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ABSTRACT 

T h i s  r e p o r t  conta ins  an eva lua t ion  of a v a i l a b l e  da ta  used t o  develop 
emission f a c t o r s  f o r  a l f a l f a  dehydrat ion p l a n t s ,  g r a i n  e l e v a t o r s  and 
o t h e r  feed and g r a i n  opera t ions .  

ii 

I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
t 

CONTENTS 

Abst rac t .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ii 

L i s t o f F i g u r e s .  . . . . . . . . . . . . . . . . . . . . . . . .  i v  

L i s t  of Tables. . . . . . . . . . . . . . . . . . . . . . . . . .  V 

Acknowledgements. . . . . . . . . . . . . . . . . . . . . . . . .  v i  

Sect ions 

I In t roduct ion  . . . . . . . . . . . . . . . . . . . . . . . . .  1 

. . . . . . . . . . . . . . . . .  I1 A l f a l f a  Dehydration P l a n t s  2 

Emission Fac tors  . . . . . . . . . . . . . . . . . . . . . .  2 
Background and Support Information f o r  Emission 

Fac tors  f o r  A l f a l f a  Dehydration P l a n t s  . . . . . . . . . .  7 

I11 Feed and Grain M i l l s  and Eleva tors  : 1 2  . .  . . . . . . . . . .  
Emission Fac tors  . . . . . . . . .  : . . . . . . . . . . .  1 2  
Background and Support Information fo? Emission 

Fac tors  f o r  Feed and Grain M i l l s  and Eleva tors  . . . . .  22 

Appendix A - Emission Fac tors  f o r  Gra in  Dryers a t  
. . . . . . . . . . . . . . . . .  Grain Eleva tors .  33 

Appendix B - Derivat ion of  Emission F a c t o r s  For Grain Processing 
Operations . . . . . . . . . . . . . . . . . . . .  35 

i i i  



1 
I 

F IGURG S 

No. - 
1 General ized F l o w  Diagram for  A l f a l f a  Dehydration 

P lant .  . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

iv 

I 
I 
I 
I 

I 



II 
II 
II 
II 
II 
II 
II 
11 
l l  
II 
l l  
I I  
I 1  
11 

No. 

1 

- 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

12 

A-1 

TABLES 

P a r t i c u l a t e  Emission Factor  Data f o r  A l f a l f a  
Dehydration P l a n t  Equipment. . . . . . . . . . . . . . . . .  5 

Tota l  Emission Factor  for A l f a l f a  Dehydration P lan t .  . . . . .  5 

Comparison of  A l f a l f a  Dehydration P lan t  Emission Factor 
Data . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

P a r t i c u l a t e  Emission Fac tors  f o r  Grain Eleva tors  . . . . . . .  14 

P a r t i c u l a t e  Emission Fac tors  f o r  Grain Eleva tors  Based 
on Amount of Grain Received or Shipped . . . . . . . . . . .  15 

P a r t i c u l a t e  Emission Fac tors  f o r  Grain Processing 
Operations . . . . . . . . . . . . . . . . . . . . . . . . .  17  

P a r t i c u l a t e  Emission Fac tors  f o r  Grain Eleva tors  . . . . . . .  24  

Best Average Value of  Long-Term Composite Emission 
Fac tors .  . . . . . . . . . . . . . . . . . . . . . . . . . .  25 

P a r t i c u l a t e  Emissions from Grain Handling and Processing . . .  25 

P a r t i c u l a t e  Emission Fac tors  f o r  Grain Elevators  Based on 
Amount of Grain Received or Shipped. . . . . . . . . . . . .  26 

Average Values Used f o r  Rat io  o f  Tons Processed t o  Tons 
Shipped o r  Received. . . . . . . . . . . . . . . . . . . . .  27 

P a r t i c u l a t e  Emission Fac tors  f o r  Grain Processing 
Operations . . . . . . . . . . . . . . . . . . . . . . . . .  29 

D r y e r s . .  . . . . . . . . . . . . . . . . . . . . . . . . .  34 
Summary of Avai lable  Emission Factor  Data for Grain 

V 



ALFALFA DEHYDRATION PLANTS 

EMISSION FACTORS 

General 

The dehydra t ion  of a l f a l f a  f o r  t h e  product ion of  a l f a l f a  meal is  t h e  
primary o b j e c t i v e  of  a n  a l f a l f a  dehydrat ion p l an t .  (Dehydrated a l f a l f a  
i s  important f o r  i t s . p r o t e i n  q u a l i t y ,  u n i d e n t i f i e d  growth and repro- 
d u c t i v e  fac tors . ,  pigmenting xanthophyl l s ,  and vi tamin c o n t r i b u t i o n s .  

&e process  c a r r i e d  out  a t  most dehydra t ion  p l a n t s  is e s s e n t i a l l y  t h a t  
shown i n  Figure 1. Standing a l f a l f a  i s  mowed and chopped i n  the  f i e l d  a 
and is t r a n s p o r t e d  by t r u c k  t o  t h e  dehydrat ing p l a n t  which i s  located 
near  the  f i e l d  (usua l ly  w i t h i n  10 m i l e s ) .  'The  t r u c k  dumps t h e  chopped 
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 
drying drum, a direct-fired-roCary-unit, s u b j e c t s  t h e  a l f a l f a  t o  high 
temperature com%ustion gases  (approximately 1800'F a t  t h e  i n l e t  and 
275'F a t  t h e  o u t l e t )  and evaporates  the  water  from about 77% H20 i n  green 
chops down t o  8% H20 i n  dry.chops.  
moisture  gases and d r y  chops e n t e r  t h e  primary cyclone which s e p a r a t e s  
t h e  product  from t h e  gases .  
cyclone next  e n t e r s  t h e  gr inding  machine, normally a hammermill, which 
reduces the  dehydrated chops t o  a powder r e f e r r e d  t o  a s  "meal." The 
meal enters a pneumatic conveyor t h a t  d i scharges  i n t o  a meal c o l l e c t i o n  
cyclone which s e p a r a t e s  t h e  meal from t h e  conveying a i r .  The c o l l e c t e d  

3 The 

From the  drying drum, the high 

The m a t e r i a l  separa ted  i n  t h e  primary 

( .  . 

meal i s  then  u s u a l l y  fed t o  a p e l l e t i z i n g  Product meal o r  
p e l l e t s  may be s t o r e d  p r i o r  t o  shipment o r  be loaded out  
d i r e c t l y  from t h e  process .  

Emissions and Controls  

Emissions from a l f a l f a  dehydrat ing p l a n t s  a rk  i n d i c a t e d  i n  Figure 1 and 
the  primary cyclone,  meal c o l l e c t o r  cyclone<= 

\ / - - -J and p e l l e t  c o o l e r .  Although t h e s e  sources  are common 
to-many-p-Ta5t.s t he re  a r e  s e v e r a l  p rocess  v a r i a t i o n s  i n  which secondary 
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cyclones may o r  may not  be used, (e.g. ,  some sources ducted t o  a common 
secondary cyclone,  or some sources a r e  ducted back t o  t h e  primary cyclone, 
e t c . ) .  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  employ some o f  process 
v a r i a t i o n s  descr ibed above. Resul t s  of  t h a t  t e s t i n g  a r e  summarized i n  
Table 1. 

Data shown i n  Table 1 were obtained from a c t u a l  source t e s t s  a t  a l f a l f a  
dehydrat ion p l a n t s .  
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 o  t h e  con- 
c l u s i o n  t h a t  t h e  g r e a t e s t  por t ion  o f  t h e  p a r t i c u l a t e  emissions comes 
from t h e  drying opera t ion ,  i . e . ,  t h e  primary cyclone. From t h i s  same 
information i t  i s  est imated t h a t  the  t o t a l  p l a n t  emission f a c t o r  fo r  an 
a l f a l f a  dehydrat ion f a c i l i t y  would be about 20 l b / t o n  of product (meal 
o r  p e l l e t s )  a s  shown i n  Table 2. 
a r r i v i n g  a t  t h i s  f i g u r e  was based on t e s t i n g  a t  p l a n t s  which repor ted ly  
were wel l  “tuned“ p r i o r  t o  t e s t i n g  or i n  some cases  operated below 
capac i ty . /  It i s  t h e r e f o r e  p o s s i b l e  t h a t  t h e  emission f a c t o r  of 20 l b / t o n  
may be below t h e  i n d u s t r y  average and an i n d i v i d u a l  p l a n t  could be emit- 
t i n g  cons iderably  more than 20 l b / t o n  of product. 

Theie da ta ,  a s  w e l l  a s  d i scuss ions  with p l a n t  

However, much o f  the  da ta  used i n  

In t h e  p a s t ,  c o n t r o l  o f  emissions has  been d i r e c t e d  t o  the  meal c o l l e c t o r  
cyclone,  e t c . , b e c a u s e o f  the  d i f f i c u l t i e s  involved i n  c o n t r o l l i n g  t h e  
high m o i s t u r e  content  e f f l u e n t  from the  primary cyclone. These sources  
have p r i m a r i l y  been .... c o n t r o l l e d  ~ ~ with  cyclones but  some p l a n t s  have i n s t a l l e d  
fabY’iFf?hsrs .  
ChTAZIEi& Dehydrators Assoc ia t ion  and i n d i v i d u a l  p l a n t s  t o  i n v e s t i g a t e  
c o n t r o l  methods f o r  the  e f f l u e n t  from t h e  primary cyclone. Most of the  
devices  t h a t  have been i n v e s t i g a t e d ,  and f u i 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 l a n t s ,  cons is ted  of some type of low-pressure drop 
wet scrubber .  References Nos. 1, 2 ,  and 3 c o n t a i n  d e s c r i p t i o n s  and c o s t  
information f o r  some of these  c o n t r o l  methods. 

