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6.4 GRAIN ELEVATORS AND PROCESSING PLANTS 

6.4.1 Generall-3 

Grain e l eva to r s  are f a c i l i t i e s  a t  which g ra ins  are received, s t o r e d ,  and 
then d i s t r i b u t e d  f o r  d i r e c t  use ,  process  manufacturing. o r  export .  They can 
be c l a s s i f i e d  a s  e i t h e r  "country" o r  " terminal"  e l e v a t o r s ,  with terminal  
e l eva to r s  f u r t h e r  ca tegor ized  as in land  or  export  (marine) types.  Operations . 
o t h e r  than s to rage  o f t e n  are performed a t  e l eva to r s ,  such aa cleaning,  drying 
and blending. 
rice and soybeans. 

The p r i n c i p a l  gra ins  handled inc lude  wheat, milo. corn,  oats,  

Country e l e v a t o r s  are gene ra l ly  smaller e l eva to r s  t h a t  rece ive  grain by 
truck d i r e c t l y  from farms during t h e  ha rves t  season. These e l eva to r s  some- 
times c l ean  o r  dry g r a i n  before  i t  is t ranspor ted  t o  terminal e l eva to r s  o r  
processors.  Terminal e l e v a t o r s  dry,  c l ean ,  blend and s t o r e  g r a i n  f o r  ship-  
ment to  o the r  terminals  o r  processors ,  o r  f o r  export .  These e l eva to r s  may 
rece ive  gra in  by t ruck ,  ra i l  o r  barge, and they have s i g n i f i c a n t l y  greater 
g r a i n  handling and s to rage  capac i t i e s  than do country e l eva to r s .  
e l eva to r s  are te rmina l  e l e v a t o r s  t h a t  load  g r a i n  pr imari ly  onto  s h i p s  f o r  
export .  

Export 

The f i r s t - s t e p  a t  a g r a i n  e l eva to r  is t he  unloading of t he  incoming 
t ruck ,  r a i l c a r  or barge. 
below grade,  from which the  g r a i n  is conveyed t o  the  main p a r t  of t he  eleva- 
t o r .  Barges are unloaded by a bucket e r eva to r  (marine l eg )  t h a t  is extended 
down i n t o  t h e  hold. The main bui lding a t  an e l e v a t o r ,  where g r a i n  l a  e leva ted  
and d i s t r i b u t e d ,  is c a l l e d  t h e  "headhouse". In t he  headhouse, g ra in  is l i f t e d  
on one of the  e l e v a t o r  l egs  and discharged onto the  g a l l e r y  b e l t ,  which con- 
veys the  g ra in  t o  t h e  s to rage  b ins ,  or s i l o s .  A " t r ippe r "  d i v e r t s  g ra in  i n t o  
the  des i red  bin.  Grain is o f t e n  cleaned and/or dr ied  before  s torage.  
ready f o r  shipping.  g ra in  i s  discharged from bins  onto the  tunnel  b e l t  below, 
which conveys i t  t o  the  scale garner  and on t o  t he  des i red  loadout l oca t ion .  
Figure 6.4-1 i l l u s t r a t e s  t he  bas i c  elements of an  export terminal  e l eva to r .  

A t ruck discharges i t s  gra in  i n t o  a hopper, u sua l ly  

When 

A g r a i n  processing p l a n t  ( m i l l )  r ece ives  g r a i n  from a n  e l eva to r  and per- 
forms var ious  manufacturing s t e p s  t h a t  produce a f in i shed  food product. 
Examples of these  p l a n t s  are f l o u r  m i l l s ,  animal feed mi l l s ,  and producers of 
ed ib le  o i l s ,  s t a r c h ,  corn syrup, and cereal products.  The e l eva to r  opera t ions  
of unloading, conveying and s t o r i n g  a l s o  are performed a t  mi l l s .  

