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ABSTRACT

The objective of this Profile is to outline the processing of
cotton and other natural fibers. Included is a discussion of the

production of the raw material, as well as the ginning, baling,
spinning, and weaving stages in the manufacture of cotton
textiles. Marketing aspects of the cotton industry, as well as
factors concerning factory location are discussed and brief
descriptions of other fibers are also provided. A bibliography
listing useful reference is included. Annexes with conversion
factors (Metric/US) and several examples of investment and
operating costs are located at the end of the Profile.
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FOREWORD

The nature of project and sector work in the World Bank is suchthat staff are often called upon to work outside their major
fields of specialization, if only to make an initial judgement onthe utility of further, often costly, investigation. Under thesecircumstances, up-to-date and authoritative reference material isessential.

The profiles in this series are designed for use by operational
staff with experience in the agricultural sector but who do nothave a technical knowledge of the particular commodity underdiscussion. Their purpose is not to substitute for technical
expertise but to provide a reliable inhouse reference which willhelp Bank staff to determine when and what expertise is needed inthe detailed evaluation of investment proposals in agro-
processing.

The conditions for any particular proposal are bound to be uniquein a number of respects, and the use of norms and general data inproject analyses could give rise to significant errors. On theother hand, by providing responsible staff with a guide to theissues on which appropriate expertise should be sought, these
profiles can contribute to the overall quality of agro processing
investment. Used with care, they should also facilitate broadpre-screening such as may occur during sector work and
reconnaissance.

Questions, comments and further inquiries should be addressed to:

Agro-Industries Adviser
Finance and Agro Industry Unit
Agriculture and Rural Development Department

The contribution of Sir Malcolm MacDonald & Partners, Ltd. in thereview of this profile is gratefully acknowledged.

April 1986
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Cotton

DATA SHEET

Common Species:

(1) Gossypium Hirsutum - also known as 'American Upland'
- medium (1 inch) to long (1.3 inch)

fibers
- accounts for 90% of world production

(excluding China)

(2) Gossypium Barbadense - also known as 'Egyptian'
- extra-long (1-3/8 inch and longer)

fibers
- accounts for 5% of world production

(excluding China)

(3) Gossypium Arboreum - grown in South Asia
- short (under 1 inch) fibers

Seed Cotton Yields (1979) - 75 kg/ha (poor conditions)
(Flynn and Manser, 1982) - 3,300 kg/ha (best condition)

- 1,250 kg/ha (world average)

Weight ratio of seed to fiber: 2-3 to 1

Composition of whole cottonseed, by weight (World Bank, 1981):

- linters = 8.5-10.0%
- hulls = 25-28%
- meal = 45-47%
- oil = 15.5-16.5%

Composition of cotton fiber (dry basis) (Timpa, 1983):

- cellulose = 94%
- protein = 1.3%
- ash = 1.2%
- acids
wax = 3.5%
sugar
other
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Bale Sizes (World Bank, 1981):

- Egypt: 720 lbs net
- India and Pakistan: 392 lbs net

- Mexico: 230 kg net
- Spain: 420 lbs net
- U.S.A.: 480 lbs net

Cottonseed The seed which remains after the lint has been

removed by ginning.

Delinting Mechanical process for removing linters from

seed.

Egyptian cotton Cotton with extra-long staple fiber, highly

valued for production of strong threads and

fine yarns.

Expeller Screw press for removing oil from cotton seed.

Ginning Mechanical process for removing lint from

cotton seed.

Ginning outturn Ratio of lint and cotton seed output to seed

cotton input; this ratio is usually about 1:3

for lint and 2:3 for cottonseed output.

Lint Long cotton fibers from which seeds are removed

during ginning; used in spinning thread.

Linters Very short (less than 1/8 inch) cotton fibers

remaining on seeds after ginning; used in

production of batting and other non-woven
products.

Locks The 3-5 compartments into which a cotton boll

is divided.
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Upland cotton Cotton with a medium staple fiber; the most
widely-grown type in the world.

Textile Manufacture Terms

Bleaching The removal of all non-cellulosic substances
from cotton fiber by means of oxidizing agents.

Blending The admixture of fibers from different sources
to achieve long-term homogeneity of fiber
input.

Carding The separation of individual fibers of unopened
cotton tufts.

Combing An optional process in the manufacture of
yarns, involving the straightening of long
fibers and the removal of short fibers (noils).

Draft A measure of the extent to which a strand of
cotton is reduced in its weight per unit length
as it passes through a series of rollers.

Drawing The first process in the sequence of yarn
manufacture in which the fibers are
straightened to make them parallel to the axis
of the sliver.

Loom Weaving machine.

Mercerizing Chemical treatment using caustic soda which
rearranges the molecules within a cotton fiber,
thereby improving its luster, strength and dye
affinity.

Micronaire Composite measurement of fineness and maturity
of cotton fibers.

Noils The short fibers removed from the sliver during
the combing process; typically 8 to 14% of the
sliver is removed; the noils can be separately
processed into yarn.

Opening Tearing apart the tightly packed tufts of
cotton taken from the bale.
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Pirn winder Precision device for winding the small bobbins

fitted inside the shuttle of a loom.

Pressley Fiber strength measurement.

Ringframe Last machine in the spinning sequence on which

yarn is made.