. -___ 
More r e c e n t l y  t h e r e  h a s  been a concentrated e f f o r t  by 

i. 

I 
I 
1 
I 
1 
1 
I 
I 
I‘ 
1 
I 
1 
I 
1 
I 
I 
I 
1, 

4 



'I 
I 
I 
I 
1 
1 
1 
I 
I 
I 
1 
I 
1 
I 
1 
I 
I 
I 
11 

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

Emission sources  LbJton of product Kg/MT of product 

Primary cyclone 
(Dryer only)  

Primary cyclone 
(Dryer only)  

Primary cyclone 
(Dryer and H a m m e r m i l l )  

14.225I 7 . 1 1 d  

15.02w 7.51- b/ 

14.2851 7. le/ 

dV 
Primary cyclone 17.465' ..I)$' 8.7351 

(Dryer and a l l  o t h e r  sources)  

b/  

b/  

P e l l e t  regr ind  cyclone&/ 8.0k1 ,/ 4.0- b/  

2.6- a k,/ 1.3- 

P e l l e t  coo le r  cyclone 3.2kl r/ 1.6- 

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

- b/ P e l l e t  r eg r ind  i s  a s p e c i a l  ope ra t ion  t h a t  i s  not normally a 
p a r t  o f  t h e  process ing  opera t ion .  

Table 2. TOTAL EMISSION FACTOR FOR ALFALFA DEHYDRATION PLANT 

Type of  ope ra t ion  Lb/ton o f  products/ Q/MT o f  p r o d u c e /  

Tota l  emissions from 
10.0 b/ uncont ro l led  p l a n t  20.0- 

- a /  
b /  - Reference No. 2. 

Product c o n s i s t s  of meal and/or  pe l l e t s .  

5 
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BACKGROUND AND SUPPORT INFORMATION FOR EMISSION FACTORS FOR ALFALFA 
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 

missions from a l f a l f a  dehydrat ing p l a n t s  inc lude  dus t  from the  var ious  
e p a r a t o r s ,  and odors from t h e  v o l a t i l e  matter dr iven  o f f  t h e  

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 o f  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 dehydrat ion plants.=/ 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 
Assoc ia t ion  (ADA). References 1 and 2 p r e s e n t  t h e  r e s u l t s  of  t h e  t e s t i n g  
programs i n  d e t a i l  and a summary is  given i n  the  fol lowing paragraphs. 

Reference 1 d e s c r i b e s  t h e  f i e l d  t e s t i n g  program conducted by MRI fo r  t h e  
ADA during t h e  Summer of  1971, a t  four  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  indus t ry .  P a r t i c u l a t e  emissions and 
process  condi t ions  were measured a t  the  four  a l f a l f a  dehydrat ing m i l l s  
f o r  both normal and extreme process  o p e r a t i n g  condi t ions .  

Source t e s t s  were performed t o  determine t h e  p a r t i c u l a t e  emission r a t e  
from a given source.  The emission-rate  t e s 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 lowra te  and temperature ,  d u s t  loading, and c a r r i e r  
gas  composition (moisture and Orsat a n a l y s i s ) .  For these  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 ime over a network of  proper ly  d i s t r i b u t e d  p o i n t s .  For 
each test t h e  dura t ion  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  i n  emissions were averaged out.  

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 

Process parameters were measured during 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  condi t ions  r e l a t i n g  t o  drying,  
g r i n d i n g  and p e l l e t i n g  of  the  a l f a l f a .  
p e r i o d i c a l l y  during t e s t i n g .  

These parameters have 

These q u a n t i t i e s  were measured 

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  dehydrat ing process ,  i s  shown i n  Table 3. There a r e  
cons iderable  d i f f e r e n c e s  i n  the  da ta  from t h e  d i f f e r e n t  information 
sources .  The emission f a c t o r s  f o r  t h e  primary cyclone (which inc lude  

7 



T-?ble 3.  COMPARISON OF ALFALFA DEHYDRATION PLANT EMISSION 
FACTOR DATA ( l b / t o n ) a /  -- - /-- \\ 

~ 

\ \ ..---- 
/' Primary cyclone 

\ 
I 

Ref. 1 .&& Ref. 2 fiw Ref. 3 

3.03c' I2 2.25 
4.6- d/  1S.q  4.99 20 b.25 

b/- I%.<, 4.6- 

4.4 17.g 1.42 5.' 
5.2-  b/ 11 . 1 .72  7 

6.5 ----y 2Aqk -.. 
- 2.&/+ /si$ 

3.12 

Avg. 2.86 
Avg .4.65 

Ref. -4,;  
L; 

4 .  &/ 
1.9- b/  

0.8- 
1.6- 
2.7- 
3.0- 

b/  1 

b/  
d /  

I n  1.L 
0.6- d/  - 

Avg. 2.0- 
. 

,,'L.- 

,f - / \  --. 
Secondary cool ing cyclone Meal c o l l e c t i o n  cyclone ( s )  

Ref. 1 Ref. %3 
1.25 0.65 ?z*b@{b 2.25 3 7  
- 0.72 A-> 12 0 q$ 

Avg. 7 .1  
d 

Avg. 1.0 17 U J L ( 3 i - i -  

P e l l e t  c o o l e r  cyclone P e l l e t  regr ind  

I 
1 
1 
1 
I 
I 
I 
I 
1: 
1. 
I 
I 

Ref. 1 Ref. x? Ref. 1 Ref.? s 
0.65 0.25 -7 \ 
0.53- e /  U - 7 6  

2.0 

1 
I 
1 
I 

Avg. 0.8 

a/ A l l  emission d a t a  expressed a s  pounds per  t o n  of I r e  n chops. This - m 
may b e  converted t o  pounds per  t o n  of  meal by t h e  following approxi- 
mate r e l a t i o n s h i p : /  ( l b l t o n  of chops) x ( 4 )  ;r: l b / t o n  of  meal. 

Includes discharge from meal c o l l e c t o r  cyclone and p e l l e t  cooler  cyclone. 
A l l  sources  ducted t o  primary cyclone. 
Includes d ischarge  from meal c o l l e c t o r  cyclone. 
Sum of p e l l e t  c o l l e c t o r  and p e l l e t  cooler  cyclone discharges.  

b/ 
- c /  
- d/  
- e /  
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o t h e r  s i g n i f i c a n t  sources  i n  some cases)  a r e  h ighes t  fo r  t h e  d a t a  i n  
Reference 1, and show a range of 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. However, emissions 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 t h e  meal c o l l e c t i o n  
cyclone. These v a r i a t i o n s  may be due t o  d i f f e r e n c e s  i n  c o n t r o l  equip- 
ment, measurement techniques o r  p l a n t  o p e r a t i n g  condi t ions.  Data i n  
Reference 1, f o r  emissions from t h e  meal c o l l e c t o r ,  were taken a t  t h e  
o u t l e t  of  t h e  secondary cyclone t h a t  ik' i n  series wi th  t h e  primary 

t h e  primary cyclone repor ted  i n  References 1 and 2-also inc lude ,  i n  
s o m s s F t h F 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  

b u t  the 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. 

yclone which should h e l p  t o  reduce t h e  emissions.  The emissions from i primary cyclone. This could add t o  t h e  e f f l u e n t  from t h e  primary cyclone, 

Although t h e  d a t a  repor ted  i n  References 1 and 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 according t o  EPA Method 5 and included duct 
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 
repor ted  i n  Reference 3 was performed r i g h t  a t  the  cyclone o u t l e t  which 
makes it 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  r e s u l t s .  While d i f f e r e n c e s  i n  
t h e  emission f ac to 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,  it 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  conten t )  and opera t ing  condi t ions  (over d r y i n g . o r  under 
drying,  e t c . ) .  

Examination of  t h e  a v a i l a b l e  da ta  p lus  many p l a n t  v i s i t s  and d iscuss ions  
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 l e d  
t h e  conclusion t h a t  t h e  g r e a t e s t  p o r t i o n  of  the  dust  emission from an 
a l f a l f a  dehydrat ing p l a n t  comes from t h e  drying opera t ion  ( i . e . ,  t h e  
primary cyclone).  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 da ta  repor ted  i n  References 1 and 2 were obtained using EPA Method 
5 procedures so  these  a r e  probably t h e  most accura te  va lue  a v a i l a b l e .  

t o  

The average of  these  two va lues  (2 .86  and 4 .65 )  i n d i c a t e  t h a t  t h e  over- 
green chops. This  i s  approximately 
which i s  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 w a s  apparent ly  based on data  from Reference 3 .  
These d a t a  were obtained p r i o r  t o  1960 ,  us ing  techniques t h a t  a r e  
probably not a s  accura te  a s  the  r e c e n t  EPA procedures.  It is  t h e r e f o r e  I 

I 9 



felt  that the emission factor of 15 lb/ton of  meal i s  more representative 
for the primary cyclone and that the t o t a l  plant emission factor probably 
does not exceed 20 lb/ton of meal. More complete information on test 
data and evaluation of resu l t s  i s  contained in  Reference 5. 
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FEED AND GRAIN MILLS AND ELEVATORS 

EMISSION FACTORS 

General 

Grain e l e v a t o r s  a r e  t r a n s f e r  and s t o r a g e  a r e a s  f o r  g r a i n  and a r e  usua l ly  
c l a s s i f i e d  a s  e i t h e r  country,  t e rmina l ,  o r  export  e l e v a t o r s .  Country 
e l e v a t o r s  g e n e r a l l y  r e c e i v e  gra ins  a s  they  a r e  harvested from f i e l d s  
w i t h i n  a 1 0 - t o 2 0 - m i l e  rad ius  of t h e  e l e v a t o r .  The country e l e v a t o r s  
unload, weigh and s t o r e  g r a i n  a s  i t  i s  rece ived  from the  farmer. I n  
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  b e f o r e  it i s  
shipped t o  t h e  t e r m i n a l  e l e v a t o r s  o r  processors .  

