.. 'corn, soybeans, wheat; 
t he  foreign mater ia l  present  I n  t he  incoming gra in .  i.e.. d u s t ,  chaf f ,  
"beeswing" h u l l s ,  e t c . ;  and t h e  amount of moisture reuuved which a f -  
f e c t s  throughput. 

The la rge  volumes of a i r  passed through t h e  gra in ,  t he  la rge  cross-  
s ec t iona l  a rea  through which the a i r  l a  exhausted and the wide par- 
t i c l e  s i z e  d i s t r i b u t i o n  of the e f f l u e n t  cont r ibu te  t o  sampling d i f -  
f i c u l t i e s .  
between reported dryer emission t e s t s  highly uncertain.  

A compilation of  the ava i l ab le  data  on emissions test f o r  rack and column 
type dryers  is presented in Table A-1 and, based on these da ta ,  average 
values f o r  t he  uncontrolled emission f a c t o r s  were se lec ted :  

However, t heseda te  and 

The absence of an acceptable  test method makes comparisons 

Rack Dryers - 1.8 l b l t o n  
C o l u m n  Dryers - 0 . 3  l b l t o n  

Because of t h e  smell amount of ava i l ab le  da ta ,  spread i n t h e 8 e d a t a . h -  
adequate information regarding s p e c i f i c  t e s t  methods, use of d i f f e r e n t  
sampling t r a i n s ,  and the  lack  of complete information regarding foreign 
mater ia l  and moisture d i f f e r e n t i a l ,  these emission f ac to r s  should only 
be considered a s  i nd ica t ive  of poss ib le  average emissions and not ab- 
s o l u t e  numbers f o r  individual  dryers .  
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Table A-1. SUMMARY OF AVAILABLE m1SSION FACTOR DATA 
FOR GRAIN DRYERS (UNCONPROLLED) 

Rack dryers Column dryers 
Throughput Emission factor Throughput Emtaalon factor 

( lblton)  (bulhr) (lb/ton) Cbdhr) 

1,000 3.751 400 0.2*/ 

2.000 2 . d  1.000 0 . 2 1 d  

500 

1,500 

1,800 

1.2Y 

- 1 .&I 

0.9- b/ 

Avg. = 1.8  lb/ton 

- a/ Reference 2. - b/ Private communication. 
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APPENDIX B 

DERIVATION OF ENISSION FACTORS FOR GRAIN PROCESSING 
OPERATIONS (as shown in Table 12) 

FEED MILLS 

Receiving 

As s t a t e d  in Reference 2 (p. 159) the  ingredient  receiving a rea  repre-  
s e n t s  the mst se r ious  dus t  emission problem i n  most feed m i l l s .  Emis- 
sion f a c t o r  da ta  fo r  t h i s  opera t ion  a r e  sparse ,  owing p a r t l y  t o  the  f a c t  
t h a t  many ingredien ts ;  whole g r a i n  and o the r  more dusty mater ia la  (bran, 
dehy a l f a l f a ,  e t c . ) ,  a r e  received,  by both t ruck  and r a i l  and severa l  
unloading methods a r e  employed. For these reasons,  an average emission 
f a c t o r  would be d i f f i c u l t  t o  determine, a t  l e a s t  a s  f a r  as whole 
g ra ins  a r e  concerned, so an  emission f a c t o r  for t h e  unloading operat ion 
only has been estimated a s  1.30 lb / ton .  
in t h e  Kansas C i t y  e l eva to r  s tudyi /  for ca r  unloading and may be re- 
p resen ta t ive  of feed m i l l s  aqd hopeful ly  r e f l e c t s  the f a c t  t h a t  some 
ingredien ts  tend to  be more dusty than whole gra ins .  

Shipping 

Most feed m i l l s  sh ip  the  bulk feed by t ruck ,  bu t  someare a l s o  shipped in 
bags by r a i l  and truck. 
major source of dust  emissions but l i t t l e  emission f a c t o r  data a r e  a v a i l -  
ab le .  
of g r a i n  i n  the  Kansas City e l eva to r  study.l /  
loading of feed m i l l  products would tend t o  be m r e  dusty than whole 
g ra in  loading. Therefore, an emission f a c t o r  of 0.5 l b / t o n  has been 
estimated f o r  t h i s  operat ion.  

