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Chapter 2

The U.S. Formula Feed Industry Today

Wayne Anderson
Feedstuffs Senior Editor

The one sure statement that can be made about the formula
feed indusiry in the U.S. today is that it will not be the same
tomorrow. Change has always been a part of feed manufacturing.
as with most other industries, and that is as true now as it has ever
been. New customers. new markets, new technology. and different
economic conditions ail play roles in causing that change.

The U.S. feed industry of the 198075 is basically a mature
industry, Overull, per capita consumption of animal products has
generally plateaued and population growth in the U.S. has sta-
bilized at an annual rate of about 1%. Livestock and poultry
producers continue to decline in numbers while increasing in unit
size. The growth of various forms of vertical integration. contrac-
twal arrangements and, more recently. on-farm feed mixing, all
have combined with fewer cusiomers 1o cause a decline in the
number of manufacturers and dealers in the raditional formuda feed
industry tn the U.S.

Defining the Industry

When doing any survey of the feed industry. it is necessary
to set up definable parameters to which the feed manufacturers and
their products can be compared. The United States Department of
Agricuiture has periodicaliy conducted surveys of the feed indus-
try. Inthose studies the following definitions for feed manufactur-
ing have been used:

®  Feed-milling establishunent is usually a stationary mill opera-
tion at a single location together with any mobile mills based
ot that location.

O Primary feed monufacturing is the processing and mixing of
individual feed ingredients. sometimes with the addition of a
premix at o rate of less than 100 pounds per ton of finished
feed.

@ Sccondary feed manufacturing is the processing and mixing

of one or more ingredients with formula feed supplements.
Supplements ure usually used at a rate of 300 pounds or more
per o of finished feed. depending on the protein content of
the supplement and percentage of protein desired in the
{inished feed.
Custom grinding ond mixing is grinding customer-owned
{eed ingredients and usually mixing supplements with them.
Mainly, this is a service provided 1o farmers feeding their
own animals,

‘ One of the major problems involved in evaluating the pro-
duction figures of the feed industry is a lack of clear definition of
‘}‘Pg‘.\ p!‘ leeds. However, the American Feed Manufucturers As-
Mclation has defined tvpes of feeds in the following manner:

e C ompete feed comains a proper balance of nutrients and s
wiended o be the sole ration for nonruminant rations.
Roughage ix normally excluded from complete feed. How-
ever. for yuminant animals some portion of the roughage
needs may be included in the complete commercial ration.
.Scfpplwnw:rslwm'emrares contain the proper balunce of pro-
e, vitamins. minerats, trace minerals, and additives, It is
added with grain and/or roughage at the rale of approxi-
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mately 200 pounds ar more per fon to make a balanced
ration.

®  Base mivesisuper concensrates differ from supplements in
that they contain only part of the animal’s protein fe-
guirements. It is added with grain and other high protein
ingredients at the rate of 100 pounds (or more} per lon to
make a balanced ration.

® Premixes are formulations of one or mote microingredicnts,
such as vitamins. minerals, trace minerals. or drugs mixed
with a carrier ingredient. They do not contain any significant
amount of protein. A premix is usually added at a rute of less
than 100 pounds per ton with grain and other protein in-
gredients 1o make a balanced ration for nowruminam ani-
mals. For beel,, it may be mixed {or 1op-dressed) with grains
andfor roughages 1o make a complete ration.

The feed industry has traditionally been an oudet for a
number of mill by-products and oil extraction products. Tabie 2-1
iNlustrates how cerain by-product ingredients have increased in
usage over the past 13 years. Compiled by USDA _ the table shows a
dramatic increase in demand for soybean meal while other protein
ingredients have either held steady or have declined. Additionally.
the gquantity of high-protein feeds consumed by iivestock and
poultry has increased greatly.

Corn is the primary grain used in animal feeds in the U.5..
comprising about 75% of the feed grain marker for domestic
consumplion (Table 2-2). In terms of corn equivalents. feed con-
surned by livestock and poultry showed little growth in the early
198Q’s; in fact, consumption has not grown to 2 greit degree over
the last 15 years (Table 2-3).

Changes in the Industry

The commercial feed industry. which ranks among the top
25 industries inthe U.S.. currently is composed of an estimated 400
companies, with about 3.000 primary feed manufacturing plants
serving another 10,000 secondary manufacturing plams. An esii-
mated 70,000 persons are employed in primary feed manufacturing
facilities and another 55.000 in secondary manufacturing plants,
Approximately 20,000 dealers distribute feed products to pro-
ducers. accounting Tor about 60% of retail feed sales, The remain-
ing retai} feed volume is sold directly to producers by feed organ-
izations. including that sold directly o large producers who. in
effect, become dealers themseives, '

The chunges mentioned above have brought new entrants
into the feed supply business. as well as new product and service
opportunities for existing feed manufacturing companies and deal-
ers. Livestock and poultry producers in the .S, are being offered
an ever-widening array of Jow-inclusion products such as premixes
and basemixes, as well us specific gredients. to be mixed with
their own grains and protein products. New and more refined
on-farin mixing equipment is available, as well as nuirition consuli-
Ing services.

Both truditional feed manufacturers and new suppliers to
producers are becoming more attuned to working with larger, more

9
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20 Ton/Hour General Purpose Feed Plant

Fred 5. Stivers
The T.E. Stivers Organization, Inc.

This plant is designed for production of a general line of
livestock feeds. Various options exist to tailor the plant to suit a
particular location and regional market. The design provides for
truck and rail receipt of ingredients. a batch mixing system, a
pelleting system. grinding. crimping or dry rolling. a textured or
molasses mixing system, and bagged and bulk handling for finished
feed.

It is expected that most feed plants using this basic design
would have grinding, batch mixing, and pelleting systems. Other
systems and equipment could be tailored to suit particular needs.
For example. the plant could be an all-bulk facility for manu-
facturing mainly swine and poultry pellets and mash feeds. In that
case. the grain crimping, textured mixing. and sacking systems
could be deleted. As another alternative. the plant could be de-
signed for more textured dairy feed. For that approach, a steamer
and cooler could be added to the grain crimping system to provide
for steam rolled grains. The molasses feed mixing system could be
modified for loading bulk textured feed direct to trucks.

Basic design criteria are established as foliows:

chute above the receiving elevator inlet. At that point, a plate
magnet is provided in the chute to remove ferrous material ahead of
the elevator. The receiving elevator carries material to the top of the
plant where it discharges either to a receiving scalper and to the
overhead bins, or to the conveyor serving the outside storage. The
scalper would normally have about a 1-inch mesh screen. All
gravity flow would be used for distribution to the plant’s bins. A
conveyor is used for transfer to the outside siorage area via a
distributing turnhead.

As an option to this layout, the receiving scalper could be
arranged to scalp ingredients going 1o both the plant and outside
storage bins.

Grinding

Com, milo, and alfalfa pellets are to be ground with a rate of
about 15 tons per hour through a "We-inch screen. Actual usage of
60% ground materials will result in an average requirement of 12
tons per hour. A 125 hp. full-circle hammermill is selected. For
even flow to the plant. a surge bin and feeder are located above the
hammermill.

Tons Per ) . L
Hour A by-pass valve is located ahead of the surge bin. This will
Receiving . 75 permit the transfer of comn or milo to the working bins for cracking.
Grinding (1 mill @ 125 hp) 15
Mixing (2 ton mixer) . 24
Crimping 5
Pelleting (1 mill @ 200 hp) 15-20 20 TON/HOUR GENERAL PURPQSE FEED PLANT
Overall Average Production 20 Equipment Legend
h g hift : ¢ 1. Rail Receiving Conveyor 34. Scale Alr Gate
The plant ls_expecled to generally operate one shift. 5 days 2. Truck Receiving Conveyor 35, Scale Air Gate
per week. Production would be as follows! 3. Magnet 36. Batch Mixer
Tons/Hour 20 ; ?:c:‘l‘;rgvﬂlevatar g; gurge gin
) , . y Valve . Surge Conveyor
Tons/Day 160 6. Transfer Conveyor 39. Mixing Elevator
Tons/Week 800 7. Turnhead Distributor 40, Magnet
Tons!Year 40,000 8. Corn Storage Bin 41. Mash Cleaner
’ 9. Milo Storage Bin 42. Overs Regrinder
. 10. Alfalfa Storage Bin 43. Mash Distributor
Receivmg 11. Receiving Scalper 44. Mash Transfer Conveyor
— . . ot s 12. Receiving Distributor 45. Mash Distributor
§ 88 at appro :
o [} ':s aﬁsumed tlhdl apprg >’um,atel‘\f 90% of the lngredlem‘s.wﬂl 13, Storage Bin Feeders 46, Slide Gales
he received m.bu]k about equally split between truck and m‘ll. 14. Grain Transfer Conveyor 47. Surge Bin
A handling rate of 75 tons per hour was selected. That will be 15. Grain Transter Elevator 48. Pelist Mits
about 3% times the average production rate. which ts more than 16. Two-Way Valve 49. Horizontal Cooler
adequate. However. that rate will provide for unloading 20- 1o :: ﬁ::ﬁa Bi"i:“:e:::f' Control :‘1’ 2"‘”";5 Aol
. T " . . i " A . merm . Crumble Rolls
22-ton truck.!oads in at?out 20 minutes and 90 ton rail cars in about 19. Hammermill 52. Cooler Air System
1A hour§ with some lime atlowance for moving vehicles. 20. Hammoermtil Discharge Conveyor  53. Pellet Elevator
It is assumed that oniy rail hopper cars will be handled. A 21. Hammermilt Alr System 54. Pellet Screener
single pit to accommodate one hopper car is provided. The car will 22. Grinding Elevator 55. Two-Way Valves
need 1o be moved as each hopper is emptied. For this size of plant. it 23. Grinding Dlistributor 56. Pellot Distributor No. 1
. beli d that a longitudinal ) cuch that a rail o 24. Pneumatic Recelving Pipes 57. Pellet Distributor No. 2
15 not behieved o al. a longitudina conveyor. suc that a rail car 25. Grain Screenet (with Aspiration) 58. Air Slide Gates
could be unloaded in one spot. could be justified. 26, Two-Way Valve 59. Collecting Hopper
A truck unloading grate, 10 feet wide by 6 feet long. 27. Grain Crimper 60. Truck Scale
provides for hopper bottom or self-dumping trucks. For this size :g' ?""‘""’d g“'“ Elevator 61. :i" Feeders
. - s . lran
operation, a truck dumper could not be justified. Also. some 30 Twoiv‘:y :;::yor :g S::;ses:::;::r
I"Iexi.bilil_v usually exists for specifying the type of trucks that can be 31. Ingredient Bin Screw Feaders 64. Feed Bagger
received, 32. Maln Ingredient Scale 65. Sewing Head
Incoming ingredient trucks will be weighed on the truck 33. Mineral Ingredient Scale 66. Sewing Belt
scale that is also used for outbound trucks.
Two feeder conveyors are provided for the truck and rail
receiving pits. The conveyors discharge into a common gathering
36 SECTION N, PLANT FEASIBILITY, DESIGN, AND CONSTRUCTION
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20 TON/HOUR GENERAL PURPOSE FEED PLANT

OFFICES

@ BULK FEERD
LOADOUT

 MANLIFT

| g
‘BOILER O O [QE‘I [&] %
ROOM : G

LIGUIOS

D | =2 G2

s3
“@gg O (R 4
—

1552
%" H TRUCK RECEIVING

|
|
[
|
|
|
WAREUOUSE cock
[
|
|

|
RAIL SIOING RAIL RECEIVING I

EERENENNER- ERNNNEENS

T t

Fig. 5-5. Floor plan.

Fig. 5-6. Distribution plan, Fig. 5-7. Basement plan.
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20 TON/HOUR GENERAL PURPOSE FEED PLANT
INGREDIENT BIN ALLOCATION

Outside Bins ingide Bing
ingredient Tons Tons

Corn 500 —
Milo 150 —
Altgita Peliets a0 _—
Corn 30
Qats 30
Ground Corn 30
Ground Milo or Corn 30
Ground Alfalfa 24
Ground Corn and Spare 30
Soybean Meal 120
Meat Meal 60
Cottonseed Meal 30
Wheat Midds 60
Bakery By-Product 30
Hominy Feed 60
Spare 30
Phosphate 30
Limestone 40
Urea 30
Sait 40
OTHER

Pellet Mash 60
Molasses Feed Line 120
Sacking 60
Bulk Feed 200

Grain Crimping/Cracking

Two working bins are provided in the plant cluster. At the
bin discharge, a single screen scalper is used to remove trash. A
magnet ts located below the scalper. The crimper/cracker is speci-
fied with @ 25 hp motor for crimping and cracking grains.

A bucket elevator transfers processed material to 2 bins
above the molasses feed system.

Mixing

The overhead ingredient bins have single and twin screw
feeders 1o suit the panticular ingredient. Twin screw feeders are
specified for meat meal, wheat midds, and bakery by-product meal.

A 4000-1b and 1000-1b scale draw ingredients from the bins.

A lwo-scale. single mixer. computer controlled SYSIEm 18
specified. It wiil store 25 formulas and control the weighing and
mixing.

A floor dump provides for the introduction of hand-adds 10
the batch mixer.

CHAPTER 5, FEED PLANT LAYOUT AND DESIGN

A horizontal. 2-ton capacity, double ribbon mixer with drop
bottom doors and a surge bin is provided. A paddle drag discharge:
the surge into a bucket elevator,

A rotary mash cleaner and double hump magnet conditions
the finished mash. A smail, 25 hp, 1800 rpm hammermill was
specified to grind the feed cleaner overs; however, this is an
optional item,

Finished mash feed flows by gravity 1o the peilet mash and
the bagging bins. A wransfer drag conveyor was chosen to serve the
bulk tyuck loadout bins. The drag could be eliminated by raising the
elevator about 25 feet,

Pelleting

Pelleting requirements call for 13 to 20 tons per hour of
poultry, swine, and some caitle pellets. No high fiber items are
expected 10 be pelleled.

Accordingly. a2 200 hp pellet mill with conditioner equipped
for molasses or pellet binder is specified. A 22-foot, horizontal
cooler with 18,000 cfm of air will adequately cool the pellets. The
cooling system will have twin, high efficiency cyclenes set up as a
negative system. Crumble rolls with a by-pass are located at the
cooler discharge.

A double deck pellet screener was selected to scalp finished
pellets and remove fines.

No fat coating system is included. However. provision is
made for adding that in the future.

Molasses Feed

This plant is designed with the capability for making mo-
lussified feeds with crimped grains. pellets, and roughage. Due to
the anticipated relatively low tonnage for these feeds. costs were
minimized for this system. A herizontal paddle mixer, on scales.
was selected. It will serve as the scales and mixer, including
molasses addition.

The bins in this system will be hoppered about 12 feet higher
than the regular mixing bins to keep the paddle mixer above the
bagger. The molasses feed spouting is designed for gravity flow (o
the feed bagger.

Sacking, Storage, and Loadout

Twobins in the overhead cluster provide for sacked mash or
peileted feeds. The bagger also handles the molasses feed.