Roving The process which lowers the weight per unit

length of the sliver to levels which permit

final spinning; some twist is also imparted to

the sliver during this process; the product of

this process, also called roving, is wound onto

a bobbin, which is used in spinning.

Shuttle Bullet-shaped device used for threading the

weft yarn through the warp yarns so as to weave

the cloth.

Sizing A compound paste of starch or synthetic

substances which is applied to the warp to

protect it from abrasion during weaving.

Skutching Operating whereby cleaned cotton is further

opened and cleaned, then transformed into a

controlled-weight batt.

Sliver Continuous, untwisted strand of fibers produced

by carding.

Spinning Reduction of roving to specified yarn size and

insertion of twist for added strength of fiber.

Warp The strong lengthwise threads in weaving.

Weaving The interlacing of warp and weft threads in the

production of cloth.

Weft The filler, crosswise threads in weaving.

RAW MATERIALS

Cotton is a heat-loving plant, requiring high temperatures during

its stages of growth and reproduction. Optimal growing

conditions consist of a warm, moist period of germination,
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followed by a long, warm, and dry growing season. Cotton
normally requires from 175 to 225 days to reach maturity,
although intensive cultivation practices may shorten this period
to 135 days (Prentice, 1972). Lint per seed, lint per boll, andthe number of ripened bolls harvested per hectare ingrease withan increase in temperature within the range of 16-38 C
(60-100 F). This range is smaller for the short-fiber Asian
varieties.

The optimal annual rainfall is from 1400-1600 mm (Regional
Ministry, 1977). In arid areas (less than 600 mm) irrigation is
necessary. Timing of rainfall is important, as rain at harvest
time causes the contamination and discoloring of lower bolls by
soil particles. Because of its tolerance of long periods of dry
weather, cotton can be grown in areas which support few other
crops.

Cotton cultivation requires well-drained soils which are at least
three to four feet deep; this allows unfettered root penetration.
A wide range (5.5 to 7.0) of pH levels are tolerated. (IBID)

Cotton fiber consists of elongated single cells attached to the
cotton seed at the bottom and closed and pointed at the top.
Growth takes place over a 25-day period, followed by a 25-day
period of thickening of the cell wall with daily cellulose
deposits (Batra and Bell, 1975). The boll remains closed during
the period of fiber growth. Upon reaching full maturity, the
moisture content of the boll begins to fall. The boll eventually
splits at the seams, exposing 3-5 compartments (locks) containing
fiber and seed. The long fibers (lint) are twisted; the short
fibers stuck to the seed coat (linters) are not.

When cotton is picked by hand, harvesting comprises most of the
labor requirements of production. Picking is done by grade, with
mature, clean seed cotton harvested first, followed by damaged or
stained growth. The resulting seed cotton is relatively uniform
and free from stalk, leaves, and other sizable foreign matter.

In contrast, mechanized harvesting is problematic due to the lack
of uniformity in maturation (both by field and by individual
plant) and to the inclusion of plant and leaf matter which can
stain the fiber. (Hamby, 1965) Machine-harvested seedcotton is
therefore of more variable quality and contains a greater amount
of foreign matter.
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PROCESSING

Harvested seed cotton is a mixture of fiber, seed, and a variety

of impurities, such as leaves, stems, dirt, and small stones.

Upon delivery to the ginnery, it is weighed and graded so as to

facilitate the formation of homogeneous bales. Transformation of

seed cotton to a marketable raw cotton form requires separation

of the fiber or lint, and the removal of foreign matter.

The quality of the lint is at its peak at the time of harvesting.

Processing cannot improve fiber quality; at best, it can only

preserve it.

Cotton processing involves (1) adjustment of moisture content for

ease in handling; (2) the cleaning of seedcotton; (3) ginning to

isolate the lint, (4) subsequent cleaning of lint; and (5)

pressing and packaging into bales. These five processes are

illustrated in Flowchart 1 on the following page.

Moisture Adjustment

Seed cotton moisture content should be in the 6.5-8.0% range

(Tima, 1983). Higher levels cause dirt to adhere to the fiber

and may cause problems in the functioning of processing

equipment. When seedcotton is too dry, fiber breakage increases

losses and excessive levels of static electricity hamper

mechanical efficiency.

High moisture levels result when there is rainfall immediately

prior to harvest or from the presence of immature bolls (green

cotton), trash, or leaf harvested with the seed cotton.

Harvested cotton can be dried in shallow piles in the sun, in

barns or other large buildings, or mechanically, using a shelf

tower dryer.

A shelf tower dryer surrounds the seedcotton with heated air as

it passes through a zigzag path formed by the tower's 16-24

shelves (Kohel and Lewis, 1984). the air used to dry the cotton

is also used to transport it. The temperature should not exceed

175 C to avoid damage to the fibers. The time required for

drying ranges from 10 to 20 seconds, depending on the moisture

level of the seedcotton, velocity of the transporting air, and

the 'aerodynamic' characteristics of the seed cotton, i.e., how

well-opened, dense, etc. the bolls are. Drying improves both

uniformity and quality, although dried seed cotton cannot match

the quality of that which was harvested dry.
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In warm arid climates, moisture in the seed cotton may be

evaporated into the atmosphere. Two methods are used to restore

it: l)spraying the cotton with a very fine mist; and 2) exposing

the cotton to warm (up to 60 C) humid (up to 95%) air using a

special air humidifier. (IBID)

Restoration of recommended moisture levels increases efficiency

in cleaning and ginning, as well as enhancing fiber quality.