Handl ing Operations ( t r ans fe r  po in t s ,  garner  and sca l e ,  l egs)  

No data  were a v a i l a b l e  f o r  the  i n t e r n a l  handling operat ions in feed 
m i l l s .  However, i t  would be expected t h a t  they a r e  somewhat s imi l a r  t o  

This was t he  value determined 

Reference 2 (p. 1 6 6 ) s t a t e s  t h a t  loadout i s  a 

A n  emission f a c t o r  of 0.27 l b / t o n  was determined f o r  ca r  loading 
It is assumed t h a t  bulk 
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; /! those in gra in  e leva tors .  The Kansas C i ty  e l eva to r  s t u d y l l  showed that 
the  m e t  s i g n i f i c a n t  of these opera t ions  was the  lege ,  having an emis- 
e ion  f a c t o r  of 1.49 lbf ton .  The tunnel  b e l t  f a c t o r  of  1.40 l b / ton  i a  
s imi l a r  but feed m i l l  opera t ions  a r e  such t h a t  t h i s  may not be a com- 
parable  operation.. However, a l l  mater ia l  in a feed m i l l  would be ex- 

Therefore,  an o v e r a l l  average'emi,ssion f a c t o r  f o r  feed m i l l  handling 
opera t ions  has been estimated a8 3.0 lb/ ton.  

Grinding 

' . ;.. . . ;....;. 
. , .; 

. ?. I . 
. 1  

.I ,. 
pected t o  pass through a l e g  a t  ' l e a s t  twice from unloading to shipping. . 

, .  

, I .  . + 
Whole g ra ins  received a t  feed m i l l s  must be ground. and t h e  assoc ia ted '  ~ 1. : . 

. .  
.. 

product recovery cyclone is t he  major duet source i n  t h i s  g ra in  prep- . '  
a r a t i c n  operat ion.  Because of the wide v a r i a t i o n  in gra ih8 ,and  
gr inders  used, an average emission f a c t o r  would be d i f f i c u l t . t o  de te r -  
mine. A small  amount of  data  presented i n  Reference 2 '(p. 163) i n - .  

. d ica t ed  t h a t  con t ro l l ed  emissions may range from 0.02 to, 0.2 lb/ ton.  
Considering these  f a c t s ,  and lack  of o the r  deta;  an average cont ro l led  

, .  . , I '  

. * ,* . .  
.I :: ' , ' ~. I 

I .  , . ,  . .  
r' 

.. 
emission f a c t o r  of  0.1 lb / ton  has been est imated,  assuming it is t o  be 
r ep resen ta t ive  of  t he  indue t ry ' a s  a whole, 

. .  
... 

I* 

. .  ., .. 
., I ,  P e l l e t  Coolers 

%e only ava i l ab le  emission f a c t o r  'detn f o r  t h i s  opera t ion  was contained 
i n  Reference 2 (pp. 164-167) and ind ica ted  t h a t  ttie uncontrolled emis- 
s i o n  f a c t o r  was q u i t e  high ( 5  t o  50 lb / ton )  bu t  t h a t ' t h e  cyclones were 
very e f f i c i e n t  (92 t o  99.92). 

i 

,I . . ! , . ' . ,  
..? .. ,.I 

. . .  
. .  . , .  The .data on p,: 164.show 'considerable d i f -  
1 . ,  ference in con t ro l l ed  emission.  f a c t o r s  for' ho r i zon ta l  coolers  and column' 

coolers .  Dis t r ibu t ion  of these two types of  coolers  w i t h i n  t h e  i n d u s t r y ' .  :. . I 

is  not known but  our observat ions ind ica t e  t h a t  column coolers  a r e  q u i t e  

. .  
, .  . .  

' 
I ,  

. .  
' . ~ .  , . 

, "  + '  

, : comnon. 
has been estimated. 

WHEAT MILLS 

For t h i s  reason, a con t ro l l ed  emission' f a c t o r  of 0.1 lb / ton  
, 

. .  
, 

' .. .~ . . . .  . .  . ... ' * .  , . 
Processing opera t ions  were discussed in Reference 2 (p. 2 0 7 )  and i d e n t i -  ,, ' . ', 
f l ed  th ree  emission a reas :  
house. and mi l l i ng  operat ions.  .Emission f a c t o r s  and c a l c u l a t i o n  of . ? I .  . , I  : L : * , -  ' 

emissions for  sources w i t h i n  ,each 'of these  opera t ions  is discussed be- ,,,.f . ,  I . ". .:.' 

gra in  rece iv ing  and handling, c leaning , <  I. 
8 ',..,-,> .,,.. 

