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FOREWORD

This man1)aJ is a revision of an earlier report of the S&De

'type issued in 1955- This revised version inc~udes current
costs of labor, macbjnery, e~iPDent and su.pp1ies, as well as
additional 1nf'omation relative to engineering, 'training,
sazet;y, markets, sales, 1'i.naDciaJ. and econaaic factors.

********
T.h1s mamJs]. is designed. to provide a general picture of the
factors Wicb. musrt be considered in establishing and operating
a sma] l-scale factory of this 'type. It should prove useful. in
creat.1ns interest in the SUbJect, and serve to give enough
understanding of the related considerations to help gavernmen"t
o:f.f'1cials, other leaders and businessmen 'to determine whether
the potential deserves more-detailed attention.

However, i tis 1mportant to DOte that in most r.ases plans for
the ac'tual develoPDent and instaJ]a'tion of a plant will require
expert engineering and financial advice in order to meet specific
~ocal situations. For turtber inf'ormation and assistance,
readers should contact their local Productivi'ty Center, Indus~rial

Institute, 8ervicio, or "United States Operations Mission..

Mention of the ~e of' any finD, product, or process in this
manual 1s not to be considered 8, recCllDendation or endorse:m.ent
by the Internat10nal Cooperation Adm1n1st.rat.ion, but mere4 a
citat10n that 1s 'typical. in 1t8 field.

********
The original. report was prepared by 'the Woll Management Eng;neer
ing C~, Chicago, Illinois.

Technical inf'onna:tion, as well as review, vas provided b.Y
R. Pollakoff, Industrial Consultant, 126 El.event.h Avenue,
New York 11, New York.

********

This manual has been revised and revr1:t'ten by
George H. Andrelit"S Eng1nee~-Dg Assoc1a'tes:t Inc.
4n Southern Bu1~d.iDg, Washington 5, D. C;.

AprU 1959
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PLANT REQUIREHENT$

TO SET UP AND OPERATE

A FERTILIZER MIXING

INTRODUCTION

PLANT

Fertilizer::. as used in this manual, means a mixture of materials
that will jLncrease the growth or yield of crops when introduced
into the soil.

The grade of a fertilizer is referred to as 5-10-10; 6-12-.6; or
0-10-10. 'rnese numbers tell the per cent of three materials in
the mixture. The first figure tells the per cent nigrogen; the
second, the per cent phosphorus; and the third, the per cent
potash or potassium. The remaining part of the mixture consists
of a conditioner such as:

1. Chopped up tobacco stems or gain hulls,
2. Limestone filler, and
3. Trace elements such as mangane:le, zinc,

copper, and iron if and as neeced in the
locality.

The cODlDOn practice in the United States is to place a small
quantity of fertilizer ira the planted row close to the seeds
or plants. This mixed fertilizer is used every year to in
crease the yield of the crops. It is also common practice to
use the same or similar materials in an unmixed form to improve
the soil. These materials and limestoDie are added to the soil
in compaJ/:'atively large. quantities. 'l'his over-all soil improve
ment is then supplemented with mixed fertilizers. Fertilizers
are cODDDOnly sold in 80, 100, and 200 piound valve-type paper bags.

A program to increase the yield of a farm can be as follows:

1. Plow under vegetation to inc:rease the 8DlJtmt
of humus in the soil. This in itself conserves
needed elements; increases the soil's capacity
to bold moisture; and improves its tilth, or
cultivation properties.

2. Spread limestone, rock, phosphate, potash, and
possibly anhydrous amme.n1a over the field.
These things are usually done prior to the
planting of the crop. However, it usually 15
poor practice to add limestone and rock phos
phate to the soil at the same time because
they form a compound which the plants have
diffic~l~y assimilating.



3. Drill or sow mixed fertl1iz~r or commercial
fertilizer into the plant rOllS. This is done
when the crop 1s planted.

Farmers in the United States do a great deal of soil improve
ment work. There has bee,n a steady growth in the use of the
unmixed materials. The use of mixed materials is limited by
their somewhat higher cost per unit of nitrogen, phosphorus,
and potassium.

Mixed fertilizers are sold in several ways in the United States.
Some companies deal directly with the farmer or with cooperative
groups. The salesmen for these compan~es act as advisors to the
c~stomer. They frequently make recommendations based on soil
analysis. Many companies sell through local dealers. Some com
panies that mix fertilizers are cooperatives and deal directly
with the user.

PRODUCTIOJ'!. CAPACITY

This manual describes a plant "dth a capacity of 150 tons per
eight hour day. The business is seasonal and the plant would
normally mix around 22,500 tons of fert~lizer per year.

GENERAL ASSUMJPTIONS

In order to make realistic estimates in this manual, certain
assumptions are made. Tt-~se are:

1. The costs of the building and general facili
ties are based on United States prices.

2. Material costs are based on sizes and specifica
tions of materials used in the United States.

3. Labor costs are based on the average for the
industry as recently pub'ished by the United
States Bureau of Labor.

4. Adequate power and water are available at the
plant site.

5. Adequate transportation facilities are avail
able at the plant site.

6. The plant operates eight hours a day, five days
a week, and thirty weeks per year.

7. No special provision is~ for the training
of new personnel. It is assumed that learner's
rates are paid in such cases.
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8. The following items cannot be estimated realis
tically:

a. Land value;
b. Distribution and selling costs;
c.. In-.freight and out-freigltt;
d., Taxes.

While general estimates will be made of each of
these items except taxes, for the purpose of
compl~ting cost estimates, adjustment should be
made in accordance with actual local costs.

In fact, all cost estimates contained in this
manual should be adjusted to conform to local
conditions..

9. Columns are prOVided in the tables included in
this manual to facilitate the conversion of cost
figures to conform with local costs.