6.4 .2  Emissions And Controls1 

The only 'po l lu tan t  emitted in s i g n i f i c a n t  q u a n t i t i e s  from g ra in  eleva- 
t o r s  and processing opera t ions  is p a r t i c u l a t e  matter'. Small a m u n t s  of 
combustion products  from n a t u r a l  gas f i r e d  g r a i n  dryers  also may be emitted.  
Grain e l eva to r s  and g r a i n  processing opera t ions  can be considered sepa ra t e  
ca tegor ies  of the  indus t ry  when consider ing emissions. 
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6.4.2.1 Grain Eleva tors  - Emissions of f u g i t i v e  dus t  occur whenever quant i -  
t ies  of gra in  are set i n t o  motion during loading,  conveying, t r a n s f e r .  drying 
or  cleaning opera t ions  at  a g r a i n  e leva tor .  
a f fec ted  by t h e  q u a n t i t y  of fo re ign  material in t h e  g r a i n  ( d i r t ,  seeds,  
sticks, s tones ,  etc..  known as "dockage") and by t h e  type of gra in .  While i t  
i s  d i f f i c u l t  t o  quan t i fy  t h e  e f f e c t  of dockage, observa t ions  i n d i c a t e  t h a t  
soybeans, oats  and sorghum are usua l ly  very dusty,  whereas wheat and corn a r e  
comparatively clean: To ta l  p a r t i c u l a t e  emission f a c t o r s  f o r  t h e  p r i n c i p a l  
operat ions at  g r a i n  e l e v a t o r s  are presented i n  Table 6.4-1. 
f e r e n t i a t i n g  these  emission f a c t o r s  by g ra in  type are sparse .  all of t hese  
f a c t o r s  are approximate average values  intended t o  apply t o  a v a r i e t y  of 
gra ins .  Tables 6.4-2, 6.4-3 and 6.4-4, and Figures  6.4-2, 6.4-3 and 6.4-4, 
show p a r t i c l e  s i z e  d i s t r i b u t i o n s  and s i z e  specific emission f a c t o r s  f o r  t h r e e  
operat ions a t  gra in  e l eva to r s .  

The emission f a c t o r s  in Table 6.4-1 r ep resen t  t h e  amount of d u s t  genera- 

i 
The emission rate can be 

Since d a t a  d i f -  

t e d  per  u n i t  weight of g r a i n  processed through each uncontrol led operat ion.  
Since the  amount of g r a i n  passing through each ind iv idua l  opera t ion  is of t en  
d i f f i c u l t  t o  determine, i t  is sometimes convenient t o  express  t h e  emission 
f a c t o r s  in terms of the quan t i ty  of g r a i n  received o r  shipped by t h e  eleva- 
t o r .  ( I t  is assumed t h a t  t h e  amounts shipped and rece ived  are equal over t he  
long run.) Therefore ,  t h e  f a c t o r s  in Table 6.4-1 have been modified and are 
expressed in Table 6.4-5 as a func t ion  of t h e  amount of g ra in  received o r  
shipped. The r a t i o s  shown i n  Table 6.4-5 are approximate values  based on 
averages f o r  bin turning.  c leaning  and drying i n  each e l eva to r  category. 
However. because opera t ing  p r a c t i c e s  at ind iv idua l  e l eva to r s  are d i f f e r e n t ,  

when applied t o  an ind iv idua l  e leva tor .  
. t h e s e  r a t i o s ,  l i k e  the  emission f a c t o r s  themselves, may lack p rec i s ion  

The f a c t o r s  in Tables 6.4-1 and 6.4-5 should not be added toge the r  in 
order  t o  ob ta in  a s i n g l e  o v e r a l l  emission f a c t o r  f o r  a gra in  e l eva to r  
because, in most e l e v a t o r s ,  t h e  emissions from some operat ions are cont ro l led  
and o thers  are not.  Therefore,  emissions es t imat ions  genera l ly  should be 
undertaken f o r  each opera t ion  and i t s  assoc ia ted  con t ro l  device. 

Several  methods are a v a i l a b l e  t o  reduce o r  con t ro l  dus t  emissions a t  
g r a i n  e leva tors .  Since most emissions a r e  generated when air  passes  s w i f t l y  
through a mass of g r a i n ,  measures t h a t  slow down g ra in  transfer (conveying) 
r a t e s  o r  that reduce free f a l l  d i s tances  w i l l  reduce emissions. Bulk g ra in ,  
e spec ia l ly  when f a l l i n g  through t h e  a i r ,  should be pro tec ted  from s i g n i f i c a n t  
a i r  cu r ren t s  o r  wind sources .  Many opera t ions  a t  e l eva to r s  are p a r t i a l l y  o r  
t o t a l l y  enclosed (e. g., screw conveyors, drag conveyors, e l eva to r  legs) t o  
i s o l a t e  generated d u s t  from t h e  atmosphere. Hooding i n  the  v i c i n i t y  of some 
operat ions (e. g.. g r a i n  unloading, conveyor t r a n s f e r  po in t s )  c o l l e c t s  gener- 
a t e d  dus t  by c r e a t i n g  a negat ive pressure  a r e a  (through suc t ion ,  o r  a i r  
a s p i r a t i o n )  near  the  cen te r  of a c t i v i t y  and then duc t ing  the  dus ty  a i r  to  a 
con t ro l  device.  Recent developments in t he  con t ro l  of sh ip  and' barge loading 
operat ions inc lude  t h e  use  of "dead boxes" and t e n t  con t ro l s .  The dead box 
i s  a baf f led  attachment on t he  loading spout t h a t  se rves  t o  reduce the  speed 
of t h e  f a l l i n g  gra in  before i t  reaches t h e  open a i r  and s t r i k e s  t h e  g r a i n  
p i l e .  Aspi ra t ion  t o  a con t ro l  device o f t e n  accompanies the  use  of t he  dead 
box. Large f l e x i b l e  cove& connected t o  t h e  loading  spout and a s p i r a t i o n  
duct ing,  c a l l e d  t e n t s .  are used t o  cover the  holds  of s h i p s  during most of a 
loading operat ion.  
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TABLE 6.4-1. TOTAL PARTICULATE EMISSION FACTORS FOR 
UNCONTROLLED G R A I N  ELEVATORSa 