, . , , . I . .  ' I  

. ,.,*',', ' .  . , , 
*.. 

1 : .  -~ low. 

Receivinq 

It would be expected t h a t  receiving of  wheat would be s imi l a r  i n  emissions 

. .  
, . I  I .  *, .,:, . '  ... I *  > " '  ,,:>.,. . 

,, i (  

' , 

. .  
: , 

t o  t h a t  f o r  terminal grain e leva tors '  (0.64 and '1.30 lb/ton).L/ Data on . %  . 

I .  
, . ,  . . , ; .  
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p. 182 of Reference 2 f o r  one f l o u r  m i l l  p resents  cont ro l led  emission 
f a c t o r s  for  f ab r i c  f i l t e r s  but  i t  i s  d i f f i c u l t  to use theseda ta  i n  
es t imat ing  an uncontrolled f ac to r .  Therefore, the da ta  from Reference 1 
had t o  be used, and an average f a c t o r  o f  1.0 l b l t o n  *as se l ec t ed  €or 
receiving by t rucks.  c a r s  and barges.  

Precleaninp, and Handling 

Very l i t t l e  da ta  on uncontrolled emissions from precleaning were a v a i l -  
ab l e ,  but i t  is assumed t o  cons i s t  p r imar i ly  of sca lp ing  type opera t ions ,  
which should be a minor source i n  comparison wi th  handl ing Operations. 
Handling cons i s t s  of legs.  t r a n s f e r  po in ts ,  g a m e r  and s c a l e  and t r i p p e r ,  
e t c .  Usable data  on uncontrolled emission f ac to r s  f o r  t hese  sources i n  
f l o u r  mil ' l swerelacking,  so the  da t a  from Reference 1 had t o  be used, 
even though i t  was f o r  a gra in  e l eva to r  and did not  include a t r i ppe r .  
However, it did include a tunnel  b e l t  and it is a l s o  known t h a t  i n  a 
f l o u r  m i l l  the  g ra in  would pass through the  leg  twice (once when re- 
ceived and once when t r ans fe r r ed  to cleaning house). Therefore, a 
cumulative emission f a c t o r  of 5.0 l b / t o n  was estimated f o r  a l l  pre- 
c leaning and handling operations.  

Cleaning House 

Cleaning is  accomplished by a v a r i e t y  of means but  o f t e n  includes a i r  
a s p i r a t i o n  t o  remove l i g h t e r  impur i t ies  (dust)  aa w e l l  a s  d i s c  separa tors  
and scourers .  
a small amount of  emission data  on cyclone cont ro l led  sources were s v a i l -  
a b l e  i n  Reference 2 (p. 210). Therefore,  i t  was not  f e a s i b l e  t o  ca1'- 
c u l a t e  an emission f a c t o r  f o r  t h e  cleaning house. 

Each of  these  can be a source of dus t  emissions but only 

M i l l  House 

Operations i n  the m i l l  house a r e  complex, and again,  very L i t t l e  emission 
data  a r e  ava i lab le .  Reference 2 (p. 209) c i t e s  one r e p o r t  which indicated 
t h a t  dus t  generated i n  r o l l e r  m i l l s  may average 2.1 lb/bu (70 lb / ton) .  
This aource and t h e  p u r i f i e r s  might therefore  account f o r  more than 70 
lb/ ton.  This emission f a c t o r  is l a r g e r  than the  one f o r  precleaning and 
handling and may be erroneously high but  i t  was the  only da ta  ava i lab le .  
It should be noted tha t  because of t h e  product value these emissions 
a r e  cont ro l led ,  pr imari ly  with f a b r i c  f i l t e r s .  