PRODUCT SPECIFICATIONS

The elements used in mixing fertilizer come in. different ~~
pounds. Some compounds contain more essential elements per
pound than other compounds. Generally, the essential element
costs more per pound in the compounds with the higher concen
tration. The usual practice is to refer to the cost per unit
of 20 pounds of the essential element.. For example, super
phosphate has a concentration of 20 pounds of phosphorus per
100 pounds. As of August 1958, phosphorus in this form cost
$.91 per unit of 20 pounds in Daltimore, Maryland. Triple
superphosphate contains 46 pounds of phosphorus per 100 pounds
of compound. In August 1958, phosphorus in triple superphos
phate cost $.98 per unit of 20 pounds at Tampa, Florida.

The problem of building up a fertilizer formula therefore re
solves itself into the following phases:

1. Using materials of sufficient conc~ntration

to meet the specifications.

2. Using materials with the lowest possible
unit cost at the mixing plant~

This can be done as follows:

Find the unit cost of each element at the point or points 0'
or1g1n. In the United States) potash mostly comes from carlsbad,
New Mexico; phosphate from rock deposits in Florida. Nitrogen
comes from many sources -- it is taken out of the air and also
from some natural deposits.
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Add t.ransportation to the unit. of element cost. The transpor
tation cost per unit of element: is fcund by dividing the trans
portation cost of the compound by the per cent of the element
in the compound. This quotient;_8 multiplied by 20. An example
of this follows:

CO!!J?OU!lds

.!.. B £. Jl-
Per cent element 20 30 40 60

transportatlon per 100
pounds of compound $ 1.20 $ 1.20 $ 1.20 $ 1.20

Transportation per unit
of element 1.20 .80 .60 .40

Cost per unit of element 1.00 1.. 20 1.30 1.45

Total unit element cost
at mixing plent 2.20 2.00 1.90 1.85

In the above cases, compound u))I' would be the more economical
to use. It would still be necessary to make sure that compound
"D" ..as easy to proce~s..

MANUFACTURING OPERATIONS

The mixing of fertilizer involves the following work. The raw
materials are received, unloaded, and moved into storage bins
or tanks, or sent directly to the hoppers that feed tne mixers.

The raw materials, excepting nitrogen compounds, come in box
cars with bulk heads either across the doors or built up across
the car so as to leave an open space between the doors. The
material is removed from the cars and placed in storage bins or
directly in hoppers above the mixing scales. The unloading of
cars can be done in several different ways. It is possible to
have an elevated track that rv~s over the storage bins. Then
the material is dumped directly into the bins. It is also pos
sible to pick up the material with a suction system. In some
areas it may be practical to run the railroad tracks directly
over the raw materials storage bins. The materials are then
shipped in hopper-type dump cars with covers to protect the
materials. The materials are then uumped directly into the bins.

The recommended system for the small plant under discussion in
this manual is to have a hopper sunk in the ground beside the
track. Or, if there are two tracks, the hopper can be between
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the tracks. The tracks at this point sh-.>uld be covered with a
shed. It may pay to have a canvas chute or apron from tbecar
door to the hopper to prevent 108s of mat'£:rial during unloadiqg.

A conveyor runs from the bottom of the hopper to an elevator
conveyor. The elevator conveyor lifts the material up and empties
it into a ...wivel nozzle.. TMs nozzle is arranged so that it can
dump the material into any of the scale mixing hoppers or onto a
belt conveyor leading to the raw materials stroage bins.

When the compounds are being unloaded from the box cars~ an effort
should be made to minimize the picking up of splinters from the
car floor. 'the material can be moved cut of the car by hand or
with a tractor equipped with a bucket sbovel.

It 1s a good idea to blow off or clean such a tractor at the end
of each day. It must be equi,pped with effective air filters at
the carburetor and breather cap to prevent injurious dusts from
entering the cylinders or crankcase. The conveyor from the car
hopper to the elevator conveyor must be accessible for repairs.
It would be well to have it 1n a tunnel. In face~ all the equip
ment used in the plant must be desigr..ed for operation in dusty
locat:'ons. It must be accessible for maintenance work, and it
must have provision for ample lubrication. Equipment for tbis
type of work generally is designed to strict specifications.

One other piece of equipment is needed for unioading cars -- a
car puller. During the busy season~ a mixing plant will use
several cars of raw materials per day~ and they may sh.ip several
cars of mixed fertilizer per dey.

The raw materials storage bins must be sheltered from the weather
and have solid floors of concrete or hard-packed earth.

In handling the raw materials from che storage bins to the mixing
hoppers a tractor and bucket shovel, such. as in unloading tbe c;ars,
is used. The mate~ial is scooped up and carried to a floor hopper
covered with a griQ onto which it is dumped. The hopper feeds the
material into an elevator conveyor. It lifts the material to a
swivel nozzle. The swivel nozzle dumps the material into one of
several mixing hoppers. These hoppers have nozzles leading into
a hopper that is attached to a 5,OOO-pound capacity seale. Each
nozzle has a hand operated closing device. The predetermined
weight of each material required for a given fertilizer specifi
cation is allowed to flow into the scale hopper. The scale hopper
has an outlet into a conveyor hopper. The material is dumped
from the conveyor hopper outlet into a conveyor that takes it to
an elevator conveyor.

The elevator leaving the belt conveyor from the scale hopper
leads to a screen. The material that faUs through the screen
goes into an accumulation hopper. The material that passes over
the screen falls on a belt conveyor that leads to a small pul
verizer. The belt conveyor has a magnetic pulley for removing
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iron. The pulverizer feeds the material back into the elevator
that goes up to the screen. The hopper below the screen feeds
into a batch hopper. The batch hopper empties into a rotary
or barrel-type ~xer.

The batch hopper can be set up so that it trips a mechanism
when the desired weight of materials is in the hopper. This
mechani.sm can do either of two things. It: can st.op the screen
and elevating mechanism) or it can shift the flow of materials
·t:.> another batch hopper. The necessity for this control on
the batch hopper can be avoided by making sure all of each in
gredient of the batch is in the batch hopper before dumping
into the mixer.

The capacity of this mixer is balanced against the capacity of
the rest of the piant. A separate section of this manual dis
cusses the economies of capacity.