A 16 by 32 ft bin cluster is integral with the milling bins.
Four large bins and eight split bins with 200 tons total capacity
provide for bulk finshed feed. They are located above the ruck
scale with the scale serving both ingredient and finished feed
trucks.




50 Ton/Hour Full Line Feed Plant

W. Gary Winsett, PE
The T.E. Stivers Organization, Inc.

This plant design is based on an overall average production
of 50 tons per hour. Operating on two shifts, the plant will produce
around 200,000 tons of general line feeds annually. Specifically,
the plant is geared for utilizing a relatively wide range of in-
gredients and by-products to produce mash, pellets. crumbles.
steam rolled and dry cracked grains, scratch feeds, and textured
tuminant feeds in both bagged and bulk forms.

The following projections are provided for the design
criteria.

Type Of Feed % ot Total
Textured:
Pellets 15
Grains 15
Other 5
a5
Meal and Mash 10
Beef and Dairy Pellets 25
Swine and Poultry Pellets 25
Scratch and Miscellaneous 5
65
100

From the above projections. the following is tabulated.

Type %
Pelleted 65
Rolled 15
Non-Pelleted and Non-Rolled _20
100

Bulk and bag receipts and shipments have been stipulated as
follows:

Finished
Ingredient (%) Product {%)
Bulk
Rail 60 10
Truck 36 50
96 60
Bag
Rail 2 5
Truck 2 35
_14 40
100 100

Traffic Patterns and General Arrangement

Bulk and bagged ingredients via.both rail and truck are to be
handled. Ouibound feed is to be shipped bulk and bagged via both
truck and rail. The plant capacity requires two rail sidings and two
truck driveways.

Based on the above data, one rail siding needs 10 be adjacent
to the plant warehouse. Also, it is better to have rail sidings adjacent
to each other. It is also desirable to avoid trucks having to cross the
rail sidings. To suit the general requirements, the rail and truck is
split with one on each side of the plant warehouse. The rail siding is

Jocated on the “‘receiving’ side and the truck driveways on the
“*shipping”" side. That arrangement meets the basic criteria and
provides workable and efficient wraffic patterns.

Receiving

A 72-foot long by 360-ton capacity. AREA design railroad

track scale provides for the weighing of incoming rail receipts. By
switching. outbound bulk feed in rail cars and boxcars can also be
weighed. The scale will have eight. 200.000-1b compression load
cells and a 400.000-1b by 20-1b digital instrument. The 360-ton
capacity and AREA design should meet most railroad require-
ments: however. that should be verified with the specific raiiroad
servicing a particular plant. The scale has a concrete **floating”™’
deck with a 40-foot grating section between the rails. A rail
receiving conveyor also runs beneath the grating section. That
allows for unloading hopper cars with one spotting.

Although itis being used less and less by most plants. boxcar
unloading is provided. It utilizes a ramp and boxcar height dock
with a small front end loader. For this particular design. the boxcar
unloading is provided for handling such by-products as cottonseed
hulls.

To provide flexibility in local ingredient purchases. a hy-
draulic truck dumper is specified. Due to relative costs and flexibil-
ity, the dumper is specified to be on load cells for weighing trucked
ingredients. An alternative would be 10 use the truck scale on the
toad-out drive. The dumper/scale will be 70 ft long and have a
70-ton capacity to provide for foreseeable truck sizes at the loca-
tion. Even larger scales may be required in some locations.

To accommodate the dumping of approximately 22-ton
loads, a 1000-cubic foot recetving hopper is used.

The truck and rail scales are specified to have data transfer '

circuitry for antomatically sending the net weight of areceipt, along
with a manually entered product identification code. to the mill
computer contrel system. That provides for the inventory system
and a computer record of receipts.

Ruil receiving has a trunsfer conveyor for carrying matertals
0 the rail receiving elevator. For truck receiving. the same con-
veyor is used as a feeder and for transfer to the truck receiving
clevator. Due to the by-products being handled. durability needs,
and feeder requirements, screw 1ype conveyors were selected for
receiving.

Both trucks and rail receiving conveyors discharge into
double sloped magnetic chutes just shead of the elevator boot
inlets. This utilizes 1 minimum of headroom and provides for the
removal of ferrous metal ahead of the elevator fegs.

The capacity of each of the truck and rail svstems is setat 125
1ons per hour on 40 1bs per cubic foot material. That is 2V times the

average production rate. Also, itis preferable w receive only during

the day shift. The elevators will have to be used for transfer of about
20% of the ingredients from outside storage to overhead mill

working storage. To meet those requirements. the 125 tons per hour
rate was selected. Provision could be made for having the two
systems use the two elevators inkerchangeably. 1t would require
more basement depth and would be relatively expensive,

40 SECTION Il. PLANT FEASIBILITY, DESIGN, AND CONSTRUCTION




Ingredient Distribution

The truck and rail receiving legs are located near the hub of
the plant and outside storage bins. For this panticular plant, in-
gredients must come to a central location and then be distributed.
Accordingly. the centralizing is handled most efficiently by gather-
ing on the lower level and then utilizing gravity flow on the opside.

Everything being equal. it is generally more desirable to
maximize gravity flow over conveyed flow. However, as the
horizontal configuration expands, a trade-off develops between
elevator height and spouting runs versus conveying. For the design
of this receiving/distribution system, the compromise selected uses
all gravity flow to the plant and at the two outside storage clusters.
Conveying is used for distribution 0 the two outside storage
clusters. Also, all flow is positively controlled through single
discharge conveyors and turnhead distributors. That is generally
preferred over multiple discharge conveyors for plants handling
nonfree-flowing ingredients.

To provide the required flexibility for receiving and transfer to
the plant. dual spouted turnheads are specified. These have two
inlet spouts and one set of outlet spouts. That provides transfer to
any bin by either system or both systems to the same bin simul-
taneously. High level indicaters provide an alarm and shut-down if
a bin is overfilled.

This plant design. like most modern feed plants, requires
provision for handling pneumatic discharge trucks (minerals) and

liquid hauling trucks. Ample parking is provided with the two truck
driveways for those purposes. Pneumatic lines from ground level to
the bin deck are provided.

Ingredient Bins

Table 5-1 shows the ingredients to be used along with the
projected usage and storage provided. In the initial design con-
siderations, the ingredients to be used and their daily usage were
determined. The desired storage and the size of the receipt were
also determined.'The desired storage and receipt sizes were com-
pared and the bin requirements determined accordingly: i.c.. the
bin(s) provide the minimum of desired storage of 1V times the
incoming load size.

An overhead bin cluster is generally the most desirable type
of ingredient storage. It maximizes gravity flow into the mixing and
other systems. On the cother hand, outside ground level storage is
less expensive. For a plant of this size and with the wide artay of
ingredients. a trade-off develops between these two approaches. A
combination was chosen that utilizes both types of storage. A
working bin for ingredients in outside sworage is provided in the
overhead cluster. Those ingredients can be transferred from outside
to overhead storage through either the truck or rail receiving
system. Also. bins for all major grains and products to be ground
were located outside.

Table 5-1. INGREDIENT USAGE AND STORAGE OF 50 TON/HOUR FULL LINE PLANT.

Usage

- Max. Min. Min.m
% Tons toad 14 x Days Storage Storage Qutside?
of Per Size Load Storage Required Provided Storage
Ingredient Totatl Day (Tons) Size Desired Tons Tons Days Utitized
Cotn 28 224 95 143 7 1568 1650 7 X
Milo 3 24 90 135 10 240 280 12 X
Barley 3.2 2586 75 113 10 256 250 10 x
Oats 4 32 40 60 7 224 200 6 x
Wheat 2 16 90 135 5 135 160 18 x
Corn Screenings 6.2 49.6 75 113 7 350 450 9 X
Dust Pellets 2. 16 75 13 4 113 125 8 x
Brewers Grains 2 16 60 20 5 90 120 8 X
Malt Hulls 2 16 40 60 4 64 70 4 X
Altalfa Pellets 1.5 12 70 105 5 105 18¢ 15 X
Wheat Midds 12 96 45 €8 5 480 450 5 X
Bakery By-Product 4 32 22 33 3 96 120 4
Cottonseed Hulls 3 24 40 60 5 120 100 4
Beet Pulp 05 4 60 22 7 33 a0 10
Soybean Meal — 48 " 88 90 135 7 616 610 7 x
Soybean Meal — 44 3 24 80 120 5 120 120 5
Cottonseed Meal 3 29 75 113 5 120 120 5
Meat Meal 2 16 22 33 4 64 75 5
Corn Gluten Meal 2 16 80 120 10 160 125 8 X
Limesione 0.4 3.2 22 33 5 33 40 13
Phosphate 0.8 6.4 90 135 5 135 140 22
San 0.1 0.8 22 33 5 33 35 44
Urea 0.3 24 22 33 5 33 3 13
Sub-Total 96.0 768 - — — - 5490 7 avg.
Liquids 3.6 28.8 22 33 5 144 150 5
Micros & Hand-Adds 0.4 3.2 - - — - - —
Total 100.0  800.0 —_ — - — 5640 7 avg. T
(1} Dictates by either 1% » Ioad size or min. days storage desired, whichever is greatet.
(2} Outsige storage utilized, either because of cheaper storage or because material is fo be ground.
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Fig. 5-8. Flow diagrams.
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CHAPTER 5. FEED PLANT LAYOUT AND DESIGN

. .

50 TON/HCUR GENERAL PURPOSE FEED PLANT

. Rail Scale

. Truck Dumper and Scaile

. Front End Unloader

. Rail Receiving Feeder

. Box Car Receiving Feeder

. Truck Receiving Feeder

. Rail Transfer Conveyor

. Reteiving Magnets

. Rail Receiving Elevator

., Truck Receiving Elevator

- Rail Receiving Scalper

. Truck Receiving Scalper

. Two-Way Valves

. Mill Receiving Distributor No. 1 (Dual Spout)
. Transter Conveyor

. Mill Receiving Distributor No. 2

. Rail Distribution Conveyor No. 1

- Truck Distribution Conveyor No. 1
. Qutside Storage Distributor No. 1 (Dual Spout)
. Rail Distribution Conveyor No. 2

- Truck Distribution Conveyor No. 2
. Qutside Storage Distributor No. 2 {Dual Spout)
. Qutside Storage Bin Feeders

. Grinding Transfer Conveyor No. 1
. Grinding Transfer Conveyor No. 2
. Grain & ingredient Transier Conveyor
. Grinding Transfer Elevators

. Two-Way Valves

. Level Indicators

. Hammermill Feeders

. Hammermills

. Hammermills® Air Assist System

. Grinding Elevators

. Grinding Distribution Conveyors

. Grinding Distributor (Dual Spout)
. Ingredient Bin Feeders

. Major Batching Scale — 5 Tons

. Minor Batching Scale — 1 Ton

. Air Slide Gates

. Two-Way Valves

- Microingredient System

- Microingredient Transfer System

. Computer Based Control System
. Batch Mixer — 5 Tons

- Mineral Mixer — 3 Tons

. Surge Hoppers

- Surge Discharge Conveyors

. Mash Elevator

. Rotary Feed Cleaner

. Mash Distributor

. Mash Loadout Conveyor

. Air Slide Gates

- Pellet Mills

- Horizontal Pellet Coolers

Equipment Legend

55.
56.
57.
58.
59.
60.
61.
62,
63.
64.
65.
B66.
&87.
68.

; 9.
70.
7.
72.
73.
74.
75.
76.
7.
78.
79.
80.
81.
82.
83.

. Volumetric Scratch Feeders

. Test Valves

. Blending Conveyor

. Scratch Grain Elevator

. Two-Way Valve

. Textured Bin Feeders

. Textured Batch Scale — 3 Tons

. Double Slide Air Gate

. Microsystem

. Textured Elevator

. Screener (2 Screens)

. Two-Way Valve

. Molasses Mixer

. Two-Way Valve

. Belt Conveyor

. Air Slide Gates

. Surge Hoppers

. Molasses Feed Bagger

. Peliets/Mash Feed Bagger

. Sewing Heads

. Sewing Belts

. Bag Belt System

. Air Slide Gates

. Truck Scale

. Pneumatic Receiving (Pipes and Filter}

. Freight Elevator

Cooler Air Systems

Crumbler Rolls

Pellet Elevators

Pellet Screeners

Screener Two-Way Vaives

Peillet Distributors No. 1 and No. 2
Fat Coater Elevator

Fat Coater Surge and Level Controls
Fat Coater Feeder and Blender
Two-Way Valve

Rail Loadout Conveyor

Pellet Distributor No. 3 {Dual Spout)
Bulk Feed Distributor No. 1 (Duatl Spout)
Bulk Feed Distributor No. 2

Grain Transfer Elevator and Conveyor
Surge Hopper and Level Indicators
Grain Cleaner (3 decks)

Clean Grain Distributor

Slide Gates

Grain Chest Steamers

Roller Mills

Horizontal Rolled Grain Coolers
Cooler Air Systems

Two-Way Vaive

Dry Grain Roller Mill

Cracked and Rolled Grain Elevators
Three-Way Valve

Rolled Grain Distributor (Dual Spout)
Slide Gates

Equipment Not Shown

High and Low Level Indicators
Liquid Handling Systems

Dust Control Equipment
Boiler and Steam Equipment
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Fig. 5-9. Mill and outside storage, top view.
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50 TON/HOUR GENERAL PURPOSE FEED PLANT
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Fig. 5-11. Recelving and loadout.

Grinding

From the ingredient usage data, the ingredients to be ground
amount to about 22 tons per hour. Some ingredients 10 be ground
are by-products and relatively fibrous in nature. Also, all materials
are to be fine ground for pelleting and coarse ground for mash
feeds.

Based on those requirements, two independent grinding
systems are specified. The hammermills wili be full circle, top feed
with air-assist systems. 125 hp. 1800 rpm motors are specified.
Rotor diameter will provide about 21.000 feet per minute peri-
pheral speed with the 1800 rpm motors. That will minimize vibra-
tion, noise, and maintenance and provide satisfactory grinding
action. The air-assist systems with about 1500 cfm each will

improve capacity, particularly with the lower density by-products.
and help control dust emissions.

Bin discharge feeders with manually adjustable, variable
pitch sheave drives are provided. A transfer conveyor conveys
material to a short height bucket elevator. The elevator discharges
into a surge hopper with high and low level indicators. Bencath the
surge, a variable speed pocker feeder feeds the hammermili. The
feeder speed will be remotely controlled to suit either hammermill
motor load or through-put capacity. whichever controls. The surge
hopper and level indicator system will keep material ahead of the
feeder. The manually adjustable bin feeders can be varied periodi-
cally to suit conditions.
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In light of energy requirements and costs and for reducing
shrink losses. a mechanical handling system with conveyor and
bucket elevator was selected for transfer to the overhead working
bins in the plant. For this particular design. a conveyor is used
across the top of the bin deck. An option would be to increase the
height of the grinding elevator and utilize gravity flow to eliminate
the conveyor. Again, as in the case of receiving, a dual spouted
turnhead distributor is specified to meet flexibility requirements.