Terminal e l e v a t o r s  r e c e i v e  most o f  t h e i r  g r a i n  from country e l e v a t o r s  
and s h i p  t o  processors ,  o t h e r  te rmina ls ,  and e x p o r t e r s .  The primary 
f u n c t i o n  of  a te rmina l  e l e v a t o r  i s  t o  s t o r e  g r a i n  i n  q u a n t i t y  without 
d e t e r i o r a t i o n  and t o  b r i n g  i t  t o  commercial grade so  a s  t o  conform t o  
t h e  needs of  buyers.  A s  wi th  country e l e v a t o r s ,  t e rmina ls  dry,  c lean  and 
s o r t  g ra in .  I n  a d d i t i o n ,  they can blend g r a i n  t o  meet buyer s p e c i f i -  
c a t  ions.  

Export e l e v a t o r s  a r e  s i m i l a r  t o  te rmina l  e l e v a t o r s  wi th  t h e  except ion 
t h a t  they  mainly load g r a i n  on s h i p s  f o r  export .  

The o t h e r  types  of opera t ions  involved i n  t h e  process ing  of g ra in ,  in 
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 i v e r s e  processes  a s :  (a) simple mixing processes  
i n  feed m i l l s ;  (b) g r a i n  mi l l ing  i n  f l o u r  m i l l s ;  ( c )  s o l v e n t  e x t r a c t i n g  
i n  soybean processing p l a n t s ;  and (d) a complex s e r i e s  of processing 
s t e p s  i n  a corn  wet-mil l ing p l a n t .  
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Emissions and Controls  

Grain handl ing,  m i l l i n g  and processing include a v a r i e t y  of  opera t ions  
from t h e  i n i t i a l  r e c e i p t  of  the  g r a i n  a t  e i t h e r  a country o r  te rmina 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. Flour ,  l i v e s t o c k  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  i n d u s t r y  
can be separa ted  i n t o  two genera l  a r e a s ,  those occurr ing  a t  g r a i n  e l e v a t o r s  
and those occurr ing  a t  g r a i n  processing opera t ions .  

Grain Eleva tors  - Grain e l e v a t o r  emissions can occur from many d i f f e r e n t  
opera t ions  i n  t h e  e l e v a t o r  inc luding  unloading ( r e c e i v i n g ) ,  loading (ship-  
p ing) ,  d ry ing ,  c leaning ,  headhouse ( l e g s ) ,  tunnel  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  these  opera t ions  a t  t e rmina l ,  country and export  
e l e v a t o r s  a r e  presented i n  Table 4. 
o p e r a t i o n s  a r e  assumed t o  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 expor 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 the  s t o r a g e  b i n s  ( i . e . ,  tunnel  b e l t  drop-points)  were 
based on a s tudy done a t  a te rmina l  e levator .L/  
emission f a c t o r  i s  a l s o  based on t h e  te rmina l  e l e v a t o r  study.L’ 
and c leaning  emission f a c t o r s  a r e  based mainly on data  repor ted  i n  
References 1, 2 ,  and 3 .  

The emission f a c t o r s  shown i n  Table 4 r e p r e s e n t  the amount of dus t  
generated per  t o n  of  g r a i n  processed through each of  the  designated 
o p e r a t i o n s  ( i .e. ,  uncontrol led emission f a c t o r s ) .  Amounts of g r a i n  
processed through each of  t h e s e  opera t ions  i n  a given e l e v a t o r  i s  de- 
pendent 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 ) ,  amount dryed,  and amount c leaned,  e t c .  Becausetheamountofgrainpas-  
s ing  through each opera t ion  i s  o f t e n d i f f i c u l t  t o  de te rmine , i t  may be more 
u s e f u l  t o  express  t h e  emission f a c t o r s  i n  terms of t h e  amount of  g r a i n  
shipped o r  rece ived ,  assuming these  amounts a r e  about the  same over  the  
long t e r m .  Emission f a c t o r s  from Table 4 have been modified accordingly 
and a r e  shown i n  Table 5 along 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  of t y p i c a l  r a t i o s  of  throughput a t  each opera t ion  
t o  t h e  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 
value based on average va lues  f o r  t u rn ing ,  c leaning ,  and drying i n  each 
type of  e l e v a t o r .  However, opera t ing  p r a c t i c e s  in 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  t h e  b a s i c  emission 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  than  ind iv idua l  
e l e v a t o r s .  

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

The headhouse ( legs)  
Drying 
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Table 4. PARTICULATE EMISSION FACTORS FOR 
GRAIN E L E V A T O R S  1-31 

Type of source  

Terminal of e l e v a t o r s  

Emission f a c t o r  (uncontrol1ed)cl  

( l b l t o n )  (kg/MT) 

Unloaded ( rece iv ing)  1.00 
Loading (shipping)  0.27 
Removal from b i n s  ( tunnel  b e l t )  1.40 
Dryingbl 1.05 
Cleaning 6.00 
Headhouse ( l egs )  1.50 
Tripper  ( g a l l e r y  b e l t )  1.00 

Country e l e v a t o r s  

Unloading ( rece iv ing)  
Loading (shipping)  
Removal from b i n s  

Cleaning 
Headhouse ( legs)  

Drying&/ 

Export e l e v a t o r s  

0.64 
0.27 
1.40 
0.68 
6.00 
1.50 

Unloading ( rece iv ing)  1.00 
Loading (shipping)  1.00 
Removal from b i n s  ( tunnel  b e l t )  1.40 
Drying- b l  1.05 
Cleaning 6.00 
Headhouse ( legs)  1.50 
Tripper  ( g a l l e r y  b e l t s )  1.00 

0.50 
0.14 
0.70 
0.52 

.3 .00 
0.. 75 
0.50 

0.32 
0.13 
0.70 
0.34 
3.00 
0.75 

0.50 
0.50 
0.70 
0.52 
3.00 
0.75 
0.50 

- a l  

- b l  

Emission f a c t o r s  a r e  i n  terms of pounds.of d u s t  emit ted per  t o n  
of g r a i n  processed by each source.  

Emission f a c t o r s  f o r  drying a r e  based on 1.8 l b l t o n  f o r  rack  
dryers  and 0.3 l b l t o n  f o r  column dryers  prorated on t h e  b a s i s  
of d i s t r i b u t i o n  of  these  two types of  dryers  i n  each e l e v a t o r  
category,  as  discussed i n  Reference 3. 

14 

I 
1 
1 
1 
I 
I 
I 
I 
1 
1 
I 
I 
I 
1 
I 
I 
I 
I 
I 
a 



I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

O r . U - . N . n 3  
0 ~ m ; m m h  
3 0 N 0 3 . j d  
. . .  . . .  

O o m r n m m  0 0 0 O N 0 4  
0 0 0 ~ N 0 "  . .  . . .  0 0 0 ~ 0 0  
- - N o 0 0 3  r ( 3 N O O O  

O h O L n O O O  O N u 0 0 m 0  
- 0 3 3 1 0 3 3  
. . . . . . . 

h 
u 
3 
c n 
3 

0 

15 

/ 
d O N 3 0 Y ) h  .o 0 I. 0 OI CI 0 

3 3 4 0 0 0 3  
. . . . . . . 

n 

u c 
3 
0 e 
n I 
u 

0 0 0 3 m 0 r .  d 

O O N O " N 0  m 
3 

3 3 3 0 0 N 3  CT e 
. . . . . . . 

Lo 
.r( 

T) 
al > 
.4 o o o L n o o o  m " u 

3 3 3 3 1 0 3 3  u 
9 9 4 9 9 7 9  



In t h i s  same regard ,  t h e  f a c t o r s  i n T a b l e s 4  or  5 should not  be added to -  
g e t h e r  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 t h e  opera t ions  a r e  equipped 
w i t h  c o n t r o l  devices  and some a r e  not .  
emissions must b e  d i r e c t e d  t o  each o p e r a t i o n  and i t s  associa&d c o n t r o l  
device ,  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  
es t imate  t o t a l  p o t e n t i a l  ( i . e . ,  uncont ro l led)  emissions.  An example 
of  t h e  use of  emission f a c t o r s  i n  making a n  emission inventory i s  con- 
t a i n e d  i n  Reference 3. 

Therefore,  any es t imat ion  of 

Some of  the  opera t ions  l i s t e d  i n  t h e  t a b l e s ,  such a s  t h e  tunnel  b e l t  
a n d  t r i p p e r ,  a r e  i n t e r n a l  o r  in-house dus t  sources  which, i f  uncontrol led,  
might show lower than expected atmospheric emissions because of i n t e r n a l  
s e t t l i n g  of d u s t .  On t h e  o t h e r  hand, t h e  reduct ion i n  emissions v ia  
i n t e r n a l  s e t t l i n g  i s  not  known and it i s  q u i t e  p o s s i b l e  t h a t  a l l  of t h i s  
d u s t  i s  eventua l ly  emi t ted  due  t o  subsequent e x t e r n a l  opera t ions ,  i n t e r n a l  
v e n t i l a t i o n  o r  o t h e r  means. 

A s  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  devices  on a t  l e a s t  
some sources .  In t h e  p a s t ,  cyclones have commonly been appl ied  t o  such 
sources  a s  legs  i n  the  headhouse and tunnel  b e l t  hooding systems. More 
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 a t o r s  on almost 
a l l  types of  sources .  
c o n t r o l  problems. Control of loadout opera t ions  i s  one source t h a t  i s  
d i f f i c u l t  t o  c o n t r o l  because of  t h e  problem of containment of t h e  emis- 
s ions .  
l a rge  f lowrate  and h igh  moisture  content  of the  exhaust gases ,  i s  t h e  
dryers .  
a b l e  f o r  reducing dryer  emissions and have been appl ied  a t  s e v e r a l  
f a c i l i t i e s .  Detai led d e s c r i p t i o n s  of  dus t  c o n t r o l  systems fo r  g r a i n  
e l e v a t o r  o p e r a t i o n s ,  and t h e i r  es t imated  c o s t s ,  a r e  contained i n  Reference 
2. 