Fertilizer materials come in two forms -- dry and wet. All of
the materials come in tank cars. They are stored in the tank
car or in .bulk tanks until mixing. Since the nitrogen com
pounds tend to corrode low carbon steel, the tanks, valves,
pumps, and piping handling them are made of stainless steel or
other material that resists their corroding action.

The nigrogen compounds are pumped or moved with compressed air
from. the tank car into a storage tank or the batch tank. The
bntch tank has a sight glass that makes it possible to deter
mine how DD.1ch material is in it. These tanks should have an
adjustable float-controlled valve that stops the flow of mate
rial into the tank when the proper level or quantity of material
has entered.

The batch hopper and the batch tank are dumped into the mixer,
and the mixer is run from five to eight minutes. It is then
emptied. During the mixing, a chemical reaction occurs. '!'bis
reac.ion heats the mix. In some cases, the heating from the
chemical reaction is increased by the addition of sulphuric acid.
The fertilizer may be produced in either pulverized or pellet
form. Generally, the sulphuric acid is only used when producing
the pellet form.

The next step in the process is determined by the form in which
the fertilizer is being produced. In either case, the fertilizer
eventually goes through a rotary drier. If the pellet form is
being produced, it goes across a screen table that rolls the me
terial up into small balls. Then these balls are passed through
a heated rotary drier. The air in the drier may be heated by'
burning gas, oil, coal, or wood) and passing the gases from. c:om
bustion through the heater. Care must be used to avoid smoke or
carbon in the products of combustion, however. Fly ash is very
undesirable as it tenJ~ to increase the abrasion of the fertilizer
on the equipment used in subsequent processing and in spreading
the fertilizer on the ground.
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A cold drying process is used when producing pulverized ferti
lizer. The material is dumped directly from the mixer into the
dryer. The heat in the fertilizer and tb~ movement of air being
pulled through the drier tend to evaporate the moisture in the
fertilizer. The air or gases from the dryer are cleaned by
passing them through a cyclone type air cle,mer.

The next step after drying the fertilizer is to cure it. The
purpose of this process is to keep the fertilizer from hard
ening in th.e bag. At present there is some question as to the
necessity for curing the fertilizer when it is in pellet form.
The curing consists of letting the fertilizer set in a bin for'
approximately 30 days ..

A chemical reaction takes place during the curing.. The material
tends to form. into a cake and to expand.. This tendency to ex
pand makes it necessary to have special slotted walls at the
sides of the bins. These walls are made from wooden boards"
They are laid with the width parallel to the floor and are
spaced approximately J inches apart. The boards can be 2" X
6" or 2u X 811

.. The bins should have a cement or hard earthen
floor.

A number of bins are arranged side by side. Each bin bas a
small crane over it. There is a reversible belt conveyor on
the elevator that removes the dried fertilizer from the drier.
One large belt conveyor runs crossways over all of the bins.
The elevator from the drier carries the fertilizer onto the belt
conveyor that runs across all of the bins. This conveyor is ar
ranged so that it can move the fertilizer to the conveyor over
any bin, The conveyor over the bin is moved on the crane. This
makes it possible to place the material anywhere in the bin. The
material should not be sta.cked in the bin over 20 feet deep.

PACKAGING OF FERTILIZER

After curing, the fertilizer is broken loose in t~e bin with a
power shovel or a clam shell bucket. An electric shovel stands
up well under the dusty conditions encountered. After it is
broken loose, the fertilizer is moved to a floor-type hopper by
a tractor with a bucket-type shovel. There is a pulveriaer at
the bottom of this hopper. The material is then elevated to a
screen, passing over a magnetic pulley on the way. The fine
fertilizer passes through the screen, while lumps and other ma
terials pass over it, through a pulverizer and back to the
elevator. An a1ternate way of doing this is to pass the material
from the pulverizer over a second screen and drop the material
that passes through it into the elevator. Dump the material that
passes over this screen into a special bin. This will help im
prove the quality of the fertilizer, since pieces of wood or
metal may prevent the fertilizer from passing through the device
that spreads it in the field.
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After sereenir.g. the fertilizer is bagged in a paper bag..
There are three ways of closing the bag.. It ia COGllilOD prac
tice to use II valve-type bag lathe Un:!.ted States.. ~J::d., is a
self-sea!ing type of bag. A special 'machine is used to fill
these bags. Such a machioe with l:.WO oozzles viII fill from
14 to 17 SO-pound bags per minute.

It 1s also possible and practical to use opeD""IIIIOUth or end
type bags. These bags are filled from. a hopper 'with a shut
off valve in. the discharge nozzle. 1'heJ cut be closed by
sewing or with a. twist. wire. It is generally thought that
the valve-type bag is ~'IIOre economical. however, and it is
also easier to pack on a pallet for shipping.

The bagged fertilizer is 1IIIlOved from the bagging machine by
dropping it onto an inclined roller conveyor" At ehe end of
the conveyor it is placed on a pallet and moved to storage
with a fork lifiL. truck. FrOllll storage it i,s moved to the load
ing dock for trucks or into a box. car by fork lift truck.. The
fertilizer mayor may not be shipped on the pallets.

********
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Fertilizer production and sales are ordinarily expressed in
2,OOO-pound tons. Twenty-five SO-pound bags make one ton.

MACHIN£R.Y AND EQUIPHE.N!