Cleaning

Because cleanliness is a major determinant of quality, cleaner

lint and seed receive higher market prices. In addition, the

presence of burrs, sticks, stems, and green bolls can impede the

operation of the gin.

Cleaning is therefore necessary and its amount depends on 
the

foreign matter content of the seedcotton. Hand-picked cotton

generally contains 3-30% of impurities per bale of lint;

corresponding levels for machine-picked cotton are 9-42% (Ibid).

Cylinder cleaners and extractors are two basic types of cleaning

machines designed to separate seedcotton from foreign matter.

Frequently, cotton passes through a series of cleaners,

consisting of a variety of different machines.

Extractors remove large-sized hulls, sticks, stems, greenleaf,

and burrs. The seedcotton passes over a large saw cylinder, past

a stripper roller or small roll with many projecting pins,

revolving in the opposite direction. Anything larger than a

given thickness is prevented from passing through; hence, large

foreign matter is dislodged.

Cylinder cleaners are designed to remove smaller, finer

particulate matter from the seedcotton. They consist of a series

of spiked cylinders which revolve above screen or grid-bar

enclosures. Agitation of the cotton dislodges foreign matter,

which is then screened out by gravity or by air suction.

Ginning

A feeder provides control over the flow of seedcotton to the 
gin

stand or cotton gin. Many feeders are designed to include

cleaning and extracting capabilities as well. Feed rollers,

operated automatically or manually, feed the seed cotton into the

8



gin stands at controlled rates.

Ginning is the process by which cotton seeds are separated from
the lint. The basic principles have changed little since theinvention of the cotton gin in 1794. Two types of gins are
commonly used: 1) a roller gin for long fiber cotton; and 2) asaw gin for Upland cotton.

In a saw gin stand, seedcotton passes into the huller front,
where a small amount of cleaning takes place; it is then fed intothelower part of the seed roll compartment. A series of between
90 and 158 saws, each 30-45 cm in diameter, draw the fibers
through a series of closely-spaced metal ginning ribs. Lint isremoved from the saw teeth by means of a revolving brush cylinder
or a blast of air. (Kohel and Lewis, 1984) The seeds left behindfall to the bottom of the ginning stand and are carried away byconveyors. (See Figure 1 on the following page.)

A roller gin stand uses a combination of friction and inertia inseparating lint from seed. Fiber is drawn between a roller and afixed knife. While the roller pulls the fiber, a moving knifepushes the seed, thereby separating the two. The fibers are thenremoved from the roller by a brush or a rotating doffer, while
the seeds fall through a seed grid to the bottom of the ginstand.
(See Figure 2.)

Roller gins are advantageous in the ginning of long or extra-long
fibers as well as short, coarse, fuzzy fibers because 'gin-cut'
(fiber breakage) and nepping (the formation of small knots) aregreatly reduced. However, production rates for roller gins aresubstantially lower. According to one source (Prentice, 1972) a102 cm roller gin produces at only 1/8 to 1/10 the rate of acomparably-sized saw gin.

9
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Figure 1: Modern Saw Gin Stand, with:
(A) Huller Section
(B) Seed Roll
(C) Ginning Ribs
(D) Ginning Saws
(E) Overhead Moting Section
(F) Brush Doffing Cylinder

Source: Kohel and Lewis, 1984

Figure 2: Roller Gin Stand
Source: Kohel and Lewis, 1934
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The practice of cleaning the lint following ginning has become
more widespread and more essential with the mechanization of
harvesting. While machine-picked cotton is normally cleaned in
two stages, hand-picked cotton requires only one stage, if any at
all. Saw lint cleaners employ high-speed cylinders to dislodge
impurities with a combination of centrifugal force and stripping
action of several grid bars. These are used in treating Upland
cottons.

In a pneumatic lint cleaner, lint is transported by air through a
pipe. Upon passing a narrow trash ejection slot, the conveying
air and cotton are suddenly forced to change direction, thereby
releasing foreign matter through the slot. This method is used
for many kinds of cottons. Cleaning of Upland cotton by
pneumatic lint cleaner is often followed by one or more stages of
saw lint cleaning.

Approximately five percent of the cottonseed separated from the
fiber in ginning is reserved for future planting; the remainder
undergoes further processing. Cottonseed is an important source
of edible oil (see Profile on Oilseeds) and cottonseed cake (used
as a protein source in animal feed). Linters, the short fibers
adhering to the seed, are moved during oilseed milling by a
combination of saw blades and abrasion. The longest fibers are
usually used in the production of batting and fillers, while the
shorter fibers are used in chemical processing for their
cellulose content.

Pressing/Baling

After ginning and cleaning, cotton is rather fluffy and airy. It
is then flattened, compressed, and packaged. Cleaned lint first
passes through a condenser; this is a large, revolving, tubular
screen, surrounded by a sheetmetal 'house'. Cotton fed into the
condenser is 'plastered' against the sides of the screen while

I . the air passes through (Hamby, 1965). The end product is a
cotton batt, which is delivered to a lint feeder, which, in turn,
discharges the lint into a press box. The lint feeder may be one
of many types: a revolving kicker, a belt conveyor, a hydraulic
pusher, or an air-suction device.