Grain Processing Operations - Grain processing opera t ions  include many of .  
the  opera t ions  performed i n  a g r a i n  e l e v a t o r  i n  a d d i t i o n  t o  m i l l i n g  and 
processing of  t h e  g ra in .  
and processing o p e r a t i o n s  a r e  presented i n  Table 6. Brief  d i scuss ion  of 
t h e s e  d i f f e r e n t  opera t ions  and t h e  methods used f o r  a r r i v i n g  a t  t h e  emis- 
s i o n  f a c t o r  va lues  shown i n  Table 6 ' a r e  presented below. 

However, some sources  i n  g r a i n  e l e v a t o r s  do present  

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  

Screen-houses o r  cont inuously vacuumed screen  systems a r e  a v a i l -  

Emission f a c t o r s  f o r  d i f f e r e n t  g r a i n  m i l l i n g  

. . .  ~ . . .  ... 
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Table 6. PARTICULATE EMISSION FACTORS FOR 
GRAIN PROCESSING OPERATIONU/ 

~~ 

Type of source 

Feed Mills 

Receiving 
Shipping 
Handling 
Grinding 
P e l  l e t  c o o l e r s  

Wheat Mills 

Receiving 
Precleaning and handl ing 
Cleaning house 
Millhouse 

Durum Mills 

Receiving 
Precleaning and handl ing 
Cleaning house 
Millhouse 

Rye Mil l ing 

Receiving 
Precleaning and handl ing 
Cleaning house 
Millhouse 

Dry Corn Mi l l i ng  

Receiving 
Drying 
Precleaning 
Cleaning house 
Degerming and m i l l i n g  

~ ~~ ~ 

Emission f a c t o r s 1  
l u n c o n t r o l l e d  except  where i n d i c a t e d l  

( I b l t o n )  (kgIMT) 

1.30 
0.50 
3.00 
0. 10kf 
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 -_  

0.65 
0.25 
1.50 

0.05!2/ 
O.O*f 

0.50 
2.50 

35.00 
-- 

0.50 
2.50 _ _  
-- 

0.50 
2.50 

35.00 
_ _  

0.50 
0.25 
2.50 
3.00 _ _  

a' Emission f a c t o r s  are expressed i n  terms of pounds of d u s t  emit ted p e r  t on  
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 i s  no t  n e c e s s a r i l y  
the  same as the  amount of m a t e r i a l  processed by each ope ra t ion .  

!?I Control led emission 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  information.  

17 



Table 6. (Concluded) 

Tvpe of source 

Oat M i l l i n g  

T o t a l  

Rice M i l l i n g  

Receiving 
Handling and p rec l ean ing  
Drying 
Cleaning and mil lhouse 

Soybean M i l l s  

Receiving 
Handling 
Cleaning 

Cracking and dehu l l ing  
Hull  g r i n d i n g  
Bean cond i t ion ing  
F lak ing  
Meal d rye r  
Meal c o o l e r  
Bulk loading 

h y i n g  

Corn Wet M i l l i n g  

Receiving 
Hand 1 i n g  
Cleaning 
Dryers 
Bulk loading 

18 

m i s s i o n  factor=/  
i u n c o n t r o l l e d  except where i n d i c a t e d l  

( l b l t o n )  (kg1MT) 

0 .64  0.32 
5.00 2.50 

1.60 0.80 
5.00 2.50 

7.20 3.60 
3.30 1.65 
2.00 1.00 
0.10 0.05 
0.57  0.29 
1.50 0.75 
1.80 0.90 
0.27 0.14 

- -  _ -  

1.00 0.50 
5.00 2.50 
6.00 3.00 
-- -- 
_ -  -- 

I 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
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1 
1 
1 
1 
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1 
i 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Emission f a c t o r  d a t a  f o r  feed m i l l  opera t ions  a r e  sparse .  
due t o  the  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  received by both 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 opera t ions  (handling, sh ip-  
ping,  and rece 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 an emission f a c t o r  f o r  each of t h e s e  d i f f e r e n t  opera t ions  
was es t imated  on t h i s  b a s i s .  The remaining opera t ions  were est imated 
from t h e  b e s t  information available.?? 

This i s  p a r t l y  

Three emission a r e a s  f o r  wheat m i l l  processing opera t ions  a r e  g r a i n  re-  
c e i v i n g  and handl ing,  c leaning  house, and m i l l i n g  opera t ions .  Data from 
a g r a i n  e l e v a t o r  studyL/ 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 fo r  t h e  c leaning  house were i n s u f f i c i e n t  
t o  estimate a n  emission f a c t o r  and information taken from Reference 2 
was used t o  e s t i m a t e  the  emission f a c t o r  f o r  m i l l i n g  opera t ions .  The 
l a rge  emission f a c t o r  f o r  the  m i l l i n g  o p e r a t i o n  is somewhat misleading 
because a l m o s t  a l l  of the  sources  involved areequipped  wi th  c o n t r o l  
devices  t o  prevent product l o s ses  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 for 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  t h o s e  o f  wheat 
mi l l ing .  
f o r  wheat m i l l  opera t ions .  

The g r a i n  unloading, handling and c leaning  opera t ions  f o r  d r y  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 drying of  corn rece ived  a t  t h e  m i l l  
may be necessary p r i o r  t o  s torage .  
drying w a s  obtained from Reference 2 .  
ab le  t o  e s t i m a t e  emission f a c t o r s  f o r  degerming and mi l l ing .  

Therefore ,  mostof  t h e s e  emission f a c t o r s  a r e  equal  t o  those 

An e s t i m a t e  of the  emission f a c t o r  f o r  
I n s u f f i c i e n t  information was a v a i l -  

Information necessary t o  e s t i m a t e  emissions 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  b e  unwise t o  a t tempt  t o  use emission f a c t o r  
da ta  f o r  o t h e r  g r a i n s  because handling of  o a t s  i s  repor ted  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 ta  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  e m i s s i o n s . /  
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  data .  

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  f o r  r i c e  m i l l i n g  were based on those f o r  similar opera- 
t i o n s  i n  o ther  g r a i n  handling f a c i l i t i e s .  
a v a i l a b l e  t o  e s t ima te  emission f a c t o r s  f o r  drying,  c leaning  and m i l l  
house opera t ions .  

I n s u f f i c i e n t  information was 

19 



I 
Information taken from Reference 2 was used t o  es t imate  emission fac to r s  

1 f o r  soybean m i l l s .  

Information on c o r n  wet-mil l ing emission f a c t o r s  was unavai lab le  i n  most 

1 
1 
I 
1 
1 
1 

c a s e s  due t o  t h e  wide v a r i e t y  of products  and t h e  d i v e r s i t y  of  opera t ions .  
Receiving, handl ing and c leaning  opera t ions  emission 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  dry corn  m i l l i n g .  

Many of  t h e  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 processing p l a n t s  
a r e  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 re  
s i m i l a r .  A s  i n  t h e  case  of  g r a i n  e l e v a t o r s ,  t h e s e  p l a n t s  o f t e n  use 
cyclones or f a b r i c  f i l t e r s  t o  c o n t r o l  emissions from the  g r a i n  handling 
opera t ions  (e.g. ,  unloading, l egs ,  c l e a n e r s ,  e t c . ) .  These same devices  
a r e  a l s o  o f t e n  used t o  c o n t r o l  emissions from o t h e r  processing operat ions 
and a good example of t h i s  is the  ex tens ive  u s e  of  f a b r i c  f i l t e r s  i n  
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  some m i l l i n g  
opera t ions  t h a t  a r e  not  amenable t o  use of  these  devices.  Therefore,  
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 the  e f f l u e n t  
gas  stream has  h igh  moisture  conten t .  C e r t a i n  o t h e r  sources have been 
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 these  is the 
r o t a r y  d r y e r s  i n  w e t  corn  m i l l s .  Descr ipt ions of t h e  emission c o n t r o l  
systems t h a t  have been appl ied t o  sources  wi th in  the  g r a i n  m i l l i n g  and 
process ing  i n d u s t r i e s  a r e  contained i n  Reference 2. 
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BACKGROUND AND SUPPORT INFORMATION FOR EMISSION FACTORS 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 t o r a g e  a r e a s  f o r  g r a i n  and a r e  usua l ly  
c l a s s i f i e d  a s  e i t h e r  country,  t e rmina l  o r  expor t  e l e v a t o r s .  Country 
e l e v a t o r s  g e n e r a l l y  r e c e i v e  g r a i n  o r  soybeans a s  they a r e  harvested from 
f i e l d s  w i t h i n  a 1 0 - t o 2 0 - m i l e r a d i u s o f  t h e  e l e v a t o r .  The country e l e v a t o r s  
unload, weigh and s t o r e  g r a i n  a s  it is  received from the  farmer. I n  
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  before  i t  i s  
shipped t o  t h e  te rmina l  e l e v a t o r s  o r  processors .  

Terminal e l e v a t o r s  r e c e i v e  most of t h e i r  g r a i n  from country e l e v a t o r s  
and sh ip  t o  processors ,  o t h e r  te rmina ls ,  and expor te rs .  The primary 
f u n c t i o n  of a te rmina l  e l e v a t o r  i s  t o  s t o r e  g r a i n  i n  q u a n t i t y  without 
d e t e r i o r a t i o n  and t o  b r i n g  i t  t o  commercial grade so a s  t o  conform t o  
t h e  needs of  buyers.  As with  country e l e v a t o r s ,  t e rmina ls  d ry ,  c l e a n  
and s t o r e  g ra in .  
s p e c i f i c a t i o n s .  