Description

A. Heavy Moving Equipment

2 - 'tractors with shovel capacity
of 20 cubic feet

1 - Swe~ping attachment
1 - Vacuum cleaner
1 - Electric shovel
i-Lift truck

Cos t of Heavy Moving Equip!IDPllt

B. Unloading:r.~ Elevating Dry Materials

1 - Tractor with a bucket-type abovel
I - Car spotter
1 - Floor type r~pper

I - Conveyor to ~levator

1 - Elevator wit:.h swivel nozzle
1 - Belt conveyor to bin

Unload 'lank cars

I - Stainless Steel pump and hese
connection or eompresse~ sir

Cost of Unloading and Elevating
Vry !W.terials Equipment

C. Proportionin.g and Weighing

1 - 'tractor with bucket-t;~e shovel
1 - !'IDOI: hopper with gJ:'id
1 Ylevator tiit.b Qwive1 discharge

nozzle
6 - Mixing hoppers with manually

operated valve-type discharge
nozzles

1 - 5,000 lb. c8p'.&city floor scale
with a weightne; hopper and
manually operated discharge
nozzle

Estimated
Cost

$ 10,000

Actual
CoSt"

---~--



~ch.lnery and Equipment ... Continued

..•~scription

C.. Pt'oportioning and Weighing ... COnti'oued

~ Floor hopper
1 Conveyor to elevator
1 Aqueous UI'IIOnia tank with sight

gauge ... batch tank

Cost of Proportioning and
Weighing Equipment

D.. Ecreening and Mixing

I ... Elevator with a fixed nozzle
I - Screen
I Chute to a pulverizer
1 Pulverizer
1 C'~dte back to the elevator
2 Hoppers below the sc'reen and

above the JD.1x.er
1 ... Barrel-type mixer 4,000 lb.

capacity

Cost of Screening and Mixing
Equipment

E. Drying

I Chute to a rotary dryer
1 6' X 30' Rotary cold air dryer
I Cyclone-type dust separator
I Chute from dust separator to

elevator leading to curing biD8
I Chute from dryer to elevator
1 Screen for rolling the material

into small pellets or balls
1 Air heater
1 Cyc.lone-type dust separator
I Chute from dust separator to

elevator leading to curing bins
1 - Blower to pass air through the

dryer
I ... Cooling c.onveyor

Cost of Drying Equipment

F. Conveying co Curing Bins

1 Hopper
1 Bleva~or

... 10 ...

Estimated
Cost

$ 21:tOOO

$ 20,000

Actual
Cost



Machinery and Equipment .. Continued

Description

F. Conveying to Curing Bins - Continued

1 .. Conveyor to lelt conveyor
across bins

1 .. Belt conve.yor across the bins
1 - Crane over each bin
1 - Conveyor over each bin

Cost of Conveying to Curing
Bins Equipment

G. Curing Bins

12 .. Curing bins IS' X 36' X 21'
required for storing up to
45 days production

Cost of Curing Bins

H. Pulverizing and Packaging

1 .. Tractor equipped with a
bucket-type shovel

1 - Floor hopper
1 - Pulverizer in the bottom of

the hopper
1 - Screen
I - Small pulverizer
I .. Screen
1 - Shute to the elevator
1 - Chute to a rejects bin
1 - Hopper above or a part: of the

bag filling machine
1 - Valve-type bag filler w1tb

automatic scales
I .. Bag sewing device or band tool

for placing wire twist bag
closers

1 - Roller conveyor from. the bagging
machine to the pallet loading
station

A supply of pallets
I - Electric lift truck
I .. Bag printer to print the mix

numbers on the bag

Cost of Pulverizing and
Packaging Equipment

- 11 ..

Estimated
CIDSt

$ 8,000

$ 27,000

Actual
Cost



Description

J,. - Testing laboratory
Maintenance materials
Spare parts

1 - Drill press
1 - Lathe
1 - Bench grinder

Weldi1"g .~quipment

1 - Air compressor

Cost of Other Tools and
Equipment

Estimated
Cost

$ 8,000

Actual
Cost:

3 - Desks and chairs
2 - Filing cabinets
1 - 'typewriter
1 - Adding machine

Cost of Furniture and Fixtures $ 1,000

Total Cost of Equipment

Description

Heavy moving equipment
Unloading and elevating

dry materials
Proportioning and weighing
Screening and mixing
Drying
Conveying to curing bins
Curing bins
Pulverizing and packaging

Total Machinery and Equipment
Other Tools and Equipment
Furniture and Fixtures

Estimated,
Cost

$ 36,000

10,000
:n,ooo
20,000
14,000
15,000
8,000

21 ..000
$ 151,000

8,000
1,000

$ 160,000

Actual
Cost
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Item

Lubricants
Maintenance Materials
Spare Parts
Laboratory Materials and

Supplies
Welding Materials
Office Supplies

Total

Ettimated
Cost

$ 50
2,000
3,000

500
2,50
200

Actual
Cost

Due to the fact that fertilizer is a seasonal product the plant
will operate only 30 weeks per year.. Tberefore ll all direct
labor is figured on this basis.

Only five men are required on direct: labor.. The cost of direct
labor will be as follows:

Working 40 hours per week one man would work 30 X 40
hours or 1,200 hours per year. Pive men would work
a total of 8 x 1:,200 hours or 9,600 hours per year.

Based on an hourly rate of $1.. 50 the total cost of direct labor
would be 9,600 X $1.50 or $14,400 per year.

INDDECT l.AB(Jl

All indirect employees will work the full 50 weeks per year.
Small shipments may be required at any time. Raw materials
will be received and all maintenance work necessary to put the
plant in adequate condition for the next years II production
will be accomplished by the indirect full time employees.

OCcupation
Manager ... Chemist
Foreman
Bookkeeper
Maintenance
Receiving and Shipping

Total

Personnel
Required

1
1
1
1
1

Hourly
Rate

$ 2.00
1.50

Estimated
Cost

$ 10,000
1,000
5,000
4,000
3,000

$ 29,000

Actual
Cost
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DIRECT MATERIALS

Material Costs Per Ton for Two ~xes

Material

Nit~ogen Solution*

Sulphate of Ammonia

Superphosphate

Triple Superphospbat~

Muriate of Potash

Magnesium Linestone

Borate

Conditioner

Total

* Nitrogen Solution is:

!-lix: 5-10-19- Mix: 10-10-10
Quantity Quantity

Unit Cost Per Ton Cost Per Ton Cost
Per Ton ~n Pounds Per Ton In Pounds Per Ton

$ 53.50 220 $ 5.89 230 $ 6 .. 15

42.00 58 1.22 548 11.51

18.20 1,.030 9.. 38 418 3.. 81

45.. 57 ...- .....- 266 6.06

21 .. 96 330 3.63 394 4 .. 33

1.60 258 .. 21 100 ..08

42.25 4 .09 4 ..09

12 100 .60 100 .. 60

$ 21 ..02 $ 32.. 63

22.. 21 Free Auaonia

65..0~ Ammonium Nitrate

l2.at. Wa.ter

Assuming that the annual production will include 10,.000 tons of superphosphate
and 12,.500 tons of triple superphosphate the cost of direct materials is shown
below:

10,.000 tons :Mix: 5-10-10 at a cost of
$21..02 per ton 1IJOuld amount to

12,.500 tons Mix: 10-10-10 at a cost of
$32.63 per ton 1ll'Ould amount to

The cOSt of bags is $100 per 1,000 bags or
$2.50 per ton 22,500 X $2..50 =

Total

.. 14 ..