JNISSION FACTOR RATING: B 

Type of Operation 

Country e l eva to r s  

Unloading ( r ece iv ing )  
Loading (shipping)  
Removal from bins  ( tunne l  belt)  
Dryingb 
C l e  aningc 
Headhouse ( l e g s )  

In land  te rmina l  e l e v a t o r s  

Unloading ( r e c e i v i n g )  
Loading (sh ip  ping) 
Removal from bins ( tunne l  b e l t )  
Dryingb 
CleaniggC 
Headhouse ( l e g s )  
Tripper  ( g a l l e r y  b e l t )  

Export e l eva to r s  

Unloading ( r ece iv ing )  
Loading (sh ip  ping) 
Removal from bins  ( tunne l  b e l t )  
Dryingb 
Cleaningc 
Headhouse ( l e g s )  
Tripper  ( g a l l e r y  b e l t )  

=Expressed as weight of d u s t  emi t ted /uni t  w e j  

For i n l and  t e rmina l  and export  t opera t ion .  

0.3 
0.2 
0.5 
0.4 
1.5 
0.8 

0.5 
0.2 
0.7 
0.6 
1.5 
0.8 
0.5 

0.5 
0.5 
0.7 
0.5 
1.5 
0.8 
0.5 

.t of g r a i n  ha 

l b / t o n  

0.6 
0.3 
1.0 
0.7 
3.0 
1.5 

1.0 
0.3 
1.4 
1.1 
3.0 
1.5 
1 .o 

1.0 
1 .o 
1.4 
1.1 
3.0 
1.5 
1 .o 

l ed  by each - 
v a t o r s .  Reference 5 :  f o r  drv- 

, 

ing,  References 2,  6; f o r  country e l e v a t o r s ,  Reference 5 and a d d i t i o n a l  test 
d a t a  in References 7-10. 

Based on 0.9 kg/Mg f o r  uncont ro l led  rack dryers  and 0.15 
kg/Mg f o r  uncont ro l led  c o l u w  d rye r s ,  p rora ted  on t h e  basis of the  d i s t r i b u -  
t i o n  of these  two types of dryers .  

f o r  corn. 

bReferences 6 ,  11. 

CReference 11. Average of va lues ,  from < 0.3 kg/Mg f o r  wheat t o  3.0 kg/Mg 
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TABLE 6.4-2. PARTICLE SIZE DISTRIBUTION AND EMISSION 
FACTORS FOR UNCONTROLLED RICE DRYERSa 

EMISSION FACTOR RATING: D 

--_- e--- - 
Aerodynamic p a r t i c l e  Cumulative weight X Emission f a c t o r b  

d i  arneter (urn) - < stated s i z e  (WMg ) 

2.5 
6 .O 
10.0 
15.0 

0.8 
2.6 
7.7 

24.5 

0.0012 
0.0039 
0.012 
0.037 

Total p a r t i c u l a t e  0.15C 

aReferences 1, 12. 
bExpressed a s  cumulative weight of p a r t i c u l a t e  - < corresponding 

‘=Reference 11. 
p a r t i c l e  s i z e l u n i t  weight of r i c e  d r i ed .  

99 I- 

I 2 I IO 10 50 I W  

Particle diameter. urn 

Figure  6.4-2. Cumulative size d i s t r i b u t i o n  and 
emission f a c t o r s  f o r  uncontrol led rice dryers .  
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TABLE 6.4-3. PARTICLE SIZE DISTRIBUTION AND EMISSION 
FACTORS FOR CONTROLLED BARGE UNLOADING/CONVEYINGa 

EMISSION FACTOR RATING: D 

I---- --=_nls---.-- - 
Aerodynamic p a r t i c l e  Cumulative weight % Emission f a c t o r b  

< s t a t e d  s i z e  (WMg 1 - diameter  (um) 

2.5 4.0 0.00013 
6 .O 11.0 0.00037 

10.0 18.0 0.00054 

T o t a l  p a r t i c u l a t e  0.003C 

aReference 13. 
bExpressed a s  cumulative weight of p a r t i c u l a t e  < corresponding 

CTotal mass emission f a c t o r  is from Reference 1. 

Control  is by f a b r i c  f i l t e r .  

p a r t i c l e  s i z e / u n i t  weight of g r a i n  unloaded/co&eyed. 