This plant layout has the hammermiils in the skirted area
below one of the outside storage bins. Another approach would be
10 locate the hammermills in the basement. The rationale for the
design provided was to isolate the hammermilis to reduce noise
levels in the working areas of the plant. to reduce the hazards of fire
and explosion. and to provide easy accessibility to the equipment.

Grain Cleaning and Processing

As noted in the ingredient bins selection, grains are stored
outside. A transfer system carries grain to the top of the plant for
cleaning. That allows cleaning to be done on a 20-ton per hour rate,
as needed. That is more economical than cleaning grain as it is
received. Gravity flow is utilized from the grain cleaner o the clean
grain bins to eliminate cross contamination and provide good clean
grains.

The plant design calls for up to 5 tons per hour of steam
rolled corn with a density of 25 Ib per cubic foot. plus 5 tons per
hour on at least two other grains. These requirements dictate two
roller mills, Also, for flexibility, two completely independent
systems are selected, Vertical, stainless steel chest steamers with
30 min of retention time will condition the grain. 75 hp, 18 by 36
in.. hydraulic tensioned roller mills were selected.

Horizontal coolers were specified and are located in the
basement. Negative cooling systems pull up 1o 14.000 cfm of air
from cuch of the coolers. The rolls are on the first floor. Bucket
elevators and gravity flow provide for distribution of the rolled
grains to the textured system working bins. The gravity flow is
simple. minimizes conveying, and reduces product damage. A
section of the gravity flow spout between the bins and steamer

should be open on fup or vented to the cooler system to prevent’

€xcess steam from wetting the grain in the overhead bins,
Beside the rolier mills. a dry roiler mill provides for cracked
grain, It has o separate elevator for distribution to three scraich
grain bins. System capacity is 5 tons per hour. The rolls have a
bypass valve. so this system can also be used to transfer cleaned
grain to the scratch bins for blending or 10 go on to bagging.

Batch Proportioning

Duc to the relatively large number of bins. two batching
sciles were chosen. The main scale will have a 5-1on capacity, and
the second scale will have a 1-1on capacity. That will enable the
I-Fon scale to more accurately weigh minor ingredients. such as
minerals. The number and capacity of scales should be selected
depending upon the number of ingredients (bins) and the accuracy
with which each ingredient must be proportioned. The lower the
scale capacity, the greater the resolution and the increment by
which it can weigh.

The lurger scale has a double 18- by 24-inch gate discharge
for quick discharge time and 10 eliminate bridging.

Screw leeders are used on the overhead ingredient bins to
baich materials 1o cither one of the two hopper scales, The feeders
are various sizes. consist of single. twin, and triple screw arrange-
ments. and are designed to handle a particular ingredient. That
provides better flow . minimizes bridging. and provides optimum

CHAPTER 5. FEED PLANT LAYOUT AND DESIGN

feed rates for better scale accuracy and reduced batching times.
Sizes. speeds, pitch of flighting, inlet size. and horsepower are
designed to batch the various formulas within a 3-minute draw
time. Also. on small items or draws, the time is selected so the bin
feeder will be running for a minimum of about 5 seconds. Thatis for
scale reaction time and accuracy.

A consideration for this plant that is being used more and
more was the specification of an automatic microingredient system.
A cluster of 14 bins with approximately 400 lbs capacity each is
included. Two-speed screw feeders with 2-inch and 3-inch helixes
provide the rates and accuracy needed. A 75-lb net capacity by
0.05-1b graduation electronic scale s used. That will provide for
handling about 90% by volume of the microingredients. The
remaining 10% consists of over 15 items. Those will be added by
hand. The savings in this case was one man plus beiter accuracy and
control.

An automatic computer based batching control system is
justified in a feed plant of this size. The control system will have
computer memory for up to 150 formulas. Formula files will be
updated by operator keybourd entry on a weekly basis. The operator
then enters the formula number and the number of batches to be
made. Ingredients will be fed to the scales in sequence in the
required amounts.

Automatic freefall or midair compensation will be provided
by the computer systemn along with scales discharge. mixing. and
mixer discharge. As a future option, automatic routing by the
compuler can also be added to the system. The control system also
includes an inventory system for keeping track of ingredients. as
well as for generating production records.

Mixing

A single 5-ton capacity horizontal ribbon blender with drop
bottom was selected. It will provide satisfactory mixing and meet
capacity requirements. The drop bouwtom will provide complete
cleanout. Also, a second nominal 3-ton horizontal ribbon mixer
was specified for mineral and special mixes. It can also serve as a
back-up to the main mixer. Surge hoppers are provided under the
mixers to reduce discharge time.

The batch mixing system will operate on a 5-minute cycle.
That will provide about '/ minute for complete scale discharges to
the mixer, 3% minutes for mixing. Y4 minute for discharge, and %
minute contingency. With the maximum 5-minute total, there will
be 12 batches per hour. At 5 tons per batch. system capucity is 60
tons per hour. With reasonable effictency on formulu changes and
hand adds. net capacity should be 50 tons per hour or better,

Mechanical conveying and elevating is used (o transfer
finished mash feeds 1o the bin deck for distribution to the various
bins for further processing or as finished feed for loadout. Mechani-
cal conveying was chosen over pneumatic because of noise. power.
and cost considerations. The surge discharge conveyors will have
two-speed motors. The slower speed will provide for heavy or light
density mixes.

A rotary feed cleaner is used at the mash elevator discharge
1o dress the mixed feed. An option at this point would be 10 provide
an onstream regrinder for grinding overs from the feed cleaner and
putting them back into the feed.

Pelleting

From the basic requirements. 10tal pelleting is 10 be abou
65% of the total tonnage. At a 50-ton per hour overall rate. the
pelleting rate would be 33 tons per hour. That will range {rom
poultry pellets that will require about 10 hp per ton-hour to dairy
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pellets at about 20 hp per ton-hour. To handle these requirements,
two 300 hp pellet mills are specified. Special conditioners and
piping harnesses are also included to add molasses and one other
liquid, along with steam, at the conditioner. Automatic micro-
processor based pellet mill controls are specified.

Double-pass horizental coolers fit with the pellet mill dis-
charge and elevator locations. Crumble rolls are provided on one
system for making poultry and turkey feed crumbles. Close
coupled. twin unit, high efficiency centrifugal cyclones are used.
They are located adjacent to the coolers to minimize the duct length
between the cooler and cyclones. The ducting and the cyclones are
specified as 14-gauge stainless steel. Since most condensation and
choke problems occur ahead of the cyclones, this layout minimizes
the length. Also. since the pellets are to be screened on top of the
plant. there is no significant advantage to locating the cyclones high
in the plant for discharge back to the pellet mill: therefore, the
discharge of the cyclones is directed into the cooled pellet stream.

" The cooler fans will be located either on the truck shed roof
or on one of the upper plant decks for better dispersion of the moist
air.

Another design feature provides an additional 2500 ¢fm of
air on the fan and cyclones. That will be for aspirating the pellet
elevator and the pellet mill feeder-conditioner for dust control.

Each pelleting system has a screener on top at the elevator
discharge to scalp and remove fines. The system with the crumbler
will be a three-deck screener to permit grading of crumbles.
Remote controlled valves are specified at the screener discharges to
give the flexibility of returning fines to the pellet mill or to the bin.
and overs to trash or to the bin.

Fat Coating

A fat coater system with elevator, surge, feeder. blending
screw, and pump is provided for coating pellets and crumbles. It is
located on the plant’s upper deck.

Scratch

A small continuous-mixing scratch grain system is provided.
It includes volumetric feeders for metering material from overhead
bins into a mixing conveyor. An elevator transfers scratch feeds to
either of two bagging bins for packaging.

Alihough overall requirements are for about 3 tons per hour.
the svstem is rated at 20 tons per hour so that it will not tie up the
bagging bins and can keep up with packaging when 2 run is to be
made. The system can accommodate cracked grains from the dry
roller mill and cleaned whole grains from the grain cleaner.

Textured Feed

A complement of 12 bins is designed 1o hold ingredients for
the textured. molasses feed line. The bins provide for rolled grains,
pellets. roughage ingredients from the receiving system, and mash.
The spouting is overlapped for flexibility in bin usage. Capacity for
this system is specified at 30 tons per hour to be consistent with
overall production requirements of about 30% of the total.

For proportioning ingredients, a batch system was selected.
While the cost is slightly more than for continuous volumetric
proportioning, accuracy will be improved. and starting and stop-
ping problems are eliminated. Also, the batch system can be
controlled by the computer based control system and tie-in with
inventory and production record systems much better. The scale
will have a capacity of 3 tons. A small microcluster with volumetric
feeders for minerals and small items is provided. It will be auto-

matically controlled with the main scale.

Drawn ingredients are elevated to about 30 feet above the
first floor with a slow speed elevator that discharges across a scalper
for removing lumps. Next, a stow speed paddle mixer runs for
about a minute to blend ingredients and add molasses. Mixed feed.
then, flows by gravity into a specially designed surge bin above the
molasses feed bagger or onto a belt for loading bulk trucks.

For bagged feed. the layout provides gravity flow after
molasses is added 10 avoid conveyors and material build-up prob-
lems. Spouts and chutes should be kept steeper and larger than
normal and access doors should be provided 10 clean out the spouts.
Depending on the amount of molasses, the belt loading to trucks
will require frequent cleaning. An option, depending on usage,
would be to blend the molasses at the truck loading point. A floor
drain. curb. and hot water are provided for washing the mixer.
spouts, and molasses feed bagger.

Bagging

Initially. 40% of the finished feed is to be bagged. That is
projected to decrease to 30% in 5 vears. Also. molasses. and
pelleted and mash feeds are to be bagged. To handle these require-
ments. a net weighing. automatic bagger is provided for handling
mash, peliets. and some specialty formulas. Many companies find
that good equipment will achieve up to 14 bags per minute with an
accuracy of = 2 oz (2 standard deviations). Also. a special
molasses bagger with cleanout provisions is provided for high
molasses feeds. Automatic sewing machines and sewing belts are
provided for the baggers. The baggers have solid state microproces-
sor controls for accuracy and speed.

Bulk Finished Feed Bins

Sixteen finished feed bins of 3} tons capacity each. or a total
of 480 tons of storage. are provided initially. This is expundable.
The bulk loadout bins are located over the truck loadout driveway,
separate from the main plant, and are filled via gravity flow. A
truck scale under the bins provides for weighing the outbound
trucks.

Warehousing

With the finished product being 40% bagged (decreasing to
30% by the fifth year), plus 4% of the incoming ingredients
received in bags. a relatively large warehouse is required. No size
projections or details were determined for this design. However. it
is anticipated that bag conveying belts would be used for palletizing
and forklifts used for handling pallets — either standard pallets or
minipallets.

Ancillary Facilities

From the fire hazard and housekeeping standpoints. a separ-
ale building is provided for the boiler room and shop. Employee
facilities and plant offices will be located at the end of the ware-
house adjacent to the plant.

' Building and Bins Construction

For the outside storage clusters. steel and slipformed con-
crete were considered. Overall, concrete was - found to be most
cconomical. That resulted mainly from the fact that concrete bins
can be clustered to utilize common walls and provide interstice
bins. That also reduced equipment and spouting costs. Another
factor is that. while steel is relatively cheap for free flowing grains,
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it becornes considerably more costly if it is designed for materials
that normally bridge. such as soybean meal.

For the plant building. steel would be cheaper. However,
consistent with the outside storage construction. durability, main-
tenance. expected life, and appearance, slipform concrete was
chosen.

The design layout includes a plant basement with a dock high
first floor as the main work floor. At the same time, the plant could

be built without a basement excepl for receiving pits. Depending on
subsurface conditions, it could be cheaper. The main disadvantage
is that the work floor is on a third level, about 30 feet above grade.
However. with remotely controlled equipment. microsystem,
freight elevator, and a manlift, that becores less of a factor. In
general. the two approaches should be compared for a specific plant
in light of subsurface conditions, hand-add ingredients. crewing.
and related operating parameters.

50 Ton/Hour Batch Poultry Feed Plant

D. A. McEachin, PE
The T.E. Stivers Organization, inc,

This is a batch type poultry specialty plant designed for high
volume production of a limited number of poultry feed formulas, all
in bulk form. The plant is designed for net production of 50 tons per
hour. two 8-hour shifts per day. This equates as follows:

Ton Per Hour ’ 50
Houwrs Per Day .16
Tons Per Day 800
Tons Per Week 4,000
Tons Per Year 208.000

Future growth is uncertain. However. provision is made for
adding a second mixer. 1t is believed that this provision. together
with the basic plant design, would allow production 10 increase (o
about 75 tons per hour of mixed feed. No special provision is made
for increased pelleting capacity. However, with the advent of larger
pelleting machines. it is expected that one. or both, of the initial 250
hp machines could be replaced with larger 300 or 350 hp machines,

Another alternative for increased production that should be
considered would be the possibility of adding a third shift. For a
modern plant of this nature., a third shift can normatly be handled by
two peaple.

The plant construction would mast likely be slipform con-
crete for the basic tower and outside storage cluster. The plant
design assumes production of mash, pelleted, and crumbled poultry
feeds using a 4-ton mixing system with surge bin. Since the plant is
making a limited number of poultry feed formulas using an auto-
muli_c control system, it can easily handle the 800 tons per day
requirement on two 8-hour shifis.

_ The site plan must take into account many factors including
s17¢ and shape of the property; access by road and rail; contour of
the l‘and; plant. storage. and warehouse requirements (now and in
the futurey: parking for trucks and autos: office space; truck main-
fenance: and other activities that may occur at the site.

. To meet al} of thuse requirements. adequate space must be
Prt'f‘lc_!ed An §-ucre plot with 800 feet of rail siding is considered as
4 minmmum, A betver standard is to have at least 10 acres with 1000
teet of f‘iding. The property usually exists near the edge of a town
where (}re and police protection are available, rail switching is
tonvement. und personnel and other business activities are not far
Femoved.

e \gllir:];tre :! g.re:‘ul many choices in plant layout. Some ol“ihe
-\lrtln‘;cr de\._:re‘ Are compromises where a cuse mulq he madc fora
urcu_c SEn In one arca. offset by a weaker design in another
_Thc liguid storage calls for three 8000-gai. tanks: however,
undlcgc}?l?li :un']h‘f:rlshould be based on thu. number of li.quids
clivc‘-\-. of euchd{"]du‘[} should be ul~|ej'isl 1A times the maximum
; quid. Generally, it is a good idea to provide a

tunk si
h
d
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minimum of (wo fat tanks so that a new load can be tested before
use. Cone bottom fas tanks can be used 10 prevent an accumulation
of sludge.

Liguids are normally stored in steei tanks above ground or
can be in underground steel or concrete tanks located under the
warehouse adjacent 1o the plant. Location will affect the pumping
arrangement and amount of heat required for storage and pumping,
especially for fut. Work tanks can be located in the plant close io the
point of application. In many cases. it is more economical to forego
work tanks and pump directly from the storage tanks.

It can be noted on the layout drawings that the location of
outside storage bins may appear to be too far from the plant
buitding. In this example, extra space was allowed for future bin
expansion. In the final analysis, they would probably be moved
closer to the plant building.