$ 210,200

407,815

$ 614,325



PLANT LAYOU'l'

A plant layout is shown on the last page of this manual.

PLANT SITE

To provide for eventual expansion about 50,000 square feet of level,
well drained land is required. The site should be as advantageously
located as possible with respect to transportation facilities, power,
water, fuel, sources of labor and markets. The cost of the plant :site
is e,stimated at $1,800.

BUILDDiG

A one-story building 85 feet by 280 feet or 23,800 square feet will be
required. The building can be constructed with any suitable local ma
teriial. However, it should have substantial framework and concrete
floors. The cost of the building including a boiler:. adequate plumbing
and wiring is estimated at $4.00 per square foot or about $95,200. 1be
working conditions are dusty. 'the material may contain an appreciable
percentage of fluorine:. and this element in this form can be injurious
to health. It is recoaaended that the building be well ventilated and
that adequate dust masks be provided to avoid inhaling the injurious
dust. The building includes enough space for the eventual expansion
of production up to 250 tOIlS per eight-hour day.

The annual consumption of power is estimated at $4~OOO.

WATER

The water consumption for all purposes is estbllated at $400.

The fuel consumption is estimated at $1,000.
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DEPRECIATION

Item

Building

Machinery and Equipment

Other Tools and
Equipment

~urniture and Fixtures

Total

Estimated
Cost

$ 95,200

151,000

8,000

1,000

Years
Life

20

10

10

10

Estimated
Per Year

$ 4,760

15,100

800

100

$ 20,760

Actual
Per Year

Estimated Actual
Item. Cost Cost

Depreciation $ 20,160

Indirect Labor 29,000

Supplies 6,000

Power 4,000

Water 400

Fuel 1,000

Total $ 61,160

Item

Direct Materials

Direct Labor

Manufacturing Overhead

Total

Estimated
Cost

$ 674,325

14,400

61.160

$ 749,885

- 16 -
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FIXED ASSETS

Estimated Actual
Item Cost Cost

Land $ 1,800

Building 95,200

Machinery and Equipment 151,000

Other Tools and
Equipment 8,000

Fumiture and Fixtures 1,000

Total $ 257,000

WORKING CAPITAL

Item

Direct Materials

Direct Labor

- 30 days

30 days

Estima,ted
CiDst_

$ 56,200

1,200

Actual
Cost

Manufacturing Overhead - 30 days

Reserve for sales
Collections 30 days

Total

5,100

$ 142,500

Item

CAPITAL REQUIREMENTS

Estimateci
Cost

Actual
Cost

Fixed Assets

Working Capital

Total

$ 257,000

14,.500

$ 399,500

- 17 -



SALES REVENUE

Based on a price of $30 per ton for the 5-10-10 mix and $53 for tile
10-10-10 mix, the annual gross sales revenue would be as follows:

10,000 X $30 =
12,500 X 53 =

Total

$ 300,000

662,500

$ 962,500

RECAPITULATION OF COSTS 2 SALES AND PROFITS

Item.

Direct Materials

Direct Labor

Manufacturing Overhead

Total Manufacturing Cost

Interest on Loans

Insurance

Legal

Auditing

Unforeseen Expense

Total Administrative Cost

Sales COlIIDiss ions , Travel,
Freight Out, Bad Debts,
Discounts and Allowances

Profit before Taxes

Total Annual Gross Sales

Estimated Actual
Cost Cost

$ 674,325

14,400

61,160

$ 749,885

$ 10,000

1,000

2,400

3,600

17,615

34,615

40,000

138,000

$ 962,500
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BtTI.nEr CONTROL

A requisition form designed to provide accurate records of procurement
and indicate tile purpose of procurement wi:th tile least amount. of t1.."lIle
and effort is shown on the following page.

This form has an account number for each type of the various expendi
tures which the manager will review in detail, mon~ or oftener, in
order to control. his expenses. Sane items, such as power ano. water,
are usuaJ.ly under contract and are easily checked by reference to
mont.h1y bills. For simplification, items (marked with an asterisk
below) are anitted fran the purchase requisition. Variations in the
l.ebor costs are easily reviewed by examination of the p~oll vouchers.
The simplified type of control thus provided makes certain that the
manager can control expend!tures pranptly.

Following the requisition form, e. s,ampl.e voucher check is shown.
Voucher checks should be used for the payment of a.l1 expenditures and
the appropriate book account number pJ.aced on each voucher.

At the end of each month the manager will receive a statement of all
expenditures broken down by budget accounts. If'"the expenditures ex
ceed the budgeted mont1ll¥ a110wances of any of the accounts, the
bookkeeper will f'urni.sh the manager with a break-down of all. expendi
tures relative to the budgeted accounts exceeded. Al.l. these supporting
data can be secured by reference to the purchase requisitiona and the
check vouchers. This reference will enable the manager to determine
what caused the over-expenditure and take corrective action.

If' at any time during each month it beccmes apparsnt that expenditures
will exceed any of the bUdget accounts, the bookkeeper will bring this
to the attention of the manager for his inf'ormation and action.