F igure  6.4-3. Cumulative s i z e  d i s t r i b u t i o n  and 
emission f a c t o r s  f o r  con t ro l l ed  barge unloading/conveying. 
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TABLE 6.4-4. PARTICLE SIZE DISTRIBUTION AND EMISSION 
FACTORS FOR UNCONTROLLED SHIPLOADING' 

EMISSION FACTOR RATING: C 

Aerodynamic p a r t i c l e  Cumulative weight X Emission f a c t o r b  
d iameter  (urn) - < s t a t e d  s i z e  (kg/% ) 

2.5 
6 .O 

10.0 
15.0 

10.4 
27 .o 
42.0 
53.0 

0.05 
0.13 
0.21 
0.26 

T o t a l  p a r t i c u l a t e  O.5Oc 

BReferences 1, 14-15. 
bExpressed as cumulative weight  of p a r t i c u l a t e  

CReference 11. 

corresponding 
p a r t i c l e  s i z e / u n i t  weight of g r a i n  loaded onto sh ips .  

99.9 7 

0.01 1 1 1  0 

1 2 1 10 20 10 I W  

Particle diameter. um 

Figure  6.4-4. Cumulative s i z e  d i s t r i b u t i o n  and 
emission f a c t o r s  f o r  uncont ro l led  shiploading.  
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TABLE 6.4-5 .  TOTAL PARTICULATE EMISSION FACTORS FOR 
GRAIN ELEVATORS, BASED ON AMOUNT OF GRAIN RECEIVED OR SHIPPEDa 

EMISSION FACTOR RATING: C 

Type of Opera t ion  

coun t ry  e l e v a t o r s  

Unloading ( r e c e i v i n g )  
Loading ( sh ipp ing)  
Removal fran bins  ( t u n n e l  belt)  
nry ingd  
Cleaninge 
Headhouse ( l e g s )  

In l and  t e r m i n a l  e l e v a t o r s  

Unloading (receiving) 
Loading ( sh ipp ing)  
Removal frcm b ins  ( t u n n e l  belt)  
Dryingd 

Headhouse ( l e g s )  
T r i p p e r  ( g a l l e r y  belt) 

c1eaninge  

Export  e l e v a t o r s  

Unloadlng ( r e c e i v i n g  ) 
Loadlng ( sh ipp ing  ) 
Removal from bins  ( t u n n e l  k l r )  
nryingd 
Cleaning= 
Headhouse ( l e g e )  
T r i p p e r  (nal lery belt)  

T G n . i  'amount recelved T moraril  

EmLssion f a c t o r  
kg/Hg handledb 

0.3 
0.2 
0.5 
0.4 
1.5 
0.n 

0.s 
0.2 
0.7 
0.6 
1.5 
0.8 
0.5 

0.5 
0.5 
0.7 
0.5 
1.5 
0.8 
0.5 

!Iv e a a s l  to the 
_I-__ 

r y p i c a l  r a t i o  of grain  
processed  t o  g r a i n  
rece ived  or shippedC 

1 .o 
I .o 
2.1 
0.3 
0.1 
3.1 

1 .o 
1.0 
2.0 
0. I 
0.2 
3.0 
1.7 

1.0 
1 .o 
1.2 
0.01 
0.2 
2.2 
1 .1  

_____. . 
; sh ipped .  

-.-_.--_ ..._ 
Imisa ion  f a c t o r .  
kg/t,lg rece ived  

or ahlpped 

0.3 
0 .2  
I .o 
0. I 
0.2  
2.5 

0.5 
0 .2  
1.0 
0 .  I 
0.3 
2.3 
0.n 

0.5 
0.5 
0.8 
0.01 
0.3 
1.7 
0 . h  

. .  
bTo o b t a i n  u n i t s  of l b l t a n .  m ~ ~ i t l p l y  f s c t o r a  by 2.0. 
cReference  6. 

dSee Note b i n  Table 6 .4 -1 .  
eSee Note c i n  Table 6.4-1.  

Average values from a survey  o f  e l e v a t o r e  acrcas t h e  U. S. Can be cons ide rab ly  d l f f e r e n t  
f o r  any i n d i v i d u a l  e l e v a t o r  or  g roup  o f  e l e v a t o r s  in the same l o c a l e .  
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about 25 percent  of t h e  t o t a l  loading) ,  al lowing e s s e n t i a l l y  uncontrol led 
emissions to  escape. 