This layout assumes that the office, laboratory, boiier room,
and shop are located at least 30 feet from the plant. Location of
avdilable rail siding is a key factor in the propenty layout. In this
case, there is no need for rail receipt of bagged ingredients, and the
siding does not have to be placed alongside the warehouse.

Electric power and service facilities entering the plant can
usually be made to conform to a reasonable layout, and they have
not been considered further in this planning: although they are vital
factors to the design engineer.

Explanation of Drawings

Receiving. All ingredients are received in bulk quantities
except for the microingredients that amount to less than 1% of the
total. Microingredients are received and stored in bags and emptied
into the bulk microhoppers as required. Up to 4 percent of the
ingredients are liguid and are received by truck.

The easivst bulk materials to receive are liquids and mate-
rials that come in hopper cars. A rail receiving system has been
provided. complete with a rail scale. After rail cars have been
weighed, they are emptied through a series of conveyors, an
elevator. and a scalper to the distribution systems over the bins.
Ratl scales have generally been found profitable in large plants of
this type. both for checking shippers’ weights and for input to
computerized inventory systems.

Bulk ingredients in trucks are unloaded by a truck dumper
with a scale into a hopper where a conveyor takes them 1o a bucket
elevator. Those ingredients are then distributed to the various bing,

Valving is provided between the rail and truck systems so
that either the receiving conveyor or bucket elevator can be used for
receiving ingredients trom both modes of transportation.
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50 TON/HOUR INTEGRATED FEED PLANT

Equipment Legend

. Rait Scale

. Rail Receiving Feeder Screw

. Rait Transfer Conveyor

. Truck Dumper and Scale

. Truck Receiving Feeder Screw

. Receiving Chute Magnets

. Recelving and Transfer Elevators — 150 T.P.H.
. Two Way Vaives

. Receiving Scalpers

. Receiving Distributor No. 1

. Transfer Conveyor

. Receiving Distributor No. 2

13.

Corn Bin Distribution/Spreader Conveyor

14A. Corn Bin — 150,000 Bushel or 4200 Tons
148. Outside Ingredient Corn Bins — 71,500 Bushels or

18,
16.

17
18
19

20,

21
22
23

24,

25

28,
27,

. 28
29
30

CHAp

2000 Tons
8in Feeder Screws and Transfer Conveyors
Two-Way Valve
Hammermill Feeders
Hammermill Magnets
Hammermills — 125 hp
Hammermills’ Discharge Conveyor
Grinding Elevator — 50 TPH
Three-Way Valve
Ingredient Bins
Level Indicators
Ingredient Screw Feeders
Computer Based Control System
Batch Scale No. 1 — 8,000 Ibs
Batch Scale No. 2 — 2,000 [bs
Scales’ Discharge Gates
Future Two-Way Valves

FEY R L

j [Rld: SHOP =Ct
57

50 TON/HOUR INTEGRATED FEED PLANT

A,
32
33.
34.
35.
36.
a7.
38,
39.
40,
41,
42,
43.

44,
45,
46.
47.
48.
49,
50.
51,

Micro Ingredient System — Bins, Feeders and Scale
Mixer No. 1 — Horizontal Ribbon Blender
Future Mixer No. 2

Surge Bin and Discharge Canveyor

Future Surge Bin and Discharge Conveyor
Mash Elevator — 80 TPH

Mash Cleaner — Rotary

Three-Way Valve

Mash Distributor

Pellet Mash Bins

Peltet Mills — 250 hp

Pellet Coolers — Horizontat

Peliet Cooling Air Systems (Cyclones, Fans, Airfocks,
Conveyors, Ducts)

Crumbte Roils

Pellet Elevators — 40 TPH

Fat Coaters

Pellet Distributors

Bulk Finished Feed Bins

Bulk Feed Shuttle Conveyor System

Truck Scale — 10 ft x 80 ft x 80 Ton
Pneumatic Receiving (Pipe, Filter, Valves)

Other Equipment Not lllustrated:

Liquid Storage Tanks (Fat, Choline, Methionine)
Liquid Handling Systems (Pumps, Meters, Valves)
Receiving Dust Control System (Filter, Fan, Ducts)
Grinding Dust Contro! (Filter, Fan, Ducts)

Mixing Dust Control System (Filter, Fan, Ducts)
Boiller

Compressed Air System

N

UL« LLanCyt
| A0 x 2C

070 <t

'
- Wi SEmCusf f YILL TCWER
a0 x

160

SR

SITE =i,

Fig. 5-13. Site plan.
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Storage and Ingredient Bin Design. Approximate amounts
of each ingredient to be stored can only be determined from a
knowledge of the rate of usage of each ingredient. size of loads. and
knowledge of elapsed time between when an ingredient is ordered
and when it is received.

The ingredient usage table shows the development of usage
data to arrive at the number and size of ingredient bins. First. the
ingredients usage was determined from the basic design criteria.
The bin usage table was then prepared to show total ingredient
storage to be provided. An adjustment was made in some of those
values after the bin sizes were finally agreed upon. The actual cubic
feet of storage assigned was converted to tons of storage. based un
the density of the ingredient as shown. Then. the average days of
storage was determined. By dividing the usage in tons per day by
load size. the average loads per day of each ingredient and Lotal
loads per day can be determined.

Grinding. Grinding requirements may be up to 70% of the
total production rate. or 35 tons per hour on an ¥a-inch or "%a-inch
screen. Since this plant is expected 10 preduce 90% of its feed us
broiler pellets or crumbles. most grinding will be fine. Some
limited coarse grind may be requircd to produce nonpelleted breed-
er feeds. A single hammermill is generally not large enough to
handle this requirement. Accordingly, two hammermills were
selected. Less time is required for starting and stopping the mills.
since they grind for longer periods with fewer screen changes
required. There is some safety factor if one mill breaks down.

Hammermills were selected because a finer grind is required
for the pelleted feed. Roller mills are not used as frequently for
finely ground materials. Attrition mills were not considered.

Barch Weighing. Ingredients have been classified as major.
minor. or micro according to the relative quantity generally re-
quired for a feed. Small quantities are difficult 10 accurately weigh
an a large scale. For this reason, three scales have been provided: an
8000-1b scale for major ingredients, a 2000-1b scale for minot
ingredients, and a 100-1b scale for microingredients. The major
scale will handle the principal ingredients of corn, soybean meal.
protein meals. and by-products. The 2000-1b scale can handle the
minerals plus, possibly. some specialty protein products.

Microingredients. This design example includes an auto-
matic bulk microingredient system. It does add to the initial cost ot
the plant: however, it provides better quality control. reduces labor,
eliminates plant time for making premixes. and improves record
keeping. Many poultry feed plant owners have found that i
advantages make it a desirable and feasible option.

Mixing. One 4-ton mixer with surge bin was selected with
provisions for a future 4-ton mixer. Mixing time is expected ¢
require Y2 minute to charge the mixer from scale hoppers. 2
minutes mix time, and a maximum of %2 minute to discharge the
mixer into the surge bin. A 4-minutc mix cyclé provides {or a gross
output of 15 batches per hour. or 60 tons per hour. The nel
production is expected to be 50 tons per hour on a continuous basis.

Provision is made for adding liguids. including low levels of
fat (up 10 196} in the mixer. Provision is also made for adding 1we
other liquids — choline chioride and methionine. Some pouliry
plants utilize even more liguids. From the mixers. the feed is
elevated to a distributor serving the pellet mush bins over the pellel
mills. It also spouts to the bulk load-out bins.

Pelleting. Ninety percent production of pellets and crumbles
requires two pellet mills. Two mash bins serve each of the mills.
The petlets drop into a cooler directly under the mills. Crumble rolls
are installed ut the cooler discharge. Pellets and crumbles are
elevated (o the top of the mill as a finished feed. Most pouitry mills
serving integrated operations do not screen pellets and crumbles.

At the end of a run and after the cooter has been switched 1¢

SECTION Hl, PLANT FEASIBILITY, DESIGN, AND CONSTRUCTION
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AR

Fig. 5-20. Bin deck plan (30'x70’).

manual continuous running to empty. special provision must be
taken o prevent cross-contamination. If conveying is required,
usually a drug type conveyor rather than a screw conveyor is used
ior horizontal conveying of pellets to minimize breakage and
contamination.

Buik Loadout. Ten bulk feed bins have been provided and
are located over a driveway for bulk feed trucks. The two buik feed
distributors are spouted to eight bins each. That provides for six
bins to receive pellets ot crumbles from either pellet mill. Total
Storuge is approximately 1000 (ons. or about { Y4 days production.

Airgates on the bulk feed bins. a collecting conveyor, and a
shuttle conveyor have been provided for bulk feed loadout. A truck
scale is also located in the truck drive under the bins. This feature.
together with the shuttle conveyor, will allow a truck 10 be fully
Youded from one spotting and weighed by compartment loads.

' High Far Pellers, An automatic fat coater with surge bin,
iced_er. and blender is provided for adding up to 7% fat 1o the
outside of the pellets and crumbles. The feeder will meter the
pellets or crumbles at a constant rate. A variable speed fat pump and
a fat meter control the rate of fat to suit the desired level. No by-pass
around the fat couter is shown. This is a detail that could be added.
or the fat coater could run without fat being added. Most poultry

feed p]an_ts will always add some fat to pellets and crumbles,
although it may be only about VA%,

CHAPTER 5, FEED PLANT LAYOUT AND DESIGN

Warehouse. The warehouse should be sized for storage of
drugs and other bagged microingredients.

Auxiliary Systems. Generally. auxiliary equipment and
systems get less attention than process equipment. Inadequate
auxiliaries can cause the best of processing equipmem o fail 10
meet their rated performance. For example. an adequaie supply of
dry steam is required to produce a high quality pellet on any pelle
mill. Therefore. the correct size boiler and a well-designed steam
disiribution system are mandatory,

Dust Control. Dust conirol will be required to meet the
requirements of the Environmemal Protection Agency and state and
local authorities having such jurisdiction. The design of dust
control systems is covered in the publication “ Environmental
Controls for Feed Manufacturing and Grain Handling™” published
by the American Feed Industry Association.

Ample space has been provided in this design w install
adequale dust contro] technigues,

Conrol Sysiems, Details were bevond the scope of this
design example. However. a wide range of microprocessor (com-
puter} based systems are availuble for automatic batching. inven-
tory and record keeping. production records. routing. and pellet-
ing. It is expected that an appropriste systern would be specified to
enhance the basic design capabilities and functions of this feed
plant.
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" Table 5-2. INGREDIENT USAGE AND STORAGE OF 50 TON/HOUR INTEGRATED POULTRY PLANT.

Max. Min.
Load Storage
Lbs. Per Usage Size Desired Storage Provided
Ingredient Cu, Ft. % TPD (Tons) (Days) Tons Days
Corn 45 62 496 500 10 5380 1"
Soybean Meal 42 17 136 80 4 550 4
Poultry By-Product Meal 35 4.5 36 22 6 270 8
Bakery By-Product 40 3.5 28 20 6 240 9t
Gluten Meal 36 3 24 90 5 480 201
Fish Meal 44 3 24 22 5 120 5
Meat & Bone Meal 45 15 12 22 4 50 4
Blood Meal 45 0.5 4 20 6 50 130
Phosphate 70 1 8 90 5 2807 3gura
Limestone : 85 04 3.2 22 5 40 17
Salt 80 0.1 0.8 22 5 35 44
Liquids - a1 24.8 20
Micros ) _ 0.4 3.2 -
Total 100.0 800.0

Y Storage Provided was controlled by load size, resulting in more days storage than minimum desired.
@ Two types of phosphate to be handled.

@ Excess storage. but controlied by bin space allocation and bin splits.
5 Car Multi.

Table 5-3. INGREDIENT BIN ALLOCATION 50 TON/HOUR
INTEGRATED POULTRY PLANT.

Outside Bins  Inside Bins Total
Ingredient {Tons) (Tons) (Tons)
Corn 5200 180 5380
Soybean Meal 450 100 550
Poultry
By-Product Meal 0 270 270
Bakery By-Product 0 240 240
Gluten Meal 400 80 480
Fish Meal 0 120 120
Meat and
Bone Meal 0 50 50
Blood Meal 0 50 50
Phosphate 0 280 280
Limestone 0 40 40
Salt 0 . 35 35
Utility 125 240 365
Total" 6175 1685 7860

% Excludes Liquids and Micros

58 SECTION I, PLANT FEASIBILITY, DESIGN., AND CONSTRUCTIt
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Chapter 13

Dust Collection Systems

Gary L. McDanial
MAC Equipment, Inc.

A dust collection system serves many purposes. Good
housekeeping in conjunction with proper dust contro! will reduce
insect and rodent problems and other hazardous contaminants. The
benefits of clean working conditions will outweigh the costs in the
long run because the employer will maintain a more experienced,
efficient staff and will be able to meet the requirements of OSHA
much easier.

Good housekeeping could aiso result in a Jower insurance
tate. The insurance rate is determined by the general housekeeping
and appearance of a facility, and some companies will give a lower
rate for the installation of an adequate dust control system. If a plant
has un adequate dust control system. housekeeping will be ac-
complished with less effort and fewer man hours spent. Some
insurance companies will not insure facilities that do not have
pneumatic dust control systems that meet their standards.

Bust control can reduce loss or shrinkage of the product
being handied by contralling dust emission points either by con-
tainment of aspiration. Captured dust can be returned to the stock
handling system or collected in a dust bin and utilized later.
Reduced shrinkage can add to the profit of a company.

Many studies have been conducied and information has been
gathered on dust explosions in elevators and feed planis.

What causes a dust explosion? A grain dust explosion can
occur only if four factors co-exist: oxygen, an ignition source, a
confined volume. and suspended dust. Eliminating any one of the
factors will eliminate the possibility of explosion: however, this is
easier said than done. Since the first three factors are somewhat
uncantrollable. researchers and manufacturers look toward dust
conwrol to lower the chances of dust explosions, For a general

deftnition of terms applied to dust collection systems. see Appendix
A

DUST PRODUCING POINTS

Dust producing points in a typical feed plant include the
receiving areas, hammermills, roller milis and crimpers. mixing
system. elevator legs and distributors. screw and drap conveyors,
belt conveyors, pellet scalpers, baggers. and loadout areas.

TOTAL ENCLOSURE
e

OPTION
o

N

Receiving Area

Truck and rail receiving areas are a source of dust emissions
in the feed plant. Since many receiving areas are not fully enclosed,
fugitive and nuisance dust results. Controlling dust in receiving
areas is difficult because of the variety of trucks and rail vehicles.
Trucks consist of semitrailers with fixed bodies. semitrailers with
self-dumping bodies, short trucks with both fixed and self-dumping
bodies. and hopper bottom trailers. Railcars consist of hopper
bottom cars and box cars. It is difficult to design a receiving areato
accommodate all units.

Most feed plants have some type of receiving pitos dump pit.
It may be enclosed. partially enclosed. or totally enclosed. Ifitis an
unenclosed area. the effect of wind, a major contributing factor 1o
dust problems in receiving areas, must be taken into account. Wind
can be of a magnitude that is impractical to combat with a dust
suction system. Capture velocities in the range of 150 to 250 ft/min
function adequately under static conditions. However, as can be
noted from the following chart. a 10-mile per hour wind is equiv-
alent to a velocity of 880 fumin.