BUOOEr CONTROL ACCOUNTS

Account Number
Monthly
Expense

Monthly
Budget

AnnuaJ.
Budget Actual

10 Administrative * * 1~416 * 11~OOO * _
20 Sales 3~ 333 40 ~ 000
30 Direct Materials 56~111 674,325
40 SUpplies 500 6,000
51 Power* 333 4,000
52 Water*' 33 400
53 Fuel 83 l~OOO

60 Unforeseen Expense
(Reserve Account) 1,468 17,615

71 Direct Iabor* 1,200 14~400

72 Indirect Iabor* 2,416 29,000
80 Depreciation

(Reserve Account) 20,760

Note: Administrative includes interest on loans,
insurance, legal and auditing.
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PURCHASE REQUISITION I CCMP.A:NY NAME DATE

D 10 ADUNISTRATION 0 40 SUPPLIES

D 20 SAIJi.S 0 50 UTILITIES

0 30 MATERIAIS 0 60 UNFORmEEN EXPENSE

INDICATE BEIOW THE USE OF MATERI.AIS

0 DIRECT MATERIAIS 0 MAINTENANCE SERVICES

0 MAINTENANCE MATERIAIS 0 OPERATING SUPPLIES

DELIVERY WANTED
PLEASE ORDER THJ!SE MATERIAlS OR SERVICES

QUANTITY JE;CRIPrION UNIT TO'P..AL

I

i
Ii
~

I
I

l'i I
i

l Ii
!

II
I

!

I
I !

I
!
~

QUOTES REQUISITIONED BY
FRCM

i

QJJ0TE3 APPROVED BY
FRCM

QUOTES I ORDER NO. ORDER DATE
FRCI4
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L.! a ..., .1

R. W. MITCHELL MANUFACTURING COMPANY
t 422 BOSWORTH STREET. S. E

65-22-sf4-

ANYWHERE. U. S. A.~~~_~_~, 19__ No. 10000
PAY~~ ~ ~_~

TOTHEOACEROF r ..,
DOLLARS $ __~__

N....
•

L ~

TO FmST NATIONAL BANK
ANYWHERE, U. 8. A.

-~-.~~<;iJ!Il'~

ACCOUNT NUMBER

R. W. MITCHE'.L MANUFACTURING COMPANY

av SAMPLE CHECK
VICI PRI:IIlIDENT

Semple voucher check to be used for the payment of
all expenditures in connection with Budget Control.

~='-'~=-=-"="='-~,_. - ~,'.=~,~=,,,,

~~-~= --

R. W. MITCHELL MANUFACTURING COMPANY



The services of professional engineers a...-e d.esirable in 'the
design of this plant, even though the proposed pl!a-nt is sma]].

A correct design is one 'Which prov-ldea the greatest econany
in the investment of funds and establishes the basis of opera.
tion that nil be most. profitable in the beeinning and viII
also be capable of expansion'ili.thout e:Jq)ensive alteration.

The addresses of professional engineers Who specialize in
industrial design, som.e of wan m8¥ 'be Willtng to underta:Jt1;:e
such 'Work on lov cost projects overseas, can be secured by
reference to the published cards in various engineering magazines.
They~ also be reached through their national organizatior.:.S,
one of which is the

liational Society of' Professional Engineers
2029 K Street, ]['{orthwest,
l-la.shington 6" D. c.

Manuf'acturers of industrial equipment em.I=:'oy engineers familiar
with the design and inst.allation o.:f their specialized products.
These manufacturers a.:r.-e usually villing to give prospec'tive
cllstaners the bene!'it of tecnnical advice by those engineers in
determining the suitab!lity of' :their equiIJllent in any proposed
project.

The equipment. manufacturers also L"10W', and can recammend"
professional engineers in private practice" w.o are willing and
able to provide appropriate consulting services.
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Manuf'ac1iur1ng an 1.D1"eri~ quaJ.i:ty of lroduc't dur1Dg the 'training
period cou.J.d create seJ.es resistance 'that might; be tU.:tf'1cul't to
cope with later. To avoid such posslbil.i.ties, the qua.l1tJ of the
product shou.ld be ma1Dta1ned a't aJ.l t1mes, including the t;ra.f.n 11l1g
period.

In scme azoeas ski J] ed operators DIIq be available J.oca] ]7. In other
a.reas all the opera1iors~ bave to be 'trained.

If' skilled operators are not available~ adequat;e "tno-fn1ng would be
assuredby' using one or more of the follov:1.ng me'thods:

A. It the ~lant is designed and installed 'by a cCIIII;PE!'tent
engineering :t1rm, the contract should be negotla:ted, if'
possible, on a turn-key basis. On 'this basis th~ contrac
tor agrees to operate the plant sri. produce the quality
and qU8n:tity ot the produet sta'ted in the contract tm an
agreed period ot time. SUch a cootract vould assure
adequa1;e perscmnei "training, slnc:e fUll quantit.y and J.1&11tJ"
could not be produced vi'th aa UDtirained orgeu1za1i:1c:m..

B. The engineering :tirm 'that desisns and installs the plant;
can usuaJ..4 make training~ts 1;0 haveke;y personnel.
placed# for "t7.:aiDing purposes, in a foreign 1udust.r.Y 1ibat
produces the same 'type of produe't. 1h1s would prori.de
training for the key personne~ whUe the plant 1s being
installed.

c. If' neither of the above methods 1s JlPssib1e, 'then qualified
and experienced :ind1;riduals should be employed for the ke,y'
post'tiona, eitiler permanently or teD.porarily, to per1"or.m
tbe key opera'tions and assist in t.ra:i ning the orgamza'tiOD»
even 11" they must be secured ou:tside the country.

D. The wmager should have years of successfUl. experience in
"this type of business and be tuJ..q qual1fied in a.1.l p'b.ases
of :ma.nagement, 1nc1udf.ng the 'training of emp1oyees.
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'There 15 al~.s danger of' accident and i.nJlU'7 1.n. an;y
indust.rial plant. Because of t,Ms, "the mBlIager should
t...ak.e speci,f'ic act,ion. to bring "to the attention of each
employee the importance of safety precautions and in
telligent. first aid.

Practically all machines bave safety appliances:l and
the ma.~er should see that these are in good working
coniii'tion and that the operators are making :fUll. use of
them.