Export e l e v a t o r s  a r e  s i m i l a r  t o  te rmina l  e l e v a t o r s  wi th  t h e  except ion 
t h a t  they  mainly load g r a i n  on sh ips  f o r  expor t .  

The o t h e r  types of opera t 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 a n t s .  
Included a r e  such d i v e r s e  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)  s o l v e n t  e x t r a c t i n g  
i n  soybean process ing  p l a n t s ;  and (d) a complex s e r i e s  of processing 
s t e p s  i n  a corn  wet-mil l ing p l an t .  

I n  a d d i t i o n ,  they can  blend g r a i n  t o  meet buyer 

Emissions and Controls  

Grain handl ing,  m i l l i n g ,  and process ing  inc lude  a v a r i e t y  o f  opera t ions  
from t h e  i n i t i a l  r e c e i p t  of t h e  g r a i n  a t  e i t h e r  a country o r  te rmina 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.  F lour ,  l i v e s t o c k  feed,  
soybean o i l  and corn syrup a r e  among t h e  products  produced from p l a n t s  
i n  the g r a i n  and feed indus t ry .  Emissions from t h e  feed and g r a i n  
i n d u s t r y  can b e  separa ted  i n t o  two genera l  a r eas ,  those occurr ing  a t  
g r a i n  e l e v a t o r s  and those  occurr ing a t  g r a i n  processing opera t ions .  
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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  
opera t ions  i n  the e l e v a t o r ,  inc luding  unloading ( r ece iv ing ) ,  loading 
(shipping) ,  drying,  c leaning,  headhouse ( l e g s ) ,  tunnel  b e l t ,  and t r i p -  
pers  (pr imar i ly  f o r  terminal  and export  e l e v a t o r s ) .  Emissions f a c t o r s  
f o r  s e v e r a l  o f  t h e s e  opera t ions  a r e  p r e s e n t e d , i n  Table 7.  

Emissions f a c t o r s  f o r  unloading o p e r a t i o n s  a r e  assumed t o  be from t r u c k s  
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  te rmina l  and 
export  e l e v a t o r s .  Emission f a c t o r s  f o r  removal of g r a i n  from s t o r a g e  
b i n s  were based on a s tudy  done o n  a te rmina l  e l e v a t o r l l  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 e v a t o r  by r e t u r n i n g  
it  i n t o  t h e  rece iv ing  p i t .  The headhouse ( l egs )  emission f a c t o r  i s  a l s o  
based on t h e  te rmina l  e l e v a t o r  s t u d y . l l  Drying and c leaning  emission 
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  study- 2 31 
and t h e  prev ious ly  mentioned e l e v a t o r  study.- 11 

The emission f a c t o r s  shown i n  Table 7 r e p r e s e n t  t h e  amount of  d u s t  
generated per  t o n  of  g r a i n  processed through each of the  designated 
opera t ions  ( i . e . ,  uncontrol led emission f a c t o r s ) .  Amounts of g r a i n  pro- 
cessed through each of these  opera t ions  in a given e l e v a t o 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 ) ,  
amount dryed, and amount c leaned,  e t c .  Because t h e  amount of g r a i n  pas- 
s ing  through each opera t ion  i s  o f t e n  d i f f i c u l t  t o  determine, i t  may be 
more u s e f u l  t o  express  t h e  emission f a c t o r s  i n  terms of t h e  amount of  
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  t h e  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 t h e  appropr ia te  m u l i 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  of 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  t h e  amount of g r a i n  shipped o r  recieved. 
is  an approximate va lue  based on average va lues  f o r  tu rn ing ,  c leaning ,  
and drying i n  each type o f  e l e v a t o r ,  a s  explained i n  Table 11. 
opera t ing  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 these  
r a t i o s ,  l i k e  t h e  b a s i c  emission f a c t o r s  themselves,  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  than i n d i v i d u a l  e l e v a t o r s .  

This r a t i o  

However, 

In t h i s  same regard ,  t h e  f a c t o r s  given i n  t h e  t a b l e s  should not be added 
toge ther  i n  an at tempt  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  t h e  opera t ions  a r e  equipped 
with c o n t r o l  devices  and some a r e  not. Therefore ,  any es t imat ion  of  
emissions m u s t  be d i r e c t e d  t o  each o p e r a t i o n  and i t s  a s s o c i a t e d  c o n t r o l  
device,  r a t h e r  than  to  t h e  e l e v a t o r  a s  a whole, unless  the  purpose was t o  
es t imate  t o t a l  p o t e n t i a l  ( i . e . ,  uncont ro l led)  emissions.  An example 
o f  the u s e  of emission f a c t o r s  i n  making a n  emission inventory i s  con- 
ta ined  i n  Reference 3. 
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Table 8. BEST AVERAGE VALUE OF LONG-TERM 
COMPOSITE EMISSION FACTORS (LB/MN)L/ 

Operat ion 

Truck unloading 
Car unloading 
Car loading 
Corn c l e a n e 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 GRAIN 

HANDLING AND P R O C E S S I ~ ’  
( l b / t o n  of g r a i n  processed)  

E m i s s i o n  source  

Terminal E leva to r s  

Shipping or r ece iv ing  
R a i l  
Truck 
Barge 

T r a n s f e r r i n g ,  conveying, e t c .  
Screening and c l e a n i n g  
Drying 

Country Elevators 

Shipping or  r ece iv ing  
R a i l  
Truck 
Barge 

T r a n s f e r r i n g ,  conveying, e tc .  
Screening and c l ean ing  
Drying 

Lb/ton 
Processed 

1 
1.4 
1.2 
2.0 
5.0 
5 : 5  

4 
4.5 
5.5 
3.5 
8.5 
7 . 5  

25 

Range o f  emissions 
( l b /  ton) 

(1 - 3 j  
(0.8 - 3 .5 )  
(1 - 3 . 5 )  

( 5  - 7 )  
( 4  - 8) 

( 2  - 2 . 5 )  
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Some o f  t h e  opera t ions  l i s t e d  i n  the t a b l e s ,  such a s  the  tunnel  b e l t  
and t r i p p e r ,  a r e  i n t e r n a l  or in-house dus t  sources  which, i f  uncontrol-  
l ed ,  might  show lower than expected atmospheric emissions because of 
i n t e r n a l  s e t t l i n g  of dus t .  On the  o t h e r  hand, t h e  reduct ion  i n  emissions 
v i a  i n t e r n a l  s e t t l i n g  i s  not known and i t  i s  q u i t e  p o s s i b l e  t h a t  a l l  of  
t h i s  d u s t  is eventua l ly  emit ted due t o  subsequent e x t e r n a l  opera t ions ,  
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. 

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  devices  on a t  l e a s t  
Some sources.  In t h e  p a s t ,  cyclones have comnonly been appl ied  t o  such 
sources  a s  legs  i n  t h e  headhouse and tunnel  b e l t  hooding systems. More 
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 a t o r s  on almost 
a l l  sources .  However, some sources  i n  g r a i n  e l e v a t o r s  do present  c o n t r o l  
problems. 
sources  t o  c o n t r o l  because of  the  problem of containment of t h e  emissions.  
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  l a rge  flow- 
r a t e  and high moisture  content  of t h e  exhaust gases ,  i s  t h e  dryers .  
Screen houses o r  cont inuously vacuumed screen  systems a r e  a v a i l a b l e  f o r  
reducing d r y e r  emissions and have been appl ied  a t  s e v e r a l  f a c i l i t i e s .  
Detai led d e s c r i p t i o n  of dust  c o n t r o l  systems f o r  g r a i n  e l e v a t o r  o p e r a t i o n s ,  
and t h e i r  es t imated  c o s t s ,  a r e  contained i n  Reference 2. 

Control of load-outoperation i s  one of the  more d i f f i c u l t  

Grain Processing Operations - Grain processing opera t ions  include many 
of t h e  opera t ions  performed i n  a g r a i n  e l e v a t o r  i n  a d d i t i o n  t o  m i l l i n g  
and processing of  t h e  gra in .  Emission f a c t o r s  fo r  d i f f e r e n t  g r a i n  m i l -  
l i n g  and processing opera t ions  a r e  presented i n  Table 12. Br ie f  d i s -  
cuss ion  of these  d i f f e r e n t  opera t ions  and the  methods used f o r  a r r i v i n g  
a t  t h e  emission f a c t o r  values  shown i n  Table 1 2  a r e  presented below. 
More d e t a i l e d  d iscuss ion  and d e r i v a t i o n  of the  emission f a c t o r s  shown 
i n  Table 12 a r e  presented i n  Appendix B. 

Emission f a c t o r  da ta  f o r  feed m i l l  opera t ions  a re  sparse .  
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 ;  who g r a i n  and o t h e r  dusty m a t e r i a l s  
(bran, d e h y  a l f a l f a ,  e t c . )  a r e  received by both 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 opera t ions  (handling, sh ip-  
ping and receiving)  f o r  a feed m i l l  a r e  s i m i l a r  t o  opera t ions  i n  a g r a i n  
e l e v a t o r ,  s o  an emission f a c t o r  f o r  each of  these  d i f f e r e n t  opera t ions  
was est imated on t h i s  bas i s .  