Wind (mi/h) Velocity
5 440
[0 880
20 1760
30 2640

It is not practical to capture dust with a dust suction system in
a receiving area if the wind is of any magnitude at all. Wind should
not be fought with air. It is advised that all receiving areas have
some type of enclosure. The feed plant operator must give con-
sideration to some type of enclosure for dust suction to be effective
(Figure 13-1). A partial enclosure can be effective in areas of
limited or smali wind velocities. A 1otal enclosure is the best
choice. Total enclosure will ensure the feed plant operator of an
adequate, efficient dust control system under all conditions, '

There are two methods of controlling dust at a receiving pit.
Dust pickup below the grate is effective on large deep pits, whereas
dust pickup above the grate is recommended for shallow pits.
Suction below the grate works well onr large pits in which the

3-SIDED ENCLOSURE
et =

DOOR
j / OPTIONAL

Bi-FOLDING DOCR

OR ROLL-UP

DUMP PIT '/v

\A‘ DUMP PIT

Fig. 13-1. Receiving enclosure.
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i GRATE

/’ FLOOKR OR COVERED GRATE

c N

p !
n | e suCTION TO DUST
FILTEN 3YSTEM

I A

DUMP MIT

STATIONARY BAFFLE TQ
PROTECT ASPIAATION AREA
AND PREVENT JUCTION OF
FEED INGREDIENTE INTO
SYSTEM

CONYEYOR

Fig. 13-2. Below grate dump pit dust pickup.

ingredients do not build up above grate level when dumping (Figure
13-2}. Suction should be installed into the pit area where it will not
draw ingredients into the dust system. This possibility can be
reduced by installing a stationary baffle to provide an area in the
dump pit into which the ingredients cannot flow. When sizing a
system for below the grate pickup. 150 cfm per square foot of open
grate area is recommended. For example, if the grate is 10 ft by 10
ft. the flow rate recommended is:

100 sq ft x 150 cfm/sq ft = 15,000 cfm

The flow rate can be reduced by installing baffles below the grate.
reducing the effective open area. The open area can be reduced 50
to 60% with baffles and still maintain adequate openings for
ingredient flow. If, in the example above, baffles are installed to
reduce the open area by 50%, the air volume can be reduced to
7.500 cfm.

For shallow pits (Figure 13-3), the pickup points should be
located at floor level on both sides of the driveway or. in the case of
a back-up dump pit, can be located at the back of the grate. The

i P Z A A

B Y T, W, W
o,
M l
Zz
2
EE]
35
t.gz
S
“o
m
e
-
H

DOOR OPENING

+ PICK UP DUCT -
/- LOCATE BOTH SIDES
I OF DRIVEWAY

N N, W W, Y

S —
— - e —

Lﬁ.\.\ pum TIICI I I I IS -— NN

ORATE

DUMP PIT

R
CONVEYOR

Fig. 13-3. Above grate dump pit dust pickup.
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pickup hoods should be located as close to the grate as possib
without obstructing the trucks or railcars. It is recommended th
the system be designed for 10,000 to 15,000 c¢fm air volume. Th
must be a judgment decision on the part of the designer. givii
consideration to the type of enclosure, how close the pickup poin
are to the grate, how large the grate is, and what type of vehicle
dumping. A hopper dump vehicle does not generate as much dust:
a tail dump.

Hopper dump units generate the least amount of dust if 1}
gate is fully opened and the dump pit is choke fed. Do not run -
partially open gate. If the unit is choke fed, the only dust emissios
are when the gate is initialiy opened (Figure 13-4). An above-th:
grate pickup is effective in controlling dust for hopper dump trucl

or railcars.
HOP!EH

HOPPER

BL... QATE PARTIALLY OPEN L) . GATEFULL OF
£ CHOKE FED
[ : A -'l . b

DUMP PIT T

COMVEYQR CONVEYQR

Fig. 13-4. Hopper dump.

Itis recommended that aspiration be applied on a floor dum
above the grate (Figure 13-5). For practical purposes, a below-the
grate pickup would inhale material into the pickup point. To t
effective with a minimum amount of air, it is necessary to enclos
as much of the grate as possible. Three sides should be enclosed
possible. For an above-the-grate pickup, use 1250 200 cfm of a
per square foot of grate area. For example, a grate 2 fi by 2 ft woul
equal 4 square feet of area. Therefore;

4 sq ft x 150 cfm/sq ft = 600 cfm

To use the air most effectively, a pickup should be as close to th
grate as possible at the back side of the hood: however, anothe
method that has been used frequently is to install the pickup point ;
the top of the hood (Figure 13-6). Positioning the pickup at the to

* SUCTION
AIR VOLUME CONNECTION

125 . 200 CFM PER
SQ. FT, OF GRATE

I

o

L

-

SN
D J L
P . o

Fig. 13-5. Floor dump.
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HOTES:

1.] DIMENSIONS:
HEIGHT OF OPENING - 30" OR LESS
DEPTH - FULL WIDTH OF FLOOR OPEN.
ING ON MORE
LENGTH . FULL LENGTH OF FLOOR
OPENING OR MORE
2. AIA VOLUME:
100 CFM FOM EACH SGUARE FODT OF
FRADHT OPENING
3. TAKEN FRGM MILL MUTUAL FIRE
PREVENTION BUREAU

Fig. 13-6. Standard hood for floor dump opening.

of the hood, however, tends to use more ¢fm per square foot of grate
as opposed to positioning it at the back side of the hood, as close to
the grate as possible.

Conveying Equipment

Elevator legs and distributors deserve considerable attention
because it is at this point where much controversy arises. The
controversy is created by the fact that the elevator leg has been the
origination of almost all dust explosions in the past years. There are
twao points to deal with on an elevator leg — the boot and the head.
There are 1wo reasons why internal pressure is created within an
elevator boot. When the elevator boot is being filled with in-
gredients, air is displaced. Also, the movement of the cups in the
down side of the leg are acting as an air pump causing air movement
into the boot section.

At the eievator head, the emptying of the buckets tends to
cause a reduction of air pressure within the head section. Under
normal conditions. pressures within the elevator head tend to be
slightly below atmospheric: however, other factors may affect the
head section. If the head discharges through a spout to a tight bin or
distributor, the air displaced in the distributor will have to come
back up the spout in the direction opposite to that of the ingredient
movement, The counterflow of air will carry a considerable volume
of dust back into the elevator heads resulting in puffs of dust laden
air being blown out of the openings of the head section. That
problem can be eliminated by applying aspiration on the up leg
above the boot section and by proper venting of bins and
distributor.

Past practice has been to place the prime air pickup point on
top of the boot and side of the head. This provides enough suction to
keep the leg under negative pressure. One of the problems with that
type of thinking was that the leg was probably still well abave the
mlni;num explosive limit. In addition, the designer was also fight-
Ing the natural movement of air created by the belt and buckets plus
the pressure from the entrained air entering through the feed inlet
and, thus, was probably creating a greater dust concentration in the
leg where the buckets are being filled and exiting the boot section.

MAC Equipment has conducted research on elevators and
h_aS concluded that the most efficient use of aspiration is on the up
side of the leg above the boot section as opposed to the wp of the
boot. Those studies also concluded that, with increased aspiration,

CHAPTER 13, DUST COLLECTION SYSTEMS

- 3UCTION

ELEVATOR HEAD

- SUCTION
CONNECTION -

SUCTION CONNECTION ON
DISTRIBUTOR OPTIONAL QR
PER MANUFACTURER'S
AECOMMENDATIONS

- SUETION CONNECTION .
1 AR VOLUME w 20 TIMES
VOLUME OF INCOMING

CONNECTION -
% OF CALCULATED
AR VOQLUME

ELEVATOR BGOT

Fig. 13-7. Elevator leg.

the dust concentration is lowered. When applying this method to a
feed ingredient leg. care must be taken not to draw too high a
percentage of ingredients from the leg (Figure 13-7).

In fact, tests on legs handling whole grain prove that dusi
concentrations can be reduced below the mintmum explosive limit
by using this simple formula to determine cfm:

Area of leg « ft/min of

x 1.25 = mMinimum
in sq ft beit travel

explosive limit

For example:

4 sq ft x 500 ft/min x 1.25 = 2500 cfm

MAC’s recommendation is to apply one-third of the total cfm to the
head section if the leg is over 90 fi tall and two-thirds to the boot
area. specifically. 10 the up side of the leg above the boot section.

Generally speaking. screw and drag conveyors do not pro-
duce great amounts of dust; however, even a minimal amount of
dust should be given consideration. Most of the dust is produced at
the inlet point where the ingredients are fed onto the conveyor. Air
and dust enters the housing of the conveyor: therefore. the housing
must be vented to relieve the internal pressure. MAC also re-
commends using the volume of the incoming ingredients times 20
to determine ¢fm. since the air entrained with the flowing in-
gredients is considerably more than most people believe it to be.
For example, a conveyor handling 15 tons per hour calculates to:

12.5 ¢fm x 20 = 250 c¢fm

Belt conveyors produce dust at the Joading point where the
product is spouted onto the belt (Figure 13-8). A common hood can
be provided for receiving the product and for a dust suction
connection. The design of the hood is somewhat dependent on belt
speed. Assuming a belt speed of 500 to 600 fizmin. a total length of
4 fiis recommended. The discharge end of the hood should provide
approximately 3 in. clearance above the belt for the product to pass.
The sides of the hood should be fitted with flexible flashing to hold
the minimum clearance 1o the belt. Use 250 10 350 ¢fm per foot of
belt width. The ¢fm is dependent on the belt speed. The faster the
belt runs, the more cfm that is required to capture the dust.
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Fig. 13-8. Belt conveyor.

Belt speeds below 500 ft/min may use the low range: but for
belt speeds above 500 {t/min. the high range is recommended. For
example. a 2 ft wide belt would equal two times 350 ¢fm or 700
cfm. As the ingredients are discharged from the discharge end of
the belt. dust will distribute itself around the general area. In
addition. dust and ingredient particles adhere to the belt after the
ingredient is discharged, and they are carried around the head
pulley of the conveyor. When building a discharge dust hood,
enclose the discharge end of the conveyor and extend past the
centerline of the head pulley by a minimum of 6 in. A suction hood
should be installed on top of the discharge hood using the same cfm
per belt width as above.

Storage — Venting of Bins

It is commonly understood that a bin being filled from a
gravity flow feed spoul requires venting. The area that is not totally
understood is that of determining how much air must be removed
from such bins.

Many designers allow for the volume of air displaced by the
incoming product, but very few allow for the entrained air in the
material column. The entrained air volume must be considered in
the design if adequate and effective venting is to be accomplished.

The desired design parameter is to remove all the incoming
{entrained) air and. in addition, maintain the bin at a slightly
negative pressure. This will assure that the direction of air flow is
into the bin at all times and will effectively eliminate dusting from
it

To determine the amount of entrained air within a vertical
column of falling material. the formula in Table 13-1 can be
applied. For example, a 6 in. diameter spout of 0.196 sq ft and 5 fi
long is transferring 20.000 Ibsthr of cracked com at 56 lbs/cu ft and
the particle size is e in.

This formula tzkes into account the energy given up by the
falling material that generates the entrained air as applied to a
vertical falling stream. That volurne can be reduced to the following
for inclined spouts.

90° spout = 100%
BO® spout = 91%
70° spout = 82%
60° spout = 65%
50° spout = 49%

For all additional open areas on the bin deck. design the
incoming air velocity at a minimum of 100 ftymin. The bin shown in
Figure 13-9 can be vented in one of four methods or variations of
them.
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Table 13-1. ENTRAINED AIR WITHIN A VERTICAL COLUMN OF
FALLING MATERIAL.

s/ (5hs) (87) (c?) (™)

(%) [% (3.05x10%) ]

CFM =

Where:
A = Material flow in pounds per hour
B = Effective length of spout in ft
C = Spout area In square feet
D = Material density in pounds per sq it
E = Material particle size in inches
EXAMPLE —

s (%;—%)(52)(&572)(.21:10”)

(22 [4Z (sosx0® )]

CFM =

305 CFM to be vented from bin

/

" 1
|m
.v

A

-

Fig. 13-9. Venting of bins.
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1. An open vent stub with only a weatherhood for protection.
There is litile that needs to be said for this system. It relieves
the positive pressure and relieves all the fines to the at-
mosphere. This is not an acceptable method for most users
from a standpoint of their own housecleaning. from neigh-
bors, or from OSHA accepiance.
A vent line from the enclosed bin to an existing dust col-
lection system. This appears to be a simple solution, but it
usually fails to be acceptable in the long term. The major
disadvantage is. if the vent line is applied as illustrated, it
will remove all vented air from the bin but maintain 2 high
volume of air through the duct at all times, whether the bin is
being filled or not.

3. A manually cleaned vent sock. This system often does not
climinate dusting. The spout entry to the bin and the bin deck
must be sealed, as the bin is always under positive pressure.
The cleaner the bag, the better the venting action. The longer
the bag goes unaitended. the greater the positive pressure
within the bin and the more likely that dusting will occur.
Mannally cleaned vent socks should be sized at 4:1 air-to-
cloth.

4. A compressed air filter with a suction fan, Its ability to self
clean and maintain the bin under a slightly negative pressure
provides the desired design condition and makes it the most
effective method. Sizing the filter is typically at 10:1 air-to-
cloth ratio for feed grains without additives that are adhesive
or cohesive. With those additives present. the air-to-cloth
ratto should be decreased to 8:1. The suction fan should be
sized at the design cfm and a negative 5-in. water gauge
(wg). This is a closed system that returns all dust to the bin it
came from with no material loss.

(3% )

Cleaning Equipment

By the rime feed gets to the pellet scalper. there is usually
very little dust left (Figure 13-10). However, the pellet scalper
shakes the ingredients, separating the fines from the pellets. Any

" dust that is present mushrooms out into the surrounding area. It is

recommended that a lightweight hood be built over the peliet
scalpet, It should be light enough in weight so that it does not affect

SUCTION
COMMECTION

AR VOLUME
200-250 CFM/S0, FT. THROUGH
HOOD QPENING, BYT NOT LESS
THAN S0 CFMI50. FT. DF SCREEN

FLExXIBLE CONNECTION

Fig. 13-10. Pellet scalper.
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the shaking action of the unit, and a flexible hose is required to
compensate for the movement. Cfin can be determined by the open
area available through the scalper mechanism. This is usually the
product inlet area and the product discharge. Use of 250 cfm per
square foot of open area is recommended. For example. if the
scalper hasa [2in. square inlet and a 12 in. square outlet, that gives
a total of 2 square feet. Therefore.

250 cfm/sq ft x 2 sq ft = 500 cfm

Processing Equipment

The processing equipment used in a feed plant includes full
circle and/or conventional hammermills, a mixing system, roller
mills, crimpers, pellet mills, and coolers, CAUTION: Probably the
most hazardous piece of equipment in the feed plant is the hammer-
mill because of its high speed. It has the potential of producing
sparks from foreign objects. Those sparks carry through the stock
handling system and start fires or are potential dust explosion
hazards. When designing a new feed plant, consideration should be
given to locating the hammermill outside.