Most e l eva to r s  u t i l i z e  p a r t i c u l a t e  con t ro l  devices on a t  least some of 
their opera t ions .  The t r a d i t i o n a l  form of c o n t r o l  at  e l eva to r s  h a s  been 
mechanical c o l l e c t o r s ,  o r  cyclones. Cyclones c o l l e c t  particles larger than 
about 10 microns wi th  only  85 t o  95 percent  c o n t r o l  e f f i c i e n c y ,  o f t e n  
producing v i s i b l e  emissions.  Hence, f a b r i c  f i l t e r s  are usua l ly  selected in 
areas  having more s t r i n g e n t  con t ro l  requirements.  Typical e f f i c i e n c i e s  f o r  
w e l l  operated f a b r i c  f i l t e r s  exceed 99 percen t ,  wi th  no v i s i b l e  emissions.  
The a i r  a s p i r a t e d  from enclosed equipment and hoods is ducted t o  a f a b r i c  
f i l t e r  o r ,  in some cases, one o r  more cyclones.  Rarely a r e  o t h e r  p a r t i c u l a t e  
cont ro l  devices ,  such as wet scrubbers  and e l e c t r o s t a t i c  p r e c i p i t a t o r s ,  
appl ied a t  e l eva to r s .  Grain dryers  present  a d i f f e r e n t  s o r t  of c o n t r o l  
problem because of t h e  l a r g e  volumes of warm,  moist a i r  exhausted. Most 
dryers  are enclosed w i t h  a cont inuously vacuumed po lyes t e r  or stainless steel 
screening t o  c o l l e c t  p a r t i c u l a t e ,  with t h e  vacuum usua l ly  discharged t o  a 
cyclone. Two p r i n c i p a l  dryer  conf igura t ions ,  rack  and column, a r e  in use.  
The major i ty  of dryers  manufactured today a r e  of t h e  c o l u w  type, which has  
considerably lower emissions than the  rack type.” 

6 .4 .2 .2  Grain Processing P lan t s  - Several  g r a i n  mi l l i ng  ope ra t ions ,  such as  
rece iv ing ,  conveying, c leaning  and drying,  are s i m i l a r  t o  those a t  g r a i n  
e leva tors .  In a d d i t i o n  t o  these ,  breaking down (mi l l i ng )  t h e  g ra in  o r  g r a i n  
by-products f o r  processing through va r ious  t y p e s  of gr inding  opera t ions  is a 
f u r t h e r  source of emissions.  The hammermill is t h e  most widely used gr inding  
device a t  feed mills. 
cyclone c o l l e c t o r ,  which c a n  be a major source of dust  emissions. Again ,  
l i k e  e l eva to r s ,  m i l l s  use a combination of cyclones and f a b r i c  f i l t e r s  t o  
conserve product and t o  con t ro l  emissions.  Drying a t  a g r a i n  m i l l  is accom- 
pl ished using s e v e r a l  types of d rye r s ,  inc luding  f l u i d i z e d  bed dryers  (soy- 
bean processing)  and f l a s h  f i r e d  or d i r e c t  f i r e d  dryers  (corn m i l l i n g ) .  
These newer dryer  types might have lower emissions than the  t r a d i t i o n a l  rack 
or column d rye r s ,  but  da ta  a r e  i n s u f f i c i e n t  a t  t h i s  time t o  quan t i fy  t h e  
d i f f e rence .  The g r a i n  pre-cleaning o f t e n  performed before  drying also l i k e l y  
serves  t o  reduce emissions.  Emission f a c t o r s  f o r  var ious  g r a i n  m i l l i n g  and 
o t h e r  processing opera t ions  a r e  presented in Table 6.4-6,  and t h e  p a r t i c l e  
s i z e  d i s t r i b u t i o n  and s i ze  s p e c i f i c  emission f a c t o r  f o r  a r o a s t e r  opera t ion  
a r e  shown in Table 6.4-7 and Figure 6.4-5 .  The o r i g i n s  of these emission 
f a c t o r s  a r e  discussed below. 

Product is recovered from t h e  hammermill w i th  a 

Emission f a c t o r  d a t a  f o r  feed mill operat ions a r e  sparse. The f a c t o r s  
f o r  r ece iv ing ,  sh ipp ing  and handl ing a r e  based on estimates made by expe r t s  
w i th in  the feed industry.” 
da ta  in References 2 ,  18 and 19. 

The remaining feed  mill f a c t o r s  are based on test 

The roas t ing  of carob  k ibble  (or  pods) ,  which a r e  ground and used a s  a 
chocolate s u b s t i t u t e ,  is s i m i l a r  t o  co f fee  roas t ing .  The emission f a c t o r  and 
p a r t i c l e  s i z e  d i s t r i b u t i o n  f o r  t h i s  opera t ion  were derived from References 20 
and 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 ece iv ing  and handl ing,  c leaning  house and mi l l i ng  operat ions.  Data from 
Reference 5 were used t o  es t imate  emission f a c t o r s  f o r  g r a i n  rece iv ing  and 
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TABLE 6.4-6. TOTAL PARTICULATE EMISSION FACTORS FOR 
UNCONTROLLED GRAIN PROCESSING OPERATIONSa 

EMISSION FACTOR RATING: D 

Type of Operat ion 

. Feed m i l l s  
Receiving 
Ship ping 
Handling 
Grinding 

Hammermillingb 
Flakingb 
Crackingb 

P e l l e t  coolerb  

Carob k i b b l e  r o a s t i n g  

PrecleaGng and handl ing  
Cleaning house 
Mil l -house 

P rec l eaGng  and handl ing  
Cleaning house 
M i l l  house 

Rye m i l l i n g  
Receiving 
Precleaning and handl ing  
Cleaning house 
M i l l  house 

e 
O a t  m i l l i n g  

R i  e m 1 ng 
i teceivf ig  
Preclean& and handl ing 
Dryingf 
Cleaning and mill house 