A press normally contains two press boxes, one of which is
gradually filled by the lint feeder, while the other, already
full, is pressed. They are placed on a turntable to facilitate
their interchanging functions. Pressure generated by a hydraulic
ram forces the lint into a dense package known as a bale.
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Low-density bales, (i.e. pressure does not exceed a few hundred

lbs. per sq. inch) are produced when the cotton does not have to

be transported over great distances. Compression facilitates

transport by reducing bulk; therefore, high-density bales
(requiring pressures of more than 4,000 lbs psi) are standard

when the cotton is produced for export.

When ginneries are not equipped with high-density presses, bales

are sent a centralized warehouse or port for recompression, if

they are to be transported long distances or abroad.

The bales are wrapped and tied to protect the cotton from the

effects of weather and from dirt and impurities with which it may

come in contact during transport and storage. Wrapping also

lessens the risk of fire. Woven polypropylene, lightweight jute,

burlap, or polyethylene materials are used for wrapping, and

steel wire and strapping are used for tying the bales.

YARN MANUFACTURE

In the manufacture of yarn, bales of cotton are transformed into

continuous uniform strands according to varied end-product
requirements. The process involves further cleaning of the

cotton, separation of individual fibers, and thread formation, as

outlined in Flowchart 2 on the following page.

Blending, Cleaning, and Picking

Blending greatly reduces the bale-to-bale variation in physical

properties of cotton, such as fiber length, strength, fineness

and cleanliness. This helps to minimize breakage and to control

yarn qualities, nep level, and waste level in processing. Other

reasons for blending include: 1) lowering of costs, as

less-expensive cottons can be used in blends without adversely

affecting final-product quality; 2) meeting functional demands

with respect to tensile strength, abrasion and wrinkle
resistance, softness, stretch, color, luster, and drape; and 3)

improving processing performance. (Hamby, 1965) Blending is

thus considered one of the most important operations in the

manufacture of yarn.

Blending involves the combination of cottons in specified

12



Flowchart 2: Yarn Manufacture
Source: British Cotton Growers Association, Ltd.
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Cotton Yarn
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proportions, typically by volume. The number of bales needed

depends on knowledge of individual bale properties, where

less-detailed knowledge means a larger mix is necessary to

control variation. The number of bales comprising a mix can

range from six to over fifty (Kohel and Lewis, 1984).

Opening of bales begins with the removal of bagging and ties.

This should be done 24 hours prior to blending so as to allow 
for

'blooming', i.e., expansion, conditioning, and aeration. (Ibid)

Once opened, either the layers of cotton can be removed by hand

to blending feeders (in which case the operator assumes the

responsibility of maintaining the proper mix), or entire bales

can be reduced to tufts by means of mechanical plucking devices.

The purpose of opening the bale is to transform the compacted

bales of cotton into fluffy clumps for improved blending and 
to

facilitate cleaning.

Opened cotton is fed into hoppers or reserve boxes in layers of

small tufts. Mixing results when several layers of tufts are

removed simultaneously. Blended cotton is transported manually,

by conveyor or aerodynamically to a cleaner or series of

cleaners.

While there are many types of cleaners, most fall into one of

three categories; revolving beaters, revolving saws, and air-jet

systems (Hamby, 1965). The amount of cleaning required depends

on impurity content and desired quality of end-product. (There

is not always a correspondence between quality and the amount 
of

cleaning necessary, however; high-quality yarns require

long-staple, micronaire cottons which are generally cleaner 
than

lower grades; they therefore require less cleaning in the opening

section of a spinning factory, but more gentle treatment.)

Cleaned cotton is fed into a picker or scutcher for additional

opening, cleaning, and transformation into a controlled-weight

flat sheet or batt. Pickers are a combination of beater

elements, cylindrical screens, and rollers. The beaters open and

clean the tufted cotton, which is then hurled against the walls

of the revolving cylinder screen. Sheets of cotton batt removed

from the screens are rolled into a 'lap' or 'picker lap' for

feeding into a card.

Modern mills have begun to eliminate pickers, and to replace them

with more efficient opening and cleaning equipment and a

chute-feed system for pneumatic delivery of cotton to cards in

cleaned tuft form.

14



Carding and Combing

Picking laps are composed of unopened tufts of many sizes.
Carding separates the individual fibers comprising the tufts, and
in so doing removes foreign matter enclosed within. The result
is clean, tangle-free fibers.

The difference in fiber qualities takes on a special significance
during carding. More waste results when cotton contains greater
amounts of short fibers or lower-strength fibers. Nep formation
is higher among fine, immature cottons.

A card is made up of three cylinders and a series of spiked
wire-covered bars known as flats. The first, the 'licker-in', is
a saw-toothed cylinder which pulls off small tufts of cotton and
feeds them to the larger and faster-moving main cylinder. The
main cylinder is covered with fine6, closely-spaced wires, onto
which fibers become hooked. Carding takes place as the
fast-moving main cylinder passes a series of slow-moving flats,
point against point (IACP, 1973). Short fibers, fine trash, and
dust are trapped in the flats while the cleaned and separated
long fibers are delivered to the third wired cylinder, the
doffer. From there, the fiber web passes through steel rolls to
crush any remaining bits of trash into small particles which will
fall out along the way. The fiber is then condensed into an
untwisted strand (sliver) and coiled in a can.