B
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Fig. 13-11. Full circle hammermili.

Full circle hammermills should be vented {Figure 13-11).
First, the rotor of a mill turning at high speeds produces s cen-
wrifugal fan action. pressurizing the hammermill housing. Venting
will help alleviate dust belching out of the housing inlei. outler. or
any opening. Secondiy. when grinding graim. there is 4 moisture
release and temperature increase due to friction. If the air is not
vented, moisture will condense in the lower portion of the mill
housing and the convevor to cause rusting and corrosion. In
addition, it s possible for the temperature to build up around 150°F
in the housing. The combination of temperature with condensed
moisture causes the product to become very sticky and handling
problems result, It is recommended that 7% 10 10 cfm per hammer-
mill hp be used for venting a full circle mill. For example. a 100 hp
mill would take $00 times 10 ¢fm or 1000 cfm. Because of the high
moisture released and assuming a filter is being used. a 70° hopper
on the filter is recornmended to eliminate bridging and plugging.

Emissions from the air lift of a conventional hammermill
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Fig. 13-12. Conventional hammermill — primary fiter system.

may be handled in two ways. A primary filter receiver (Figure
13-12) with a tangential inlet will handle the greatest volume of
stock. An airlock for discharge of the hopper must be sized to
accommodate the maximum output of each hammermill.

Emissions can aiso be controlled by a primary-secondary
system (Figure 13-13). In a primary-secondary system, a cyclone is
used as the primary receiver and a filter as the secondary receiver.
An airlock must be installed on the primary cyclone with the air
flow taken to the filter receiver. The advantage of the primary-
secondary system is that wear is on the cyclone, which is less
expensive to maintain than the filter receiver. To offset the ad-
ditional static pressure of the filter, a booster fan may be needed.
Filter resistance will run 3 10 5 in. wg on property applied filters. If
a booster fan is added, consideration may be given to incorporating
it as the main airlift fan and removing the material handling fan
from the hammermill.

-
$SECONDARY FILTER
PRIMARY CYCLONE
= 4
/ OPTIONAL BOOSTER
FAN -
| o
IF SYSTEM IS PROPERLY
DESIGHED, IT MAY SERVE AlRLDCK

ALLOWING REMOVAL OF
THE MATERIAL HANDLING

n A5 THE MAIK AIR-LIFT FAN,
9
FaMN ON THE HAMMERMILL

AIALOCK

}

‘ HAMMERMILL

Fig. 13-13. Conventional hammermill — primary secondary
system.

When sizing a filter for a hammermill system, a maximum of
9:1 air-to-cloth ratio is suggested. The hammermill system must be
surveyed (o determine the proper cfm of air.

The mixing system in a feed plant usually includes an upper
scale hopper. batch mixer, and surge bin (Figure 13-14). Filling the
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Fig. 13-14. Mixing system.

scale hopper with material tends to create internal pressure in the
scale as well as when material is dropped from the mixer into the
surge hopper. Internal pressure in all of these units causes dust
laden air to blow out around gates and through openings causing
dust conditions in the vicinity of the mixing equipment. Intemal
pressures can be relieved effectively by means of a by-pass duct
connected to the dust control system. From the duct. a suction
connection will be effective in further reducing the escape of dust
from the mixing equipment. For example, a 2-ton mixing system
will use a 7-in. diameter pickup duct in combination with a 10-in.
by-pass duct for a velecity of 4000 fpm (minimum air velocity
required to move the particulates in the air stream} or 1060 cfm.

A roller mill that is producing steam flaked grain will not
produce much dust: however, a dry roller mill has many dust
producing points. There are two means of controlling the emitted
dust, First, aspiration of the housing can be effective with con-
sideration given to the size of the roller mill. A minimum of 400
cfm and 2 maximum of 1000 cfm would generally be adequate to
aspirate the housing. Another commonly used method is an exterior
hood. It should be designed to adequately cover the dust producing
points and to fit as closely as possible to the roller mill. The face
area of the hood times 200 1o 250 cfm is required. If the face area of
the hood is 2 ft by 2 ft, then:

4 sq ft x 250 cfm/sq ft = 1000 c¢fm/sq ft

Bagging and Packing Equipment

Dust is generated at several points in the bagging system
{Figure 13-15): as the bag is being filled. at the sewing head. and as
the bag is pulled to go through the sewing machine. Building hoods
that will enclose the unit enough to achieve total dust control are
impossible because the operator would be visually handicapped.
The other option is to use a large volume of air.

SECTION HI, BULK MATERIALS HANDLING AND STORAGE
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Fig. 13-15. Bagging and packing equipment.

Three pickup air volume points are mandatory with a fourth
highty recommended. A pickup at both sides of the bag clamps just
above the bags will capture dust escaping from the bags. A suction
connection on the bagging hopper tends to hoid the dust in suspen-
sion inside the unit after the filled bag is released. Those three
points will control 85% of the dust created by the bagging opera-
tion: however. a fourth point is recommended. [t shouid be installed
Just prior to the sewing head to capture the dust that is exhausted
from the bags as the bag enters the sewing head.

There is no specific rule of thumb for determining the cfm on
a bagging unit. The following recommendation has proven to be
practical and satisfactory. For the first two pickup points, use a
4-In, diameter duct with 350 cfm on each: point No. 3 uses a 3-in.
diameter duct with 200, ¢fm and the total for the three points is 900
cfm, I a fourth pickup point is added, use a 5-in. duct with 500
cfm.

Now that the pickup points have been defined and proper
cfm has been determined for each. a dust filter(s) can be selected.

Collected dust can be reused or disposed of depending on the
content.

Loadout Area

Numerous attempts have been made with dust control
Systems (rying to aspirate loadout areas. Large volumes of air are
required due to the variety of truck heights, types. and styles. It is
difficult to design a system that will accommodate all units. Only a
small percentage of dust control systems installed in joadout areas
have actually accomplished what the feed plant operator intended.

For controlling emissions at the loadout area. a total enclos-
ure of the area with doors at both ends should be considered and
socks should be antached 1o all spouts to eliminate or reduce free
fall. Total enclosuse. in comjunction with the socks. would contain
the dust within the loadout area although frequent housekeeping

CHAPTER 13. DUST COLLECTION SYSTEMS

would be required. A pneumatic dust control system could be
applied 10 the enclosure to further control fugitive dust,

To keep the area relatively dust free, the dust control system
must be designed so that the air within the enclosure turns every 2
minutes or a minimum of 10,000 cfm. To be most effective, the
pickup points should be located at floor level. Many designers
make the mistake of placing the pickups at the top of the structure.
Dust settting to the floor is easier to capture at floor level than trying
to draw it up and into the system. The same volume of air will be
more effective at floor level. .

For further information. particularly dealing with high vol-
ume loadout, it is recommended that the designer obtain the
manual, “*Dust Control for Grain Elevators,” from the National
Grain and Feed Association, Washington, D.C., and read the
chapter “*Minimizing Dust Emissions During Truck and Rail Load-
out.”” There are also many other good design practices outlined in
the manual.

DUST COLLECTING DEVICES

There are several basic types of dust control systems. A
negative pressure system includes all components handling dust-
ladened air under negative pressure. The advantages of this system
are that any air leakage of dusi-ladened air from old or damaged
ducting does not produce a dust emission point. One fan drives the
entire system, which normally reduces istallation, equipment, and
encrgy costs. However. a negative pressure system can be dis-
advantageous where systems are large and pulling air from many
poiats through the plant. All must operate if any are needed.

The second type of dust control system is the negative-
positive pressure combination system. This system utilizes nega-
tive pressure to capiure the dusi-ladened air at the pickup hood and
into the ducting but then passes through the fan and is blown by
positive pressure into the filter. The advantages include the adapt-
ability of this system where multiple pickup points are required
with intermittant operations. This method lends itself 1o the future
expansion of a dust system into existing bag houses. However,
installations and equipment costs may be greater. and maintenance
is higher because of fan wheel wear.

Fans

Typicai dust conirol equipment includes fans. cyclones, and
baghouse filters. There are two styles of fans used in these systems.
The basic design difference is in the fan wheel. The backward
inclined fan with wheels (BI) must be used in a clean air stream,
limiting it to a negative pressure system. It is the more energy
efficient fan style, as it will move more cfm of air per hp than does
the straight bladed fan. Straight bladed fans with wheels are capable
of operating in a dust-ladened air stream because of their self-
cleaning tendencies. Because these wheels self-clean. they do not
(under normal operating conditions) deveiop an uneven dust build-
up on the fan wheel to cause an out-of-balance condition.

Baghouse filters are units in which dust is removed from the
air stream by retention in or on a porous {abric filer bag through
which the air flows. Fabric filters have the advamage of being a
positive collector. That is. the filter mediais positioned between the
dust ladened air and the clean air plenum and forms a barrier to
prevent the escape of dust. Because of this arrangement. and with
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the proper filter media selection, efficiencies of 99.8% can be
achieved, '

There are three basic types of filters used in the feed
industry.

® Low pressure, high volume reverse air cleaning filters are
commonly used. Because they clean with low pressure air,
internally mounted fans provide all cleaning air needed.
There are no compressors, no air lines to freeze in cold
weather, and no valves or mechanical flaps to fail. These
units are ideal for cleaning where high humidity and freezing
conditions are common. They also lend themselves to out-
side locations.

®  High pressure compressed air, commonly called Reverse
Pulse. filters are also used. The cleaning action of the bags is
accomplished by the use of compressed air. The filters have a
compressed air header that stores high pressure air until the
control panel timer electrically fires (or discharges) one row
of bags at a time and cleans each row in the unit on an
adjustable time basis.

®  Shaker filters are designed for low maintenance and are used
when no compressed air is available. A rocking arm shaker
mechanism accomplishes bag cleaning and can be either

manually operated or motor driven. Snap band bag removal
from the wbe sheet is quick and easy while assuring a
positive bag seal. There are two major disadvantages of the
shaker filter. First, it is not a continuous filtering unit, since
the air flow must be shut off during the cleaning operation,
and second, the air-to-cloth ratio must be held to a maximum
of 4:1.

Cyclone Collectors

There are many styles of cyclone collectors. Many are very
good collectors. but all are limited to features that affect their
efficiency and capability: collector bedy diameter. air inlet velo-
city, dust loading, particle size, and particle density. The proper
application for a centrifugal cellector is one which can be precisely
defined and controlled so that performance can be maintained.
Examples of this type of system would be pellet coolers. petfood
dryers, and other high temperature, high moisture, low dust loading
applications. Field test results that indicate high efficiency (no
visible emission) from this type system can be obtained from most
knowledgeable manufacturers (Table 13-2).

Table 13-2. EFFICIENCY CHART FROM FIELD TEST H. E. COLLECTORS.

MODEL TYPE OPTIMUM ACTUAL OUTLET EMISSION-- MASS EMISSIONS FIELD
PRODUCT AIRFLOW AIR FLOW TEMPERATURE GRAINS PER EFFICIENCY SOURCE TEST
1000 CU.FT. LOCATION
Pelleted 14250 14111 " Calitornia Land-O-Lakes
e 2H36 Cattle CFM CFM 86* .052 99.97% Pallet Clarence,
Feed Cooler lowa
* 2H3% Extruded 15400 15484 152° 446 99.3% Waenger Tufly's
Pettood CFM CFM Dryer Perham,
7TTPH Minn.
* 2H43 Extruded 20250 19957 154° 341 93.67% Wenger Tufty's
Cat Food CFM CFM Dryer Parham,
6% TPH Minn.
* 2H4Y Extruded 23624 13882 204° .420 B3% Proctor- Pork
Dog Food ' ' ' Schwartz Foods
7TPH Dryer K.C. KS.

Itis very important to maintain the recommended air flow. This installation was 41% below the optimum air flow causing the much reduced mass

elliciency.

Itis important to note that none of the above tests had any visible emissions.

MODEL TYPE OPTIMUM ACTUAL OUTLET EMISSION-- ALLOWABLE EMISSIONS FIELD
PRODUCT AIRFLOW AIR FLOW TEMPERATURE Ibs/hr. EMISSIONS SOURCE TEST
tbs./hr, LOCATION

** 2H43 Spent 20250 15160 190° 3.385 18.030 Rotary Midwaest Sclvents
Grain CFM CFM Atchison, KS,
Dryer

** 2H43 Spent 20250 16200 190° 1.310 18.030 Rotary Midwest Sclvents
Grain CFM CFM Atchison, KS.
Dryer

** aHar7 Spent 47240 37620 190° 3.115 39.760 Rotary ° Midwest Sotvents
Grain CFM CFM Atchison, KS,
Dryer

* Test Conducted by Dr. Jason Annis, K.S.U.

** Test Conducted by Midwaes! Solvents under observation of Kansas Air Environmental Healfth Division

*** Test Conducted by MAC Equipment Engineering Department

MAC EGUIPMENT, INC., Box 205, Sabetha, Kansas 66534
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Duct Design

Proper duct design is mandatory 1o ensure correct ventila-
tion. All ducting should be galvanized and in accordance with the
following standards:

Size {in.) Pipe Elbows

0- 8 22 Gauge 20 Gauge

B - 15 20 Gauge i8 Gauge

16 - 25 18 Gauge 16 Gauge

25% - up 16 Gauge 14 Gauge
All ducting should have centerline radii on elbows of a minimurm of
two times the collector diameter (Figures 13-16and 13-17). Branch
fitting should be at 30°, never at 90°, Transitions and hoods should

be smooth and clean flowing, not square with abrupt comers.

‘s ZOIA. - 1 DIA, G.L.A, -:_w OIA. C.LA,
"= CEWTER LINE
POOR 8AD

RADIUS
aoon

ELBOW AADIUS
Elbows should be 2 or 2w dismaters tentiriing
ridiug wxcopt where 3pace do#s noi permit,
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Keap AR ‘ - ) high in using rectangular duct

vm vm By Achy o Ay 20%
vm i ;ilg
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Go0D

PROPERA DUCT SI1ZE
¥m - Minimum (1anaport vebocily.
A < Crass section ares.

Size the ducl 1o hold tha sslectad 1ianaport velogiy
o higher.

Fig. 13-16. Proper duct design.

Fig. 13-17. Branch fitting.
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Rolled flanges are required in straight ducts and at all elbows
and equipment connections. All companion rings and angles should
be in accordance with the following standards:

Pipe diameter (in.) Ring (in.}
0-16 e X W
16 - 25 1Wa 2 1V X W
25'%4 and up 1A X 1V X Ye

Blast gates for adjusting the system should be provided for
all dust pickup points and located for easy access and in horizontal
duct runs where possible, :

Cleanout and/ar inspection doors are sometimes desirable. If
they are used, they should be located at the top of the duct with the
least obstruction of air flow possible.

All ducting should be securely fastened in place, sufficient 1o
prevent placing any load on connecting equipment and to carry the
weight of the ducts.