DURUM HILLS 

The sources of a i r  p o l l u t i o n  in a durum m i l l  p a r a l l e l  those o f  a f l o u r  
m i l l  and f a l l  in to  the t h r e e  main c a t e g o r i e s  of  receiving and handling 
ope ra t ions ,  cleaning-house, and m i l l i n g  operat ions.  Rate o f  emission 
f o r  durum m i l l  ope ra t ions  a r e  l imited but  s i n c e  the  processing operat ions 
a r e  s i m i l a r  t o  those of a f l o u r  m i l l ,  t h e  r a t e s  a r e  expected t o  be 
s i m i l a r  (Reference 2. p. 215). However, i n  the  m i l l  s e c t i o n  one o f  the 
primary purposes i s  t o  produce middlings r a t h e r  than f l o u r  so the break 
rol ls  are d i f f e r e n t .  Because of t h i s ,  it is assumed t h a t  t he  emission 
f a c t o r  o f  70 lb / ton  used fo r  t h e  m i l l  house i n  f l o u r  m i l l s  may not be 
app l i cab le  to durum m i l l s .  Therefore, t he  same emission f a c t o r s  f o r  
f l o u r  m i l l s  were assumed t o  apply,  bu t  t h e  emission f a c t o r  f o r  mi l l i ng  
ope ra t ions  was not estimated. 

. .  

RYE MILLING 

The m i l l i n g  procedure f o r  rye  c o n s i s t s  o f  t h e  same processing s t e p s  ss 
wheat mi l l i ng  (Reference 2 ,  p. 221) and a i r  p o l l u t i o n  sources p a r a l l e l  
those i n  a wheat m i l l .  Very l i t t l e  emission f a c t o r  da ta  were a v a i l a b l e  
f o r  r y e  mil l ing.  Some da ta  on c e r t a i n  m i l l i n g  operat ions (Reference 2, 
p. 226) ind ica t e  a con t ro l l ed  emission f a c t o r  o f  about 1 lb/ton. This 
i s  equivalent  t o  an  uncontrolled emission f a c t o r  o f  10 lb / ton ,  assuming 
cyclone e f f i c i e n c i e s  of90%. However. t hese  da t a  do not include break 
rol ls  and o t h e r  ope ra t ions  so the f a c t o r  o f  70 lb / ton  used f o r  wheat 
m i l l i n g  was assumed t o  be appl icable  t o  rye.  This f a c t o r ,  and t h e  
o t h e r s  f o r  wheat m i l l i n g  were assumed t o  be t h e  same fo r  rye  m i l l i n g .  

DRY CORN MILLING 

The g r a i n  unloading, handling, and c l ean ing  ope ra t ions  are s imi l a r  to  
those i n  o t h e r  g r a i n  m i l l s  bu t  t he  subsequent operat ions a r e  somewhat 
d i f f e r e n t  (Reference 2, p. 216). 
a v a i l a b l e  f o r  d ry  corn m i l l t n g ,  except  for some con t ro l l ed  emission 
f a c t o r s  t abu la t ed  i n  Reference 2 (pp. 222, 223). 

Receivtng 

As i n  the  case  o f  f l o u r  mi l l s ,  s n  average emission f a c t o r  o f  1.00 lb / ton  
has been used f o r  t h e  r ece iv ing  operat ion.  

Very l i t t l e  emissidn f a c t o r  da ta  were 

DryinR 

Some drying of corn received a t  t h e  m i l l  hay be necessary p r i o r  t o  storage.  
Types o f  dryers  used (rack or column) is not  known, b u t  about 50% use the  
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Day-Vac system. For t h i s  reason ,  an  emission f a c t o r  of  0.5 l b l t o n  was 
used based on dryer  emission f a c t o r s  discussed i n  Appendix A. 

Precleaning and Handling 

A s  explained i n  t he  s e c t i o n  on f l o u r  m i l l s ,  an average emission f a c t o r  
of 5.0 lb / ton  was used f o r  t he  precleaning and handling operat ions.  

Cleaning House 

An emission f a c t o r  of  5.70 l b / ton  was determined fo r  a g r a i n  e l eva to r  
corn c leaning  0 p e r a t i o n . y  Also, Reference 2 (p. 222) shows a n  emia- 
s ion  f a c t o r  of  0.0015 lb/bu (0.06 lb / ton)  f o r  a cleaning house cont ro l -  
led by a f a b r i c  f i l t e r .  I f  t he  FF were 99% e f f i c i e n t ,  t he  equiva len t  
uncontrol led f ac to r  wnuld be 6.0 lb / ton ,  which agrees  c l o s e l y  with the  
previous f a c t o r  of 5.70 lb/ ton.  

Degerming and Mi l l i ng  

Emission f ac to r  da t awereno t  ava i l ab le .  