Combing is an optional and relatively expensive operation for the
production of higher-quality yarns. It removes short cotton
fibers, neps, and small bits of dirt (known collectively as
noils) and, in the process, straightens long fibers. Combed
cotton yarn is, as a result, the cleanest, most uniform cotton
available; yarns thus produced are smoother and more lustrous.

Swinging nipper combs are commonly used. Card slivers formed
into a narrow lap are fed into the comb and gripped by nippers.
Combing involves the passage of rows of fine needles through the
stationary fibers, thereby removing the nois. Combed sliver is
passed through a trumpet and deposited in coils in cans, in the
same manner as card sliver.

Drawing

In drawing, the weight per unit length of the strand can be
reduced without breakage, as fibers are passed or slid by each
other. This is achieved by feeding sliver into several pairs of
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rollers operating at progressively greater speeds. Fibers from

the slower-moving first pair of rollers are pulled out (drafted)

by the gripping action of the faster-moving second pair. This

process is repeated with the passage of the fiber through the

remainder of the system.

In the drawing process six to eight slivers of a given length 
are

united laterally and drafted to produce a single strand which 
is

six to eight times the original length. (Kohel and Lewis, 1984)

This operation, known as doubling, reduces sliver-to-sliver

variation through averaging. Thus the weight per unit length of

the drawn strand (sliver) is usually the same after drawing as

before drawing. The drawing process is mainly aimed at reducing

irregularity in strand (sliver) weight per unit length by

doubling and drafting. In addition, drafting straightens the

card sliver fibers.

Normally two drawing operations are necessary to obtain the

required degree of processing. Finisher drawing sliver is the

name given to the straight, uniform-weight strands produced by

the final drawing.

Drawing frames consist of a number of units known as deliveries;

each delivery processes a group of slivers into a single strand.

A group of deliveries is known as a head. Modern draw frames are

typically composed of a single head with two deliveries. (Hamby,

1965)

Roving

Roving is the name given to both the process and its product in

the reduction of sliver to a size suitable for spinning. 
It is

a two-step operation: (1) Finisher drawing sliver is fed into a

drafting system of a roving frame, typically passing through

three pairs of rollers. This reduces the weight per unit length

of roving to about 1/8 that of the sliver fed in. Weight per

unit length is normally 0.8 to 1.4 grams per meter. (2) The yarn

is next threaded through a metal arm, known as a flyer, and wound

onto a bobbin. During the winding, a slight twist is imparted to

the roving, for strength. This is kept to a minimum, due to the

cost involved in insertion, yet enough twist is needed to prevent

breakage when the bobbin is unwound. On average, 43 turns per

meter are imparted, although longer, finer fibers require less

twist than shorter, coarser fibers (Ibid).
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Spinning

Spinning is the most costly operation in the manufacture of yarn.
Its purposes is to reduce roving to specified yarn sizes,
inserting a suitable amount of twist in the process. Three
operations are involved (Hamby, 1965): (1) drafting to further
reduce the size of the strand; (2) twisting to impart strength;
and (3) winding of finished yarn onto a suitable package.

Three basic types of yarns are produced by spinning: warp yarns,
those positioned longitudinally in woven fabrics; weft (or
filling) yarns, used for crosswise interlacing; and knitting
yarns. Traditionally, warp yarns require good-quality cotton,
care in preparation, and a relatively high level of twist in
order to maximize yarn strength; weft yarns require less twist in
order to avoid kink formation and to give a fabric softness and
body. Today, however, most cotton fabrics use warp and weft
yarns which have no distinction in their amount of twist.
Knitting yarns require the least amount of twist; in them,
uniformity, rather than strength, is emphasized.

Ring spinning accounts for about 85% of the total world
production of cotton yarn (Kohel and Lewis, 1984). In this
method, roving from an overhead bobbin is fed into a series of
rollers for drafting. The resulting strand of relatively parallel
fibers is twisted by a rapidly rotating spindle and subsequently
wound onto a bobbin which is held onto the spindle by friction.
(This is illustrated in Figure 3a below.)

RING SPINNING OPEN-END SPINNING

Figures 3a and 3b: Ring Spinning and Open-end Spinning
Source: Timpa, 1983
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The number of spindles per frame varies and spindle size depends

on size and type of yarn produced. A wide range of cotton types

with a variety of properties can be used in ring spinning to

produce both coarse and fine threads with length weights ranging

from 0.6 to 0.006 g/m.

Productivity is measured by rotational speed of the spindle, with

speeds of 13,000-15,000 rpm comprising an upper limit for modern

ring spinning frames (Timpa, 1983).

Open-end spinning is currently used in the production of less

than 15% of the world's cotton yarn, but this figure is expected

to rise in coming years (Kohel and Lewis, 1984). With spindle

speeds of up to 60,000 rpm, production rates are three to five

times higher than those for ring spinning. For this reason and

because it eliminates the need for roving and, in some cases, one

of the drawing operations, open-end spinning can be cheaper than

ring spinning, depending on particular economic conditions such

as the cost of labor and power, and the availability and cost of

capital.

In open-end spinning, yarn is spun from the inside out.