Knowing these operational probiems could save the operator
from some of these troubles: (1) Plugging of the dust return spout
that causes dust to build up through the airlock and into the filter,
usually causing the airlock motor to overload and kick off and. if
allowed to continve, will actually fill the complete filter housing
with dust. The reason is too flat an angle on the spout, To avoid this,
the dust return spout from the filter should be installed at a
minimum of 70° (Figure 13-18); {2) Failure of motors on start-up.
undersized wiring. improper size starters, and improper sized
heater coils can cause electrical problems. Furthermore. it is
recommended that a time delay relay be used in a system 10 aliow
the filter cleaning mechanism and airlock to run approximately 5
minuies after the main exhaust fan is shut off: and (3) Ineffective
hoods. including those that do not fit properly or have square
comers on ducting and branch fittings coming in at 90° angles. will
all create an air turbulence that causes dust 10 settle and buildup in
the duct.

Many feed plants have a pellet cooler or roller miil cooler

FILTER \X

AIRLOCK

ADJ. SLIDE OPENING

10 DIA,

-

70° {VIN.)

L h“.

Fig. 13-18. Dust return spout.
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system. Products conveyed in these types of systems release mois-
ture, In fact, if a collector is being used on the pellet cooler, an
average of 14 to 17% moisture will be released fram the exhaust and
a baghouse filier would be inefficient. However, when properly
applied, a dust collector such as the MAC Hi-Efficiency Collector
will eliminate all visible particulate emissions and meet EPA
standards.

When choosing a collector, the most important peint to
remember is that the fan and collector must be in balance with one
another. Therefore, it is wise to purchase the collector and fan from
a common manufacturer. The manufacturer will recommend a flow
rate desirable for his equipment in combination with the customer’s
needs. Simply following the manufacturer's recommendations will
help to avoid problems.

As previously mentioned, a filter or collector must be in-
stalled enabling the discharge tailing spout to be straight or at a
minimum of a 70° angle. Also, as a consequence of moisture
release, many collectors operating in cold climates are insulated.

A negative system for pellet coolers is highly desirable
because product does not pass through the fan. When a product is
passed through a fan. the fan tends 10 break down the particle size.
This is a disadvantage because the smaller the panticle size, the
more difficult it is to collect the dust.

Particle size. density, particle loading, diameter of the
collector, and inlet velocity are the crucial factors affecting the
performance of any centrifugal dust collector. The higher the inlet
velocity, the greater the centrifugal force acting on the dust parti-
cles and the greater the separating efficiency.

SYSTEM DESIGN

Once a system is designed. it is important to hire a qualified
contractor to install it. There have been many inadequate systems
installed due 10 poor system design and misapplied equipment.
Therefore. it is imperative that the dust system be designed and
installed properly. The installation of a poorly designed pneumatic
dust control system fosters a false sense of security and has often led
10 inappropriate reduction in scheduled housekeeping.

System design is of utmost importance, as the effectiveness
of the system in concept, control, maintenance. and operation must
all be considered. The following steps are to be followed for a
systematic concept in design:

@ Determine the dust emitting points, A plant survey and close’

observation of existing equipment will expose the dust emit-
ting points in the system.

@ Derermine the volume of air 1o be pulled. To determine the
amount of air that is required to be pulled by the system.
information must be collected during the plant survey, such
as pit sizes, belt widths, leg capacities. mixer sizes. hammer-
mill types and sizes, screen types and sizes. bagging equip-
ment. etc. Next. determine the amount of air to be pulled
from each pickup point.

@ Draw a schematic diagram of the svstem. The sketch should
indicate all pickup points, approximate lengths of runs. and
equipment needed. It is simply a worksheet to keep all
information tabulated and recorded.

® Derermine the size and tvpe of collector. Determine the type
of filter or collector and the air-to-cloth ratio to be used.

® Calculate the static loss in the duct svstem. Calculate total
system static pressure (sp). To calculate the static Joss in the
system duct work, the designer must have the duct runs
planned for physical routing. This should be done during the
plant survey as much as possible. List the lengths of straight
runs and the number of elbows, Also. determine the size of
ducting. Then, total the static pressure losses from all duct-
ing. cyclones, or filters and determine the total system static
pressure.
® Select a fan. With these data. the designer can select the
proper size of fan and the horsepower required to operate it.
A dust control system can be effective and relatively rouble
free if properly designed. installed, operated, and maintained.
When designing a dust control system. always recommend the
following: :
® Transpon velocity of 4000 fiymin. minimum.

® Maximum of 10:1 air-to-cloth ratio with 9: 1 maximum on the
Gulf Coast.

@ A determination of how the dust is going to be handled. ltcan
be returned to the stock handling system or put in a dust
storage tank. If it is going 10 be returned to the stock handling
system, it should be returned downstream from the pickup
point. Steps must be tzken to assure that, when it is returned.
it is blended in to become part of the product flow. Do not
attempt to return dust to a turbulent area such as the elevator
leg casing as it is unsatisfactory to put dust immediately into
suspension after returning it to the system.

@ Install the system as it was designed. Not only should it be

installed as it was designed. but the system must be properly

balanced after installation is complete.

No visible emission. Design for no visible emission from

pickup hoods and enclosed equipment.

Capture velocities of 200 ft/min minimum at all points of a

hood.

No floor sweepings into the dust control system.

Proper installation of monitoring devices. Systems should
have a static pressure gauge, a level indicator to signal dust
build up. a shut off alarm on the airlock. and a proper
interlock to provide correct start-up and shut-down cycles.
@ Acceptance and performance test. When installing a new
dust control system, include as part of the system design and
proposal an acceptance test that includes. after 30 (or 45)
days operation. minimum cfm. transport velocities. and
maximum static pressure readings.

When a bag filter is first put into operation, the
differential pressure drop across the filter is very low: how-
ever, ittends to build up with time, which is the reason for the
lapse of 30 to 45 days before inspection. If the system is
undersized or misapplied. the problem will show up after a
period of operation indicating a high differential pressure and
reduced air flow. ~

In summary. this synopsis of dust control in the feed industry
has attempted to take one point at a lime for examination thereby
enabling the reader to compare his own operation to our recommen-
dations. Recommended flow rates and poimts of aspiration as well
as problem points were stressed. The reader hopefully has gained a
better understanding of dust control and the reasons for concern.
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Chapter 53

Air Pollution Control

Glenn J. Boresi
Ralston Purina Company

Industry has a responsibility to assist in maintaining en-
vironmental conditions at a level that will assure the health and
welfare of man, animal. and vegetation. To fulfill this responsibil-
ity, the complex ecological cycle of nature must be preserved.
Great strides toward achieving this have been made as a result of
government’s legislative initiative and industry’s technological
cooperation.

One problem. which is constantly being improved, is air
pollution. In feed manufacturing, the primary air pollutant is
particulate matter, i.e., dust, while the secondary pollutant is sulfur
dioxide. The handling of grain. starting with receiving and ending
with shipping. generates particulates. Generation of particulates
can. in certain circumstances and under certain conditions, have
deleterious effects including. but not limited to, the following:

® Precursor 1o dust explosions in confined areas.

® Toxic to man and animals via the respiratory system as a
result of physical interference with respiratory passages.
® Aggravates symptoms of individuals suffering from respira-
tory diseases.

® Obscures visibility.

® Corrosive depending on the particulate’s chemical
characteristics.

Sulfur dioxide is generated in the fuel combustion process
used to produce steam. Due to the low amount of steam required.
sulfur dioxide emissions from feed plants are not usually a major
concern: however. they should not be dismissed. Some of the
effects of sulfur dioxide in the atmosphere remain the subject of
intense debate: these effects can, under certain conditions and
circumstances:

® (Constrict respiratory passages that aggravate the symptoms
of individuals suffering from heart and lung disease.
Be toxic to plants’ foliage.
Corrode texiiles, building materials. paints, and metal.
Be a precursor to acid rain.

® Obscure visibility.
Becuuse of these effects. the potential impact on the environment
must be fully appreciated, particularly since acceptable sulfur
dioxide emission rates can usually be achieved by using low sulfur
content fuels.

The remainder of this chapter discusses how pollutants are
generated in feed manufacturing., how they are typically controlled,
and the framework of air pollution control legislation. It is impor-
tant 1o keep in mind that it is the air poliution regulations that
ultimately determine the required level of control. It is equally
important to realize that air pollution regulations are constantly
being updated and that they have built-in flexibility in certain cases.

GENERATION OF POLLUTANTS

Particulate matter, i.e.. dust. is generated when ingredients
or finished products are flowing in mass with or without the
assistance of mechanical systems. The amount of dust generated is
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a function of the material's characteristics including moisture
content, density, texture, and component configuration; and the
processing equipment’s operating characteristics including agita-
tion, processing rate. air flow rate. material conveyance method,
and moisture control.

Since many factors affect dust generation and an awareness
of the mechanics involved is necessary to minimize its incidence,
the phases of material handling and the manufacturing process must
be analyzed separately. Feed manufacturing and material handling
operations have been discussed in Sectiens Il and 1V: therefore,
this chapter concentrates on the mechanics of dust generation by
specific operation.

Bulk Material Receiving

Ingredients are shipped to feed manufacturing plants by rail
cars and trucks. The type of truck or rail car determines the type of
unloading system that is used.

Railroad hopper cars. hopper-bottom trucks, trailers. and
dump trucks are self-unloaded by gravity flow into subgrade
unloading hoppers. Mass flow rates from these transporters can be
regulated 1o accommodate the capacity of the unloading pit. Sev-
eral self-unloading. gravity flow systems are available because
different systems are required for different transporter types. Fig-
ures 53-1 and 53-2 illustrate hopper bottom and truck dump un-
loading systems.

Hopper

Figure 53-1. Hopper bottom unloading system.
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Figure 53-2. Truck dump unloading system.
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The construction of the unloading pit, type of transporter,
material free-fall distance. unloading rate, material characieristics,
and ambient conditions are all significant factors comributing 1o
dust generation. Of these six factors, the material characteristics
and type of transporter are frequently not controllable by the feed
manufacturer.

Hopper bottom unloading allows greater control over dust
generation than truck dumping, as mass flow and free-fall distance
can be more strictly regulated. Deep unloading pits used in truck
dumping operations to allow for material surge are not necessary
for hopper bottom unloading operations because greater mass flow
control can be exercised.

In truck dumping operations. the angle of inclination and
interparticle friction govern mass flow. Consequently, the operator
cannot effectively control the surging flow. Conversely. in hopper
bottom unloading. mass flow can be accurately regulated by using
shallow unloading pits and screw conveyors. as shown in Figure
53-1. This apptication, termed the choke-feed method. eliminates
material free-fall and surging mass flow rates. Since the feed
manufacturer cannot completely conirol the type of railcar or truck
supplying the plant, both types of transporters must be serviced;
however, the choke-feed method minimizes dust generation,

Boxcars emptied by front-end loaders or power shovels
vonstitute another type of unloading system. As in truck dumping
operations. the material is allowed to free-fall from the transperter
ino the unloading pit. thereby producing a dust cloud. Besides
gemerating dust, this system consumes inordinate manpower.
Therefore. if possible. ingredient suppliers should be required to
employ seif-unloading transporters.
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Occasionally, ingredients are transported from the rail cars
and trucks by pneumatic conveyors. The material is usually blown
through a cycione receiver, which separates the materials from the
air. The air is discharged to the atmosphere and the material to a
storage bin. Infrequently, the material is expelled directly into a
storage bin and the excess air emitted through a bin vent filter. A
vent is required on the storage bin 1o relieve air displaced by the
entering materials.

Bulk Material Conveyance

Bulk material is conveyed to storage and processing equip-
ment by conveying mechanisms that include screw conveyors, belt
conveyors, pneumatic conveyors, oscillating conveyors, drag con-
veyors. bucket elevators, and gravity flow. The type of conveyor.
its application, and the operating procedure all greatly affect dust
generation.

Screw conveyors are among the oldest and simplest meth-
ods used to move bulk materials. A screw conveyor consists of a
rotary screw mounted inside a conveying trough. For each rotation
of the screw the material is channeled along the trough by the
spiralled flange. A screw conveyor can transport bulk material
horizontally or at inclines of 90 degrees. Screw conveyors are
easily covered making them dust tight; however. allowance for air
displacement must be made. The displaced air should be discharged
to an air pollution control device to recover valuable product and to
protect the environment. Screw conveyors are an excellent and
simple method of controlling dust.

Belt conveyors are widely used to transport bulk materials
due to their simple and inexpensive operating characteristics. They
can be troughed or flat, but are not as adaptable to inclined
conveyance as screw conveyors. Also. they are not as easily
enclosed as screw conveyors, which results in dustier operations.
Therefore, in dust sensitive areas. it is advisable to use screw
conveyors. Also, screw conveyors are more compact than belt
conveyors. This characteristic is very important in space limited
areas. Thus. belt conveyors can be successfully applied when the
material is relatively dust-free and space is not a major factor.

Pneumatic conveyors were originally used to control dust.
Some advantages of pneumatic conveying include ease of in-
stallation, layout flexibility, multiple feed and discharge points,
low maintenance requirements. self-cleaning capability. and dust
controi. Some disadvantages include high operational cost com-
pared to mechanical systems. high initial costs that can exceed
capital expenditures for a mechanical system. and limited material
applicability.

Since pneumatic conveyors operate by blowing or sucking
material through a pipe. dust containment is an inherent property of
the system. Dust is generated but is conveved along with the
material. Due to the relative weight of the dust compared to the
material, the dust remains suspended in the air when the material is
discharged. However. the suspended particles are easily directed to
an air pollution device to separate them from the air. The air is
discharged to the atmosphere and the dust is returned to the process.
Although pneumatic conveyors are environmentally desirable.
operating costs may be prohibitive. '

Oscillating convevors mave material by the forward and
upward repetitive motion of a trough, They can handie a wide
variety of material, can easily be made dust tight. and are refatively
compact. By varying the oscillating speed. dust generation can be
minimized. Their major disadvantage is that a single drive is
effective for a maximum length of only 100 feet.

Oscillating conveyors, properly operated. can keep dust
concentrations to a minimum; however. for long transitions they
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are not cost competitive with screw and belt conveyors. Also,
oscillating conveyors are more operation and maintenance inten-
sive then most of the other systems.

Drag conveyors can be used in many of the same appli-
cations as screw conveyors. However, drag conveyors move mate-
rial more gently and are relatively self-cleaning. A drag conveyor
consists of a series of paddles mounted on a drive chain that
revolves within a stationary trough. The trough is easily covered to
make it dust tight. Drag conveyors are more effective in moving
material up an incline than screw conveyors: however, an allow-
ance should be made for displaced air. Application of an air
pollution control device to the displaced air is necessary to recover
product and minimize dust emissions. Although operating costs for
drag and screw conveyors are comparable, drag conveyors are
usually a more expensive capital and maintenance cost item.

Bucket elevators are used to move material vertically or up
steep inclines. They consist of a series of buckets attached to a drive
chain or belt that revolves within a casing. Material is fed into the
bottom and discharged at the top, and the buckets are empty on the
downward return. Due to the rotary motion of the system. air
currents develop within the casing and generate dust. I the bucket
elevator is operated at oo great a speed, spillage and dusting can
become intolerable. As with all conveyors, an air pollution control
device is recommended to recover product and minimize dust
emissions.