This is p a r t l y  

The remaining opera t ions  were est imated 
from the bes t  information ava i lab le . -  21 

Three emission a reas  f o r  wheat m i l l  processing opera t ions  a r e  g r a i n  r e -  
ce iv ing  and handl ing,  c leaning house, and m i l l i n g  opera t ions .  Data from 
a g r a i n  e l e v a t o r  studyL1 were used t o  es t imate  emission f a c t o r s  fo r  g r a i n  
r e c e i v i n g  and handling. 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 1 2 .  ' PARTICULATE EMISSION FACTORS FOR 
GRAIN PROCESSING OPERATION& 

Emission factors-/ 
Juncon t ro l l ed  excep t  where i n d i c a t e d )  

Type of source  ( l b l t o n )  (kR/MT) 

Feed Mills 

Receiving 
Shipping 
Handling 
Grinding 
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 
Mil lhouse 

Durum M i l l s  

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

Rye Mi l l i ng  

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

Dry Corn M i l l i n g  

Receiving 
Drying 
P rec l ean ing  
Cleaning house 
Degeming and m i l l i n g  

1.30 0.'65 
0.50 0.25 
3.00 1 .50  
0 . 1 0 d  0 . o d  
0.10:/ 0 . 0 5 d  

1 . 0 0  0.50 
5.00 2.50 

70.00 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 - -  -- 

a/ See Appendix B. 
b/ Ehis s ion  f a c t o r s  are expressed  i n  t e r n  of 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 i s  n o t  n e c e s s a r i l y  
t h e  same as t h e  amount o f  material processed  by each ope ra t ion .  

Cl Cont ro l l ed  emiss ion  f a c t o r .  
L!/ 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 12. (Concluded) 
- 

!:miss i o n  factors%/ 
luncont ro  1 led C X C ~ P  t where ind i.ca t c d )  

I l b l t o n )  . (kdMT) Type o f  sourcc 

Oat  Mi l l ing  

Total  

Rice Mi l l i ng  

Receiving 
Handling and prcc leaning  
Drying 
Cleaning and millhouse 

Soybean Mills 

Receiving 
Handling 
Cleaning 
Drying 
Cracking and dehul l ing  
H u l l  g r ind ing  
Bean condi t ion ing  
Flak ing  
Meal d rye r  
Meal cooler  
Bulk  loading 

Corn Wet Mil l ing  

Receiving 
Handling 
Cleaning 
Dryers 
B u l k  loading 

30 

2.5051 

0.64 
5.00 
_ -  
_ -  

1.60 
5.00 

7.20 
3.30 
2.00 
0.10 
0.57 
1.50 
1.80 
0.27 

_ -  

c l  1.25- 

0 . 3 2  
2.50 _ _  _ _  

0.80 
2.50 

3.60 
1.65 
1.00 
0.05 
0.29 
0.75 
0.90 
0.14 

_ _  

1.00 0.50 
5.00 2.50 
6.00 3.00 _ _  _ _  

_ -  _ -  
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t o  e s t i m a t e  a n  emission f a c t o r  and information 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  o p e r a t i o n s ,  The 
l a r g e  emission f a c t o r  f o r  t h e  m i l l i n g  opera t ions  i s  somewhat misleading 
because almost a l l  o f  t h e  sources  involved a r e  equipped wi th  c o n t r o l  
devices  t o  prevent  product losses 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 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 mi l l i ng .  Therefore ,  most of  t h e s e  emission f a c t o r s  a r e  equal  t o  
those f o r  wheat m i l l  opera t ions .  

The g r a i n  unloading, handl ing and c leaning  opera t ions  f o r  d r y  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 
opera t ions  a r e  somewhat d i f f e r e n t .  Also,  some drying o f  corn received 
a t  t h e  m i l l  may be necessary p r i o r  t o  s t o r a g e .  
emission f a c t o r  for drying  was obtained from Reference 2.  I n s u f f i c i e n t  
information was avai. lable t o  e s t i m a t e  emission f a c t o r s  f o r  degerming 
and mi l l ing .  

An e s t i m a t e  of  t h e  

Information necessary t o  estimate emissions 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  
data  f o r  o t h e r  g r a i n s  because handling of o a t s  i s  repor ted  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  d a 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 .  

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  f o r  r i c e  m i l l i n g  were based on those  f o r  s i m i l a r  opera t ions  
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  information 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  drying,  c leaning  and m i l l  house 
o p e r a t i o n s .  

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

Information on corn  w e t  m i l l i n g  emission f a c t o r s  was unavai lab le  i n  most 
cases  due t o  t h e  wide v a r i e t y  o f  products  and the  d i v e r s i t y  of opera t ions .  
Receiving, handl ing and c leaning  opera t ions  emission f a c t o r s  were assumed 
t o  be s i m i l a r  t o  those  for d r y  corn mi l l i ng .  

' \  
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APPENDIX A 

E M I S S I O N  FACTORS FOR GRAIN DRYERS A T  GRAIN ELEVATORS 

GRAIN DRYER E M I S S I O N  FACTORS 

A q u a n t i t a t i v e  assessment of  emissions from g r a i n  dryers  i s  d i f f i c u l t ,  
p r i m a r i l y  because of  lack  of a v a i l a b l e  da t a .  
o t h e r  in format ionhaveindica ted  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  i s  dependent upon t h e  dryer  conf igura t ion ,  i .e.,  rack  o r  
column; t h e  type of g r a i n  being processed, i . e . ,  corn,  soybeans, wheat; 
the  fore ign  m a t e r i a l  p resent  i n  the  incoming g r a i n ,  i .e. ,  d u s t ,  cha f f ,  
"beeswing" h u l l s ,  e t c . ;  and the  amount of moisture removed which a f -  
f e c t s  throughput. 

The l a rge  volumes of  a i r  passed through t h e  g ra in ,  t h e  l a rge  c ross -  
s e c t i o n a l  a rea  through which the  a i r  i s  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 t h e  e f f l u e n t  c o n t r i b u t e  t o  sampling d i f -  
f i c u l t i e s .  The absence of an acceptab le  t e s t  method makes comparisons 
between repor ted  dryer  emission t e s t s  h i g h l y  uncertain.  

A compilat ion o f  t h e  a v a i l a b l e  da ta  on emissions test  f o r  rack  and column 
type dryers  i s  presented i n  Table A - 1  and, based on these  d a t a ,  average 
values  f o r  t h e  uncontrol led emission f a c t o r s  were s e l e c t e d :  

However, t h e s e d a t a  and 

Rack Dryers - 1.8 l b / t o n  
C o l u m n  Dryers - 0.3 l b / t o n  

Because of  the  small amount of a v a i l a b l e  da t a ,  spread i n t h e s e d a t a , i n -  
adequate information regarding s p e c i f i c  tes t  methods, use of  d i f f e r e n t  
sampling t r a i n s ,  and t h e  l a c k  of complete information regarding fore ign  
m a t e r i a l  and moisture d i f f e r e n t i a l ,  these  emission f a c t o r s  should only 
be considered a s  i n d i c a t i v e  of  p o s s i b l e  average emissions and not ab- 
s o l u t e  numbers f o r  i n d i v i d u a l  dryers .  

33 



Table -4-1. SUMMARY OF AVAILABLE EMISSION FACTOR DATA 
FOR GRAIN DRYERS (UNCONTROLLED) 

Rack dryers  

(bu/hr) ( l b /  ton) 
Throughput Emission f a c t o r  

1,000 3.751 

2,000 2.& 

500 1.2- b/ 

1,500 

1,800 

0.9- b /  

1.0- b/  

Avg. = 1.8 l b l t o n  

- a /  Reference 2 .  
. -  b l  P r i v a t e  communication. 
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Column dryers  
Throughput Emission f a c t o r  

(bu/hr) ( l b /  ton) 

400 0 .235 /  

a /  1,000 0.21- 

3,000 0.6- b/ 

Avg. = 0 . 3  l b l t o n  
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APPENDIX B 

DERIVATION OF EMISSION FACTORS FOR GRAIN PROCESSING 
OPERATIONS (as  shown i n  Table 12) 

FEED MILLS 

Receiving 

As s t a t e d  i n  Reference 2 (p. 159) t h e  i n g r e d i e n t  rece iv ing  a r e a  repre-  
s e n t s  the  mst s e r i o u s  d u s t  emission problem i n  most feed m i l l s .  E m i s -  
s i o n  f a c t o r  da ta  f o r  t h i s  o p e r a t i o n  a r e  spa r se ,  owing p a r t l y  to the  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  more dusty m a t e r i a l s  (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 s e v e r a l  
unloading methods a r e  employed. For t h e s e  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  a s  whole 
g r a i n s  a r e  concerned, so an emission f a c t o r  f o r  t h e  unloading o p e r a t i o n  
only  has been est imated a s  1.30 lb / ton .  
i n  t h e  Kansas Ci ty  e l e v a t o r  s t u d y i /  fo r  ca r  unloading and may be re- 
p r e s e n t a t i v e  of  feed  m i l l s  and hopefu l ly  r e f l e c t s  the  f a c t  t h a t  some 
i n g r e d i e n t s  tend t o  be more dusty than whole gra ins .  

This was t h e  value determined 

Shipping 

Mast feed m i l l s  s h i p  t h e  bulk feed by t r u c k ,  bu t  someare a l s o  shipped i n  
bags by r a i l  and t ruck.  Reference 2 (p .  1 6 6 ) s t a t e s  t h a t  loadout i s  a 
major source of  d u s t  emissions but  l i t t l e  emission f a c t o r  d a t a a r e  a v a i l -  
ab le .  An emission f a c t o r  of 0.27 l b / t o n  was determined f o r  c a r  loading 
of g r a i n  i n  t h e  Kansas City e l e v a t o r  s t u d y . l /  
loading of feed m i l l  products  would tend t o  be m r e  dus ty  than  whole 
g r a i n  loading. Therefore ,  an emission f a c t o r  of 0.5 l b l t o n  has been 
est imated f o r  t h i s  opera t ion .  