According to Timpa (1983):
"The open end system spins yarns by collecting the required

number of individual fibers from the inside surface of a

high-spoed rotor; as a result of the rotor rotation, the

tail of newly formed yarn inside the rotor is twisted

continuously about its own axis. As the freely twisting

tail makes contact with fibers lying inside the rotor, it

incorporates them into itself, thus forming yarn. When the

yarn is formed, it is simultaneously withdrawn from the

rotor and wound onto a package."

(This is illustrated in Figure 3b on the preceding page.)

Yarns produced by open-end spinning have a highly twisted inner

core, while surrounding fibers have less twist. Compared with

ring-spun yarns, they are more uniform, less hairy and,

therefore, less likely to shed, and they contain fewer neps. The

fibers are less parallel, however, and the yarn can be weaker.

Open-end yarns are today used in all types of cotton and blended

fabrics which use 'carded' yarns.
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WEAVING

Weaving is the process by which yarn is made into cloth on a loom
by the interlacing of warp and weft threads. Three basic motions
are involved. (IACP, 1973)

(1) Shedding is the lifting of designated warp threads to form
an opening through which weft thread is passed.

(2) Picking is the actual interlacing of warp and weft threads
with the passing of the weft yarn.

(30 Beating Up refers to the pushing of loose filling thread
known as 'pick' up to the level of the rest of the cloth.

Three principal weave patterns determine variations in loom
design (Ibid): plain; twill; and satin weaves. Fabrication of
plaids, ginghams, or other cloths using colored filling yarns
adds significantly to weaving costs.

There are two main types of weaving machines:
(1) The conventional method which uses a 'shuttle' carrying a

small bobbin of yarn to pass weft across the machine; and
(2) a newer method, which uses a projectile or small gripper to

pass the weft yarn across, from a large cone of yarn
weighing about 3 kgs.

Shuttleless looms are largely replacing the conventional shuttle
loom, even in developing countries.

Use of the more efficient shuttleless loom results in substantial
increases in weaving speed and productivity; decreases in
maintenance and operation costs; the reduction of manual labor
requirements; and a decrease in materials handling, power
consumption, waste, and noise level (Ibid).

Woven cloth just off the loom is rough and unfinished.
Mechanical and chemical finishing processes are classified as
preparatory, coloring, and finishing, as detailed below (Ibid).

Preparatory:

(1) Laying out is the formation of the cloth into a continuous
strip.

(2) Singeing is the burning off of lint, fuzz, and loose ends.
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(3) Desizing is the removal of starches (sizing) applied to the
yarn prior to weaving.

(4) Scouring or Kier Boiling removes any sizing, oils, grease,
or other remaining impurities.

(5) Bleaching removes natural color; this step is followed by
drying.

(6) Mercerizing is the improvement of luster and affinity for
dyes and strength.

Coloring:

(1) Printing is usually done by machine as the cloth is passed
between a large steel drum and a series of engraved copper
rollers.

(2) Dyeing takes place in large stainless steel vats, after
which the cloth is dried.

(3) Aging is further development and setting of colors.

Finishing:

(1) Starching involves the application of a solution containing
a mix of some or all of the flollowing: bluing, oils,
waxes, synthetic resins, and proofing against water, fire,
and mildew.

(2) Calendering, or passage of the fabric through rollers,
irons the fabric, giving it a smoother texture.

(3) Sanforizing is a patented process designed to reduce fabric
shrinkage from an initial 10% to 1%.

The finished cloth is then inspected, cut, and bound into
specified lengths.
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MARKETING ASPECTS

Quality/Grade

Variations in cotton occur as a result of differences in variety
planted, soil types, rainfall patterns, fertilization,
temperatures, cultural practics, insect damage, moisture and
trash content, length of growing season, exposure of open cotton
prior to harvest, and methods of harvest and ginning. (Hamby,
1965)

Quality and selling price are determined by grade, staple length,
fineness and maturity, and fiber strength.

Lint grade is based on three factors (Ibid):

(1) Color. Raw cotton ranges in color from white to dark
cream, depending to a large extent on exposure to weather
and trash content.

(2) Trash Content. This refers to the amount of stems, hulls,
bark, whole and fragmented seeds, grass, sand, oil, and
dust, which are harvested with the cotton and not removed
during processing.

(3) Preparation. This refers to the degree of smoothness or
roughness with which the cotton was ginned, and the
resulting 'neppiness' of the lint. It gives some
indication of uniformity of and damage to the fiber.

Staple length is the principal determinant of fiber strength and
fineness.

Fineness and maturity are both measured by a Micronaire air
porosity instrument, where a low reading is usually an indication

* of a fine, immature fiber (Timpa, 1983). An average fineness is
most desirable, since coarse fibers are associated with less
strength and fine fibers increase imperfections, which adversely
affect appearance for a given type and grade of lint.

Fiber strength is measured by breaking a small bunch of fibers
which have been fastened at both ends. It ranges from
70,000-110,000 lbs psi. (Ibid)

Most widely-used among cottons are those with average quality
characteristics. These can be processed into yarns and fabrics
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which will be suitable for most end uses.

Uses

The uses of cotton can be classified in general terms as follows:

- Apparel (50%)
- Home furnishings (15%); and
- Industrial Products (15%).

(Percentages refer to proportion of U.S. domestic manufactures)

Sub-categories of each of these groups are detailed in Tables 1,

2, and 3, along with estimates of cotton consumption for each in

the U.S.