OAT MILLING 

Most of  t h e  information necessary f o r  e s t ima t ing  emission f ac to r s  was 
not  ava i l ab le .  It was f e l t  to  be unwise t o  attempt to use emission 
f ac to r  data  f o r  o t h e r  g ra ins  because handl ing of  o a t s  is repor ted  to  be  
d u s t i e r  than many o t h e r  gra ins .  “he only emission f a c t o r  da ta  t h a t  
were ava i l ab le  contained con t ro l l ed  emission f a c t o r s  only (Reference 2, 
p. 236) which can be used t o  c a l c u l a t e  an  o v e r a l l  f a c t o r  of  0.04 lb/bu 
o r  2.5 lb/ ton.  It i s  not known i f  t h e s e d a t a ,  f o r  one m i l l ,  included 
mst major d u s t  sources  nor is i t  known i f  t h i s  p l a n t ,  and t h e  c o n t r o l  
devices used, is r ep resen ta t ive  of t h e  indus t ry .  
above were assumed t o  be t rue ,  and the t o t a l  con t ro l l ed  emission f a c t o r  
of  2.5 l b / ton  was used. 

However, both of the  

RICE MILLING 

Emission f ac to r  da ta  f o r  r ice  m i l l i n g  opera t ions  a r e  meager. E m i s s i o n  
sources assoc ia ted  with rece iv ing ,  c leaning  and s to rage  a r e  s i m i l a r  
t o  those involved with a l l  g ra in .p rocess ing  but  i t  is no t  known i f  
r ice emits more o r  less dus t  than o t h e r  g r a i n s  i n  these  opera t ions .  
However, emission f a c t o r s  f o r  o t h e r  g r a i n s  were used. 
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Receiving 

Data i n  Reference 2 (p. 471) ind ica te  t h a t  most r i c e  is received by 
truck. An emission f ac to r  f o r  t ruck  unloading Of 0.64 l b / ton  was 
assumed based on da ta  f o r  s terminal g ra in  e1evator .Y 

As was explained i n  the sec t ion  on wheat m i l l s ,  s cumulative emission 
f a c t o r  of  5.0 l b l t o n  has been assumed f o r  t h e  similar operat ions i n  
a rice m i l l .  

Observation of  r i c e  dryers  i nd ica t e s  t h a t  the emission f ac tb r  may be 
considerably higher  than for  drying of o t h e r  gra ins  but  supporting 
da ta  were not ava i lab le .  L 

. >  : .  , 
., .. I .. 
. ,  . .  Cleaning and M i l l  House " . %  

. .  
Because of t he  lack of da ta ,  no estimate of t he  emission f ac to r  could 
be mde .  !- 

I 
SOYBFAN MILLS 

. . . .  
.I I, ,> 

Data i n  Reference 2 (p. 251) ind ica t e  an average cont ro l led  emission 
f a c t o r  f o r  a t ruck  dump p i t  of 0.017 l b / ton .  or an uncontrolled f ac to r  
of 1..5 l b l t o n  assuming 99% e f f i c i ency  f o r  t h e  f a b r i c  f i l t e r  cont ro l  
device.  This is i n  good agreement wi th  da t a  i n  Reference 1 f o r  soybeans 
which showed 1.63 l b l t o n  f o r  t ruck  unloading and 1.51 l b l t o n  f o r  c a r  
unloading. Therefore, an emission f a c t o r  of 1.6 l b l t o n  was used f o r  
soybean receiving. 

H a n d l i q  

No s p e c i f i c  information was ava i l ab le  on emission f a c t o r s  f o r  soybean 

higher  than o the r  g ra ins  the  cumulative f a c t o r  of 5.00 l b l t o n ,  8s d i s -  
cussed i n  t h e  wheat mi l l i ng  sec t ion ,  was used. 

handl ing operat ions.  Eveh though the  emissions from soybeans may be 
* .  