In additlon'to constant. vatcbfUJl.ness 'to make sure 'that
all pr:acticable safety ~au.tlcns are taken, first aid
supplies Gbould be :re;;uti..Jl,J''' available. One caJmPl.ete
'first aidki,t should be ~untained near 'the manager- s
ofticri, a:l.~ others at appropriate places "throughout the
plan:t" Sane of the employees should be trained to pro
vide ft,r.s't aid service.

The use of aeciden:t posters in 'the pJ.ant has proved to
be of' value in. reduciD8 accidents, It is recamm.ended
that such POSWni1 be used, ~d that some direct. special
action be '~en by the ~age:r', 8:t least cm.ce each month,
to bring to the at;;ten:tion. of all. personnel the importance
of safetYPz.'ecautions.

A fire bJri,pde $bould be established and each member
trai,ned ..\1;,s 'to his responsib:f.l1ty in case of' :fire.. Fire
drills 8bou1d be conduct.edperiod1cally..

It is recCllllll1ended tJu~:t the employees be encouraged 'to
offer suggestioQs or recQllllmenda:tions nlative 'to preven
tion of a.ccic!en:ts 11 removal. of' :fiJ~e bazards end main:tain1ng
general in:tel''est i:l:\ all saf'ety f'w::tol"S ..
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A small plant, built and operated according; 'to the assumptions made
in this manual vould be a profitab.leundertak.ing.

There are sane determinations, however, that should be made before a
decisjon 1s reached toblllild and operate such a plant. Among the
necessary determinations to be made are tboee Vith respect to the
followi.ngitems :

J!.1ATERIAIS AI.D SUPPLIES

L Are all materia.ls and supplies available locally?
2. Is the local material market campetitive?
3. Are satisfactory deli'very of local materials assured at reason-

able prices?
4. Yha:t materials and supplies must be importedt
5. Are they available in vC'rld markets at COIllIlpetltivepricest
6. Would prCDpt delivery of mported materia.ls and supplies be

assured so tha.t large inventories would not be required"!'

1. Is there already a demand :for the product?
A. Who are the principal consumers?
B. Who are possible new consumers?

2. Hov is
A.

B.

c.
D.
E.

dema."ld for the product nov satisfied!
By local production? If so, What is the volume of annual
production?
Vhat percentage of consumption is filled by locaJ. prodUC
tion?
By imports? If' so,what is the vollLmle of' annual imports?
What percentage or consumption is met by imports?
ham wa;t areas are imports derived?

3. What is Cle estimated annual. increase in loca1 consumption over
the next f'ive years?

A. Hov "Were such estima:tes made?
B. By reference to official figures on population growth,

family budgets, imports, etc ~ ?
C. By consultation with trade or industry, minist.ries,

associa.tions, bankers, ccumercial houses, wholesalers,
retailers, industrial consumers, etc.?
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SUMMARY (Continued)

4. If the product is already being manufactured, can the existing
and estimated future local market absorb production of the
new plant without price-cutting or other dislocations'?

5. Would the estimated sales price and quality of the new product
make it ccmpetitive wittl an imported equivaJ.ent?

A. After adjusting cost to local conditions, is the
estimated sales price of the product so high that
tariff' protection is necessary to protect it frcm
imports?

1. Could the product canpete in export markets on the basis of
price, qu.'llity and dependability of supply?

2. can export markets for the product be developed'?
3. If so, in what areas and in what annual volume'?
4. What procedures would be nec.essary to develop export markets?
5. What would it cost'?

1. In calculating costs of the product, has adequate al10wance been
made for the expense of' a sales department, advertising and pro
motion the.t might be required?

2. Do consumer prejudices against loca1J.y manufactured products
exiat?

A. If' so, why?
B. Would they apply to the new product?
C. If s.), how could they be overcane and what

would it cost to do so?

3. Do marketing and distribution facilities :for the product exist?
A. If not, can they be set up?
B. What would it cost to do 50?

4. Will the product be sold to:
A. Wholesal.erst
B. Retailers?
C. Direct to consumer!
D. Other industries!
E. Government?
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SUMMARY (ContinUed)

ECONCMIC FACTORS

1. How much foreign exebsnge (and in what curreDC',Y) is required to
import machinery, equipaent and supplies:

A. How much foreign exchange (and in wa:t cur:rency) 18
required for annual interest PBIJIenu and -.ortlza'tlon
of any loans contracted to ilIlport macb1.ner;J and. equip
ment, or for pa.yment of royalties end techn1cal serYicest

B. How mach foreign excbange (and in 1llba:t currency) 18
required for annual import ot ray materials and supplies!

C. What are estimated annual foreign excbange earn1D8S aDd
in what currencies!

D. Has care:tuJ. considera'tion been given to 1;he possibil1V
of depreciation in the foreign excban.ge value of the
local currency?

E. Has caref'ul considera'tlon been given 1;0 'the po8sibUi't,r
of i.JJWort cont.rols, or restrictions on ava:1l&bilit.ies of
foreign e.xcbsnse neceS8&'l'7 1;0 operate 'the business!

F. What beneflts voul.d the new· business briDs to the ecODal,7
in the use ot local ray materials: in eIIIploym.eD:t and in
technology1

G. Do dependable tac1llties exist tor transportation, power,
fUel, water and sewage!
(l) If' not, can existing deficiencies be eliminated

satisf'actorily'l
(2) What wou1d be the cost. to do sot

PERSODEL

1. Is there an adequate labor supply neer the plant location'!
A. If not., how can the problem be solved?

2. Can 'the problem of training canpetent management and super-
visory personnel be solved?

A. Also, the training of skilled labort
B. Is technical advice available in the locali1;y'!
C. It not, "Where can it be obtained and what Yill it cost!

lAWS AND RmULATIONS

1. Do exist.ing lahor laws, government regula'tiona, laws and taxes
favor establishment of neloi business?

A. If not, can existing obstacles be removed?
B. If' 80, how and when?
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Sf.IiIIAR!' (Con1;1nUed)

FINABCIAL FACTORS

1. TechnicaJ. adrice on selec'tion of machinery and ecp1ipaen't.
A. In se1ec't1ng the maeb1nery and equiplllen't for tbe

new plant, bave repu:table and calijleten't eDg1neers
and 'teclmic18DS been consul1iedt

B. Have t.b.q been asked f'or adY1ce on the mos1i sw.:table
'types of macl11nery and equj.paen't for "the process and
locality'!