Handling Operations ( t r a n s f e r  p o i n t s ,  garner  and s c a l e ,  l egs )  

No da ta  were a v a i l a b l e  f o r  t h e  i n t e r n a l  handling opera t ions  i n  feed 
m i l l s .  However, i t  would be expected t h a t  they a r e  somewhat s i m i l a r  t o  

It i s  assumed t h a t  bu lk  
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those  i n  g r a i n  e l eva to r s .  
t h e  most s i g n i f i c a n t  of  t hese  ope ra t ions  was t h e  l e g s ,  having a n  e m i s -  
s i o n  f a c t o r  of  1.49 lb / ton .  The tunne l  b e l t  f a c t o r  of  1.40 l b / t o n  i s  
s i m i 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- 
pa rab le  opera t ion .  However, a l l  m a t e r i a l  i n  a feed m i l l  would be ex- 
pec ted  t o  pass  through a l eg  a t  least twice from unloading t o  shipping.  
Therefore ,  an o v e r a l l  average emission f a c t o r  f o r  feed m i l l  handl ing 
ope ra t ions  has  been es t imated  a s  3.0 l b / t o n .  

The Kansas Ci ty  e l e v a t o r  s t u d y l l  showed t h a t  

Gr inding  

Whole g r a i n s  rece ived  a t  feed m i l l s  must be ground and t h e  a s soc ia t ed  
product  recovery cyclone i s  the  major dus t  source i n  t h i s  g r a i n  prep- 
a r a t i o n  opera t ion .  Because of t h e  wide v a r i a t i o n  i n  g r a i n s  and 
g r i n d e r s  used, an average emission f a c t o r  would be d i f f i c u l t  t o  d e t e r -  
mine. A smal l  amount of  da t a  presented  i n  Reference 2 (p. 163) in -  
d i c a t e d  t h a t  c o n t r o l l e d  emissions may range from 0.02 t o  0.2 lb / ton .  
Considering t h e s e  f a c t s ,  and l a c k  o f  o t h e r  d a t a ,  an average con t ro l l ed  
emission f a c t o r  o f  0.1 lb / ton  has  been es t imated ,  assuming i t  i s  t o  be 
r e p r e s e n t a t i v e  o f  t h e  indus t ry  a s  a whole. 

P e l l e t  Coolers 

The only  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 i s  ope ra t ion  was contained 
i n  Reference 2 (pp. 164-167) and ind ica t ed  t h a t  t h e  uncontrol led emis- 
s i o n  f a c t o r  was q u i t e  h igh  (5 t o  50 l b / t o n )  b u t  t h a t  t he  cyclones were 
very  e f f i c i e n t  (92 t o  99.9%). The d a t a  on p. 164 show cons iderable  d i f -  
f e r ence  i n  c o n t r o l l e d  emission f a c t o r s  f o r  h o r i z o n t a l  coolers  and column 
coo le r s .  D i s t r i b u t i o n  of these  two types of coo le r s  w i th in  the  indus t ry  
i s  not  known b u t  our observa t ions  i n d i c a t e  t h a t  column coo le r s  a r e  q u i t e  
common. 
has  been est imated.  

For t h i s  reason,  a c o n t r o l l e d  emission f a c t o r  of  0.1 l b / t o n  

WHEAT- MILLS 

Processing ope ra t ions  were d iscussed  i n  Reference 2 (p. 207) and i d e n t i -  
f i e d  t h r e e  emission a r e a s :  g r a i n  r e c e i v i n g  and handl ing,  c leaning  
house,  and m i l l i n g  ope ra t ions .  Emission f a c t o r s  and c a l c u l a t i o n  of  
emissions f o r  sources  w i t h i n  each of  these  ope ra t ions  is  d iscussed  be- 
low. 

Receiving 

It would be  expected t h a t  r ece iv ing  of wheat would be s i m i l a r  i n  emissions 
t o  t h a t  f o r  te rmina l  g r a i n  e l e v a t o r s  (0.64 and 1.30 lb l ton) .1 /  Data on 
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p. 182 of Reference 2 f o r  one f l o u r  m i l l  p r e s e n t s  c o n t r o l l e d  emission 
f a c t o r s  f o r  f a b r i c  f i l t e r s  bu t  i t  i s  d i f f i c u l t  t o  u s e  t h e s e d a t a  i n  
e s t i m a t i n g  an uncontrol led f a c t o r .  Therefore ,  t h e  da ta  from Reference 1 
had t o  be u s e d ,  and an average f a c t o r  of 1.0 l b / t o n  was s e l e c t e d  f o r  
rece iv ing  by t rucks ,  c a r s  and barges.  

Precleaning and Handling 

Very l i t t l e  da ta  on uncontrol led emissions from precleaning were a v a i l -  
a b l e ,  bu t  i t  i s  assumed t o  c o n s i s t  p r i m a r i l y  of sca lp ing  type opera t ions ,  
which should b e  a minor source i n  comparison wi th  handling opera t ions .  
Handling c o n s i s t s  of  l egs ,  t r a n s f e r  p o i n t s ,  garner  and s c a l e  and t r i p p e r ,  
e t c .  Usable d a t a  on uncontrol led emission f a c t o r s  f o r  t h e s e  sources  i n  
f l o u r  m i l l s w e r e  lack ing ,  so t h e  d a t a  from Reference 1 had t o  be used, 
even though it was f o r  a g r a i n  e l e v a t o r  and d id  not  include a t r i p p e r .  
However, i t  d id  include a tunnel  b e l t  and i t  i s  a l s o  known t h a t  i n  a 
f l o u r  m i l l  the  g r a i n  would pass  through t h e  l eg  twice (once when re- 
ceived and once when t r a n s f e r r e d  t o  c leaning  house). Therefore,  a 
cumulative emission f a c t o r  o f  5.0 l b / t o n  was est imated f o r  a l l  p re-  
c leaning  and handling opera t ions .  

Cleaning House 

Cleaning i s  accomplished by a v a r i e t y  of means b u t  o f t e n  inc ludes  a i r  
a s p i r a t i o n  t o  remove l i g h t e r  i m p u r i t i e s  (dust)  a s  w e l l  a s  d i s c  s e p a r a t o r s  
and scourers .  Each of  t h e s e  can be a source of  dus t  emissions but  only 
a small  amount of  emission d a t a  on cyclone c o n t r o l l e d  sources were a 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  c a l -  
c u l a t e  an emission f a c t o r .  f o r  t h e  c leaning  -house. 

. .  

M i l l  House 

Operations i n  t h e  m i l l  house a r e  complex, and aga in ,  very l i t t l e  emission 
data  a r e  a v a i l a b l e .  Reference 2 (p. 209) c i t e s  one r e p o r t  which i n d i c a t e d  
t h a t  d u s 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 source and t h e  p u r i f i e r s  might t h e r e f o r e  account f o r  mre than 70 
lb / ton .  This emission f a c t o r  i s  l a r g e r  t h a n  t h e  one f o r  prec leaning  and 
handling and may b e  erroneously high but  i t  was t h e  only da ta  a v a i l a b l e .  
It should be noted t h a t  because of t h e  product value these  emissions 
a r e  c o n t r o l l e d ,  p r imar i ly  wi th  f a b r i c  f i l t e r s .  
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DURUM MILLS 

The sources  of a i r  p o l l u t i o n  i n  a durum m i l l  p a r a l l e l  those of a f l o u r  
m i l l  and f a l l  i n t o  the  t h r e e  main c a t e g o r i e s  o f  rece iv ing  and handling 
o p e r a t i o n s ,  cleaning-house,  and m i l l i n g  opera t ions .  Rate of emission 
f o r  durum m i l l  o p e r a t i o n s  a r e  l i m i t e d  bu t  s i n c e  t h e  processing opera t 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  t h e  m i l l  s e c t i o n  one of the  
primary purposes i s  t o  produce middlings r a t h e r  than f l o u r  so the break 
r o l l s  a r e  d i f f e r e n t .  Because of t h i s ,  it i s  assumed t h a t  the emission 
f a c t o r  of  70 l b / t o n  used f o r  t h e  m i l l  house i n  f l o u r  m i l l s  may not  be 
a p p l i c a b l e  t o  durum m i l l s .  Therefore ,  t h e  same emission f a c t o r s  f o r  
f l o u r  m i l l s  were assumed to apply,  b u t  t h e  emission f a c t o r  f o r  m i l l i n g  
o p e r a t i o n s  was not es t imated.  

RYE MILLING 

The m i l l i n g  procedure f o r  rye  c o n s i s t s  of  t h e  same processing s t e p s  a s  
wheat m i l l i n g  (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 tawere  a v a i l a b l e  
f o r  r y e  m i l l i n g .  Some da ta  on c e r t a i n  m i l l i n g  Operations (Reference 2 ,  
p. 226) i n d i c a t e  a c o n t r o l l e d  emission f a c t o r  of  about 1 lb / ton .  This 
i s  equiva len t  t o  an uncontrol.led emission f a c t o r  of 10 lb / ton ,  assuming 
cyclone e f f i c i e n c i e s  of90%. 
r o l l s  'and o t h e r  opera t ions  s o  t h e  f a c t o r  of  70 l b / t o n  used f o r  wheat 
m i l l i n g  was assumed t o  be a p p l i c a b l e  t o  rye.  
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 mi l l ing .  

However, t h e s e  data  do not  include break 

This f a c t o r ,  and t h e  

DRY CORN MILLING 

The g r a i n  unloading, handl ing,  and c leaning  opera t ions  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  b u t  t h e  subsequent opera t ions  are somewhat 
d i f f e r e n t  (Reference 2 ,  p. 216) .  Very l i t t l e  emission f a c t o r  data  were 
a v a i l a b l e  f o r  dry corn m i l l i n g ,  except f o r  some c o n t r o l l e d  emission 
f a c t o r s  t a b u l a t e d  i n  Reference 2 (pp. 222,  223) .  

Receiving 

A s  i n  t h e  case of f lou r  m i l l s ,  an  average emission f a c t o r  of  1.00 l b / t o n  
has been used f o r  t h e  rece iv ing  opera t ion .  