6.4-10 

kg/Mg 

1.3 
0.5 
2.7 

O.lC,d 
0.1c 
O.Olcsd 
0.2c 

3.0 

0.5 
2.5 

35.0 
- 

0.5 
2.5 - 
- 

0.5 
2.5 

35.0 
- 

1.25 

0.32 
2.5 
0.15 - 

EMISSION FACTORS 

l b / t o n  

2.5 
1 .o 
5.5 

0.2c.d 
0.26 
0.02c. d 
0.4C 

6.0 

I .o 
5.0 

70.0 
- 

1 .o 
5.0 - - 

1 .o 
5.0 

70.0 

2.5 

- 

0.64 
5.0 
0.30 - 
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TABLE 6.4-6 (concluded).  

I 

Type of Operation 

So bean mi l l i ng  
ieceivine.  
Handling- 
Cleaning 
Dryingg 
Cracking and dehul l ing  
Hull  gr inding 
Bean condi t ioning 
Flaking 
Meal dryer  
Meal cooler  
Bulk loading 

D r  corn mi l l i ng  
Zeceiving 
Dryingg 
Precleaning and handl ing 
Cleaning house 
Degermlng and mi l l i ng  

Wet corn mi l i i ng  
Receiving 
Hand l i n g  
Cleaning 
Dryingh 
Bulk loading 

aMost emission f a c t o r s  a r e  expressed a s  w 

Emission f a c t o r  

0.8 
2.5 

3.6 
1.7 
1 .o 
0.05 
0.29 
0.75 
0.9 
0.14 

- 

0.5 
0.25 
2.5 
3.0 - 

0.5 
2.5 
3.0 
0.24 
- 

.ght of dust  E 

l b / t o n  

1.6 
5.0 

7.2 
3.3 
2.0 
0.1 
0.57 
1.5 
1.8 
0.27 

- 

1.0 
0.5 
5.0 
6.0 - 

I .o 
5.0 
6.0 
0.48 - 

. t t e d / u n i t  weight of - 
g r a i n  en ter ing  t h e  p l a n t ,  not necessa r i ly  t h e  same as  amount of ma te r i a l  
processed by each opera t ion .  Dash = no da ta .  

bExpressed a s  weight of d u s t  emi t t ed /un i t  weight of g r a i n  processed: 
CWith cyclones.  . 
dMeasured on corn processing opera t ions  a t  feed mills. 
eRepresents s eve ra l  sources  at  one p l a n t ,  some cont ro l led  wi th  cyclones and 

fAverage f o r  uncont ro l led  column d rye r s ;  s e e  Table 6.4-2. 
gDryer types unknown. 
hFor ro t a ry  steam tube d r y e r s .  

o thers  wi th  f a b r i c  f i l t e r s .  
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TABLE 6.4-7. PARTICLE SIZE DISTRIBUTION AND EMISSION 
FACTORS FOR UNCONTROLLED CAROB KIBBLE ROASTERSa 

EMISSION FACTOR RATING: E 

Aerodynamic p a r t i c l e  Cumulative weight X Emission f a c t o r b  
< s t a t e d  s i z e  

---I---- -.---.- _I--_ ---*.-._--y__-* _- 
(kg/Mg) - diameter  (urn) 

2.5 
6 .O 
10.0 
15.0 

0.6 
0.7 
2.0 

11.5 

0.018 
0.021 
0.060 
0.35 

To ta l  p a r t i c u l a t e  3.0C 

bExpressed a s  cumulative weight of p a r t i c u l a t e  < corresponding 

CReference 2 1. 

Reference 18. 

p a r t i c l e  s i z e / u n i t  weight of ca rob  k i b b l e  roasCed. 

, 
I 
I 

0.10 L* 
: 

1.10 

I 0. L I , - 
__--’ 

0.01 
so 100 IO 10 1 I S 

Parricle diameter. urn 

Figure  6.4-5. Cumulative size d i s t r i b u t i o n  and 
emission f a c t o r s  f o r  uncontrol led carob k ibb le  r o a s t e r s .  

.I 
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handling. Data f o r  t h e  cleaning house are i n s u f f i c i e n t  t o  estimate an emis- 
s i o n  f a c t o r ,  and information contained i n  Reference 2 was used t o  estimate t h e  
emission f a c t o r  f o r  m i l l i n g  opera t ions .  
mi l l i ng  operat ion a p p l i e s  t o  uncont ro l led  opera t ions .  
sources  involved, however, are equipped w i t h  c o n t r o l  devices t o  prevent  
product l o s s e s .  Fab r i c  f i l t e r s  a r e  widely used f o r  th i s  purpose. 