C. Have they carefUl..q caapared cosb of' 'Y8ri.ous suppliers?
D. Cred1"t "terms offered purchasers?

1. In es"t1ma"ting 'the cos"t of' the project, has care:tul. considera-
tion been given "to:

A. The e:ff'ect. on cosb of delqs in construction schedules!
B. In delivery and insW1a:tior. of Jll8Cb inery and equipaent!
C. In import of essential raw ma"terials and supplies?

2. In calculating cash flow and worlting capi1ial requireaaents, bas
careful. consideration been given to:

A. Maintaining ade~"te inven"torles of' ray ma"terials!
B. Supplies and spare parts!
C. seasonal fluc'tua;tions in the business!
D. The time required "to liquidate credit sales to

cus'taDers and bad debts!
E. The period necessary "to ge't tb.e plant. in'to

production'!
F. Cash required to amortize i'ts principle loans?

3. If'"the ecoDCIIW is in a period of 1Df'1a't10n, has f'Ull. aJ.l.ovance
been made for 'the 1nf'l.uence of' rising prices and wages on 'the
cost of' "tbe proJect and on vorldng capi1ial requirEments!

SHORT TEHM BANK CREDl'l'S

1. Has it been possible to make arrangemen'ts vitb. local banks to
f':I..nance short-'time working capi'tal requ1reJDen'ts of' 'the business?

FINANCIAL PIAN:

1. Has a def'im:te plan 'to f'iDance 'the proJec't been 'WOrked ou'tt
A. Is suf'ficlen't capital available locallTl
B. If Dot, what is the plan to obtain the required

capital.!
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Textbooks

Rogers Manual
of Industrial Chemicals

Commercial Fertilizers

Periodicals

Commercial Fertilizers

Farm Chemicals

BIBLIOGRAPHY

D. Van Nostrand Company, Inc.
250 Fourth Avenue
New York, New York

McGraw-Bill Book Company, Inc.
330 West 42nd Street
New York 36, New York

Ii. W.. Brown Publishing Company
75 Third Street, N. W.
Atlanta, Georgia

Ware Brothers Company
317 North Broad Street
Philadelphia 7, Pennsylvania

ABBREVIATIONS

Foot or feet

II Inch or inches

No. Number

'%. Per cent

lb. Pound
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Figure 1 - Tractor with bucket-type shovel

Figure 2 - A pulverizer
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Figure 3 - A vibrating screen

Figure 4 - A mixer
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Figure 5 - Interior of a typical fertilizer plant with overhead crane equipment
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Labo ratory, Wash
oom, and Office

Area -- 720 square
feet

Shed
,.. .

111111 .11111
I' JI I .","

-
6 Raw Material Bins Mixing Area Finished Goods
15' x 30 1 x 21'

1500 square 3000 square feet
2700 square feet feet

Empty pallets and bags and
AISLE bagging area -- 1200 square 85

feet

12 Curing Bins 20' x 36' x 21' V i-'"

8640 square feet
.....

"•

""
•

"Maintenance Area
720 square feet

Total plant area::::: 23,800 square feet
Plant capacity:: 250 tons per day Scale: 1" ~ 40'

Figure 6 - Preliminary plant layout



INTERNATIONAL COOPERATION ADMINISTRATION

SERVICmJ OF THE
INDUSTRIAL TECHNICAL COOPERATION PROGRAM

TYPE m - TECHNICAL AIDS FOR OVERSEAS

• INDUSTRIAL REPORTS SERVICE

Provides basic information regarding:
1. Data and reference materials relating to private capital mobilization and its

application in economic development.
Z. Requirements for establishing and operating small factories in basic industries.
3. Man-hour requirements, operational characteristics, and equipment utilization

in representative U. S. factories in selected industries.
4. Man-hour and materials savings through standardization, simplification. and

specialization studies.
5. Supervisory and other specialized training procedure. and techniques.
h. U. S. experience in specialized fields.

• TECHNICAL DIGEST SERVICE

Provides digests and abstracts, full length articles. and bibliographical references
on U. S. developments in products. processes. and work techniques derived from U. S.
technical, scientific, and trade periodicals, and other pertinent source*".

• TECHNICAL INQUIR.Y SERVICE

Provides answers to individual ques tiODS relating to products, processes. machinery
and equipment. production operations. work techniques. management practices and
concepts. factory engineering. and basic requireDlents for industr~production.

• TRAINING MATERIALS SERVICE

Provides basic materials for use by specialized technicians in the conduct of man
agement. supervisory and specialized training courses in hoat countries.

• TECHNICAL LITERATURE SERVICE

Provides recoD1D1endations and guidance regarding current useful world-wide pub
lications relating to industry and productivity iJDprovement; distributes carefully se
lected and representative new publications of particula.r value for prograDl use; and
facilitates mission literature procurement.

• U. S. BOOK EXCHANGE SERVICE

Provides, on Mission approval, technical and scientific books and periodicals on
exchange basis to overseas libraries.

• VISUALS AND NEW MEDIA

Provides technical advice and guidance to wssions on new industrial visuals. Pro
vides £or cooperative prograDl adaptation and use a. va.riety of visual materials. in
cluding loan exhibits, silk-screen display panels, graphic brochures. slide and sound
kits, and related materials.

• TECHNICAL FILM SERVICE

Provides guidance for and facilitates procurement of U. S. techniCal and trainins
film.8 for prograDl Wle; provides representative U. S. technical industrial fi.lm8 and
filmstrips OD loan basis for short-term program requirements. and facilitates adap
tation of films into foreign language versiou for program use OVerseas.