Drying 

Some dry ing  of corn received a t  t h e  m i l l  may be necessary p r i o r  t o  s torage .  
Types of  dryers  used (rack o r  column) i s  not  known, but  about 50% use t h e  
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Day-Vac system. 
used based on dryer  emission f a c t o r s  discussed i n  Appendix A. 

For t h i s  reason,  an emission f a c t o r  of 0.5 l b / t o n  was 

Precleaning and Handling 

A s  explained i n  t h e  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 l b / t o n  was used fo r  t h e  prec leaning  and handling opera t ions .  

Cleaning House 

An emission f a c t o r  of 5.78 l b / t o n  was determined fo r  a g r a i n  e l e v a t o r  
corn c leaning  o p e r a t i o n . l /  Also, Reference 2 (p. 222)  shows an emis- 
s i o n  f a c t o r  of 0.0015 lb/bu (0.06 lb / ton )  f o r  a c leaning house c o n t r o l -  
l ed  by a f a b r i c  f i l t e r .  I f  the  FF were 99% e f f i c i e n t ,  t h e  equiva len t  
uncontrol led f a c t o r  would b e  6.0 l b / t o n ,  which agrees  c l o s e l y  with the  
previous f a c t o r  of  5.78 lb / ton .  

Degerming and-Mil l ing  

Emission f a c t o r  d a t a w e r e n o t  a v a i l a b l e .  

OAT MILLING 

Most of  t h e  information necessary f o r  es t imat ing  emission f a c t o r s  was 
n o t  a v a i l a b l e .  It was f e l t  t o  be unwise t o  a t tempt  t o  use emission 
f a c t o r  data  f o r  o t h e r  g r a i n s  because handl ing of o a t s  is repor ted  t o  be 
d u s t i e r  than many o t h e r  g ra ins .  The o n l y  emission f a c t o r  da ta  t h a t  
were a v a i l a b l e  contained c o n t r o l l e d  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 if t h e s e d a t a ,  f o r  one m i l l ,  included 
most 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  u s e d , i s  r e p r e s e n t a t i v e  of t h e  indus t ry .  However, both of  the  
above were assumed t o  be t r u e ,  and t h e  t o t a l  c o n t r o l l e d  emission f a c t o r  
of  2.5 l b / t o n  was used. 

R I C E  MILLING 

Emission f a c t o r  da ta  f o r  r i c e  m i l l i n g  opera t ions  a r e  meager. Emission 
sources  a s s o c i a t e d  with rece iv ing ,  c leaning  and s t o r a g e  a r e  s i m i l a r  
t o  those involved wi th  a l l  g r a i n  'processing but  i t  is not  known i f  
r i c e  emits  more o r  l e s s  d u s 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) i n d i c a t e  t h a t  most r i c e  is rece ived  by 
t ruck .  An emission f a c t o r  f o r  t r u c k  unloading of  0.64 l b / t o n  was 
assumed based on da ta  f o r  a terminal  g r a i n  e l eva to r . l /  

Handling and Prec leaning  

As was explained i n  t h e  s e c t i o n  on wheat m i l l s ,  a cumulative emission 
f a c t o r  o f  5.0 l b / t o n  has  been assumed f o r  t he  s i m i l a r  ope ra t ions  i n  
a r i c e  m i l l .  

Drying 

Observation of  r i c e  d rye r s  i n d i c a t e s  t h a t  t he  emission f a c t o r  may be 
cons iderably  h igher  than  f o r  dry ing  of  o the r  g r a i n s  but  support ing 
da ta  were not a v a i l a b l e .  

Cleaning and M i l l  House 

Because of t h e  lack  of d a t a ,  no estimate of  t h e  emission f a c t o r  could 
be made. 

SOYBEAN MILLS 

Receiving 

Data i n  Reference 2 (p. 251) i n d i c a t e  an average con t ro l l ed  emission 
f a c t o r  f o r  a t ruck  dump p i t  of 0.017 l b / t o n ,  o r  a n  uncontrol led f a c t o r  
of  1.5 l b / t o n  assuming 99% e f f i c i e n c y  f o r  t h e  f a b r i c  f i l t e r  c o n t r o l  
device .  This i s  i n  good agreement wi th  d a t a  i n  Reference 1 f o r  soybeans 
which showed 1.63 l b / t o n  f o r  t r u c k  unloading and 1.51 l b / t o n  f o r  c a r  
unloading. Therefore ,  an emission f a c t o r  of  1.6 l b / t o n  was used f o r  
soybean rece iv ing .  

Handling 

No s p e c i f i c  information was a v a i l a b l e  on emission f a c t o r s  f o r  soybean 
handl ing opera t ions .  Even though t h e  emissions from soybeans may be 
h igher  than o the r  g r a i n s  t h e  cumulative f a c t o r  o f  5.00 l b / t o n ,  a s  d i s -  
cussed i n  t h e  wheat m i l l i n g  s e c t i o n ,  was used. 
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Cleaning 

No information was a v a i l a b l e  on t h e  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 as t h e  6.00 l b / t o n  discussed 
i n  t h e  s e c t i o n  on dry corn mi l l ing .  

Drying 

Soybean p l a n t s  do dry t h e  feed t o  t h e  f l a k i n g  m i l l  and observat ions have 
i n d i c a t e d  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 b e  higher  than t h e  average f a c t o r s  discussed i n  Appendix A. 
The -- only  . data  a v a i l a b l e  on soybean d r y e r s a r e c o n t a i n e d  i n  Reference 2 
(p. 255) and havebeen used t o  c a l c u l a t e  uncontrol led emission f a c t o r s  
ranging from 4 .2  t o  80 lb / ton .  The v a l u e  of  80 l b / t o n  i s  very high 
but  even d is regard ing  t h i s  value,  t h e  average f a c t o r  i s  7.2 lb/ ton.  

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

Data presented i n  Reference 2 (p. 256)  show t h a t  t h e  c o n t r o l l e d  emission 
f a c t o r  f o r  cracking and dehul l ing  opera t ions  is  on t h e  order  of  0.01 
lb/bu, o r  0.33 lb/ ton.  I f  one assumes 90% e f f i c i e n c y  f o r  t h e  cyclone 
c o n t r o l  devices ,  t h e  uncont ro l led  emission f a c t o r  would be 3.3 lb l ton .  

H u l l  Grinding 

Control led emission f a c t o r s  f o r  h u l l  g r ind ing  i n  Reference 2 (p. 256)  
show an average,  f o r  t h r e e  repor ted  v a l u e s ,  of 0.0055 lb/bu o r  0.18 lb / ton .  
Again assuming 90% e f f i c i e n c y  f o r  t h e  cyclone c o n t r o l  devices ,  t h e  un- 
c o n t r o l l e d  emission f a c t o r  would be approximately 2.0 l b / ton .  

Bean Condit ioning 

Reference 2 (p. 256)  shows a cyclone c o n t r o l l e d  emission f a c t o r  of  
0.0003 lb/bu o r  0.01 lb / ton .  Assuming 90% cyclone e f f i c i e n c y ,  t h e  
uncontrol led emission f a c t o r  i s  0.1 lb / ton .  

F lak ing  

A t o t a l  of  four  c o n t r o l l e d  emission f a c t o r s  fo r  f l a k i n g  a r e  presented i n  
Reference 2 (pp. 252 ,  256) and show a n  average of 0.0017 lb/bu o r  0.057 
lb / ton .  These were each cyclone c o n t r o l l e d ,  so assuming 90% e f f i c i e n c y ,  
t h e  uncontrol led emission f a c t o r  would be 0.57 lb / ton .  
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Meal Dryer 

Cyclone c o n t r o l l e d  emission f a c t o r  f o r  meal dryers  was presented i n  
Reference 2 (pp. 252, 256) and showed a range of 0.003 t o  0.0128 lb/bu 
w i t h  an average of 0.0045 lb/bu o r  0.15 lb / ton .  
e f f i c i e n c y  f o r  t h e  cyclones,  the  uncont ro l led  f a c t o r  would b e  1.5 lb / ton .  

Again assuming 90% 

M& Cooler 

Only one cyclone c o n t r o l l e d  emission f a c t o r  was a v a i l a b l e  (Reference 2,  
p.  252); 0.0056 lb/bu o r  0.18 lb / ton .  
cyclone,  the uncont ro l led  f a c t o r  would be 1.8 lb / ton .  

Assuming 90% e f f i c i e n c y  f o r  the  

Bulk Loading 

No emission f a c t o r  da ta  w e r e a v a i l a b l e  f o r  meal loading. However, 
observa t ion  of  t h e s e  opera t ions  i n d i c a t e s  t h a t  i t  may be about t h e  
same a s  loading g r a i n  a t  e l e v a t o r s  o r  about 0.27 lb/ ton.-  1/ 

CORN WET MILLING 

Receiving 

Corn is rece ived  by c a r s  and t rucks  and,  a s  was done fo r  dry corn m i l l s ,  
a n  average emission f a c t o r  o f  1 .0  l b / t o n  was used. 

Hand l i n g  

Emission f a c t o r s  s p e c i f i c a l l y  a p p l i c a b l e  t o  handling of corn a t  wet corn 
m i l l s  a r e  not  a v a i l a b l e .  However, as was done on dry corn m i l l s ,  an  
average cumulative emission f a c t o r  o f  5.0 l b / t o n  was used. 

Cleaning 

An emission f a c t o r  of  6.0 l b / t o n  f o r  corn c leaning ,  a s  developed i n  the  
s e c t i o n  on dry corn m i l l s ,  was used. 

Dryers 

Feed, g l u t e n  and germ dryers  a r e  a major source of emissions from w e t  
corn m i l l s  bu t  emission f a c t o r  da ta  a r e  lacking.  

Bulk loading of products is another  p o t e n t i a l  source of  emissions but  no 
emission f a c t o r  data  a r e  a v a i l a b l e .  
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