Gravity flow of material requires enclosures such as spouts
or chutes. The angle of inclination and the spouting arrangement
(angles. elbows, etc.) determines how much dust will be generated.
However, dust can be controlled by applying dust tight enclosures
and air pollution control devices.

All conveyors require dust control. including enclosures and
air pollution abatement devices. to recover product and minimize
dust emissions. The entire conveyance system should be analyzed
1o optimize the centralization of the air pollution control device(s}.
Not every conveyor requires an air pick-up to transfer the dust to the
control device. These pick-ups are selected by establishing key
areas (e.g.. transfer and discharge points) and determining their
ventitation requirements. Refer to Section HI, Chapter 13, for a
discussion of dust collection systems for materials handling and
storage.

Manufacturing Operations

After ingredients are received. several operations are em-
ployed. These include ingredient processing. proportioning and
mixing. pelleting, extruding or blocking. and possibly. packaging.

Ingredient processing includes grain cleaning and grinding.
Grain cleaning removes dockage that includes dust, dirt, stalks,
sticks. stones. stems. and other grains mixed with the bulk in-
gredient. Cleaning is a three-step operation. The first step is
scalping. which employs a coarse mesh screen supported within a
dust uight enclosure. The whole unit either shakes or revolves.
Since the velocity of the grain through the screen is low. the
enclosure is dust tight and there is no aspiration: therefore. dust
conirol is not required. The second step is aspiration. which
employs air streams directed perpendicular to dispersed. falling
grain. The aspirator removes fietd dust, chaff. and light trash. Due
10 the nature of the unit's operation. Targe amounts of dust may be
generated. The air discharged from the aspirator must be cleansed
before being discharged to the atmosphere. Sieving is the final step
in the grain cleaning process. The sieve is designed to remove
mixed grains and weeds. It consists of a series of different sized.
meshed screens supported within a dust tight enclosure requiring no
air pollution control.
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Many feed plants use hammermills to grind ingredients.
These units accomplish both grinding and air conveyance. Grain is
fed into the center of a high-speed rotor where the pivoted hammers
move it to the perimeter screen. The grain is forced through the
screen, usually with the aid of supplemental air. The ground
product is pneumatically conveyed to a cyclone separator or filter
receiver that separates the air from the ground ingredient. It can also
be moved using mechanical conveyors and bucket elevators.

In proportioning and mixing. ingredients are conveyed from
storage bins to a hopper scale that weighs the batch and feeds itto a
mixer. Dust is generated when the ingredients are dumped into the
hopper scale, which should have a vent fitted with a filter 1o relieve
the displaced air and minimize dust emissions. No other dust
control is required.

Pelleting. extruding, and blocking are methods of producing
moist agglomerated particles with little or no dust emissions.
However, following pelleting and extruding, cooling or drying is
required, utilizing large air flow rates. Although the dust generated
in these operations is not great, its control is necessary (o prevent
product loss. Cyclone collectors are typically used to prevent such
loss.

The pelleted or extruded product passes through a shaker to
achieve panticle separation before packaging. bulk storage, or bulk
shipping. Some dust may be generated during this operation de-
pending on product moisture; therefore. a dust tight enclosure is
required to prevent product loss.

Bulk Product Shipping

The bulk loading of rail cars or trucks is similar to bulk
storage operations: however. the amount of dust generated may be
much less due to liquid additions and product forming. Downspouts
feed the product into the rail car or truck: however, due to the
free-fall and impact of the product inside the compartment. a dust
plume may be generated. Dust control methods include spout
Jackets, area enclosure and hooding. and ventilation to air pollution
control equipment.

Loading of bulk feed into rail cars and trucks can also be
accomplished pneumatically. If pneumatic conveyors are used. a
filter cloth screen should be applied to the opening to contain the
dust.

Boilers

The incomplete combustion of fuel for steam generation
releases particulates. sulfur oxides. nitrogen oxides. carbon mon-
oxide, and hydrocarbons to the atmosphere. Particulates and sulfur
dioxide are of primary concern. The percentages of ash and sulfur
in the fuel are directly proportional to the emission of particulates
and sulfur dioxide. Emission levels can be controlled by fuel
selection. Natural gas and No. 2 fuel oil are relatively clean burning
and usually require no air pollution equipment. Coal and Nos. 5 and
6 fuel oils are dirtier fuels and occasionally require air pollution
control equipment to clean the flue gas.

The decision and capability to bum a certain fuel type
depends on the relative price of different types of fuet. the capital
and operating cost of air pollution control equipment, the USEPA
designation of the plant’s geographical location, and the applicable
reguiations. Due 1o fluctuating fuel prices and low levels of fuel
consumption, it i1s usually advisable for small users to burn the
cleaner fuels,
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CONTROL OF POLLUTANTS

Excluding boilers, the control of air pollutanis at a plant is
limited to dust controi. Suitable dust control can be achieved by
adopting strict operating standards and utilizing air pollution con-
trol equipment. This equiment can usually be limited (o simple
inertial separators and filters while operating standards relating to
air pollution control are based on containing and minimizing dust
generation.

Cyclone Separators

Cyclone separators are the most commonly used air pol-
lution conteol devices in feed manufacturing. There are many
different types of cyclone separators; however, feed plants usually
employ simple, low, medium, and high efficiency cyclones. High
efficiency. mujtiple cyclones and wet cyclones have higher oper-
ating costs and are more prone to maintenance problems.

Cyclones employ inertial separation as the removal mechan-
tsm. Centrifugal force separates the particulates from the air. The
dirty gas is forced to rotate within the cyclone. The heavier particles
impact the cyclone wall and fall 1o the battom of the unit while the
gas reverses its downward spiral and exits at the top of the unit as
shown in Figure 53-3. Cyclone separators afe used 10 remove
pariicles 10 to 20 microns in size and larger. The efficiency of
cyclones in plant applications ranges from 80 to 95 percent de-
pending on the dust stream and the type of cyclone employed. High
volume. low efficiency cyclones are sometimes used as precleaners
before the gas passes on to another piece of air pollution control
equipment.

Cyclone applications in feed mills include pneumatic con-
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Figure 53-3. Typical cyclone separator.
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veyors, storage bins. ventilating hoods, receiving systems. and
processing units. Cyclones can be used almost exclusively in rurai
areas; however, in more congested or air pollution sensitive areas,
more efficient air pallution equipment (i.e., fabric filters) may be
reqquired,

Vent Filters

Vents, necessary for relieving displaced air. require dust
control to retain product and ingredients and to minimize dust
emissions. Storage bins without dust control can emit dust plumes
that can completely obstruct visibility. Dust plumes emitied from
storage bins and surge hoppers can be effectively controlled by
fitting the vent with a filier consisting of a cloth sock or bag sccurely
fastened to the vent. Cotton sateen is a common filter cloth mate-
rial. If the bin vent filter is exposed to the elements. a metal
enclosure is required to protect it. Figure 53-4 illustrates a typical
vent filter. which is usually 1 w0 3 feet in diameter and 2 to 5 feet in
height.

Typical design loadings for vent filtery range {rom 4 t0 6
cubic feet per minute per square foot of cloth area. A dust cake
should not be permitted to accumulate on the cloth as it encourages
insect infestation and reduces the filter's efficiency,

Spout loading of trucks and rail cars is a second application
for vent filters. As bulk product is discharged into a rail car or truck.
dust escapes through the loading portals. To contain the dust. a vent
filter skirt can be secured {wrapped) around both the spout and the
opening. A third application of vent filters ts on pneumatic systems
consisting of a filter cloth screen fitted on boxcars. hatchways, and
loading portals to retain dust muerials,

Baghouses

Baghouses are uvsed in lieu of cyclones when a greater
removal efficiency is required. Baghouses or fabric filters can
achieve removal efficiencies of 95 to 99.9 percent; however. they
are more operation and maintenance intensive than cyclones. Also,
for some applications. baghouses require precleaning of the dinty
atr siream, which is usually accomplished by using a cyclone.

Generally, dirty gas enters the bag at the bottom of the
baghouse and exits through the individual baps leaving the dust
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Figure 53-5. Typical bag house unit.

deposited on the interior. Figure 53-5 illustrates a typical baghouse.
"Baghouses are available ina variety of designs that are classified by
the method of cleaning and whether the cleaning operation is
intermitient or continuous.

There are many methods of cleaning; but. basically, bags are
either flexed. backflushed with air. or a combination of both. The
cleaning eycle is necessitated by the deposition of particulate matter
that forms a dust cake. The dust cake must be removed or it will
reduce. and eventually stop, the flow of gas through the filter.
When the bags are clcaned. the dust falls (o the botiom of the unit
where itis collected and transported away. The bags can be cleaned
all at once (intermittent operation) or a few at a time (continuous
operation}. In continuous operations. a modular design is recom-
mended to keep the falling dust from being re-entrapped in the dirty
air stream.

Eftective Dispersion

Figure 53-6. Building location effects upon dispersion.
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dther Air Pollution Control Techniques

Pust may be controlled. in part, by the method in which
materials are handled. These technigues are varied, but are all
important in minimizing dust emissions. The techniques include
stack height and location, method of bulk unloading. method of
bulk loadout, hooding, enclosure, internal veating, and
housekeeping.

Stack discharge height and location affect the dispersion of
the air pollutants. If a discharge stack or vent is not located at a high
enough elevation, air currents over nearby structures could cause
downwashing as shown in Figure 53-6. For low emission rates,
downwashing is not an important consideration.

In bulk unloading operations. the design of the unloading
system can greatly impact dust emissions, The choke feed method
of unloading is highly desirable in minimizing dust generation.
Also. unloading by pneumatic conveyance allows for dust con-
tainment. However, deep unloading pits are undesirable due to the
amount of dust generated: but economic conditions may reguire
their use.

To control dust with such a pit, two measures should be
implemented. First, air should be exhausied below the grate to air
pollution control equipment; baffling should be used below the
grating to reduce the area open to the atmosphere and the air
capacity required for adequate venting. Figure 53-7 illustrates the
design of a hood for a deep receiving hopper. The second measure
entails complete enclosure of the receiving area during the un-
loading operation. Enclosure isolates the receiving area from wind
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Figure 53-7. Hood design for a deep receiving hopper.
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currenits. thereby allowing effective operation of the deep hopper
venting system.

In sensitive air pollution areas, intemal venting of cyclones
and fabric filters may be warranted. However, the affected internal
area should not be frequented by employees, and precautions
should be observed to prevent dust explosions (e.g., National
Electric Code).

An important practice in minimizing dust is housekeeping,
which inciudes regular cleanup of settled dust and spilled grain in
all areas. Neglecting this practice can contribute 10 a violation of
federal, state, or local regulations depending on meteorological
conditions. Poor housekeeping can negate an otherwise good air
poliution control program.

The above air pollution control techniques are only a few of
the many measures that can minimize dust concentrations. It is
important to carefully review all designs to ascertain their potential
affect on dust generation. The degree of enclosure, hooding.
veniilation rate. conveyance method, and material agitation are a
few things to consider when reviewing any design.

REGULATIONS

Air pollution regulations in the United States are embodied
in a very complex and changing piece of legislation termed the
Clean Air Act. The purpose of the Clean Air Act is to realize the
national commitment to protect and enhance the nations air qual-
ity. To attain this goal. the Nationa! Ambient Air Quality Standards
(NAAQS). various national emission standards. and a state and
local regulatory framework have been established. Emissions from
feed plants do not normally include those pollutants covered by
national performance standards. except in certain new or upgraded
facilities. Therefore. the following discussion will be limited to the
legislation promulgated to attain the NAAQS.

The NAAQS were designated for specified pollutants. in-
¢luding particulate and sulfur dioxide. to fulfill two criteria: (1) the
protection of human health with an adequale margin of safety: and
(2) the protection of public welfare, which includes wildlife,
plants. climate. and recreation. To attain or preserve the NAAQS,
the following key programs were adopted under authority of the
Clean Air Act:

® Staie Implementation Plans (SIP),

® Prevention of Significant Deterioration (PSD) Program.
® Nonauainmen Program.

State implementation plans outline the programs to be used
1o attain the NAAQS within each state. They incorporate both state
and local air pollution regulations and make them federally
enforceable.

The purpose of the PSD program is to preserve air quality in
areas that are in compliance with the NAAQS. These areas are
called attainment™ or “"PSD' areas. They have been sub-
categorized into Class I, 1. and 1lI regions, Class [ regions are
pristine areas with extremely stringent permitting requirements,
such as nattonal parks. Most PSD areas are Clags 11 and have less
stringent permitting requirements. Class [l areas can afford a large
increment of deterioration hefore NAAQS are violated. To pre-
serve air quality. no Class [l areas have been designated.

The PSD program reguires a preconstruction review of all
projects affecting air quality. 1f the increase in the mass emission

CHAPTER 53, AIR POLLUTION CONTROL

rate of a criteria pollutant is large enough te define the project as a
new major source, application of best available control technology
{BACT) and an extensive permit review process is required. New
MEINOT SOUrces may or may not require air pollution control. Permit-
ting procedures are much less stringent.

The USEPA has identified certain industries and pro-
mulgated special regulations applicable 10 them entitled New
Source Performance Standards (NSPS). Grain elevators are in-
cluded under the NSPS; however. the definition of a grain elevator
usually excludes feed plants. Affected facilities and their new
construction must apply the best demanstrated technology (BDT)
for air pollution abatement. BDT takes into account air pollution
control costs, unlike BACT. The NSPS also establishes minimum
criteria for BACT. The NSPS has its own separate body of regu-
lations: however, for the purposes of this text. it has been discussed
under the PSD program o facilitate a simple understanding of
complex regulations.

The purpose of the nonattainment program is to achieve
compliance with the NAAQS within a specified period of time in
those areas that exceed the standards for any of the criteria poliu-
tants. However. it must be understeod that attainment and non-
attainment status are pollutant specific. That is, an area could be
designated as attainment for one pollutant and as nonattainment for
another.

Nonattainment regulations are applied to existing sources
through contrel strategies or equipment. The application of control
technology to existing sources is defined as reasonably available
control technology (RACT}. An example of a control strategy is a
vehicle inspection and maintenance program. Nonattainment reg-
ulations are applied to new major sources in the form of emission
offsets and a control technology designated as the lowest achiev-
able emission rate (LAER). Offsets are the mandatory net reduction
of emissions within the affected area for every institution of a new
major source. LAER technology for major sources requires com-
pliance with the most stringent emission standard established by the
state or attainment of the most stringent emission level achieved by
a source in the same category. whichever 1s more stringent. A
minor source must comply with the emission standards established
for the facility’s location and industrial category.

Due to its complexity and the periodic modifications 10 the
Clean Air Act. a more detailed analysis will not be pursued. The
preceding was presented to provide a basic understanding of the
Act's structure, To comply with this legislation and its accompany-
ing regulations. the feed manufacturer should refer to the applicable
state’s air pollution reguiations and seek the advice of an en-
vironmental specialist or the state’s air pollution control agency.
These organizations can advise on the specific regulations. their
flexibility (e.g.. bubble policy) and possible cost saving mechan-
isms {e.g.. emission reduction credits).
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