Substitutes

In 1960, cotton's share of world textile fiber consumption was

68% (World Bank, 1981). By 1970, it had dropped to 55%, and by

1979, to 48%. Corresponding figures for polyester, its biggest
competititor, were 1%, 8% and 17%. This rise in consumption of

synthetic fibers at the expense of cotton is based on cost and

technical suitability criteria. A further advantage for

synthetics is reduced variation in quality and price, in contrast

to cotton.

Technical advantages of cotton cloth include its good wet and dry

strength; the ease with which it is dyed in a wide range of

colors; and its excellent moisture absorption capacity. (UNDP,

1977) it is particularly well-suited to the manufacture of

apparel, where thermal and tactile considerations play an

important role. Polyesters are characterized by their strength
and durability; good resistance to acids and the effects of

sunlight; resistance to biological attack (molds, mildews, etc.);

and imperviousness to water. They are well-suited for blending
with cotton in the manufacture of apparel and industrial
products, as well as home furnishings.
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Table 1: Estimated U.S. Consumption of Cotton andCompeting Materials used in Apparel Products, 1980Source: Kohel and Lewis (1984)

218 kg bale equivalents, IOOOsItems 
Total Cotton

Trousers, slacks, jeans 
2016 1156Shirts, blouses 
1657 693Underwear, diapers 
788 425Dresses, skirts 
686 173Gloves, mittens 
130 116Linings, pocketing 
375 103Coats, jackets 
463 84Overalls, coveralls 
127 81Sleepwear, robes 
408 75Hosiery 
369 64Play garments 
129 62All other 

1387 187Total 
8535 3219

Table 2: Estimated U.S. Consumption of Cotton and CompetingMaterials used in Home Furnishing Products, 1980Source: Kohel and Lewis (1984)

218 kg bale equivalents, 1000sItem 
Total CottonTowels, wash cloths 665 620Sheets, pillowcases 

975 413Drapery, curtains, upholstery 
1 562 343Piece goods 

739 160Bedpsreads 
221 96Mattresses, comforters, blankets 
373 64Tablecloths, napkins, mats 
82 4Pillows, cushions, pads 
90 43Rugs, carpets 

5167 32Thread for home use 
182 9

Total 
10 056 1 825
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Table 3: Estimated U.S. Consumption of Cotton and Competing
Materials used in Industrial Products, 1980

Source: Kohel and Lewis (1984)

218 kg bale equivalents. I OOOs

Item Total Cotton

Medical supplies 271 166

Tarpaulins, tents, awnings 205 110

Thread 253 96

Shoes, boots 164 69

Rope, cordage 363 58

Abrasives 60 53

Wiping cloths 46 44

Wall coverings 75 38

Automotive 1485 30

Belts 142 24

Luggage, handbags 107 24

Sleeping bags 36 18

Book bindings 93 17

Filters, tobacco cloth 79 17

Bags 332 14

All other 408 34

Total 4119 812

Acrylics and nylons are two other man-made fiber groups widely in

use. While both are well-known for their resistance to wear and

to biological attack, nylons are an important competitor in home

furnishings and industrial uses because of their strength,

wrinkle recovery, and resistance to alkalis.

In general, while synthetic fabrics offer easy care
characteristics that are so much in demand worldwide, these are

offset by disadvantages: slipperiness; static clinging and

shock; and lack of moisture absorption, opacity, softness, and

resilience.

A blend of cotton and man-made fibers serves to combine the best

features of both, i.e., easy care and durability of synthetics

with the absorptive capacity and softness of cotton.

By-Products

Economically valuable by-products are derived from cottonseeds.
Linters, hulls, crude oil, cake, and meal can be processed into a

diversity of goods ranging from batting to fertilizers to soap as

listed in Table 4.
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Table 4: Cotton By-Products
Source: Adapted from Carver

-Batting
Wadding --

Cushions
Stuffing material for- Comforters

Mattresses
Upholstery
--iltnoiles

Absorbent cotton - Surgical dresssings
-LintersF- Mixing with wool in Hat Making

Mixing with lambs wool for Fleece
Lined Underwear
Felt
Paper Stock tCarpets

Lamp and Candle Wicks
Low Grade Yarns- Twine

-LRope -Hose
--Rayon - Textiles

Paper Cords
L-Cellule -Film

C -42hemuoel Cellulose -- Plastics Laiquers
O {oulded
T Articles
T -Feed for Cattle and Sheep
O Fertilizer Potash Cotton
N Fuel from Ashes -Intro
_- Hulls - Filler for Plastics Cellulose losives

S Stuffing Material
E Furfural -- Synthetic Rubber
E Sweeping Co=pounds
D X-Xylose and Lignin

r-Fertilizer
-cake and- Animl Feed --Cooking Oil

MOe-al -Flcur Lards
Margarine -alad Oil

--Meats -Refined Winter oil Mayonaisse
Oil --- Stearin{Margarine ardine

Packing
--Crude Oil- Putty Washing Powder r-Anti-Freeze

Glycerin - j Explosives
Stearic Acid L-Medicine

-Foots Soap r--iquid Soap
-- leic Acid f aWool Scouring
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Table 5: World Cotton Production by Staple Length
Source: Cotton-World Statistics, ICAC, 1984

Staple Length Staple Length Percent of
Category Production

1983/84

Extra Long 1-3/8" and over 5.5%

Long 1-1/8" - 1-5/16" 17.2%

Medium Long 1-1/32" - 1-3/32" 57.3%

Medium 13/16" - 1" 18.5%

Short Under 13/16" 1.5%

World cotton prices from the mid-1950s to the mid-1960s were
relatively stable. After this time came a period of moderate
instability, which by the early 1970s developed into an era of

violent fluctuations. During this latter period, price of cotton
ranged between $.30 and $.90 per lb within a single year. The

fluctuations have been attributed in part to the tendency of

importers to over-purchase during periods of rising prices and to

refrain from buying when prices are falling. (Unlike many
agricultural commodities, cotton can be stored for long periods
without deterioration of quality.)