The l a r g e  emission f a c t o r  f o r  the  
Almost a l l  of t h e  

Durum and rye m i l l i n g  opera t ions  are similar t o  those f o r  wheat mi l l i ng .  
Therefore ,  most of t hese  emission f a c t o r s  a r e  assumed equal  t o  those  f o r  
wheat m i l l  opera t ions .  

The g r a i n  unloading,  handling and c leaning  operat ions 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  in other  g r a i n  m i l l s ,  but t h e  subsequent opera t ions  
a r e  somewhat d i f f e r e n t .  
be necessary before  s to rage .  
was obtained from Reference 2. I n s u f f i c i e n t  information is ava i l ab le  t o  
estimate emission f a c t o r s  f o r  degerming and mi l l ing .  

Also,  some drying of corn  received a t  the  m i l l  may 
An es t imate  of t h e  emission f a c t o r  f o r  drying 

Information necessary t o  estimate emissions from o a t  mi l l i ng  is unavai l -  
ab l e ,  and no emission f a c t o r s  f o r  o ther  g ra ins  a r e  considered appl icable  
because oats are repor ted  t o  be d u s t i e r  than  many o t h e r  gra ins .  
emission f a c t o r  data  a v a i l a b l e  are f o r  c o n t r o l l e d  emissions.  

The only 

Emission f a c t o r s  f o r  rice m i l l i n g  are based on those f o r  similar opera- 
t i o n s  in other  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 is a v a i l -  
ab le  to  es t imate  emission f a c t o r s  f o r  dry ing ,  c leaning  and mill house 
operat ions.  

Information contained i n  Reference 2 i s  used t o  es t imate  emission f a c t o r s  
f o r  soybean m i l l s .  

Emissions information on w e t  corn  m i l l i n g  is genera l ly  unavai lab le ,  i n  
p a r t  because of 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, handling and cleaning opera t ions  emission f a c t o r s  a r e  assumed t o  
be s i m i l a r  t o  those f o r  dry corn  mi l l i ng .  The drying emission f a c t o r  is from 
tes ts  a t  a wet corn m i l l i n g  p l an t  producing animal feed?* 

Due t o  ope ra t iona l  s i m i l a r i t i e s  between g r a i n  m i l l i n g  and processing 
p l a n t s  and g r a i n  e l e v a t o r s ,  t h e  con t ro l  methods used a r e  similar. Both o f t e n  
use cyclones o r  f a b r i c  f i l t e r s  t o  c o n t r o l  emissions from t h e  gra in  handl ing 
operat ions (e.g., unloading, l e g s ,  c l e a n e r s ,  e t c . ) .  These same devices are 
a l s o  o f t e n  used to  c o n t r o l  emissions from o the r  processing opera t ions .  A 
good example of t h i s  is t h e  ex tens ive  u s e  of f a b r i c  f i l t e r s  in 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  ope ra t ions  wi th in  some mi l l i ng  opera t ions  
t h a t  are not amenable t o  the  use of these  devices .  Therefore,  wet scrubbers  
have found some app l i ca t ion ,  p a r t i c u l a r l y  where t h e  e f f l u e n t  gas s t ream has a 
high moisture  content .  Ce r t a in  o t h e r  opera t ions  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 ,  such a s  r o t a r y  dryers  in wet corn m i l l s .  
The var ious  emission con t ro l  systems t h a t  have been applied t o  operat ions 
wi th in  t h e  g r a i n  m i l l i n g  and processing i n d u s t r y  a r e  descr ibed i n  Reference 
2. 

9/88 Food And A g r i c u l t u r a l  Indus t ry  6.4-13 



References f o r  S e c t i o n  6.4 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

G. A. LaFlam, Documentation f o r  AP-42 Emission Fac tors :  
Grain E leva to r s  and Processing P l a n t s ,  P a c i f i c  Environmental Serv ices ,  
Inc . ,  Durham, NC. September 1987. 

L. J. Shannon, etal., Emissions Control  in t h e  Grain and Feed Indus t ry ,  
Volume I - Engineering and Cost Study, EPA-450/3-73-003a, U. S. Environ- 
mental P r o t e c t i o n  Agency, Research Tr i ang le  Park,  NC, December 1973. 

The Storage and Handling of Grain, PEI, Inc., Cinc inna t i .  OH. f o r  
U. S.  EPA Region V, Contract  No. 68-02-1355, March 1974. 

Technical Guidance f o r  Control of I n d u s t r i a l  Process Fug i t ive  Par t icu-  
late Emissions,  PEI ,  Inc.. f o r  U. S. Environmental P ro tec t ion  Agency, 
Research Triangle Park, NC, Contract No. 68-02-1375, March 1977. 