. $  
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Cleaning 

No information was ava i lab le  on the c leaning  of soybeans although i t  is 
suggested t h a t  i t  would be a t  l e a s t  a s  much a s  t h e  6.00 Ib/ton discussed 
i n  the  sec t ion  on dry corn mil l ing.  

qrying 

Soybean p l a n t s  do dry the  feed to  the  f l ak ing  m i l l  and observations have 
indicated t h a t  the emission f a c t o r  f o r  drying of soybeans a t  soybean 
m i l l s  may be higher than the average f a c t o r s  discussed i n  Appendix A. 
The only data  ava i l ab le  on soybean dryers  a reconta ined  i n  Reference 2 
(p. 2 5 5 )  andhavebeen used  t o  c a l c u l a t e  uncontrolled emission f ac to r s  
ranging from 4 . 2  t o  80 lb f ton .  The value of 80 lb / ton  is very high 
but even disregarding t h i s  value,  the average f ac to r  is 7 . 2  lb/ ton.  

Cracking (and d e h u l l i n d  

Data presented i n  Reference 2 (p. 2 5 6 )  show t h a t  t h e  cont ro l led  emission 
f ac to r  f o r  cracking and dehul l ing opera t ions  is on the  order  of 0.01 
lb/bu,  or 0.33 lb/ ton.  
cont ro l  devices ,  t he  uncontrolled emission f ac to r  would be 3.3 lb l ton .  

I f  one assumes 90% e f f i c i ency  f o r  t h e  cyclone 

H u l l  Grinding 

Controlled emission f ac to r s  f o r  h u l l  gr inding in Reference 2 (p. 256) 
show an average, for t h ree  reported values ,  of  0.0055 lb/bu or 0.18 lb/ton. 
Again assuming 909. e f f i c i ency  f o r  the cyclone con t ro l  devices,  t he  un- 
cont ro l led  emission f ac to r  would be approximately 2.0 lb/ ton.  

Bean Conditioning 

Reference 2 (p. 256)  shows a cyclone con t ro l l ed  emission f s c t o r  of  
0.0003 lb/bu or 0.01 lb/ton. Assuming 90% cyclone e f f ic iency ,  t h e  
uncontrolled emission f ac to r  is 0.1 lb l ton .  

Flaking 

A t o t a l  of four  cont ro l led  emission f a c t o r s  for  f lak ing  a r e  presented i n  
Reference 2 (pp. 2 5 2 ,  256) and show a n  average of 0.0017 lb/bu or 0.057 
lb/ ton.  
t he  uncontrolled emission f a c t o r  would be 0.57 lb/ton. 

These were each cyclone con t ro l l ed ,  so assuming 90% e f f i c i ency ,  

i 
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Meal Dryer 

Cyclone control led emission fac tor  f o r  meal dryers  was preaented in 
Reference 2 (pp. 252, 256) and showed a range of 0.003 to 0.0128 lb/bu 
with an average of 0.0045 lb/bu or 0.15 lb/ ton.  
e f f i c i ency  for  the cyclones, the uncontrolled f ac to r  would be 1.5 lb/ton. 

Meal Cooler 

Only one cyclone cont ro l led  emission f ac to r  was ava i lab le  (Reference 2, 
p. 252); 0.0056 lb/bu o r  0.18 lb/ton. 
cyclone, the uncontrolled fac tor  would be 1.8 lb/ton. 

Bulk Loading 

No emission f ac to r  data were ava i lab le  for  meal loading. However, 
observation of these operations ind ica tes  tha t  i t  may be about the  
same 8s loading gra in  a t  e leva tors  o r  about 0.27 lb/ ton. 'y  

COR3 WET MILLING 

Again assuming 90% 

Assuming 90% ef f ic iency  for  the 

Receiving 

Corn is received by cars  and trucks and, a6 was done for  d r y  corn m i l l s ,  
an average emission f ac to r  of 1.0 l b l t o n  was used. 

Hand 1 i np, 

Emission fac tors  spec i f i ca l ly  appl icable  to handling of corn a t  wet corn 
m i l l s  a r e  not avai lab le .  
average cumulative emission fac tor  of 5.0 lb / ton  was used. 

Cleaning 

An emission f ac to r  of 6.0 lb/ ton for corn cleaning, a s  developed in the 
sec t ion  on dry  corn mills,  was used. 

However, a s  was done on dry corn m i l l s ,  an 

mrs 

Feed, gluten and germ dryers a re  a major source of emissions from wet 
corn m i l l s  but emission f ac to r  < ta are  lacking. 

Bu lk  Loading 

Bulk loading of products is another p o t e n t i a l  source of emissions b u t  no 
emission f ac to r  data a r e  avai lable .  
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