P. G. Gorman, P o t e n t i a l  Dust Emission from a Grain Eleva tor  i n  Kansas 
C i ty ,  Missouri ,  MRI f o r  U. S. Environmental P ro tec t ion  Agency, Research 
Tr iangle  Park,  NC, Contract  No. 68-02-0228, May 1974. 

L. J. Shannon, e t  a l . ,  Emission Control  in t h e  Grain and Feed Indus t ry ,  
Volume I1 - Emission Inventory,  EPA-450/3-73-003b, MRI f o r  U. S. 
Environmental P ro tec t ion  Agency, Research Tr iangle  Park,  NC, September 
1974. 

V. H. M&well, S t a t i o n a r y  Source Tes t ing  of a Country Grain Elevator  a t  
Overbrook, Kansas, MRI f o r  U. S .  Environmental P ro tec t ion  Agency, 
Research Tr iangle  Park,  NC, Contract No. 68-02-1403, February 1976. 

W. H. Maxwell, S t a t iona ry  Source Tes t ing  of a Country Grain Elevator  a t  
Great Bend, Kansas, MRI f o r  U. S. Environmental P ro tec t ion  Agency, 
Research Tr i ang le  Park,  NC, Contract  No. 68-02-1403, Apr i l  1976. 

F. J. Belgea, Cyclone Emissions and Ef f i c i ency  Evaluat ion,  (Tests a t  
e l e v a t o r s  i n  Edinburg and Thompson, North Dakota), Po l lu t ion  Curbs, 
Inc., S t .  Paul ,  MN. March 10, 1972. 

Sec t ion  6.4, 

- 

F. J. Belgea, Grain Handling Dust Co l l ec t ion  Systems Evaluat ion f o r  
Farmer's Eleva tor  Company, Minot, North Dakota, P o l l u t i o n  Curbs, Inc. ,  
S t .  Paul,  MN, August 28, 1972. 

M. P. Schrag, et., Source Test Evaluat ion f o r  Feed and Grain Indus -  
9, EPA-450/3-76-043, U. S. Environmental P ro tec t ion  Agency, Research 
Tr iangle  Park,  NC, December 1976. 

Emission test d a t a  from Environmental Assessment Data Systems, Fine 
Particle Emission Information System (FPEIS), S e r i e s  No. 228, U. S. 
Environmental P ro tec t ion  Agency, Research Tr iangle  Park, NC, June 1983. 

Air P o l l u t i o n  Emission T e s t ,  Bunge Corporat ion,  Destrehan, LA, EMB- 
74-GRN-7, U. S.  Environmental P ro tec t ion  Agency, Research Tr iangle  Park, 
NC, January 1974. 

9/88 6.4-14 EMISSION FACTORS 



14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

W .  Battye and R. H a l l ,  P a r t i c u l a t e  Emission Fac tors  and F e a s i b i l i t y  Of 
Emission Controls f o r  Shiploading Operat ions a t  Port land,  Oregon Grain 
Terminals, Volume I, GCA Corporation, Bedford. MA, June 1979. 

Emission Fac tor  Development f o r  Ship and Barge Loading of Grain,  GCA 
Corporation f o r  U. S. Environmental P r o t e c t i o n  Agency. Research Tr iangle  
Park, NC, Contract  No. 68-02-3510, October 1984. 

J. M. Appold, "Dust Control  f o r  Grain Dryers ,"  i n  Dust Control f o r  Grain 
Eleva tors ,  presented before the National  Grain and Feed Assoc ia t ion ,  S t .  
Louis,  MO, May 7-8, 1981. 

Writ ten communication from D. Bossman, American Feed Indus t ry  Aasocia- 
t i o n ,  Arl ington,  VA, to F. Noonan, U. S. Environmental P ro tec t ion  
Agency, Research Triangle  Park, NC, J u l y  24, 1987. 

Writ ten communication from P. Luther ,  Purina Mills, Inc., S t .  Louis,  MO, 
t o  G.  LaFlam, PES, Inc., Durham, NC, March 11, 1987. 

Written communication from P.  Luther ,  Purina M i l l s ,  Inc., S t .  Louis,  MO, 
t o  F. Noonan, U. S .  Environmental P r o t e c t i o n  Agency, Research Tr iangle  
Park, NC, July 8. 1987. 

Emission test  d a t a  from FPEIS Series No. 229. U. S. Environmental 
Pro tec t ion  Agency, Research Tr iangle  Park,  NC. June 1983. 

H. J. Taback, Fine P a r t i c l e  Emissions from S ta t iona ry  and Miscellaneous 
Sources in the South Coast Air Basin,  KVB, Inc., Tus t in ,  CA, f o r  the 
C a l i f o r n i a  A i r  Resources Board, February 1979. 

Source Category Survey: 
Environmental P ro tec t ion  Agency, Research Tr iangle  Park. NC, December 

Animal  Feed Dryers,  EPA-450/3-81-017, U. S. 

1981 a 

6.4-15 Food And A g r i c u l t u r a l  Indus t ry  91 88 