The cotton market in recent years has witnessed a steady decline
in prices. Although it is difficult to quantify precisely,
because of different prices for different varieties, the USDA's
"A" index of cotton prices averaged $.73 in the 1981/82 marketing
year. During the 1985/86 year prices declined from $.60 to $.50

per lb but rose slightly to about $.52 in March 1986. (USDA,
1986) World cotton production for the 1985/86 crop year is
estimated at 77.5 million bales (each bale 480 lbs).

Three international institutions have been organized to deal with

the specific needs of the world ctton industry. They are:
(1) The International Textile Manufactures Federation, which

protects and promotes the interests of the spinning and
manufacturing industries;
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(2) The International Cotton Advisory committee, which
considers common problems in production, export, import,
and consumption of cotton and cotton products; and

(3) The International Institute for Cotton, which is
specifically concerned with the relative decline in world
demand for cotton as a result of increasing market
penetration by man-made fibers.

Over the years, the distribution of manufacturing capacity in
cotton has undergone substantial structural change. In 1950, the
world's industrial countries accounted for 69% of world cotton
spinning spindles (UNDP, 1977). By 1974, this figure had fallen
to 36%. This reflects the growing tendency for cotton-producing
developing countries to engage in processing of the fiber both
for home consumption and export.

OTHER FACTORS

Location

Several factors should be considered in decisions regarding the
location of a cotton ginnery, aside from the availability of
seedcotton and land. Among them are the availability of a
reliable power supply and access to an ample supply of water.
The latter is necessary not only for humidifying, cooling, and
cleaning, but also for firefighting purposes.

Environmental Concerns

Sources of environmental pollutants are fourfold:

(1) Dust, consisting of particulate matter released into the
air during handling and processing. this should be
filtered out and collected for disposal to minimize the
occurence of byssinosis (chronic cough) among ginnery
workers.
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(2) Smoke emissions, contributing to air pollution.
Enforcement of strict standards for emission, (e.g., from

incinerators) will considerably reduce the amount of
pollutants released; the expense, however, is substantial.

(3) Veaetable waste, consisting of burrs, sticks, and leaf
matter. This can be efficiently disposed of when added to

a compost heap and used as a mulch.

(4) Noise, produced by the movement of machinery. While this

is unavoidable, its effects can be minimized if the ginnery
is located sufficiently far from populated areas.

Other potential hazards to the safety of ginnery workers include:

(1) manually-fed gin stands, the moving parts of which are the

source of bruises, cuts, and abrasions; and (2) the high risk of

fire due to the presence of combustible materials. Water tanks,

hydrants, and firefighting equipment should be easily accessible

as a precautionary measure.

Technological Choices

When medium staple fiber is to be processed, a choice must be

made between the use of saw gins and roller gins. (With extra

long staple fiber, only roller gins can be used.) While the

capital cost (plant and buildings) and production costs are

higher, labor utilization is greater, and rate of processing is

lower for roller gins, roller-ginned lint commands a higher price

than saw-ginned lint (MacDonald, 1983). Extra long staple apart,

roller gins should be the choice only when the price differential

based on the quality of the cotton provides justification for the

relatively higher costs.

Economies of Scale

It is generally estimated that a well-balanced spinning factory
will produce about 550 kgs of yarn per hour. This means

utilizing approximately 20,000 ring spindles or 4,000 open-end

rotors.
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OTHER FIBERS

Fibers other than cotton are classified as hard or soft according
to the chart below:

Hard Fibers Soft Fibers

-Sisal -Jute
-Abaca (Manila Hemp) -Flax
-Henequen -Hemp
-Istles -Kenaf
-New Zealand Hemp -Ramie
-Mauritius hemp
-Coir

Soft fibers are obtained from plant stems. The fines of these,
e.g., the best grades of jute, can be spun into fine yarns; they
are not comparable to cotton, however. Soft fibers, because of
their strength and relatively low cost, are used in the
manufacture of carpet backing, bagging and sacking, electric
cable insulation, and novelty goods.

Hard fibers are derived from plant leaves. They are longer,
stronger and thicker in cross section than soft fibers and
therefore cannot be spun into fine yarns. Cordage, brushes, and
heavy duty bagging are typical hard fiber end-products.
Principal uses of hard and soft vegetable fibers are listed in
Table 6.

Both hard and soft fibers face strong competititon from
synthetics, such as polypropylene, which are stronger,
ligher-weight, and more resistant to moisture and rotting. This
is illustrated in the case of traditional sisal markets, which
declined by 29% during the 1968-70 period and by 43% between 1978
and 1980 due to penetration by synthetics (UNCTAD, 1981). Wide
month-to-month and year-to-year price fluctuations for natural
fibers exacerbate their competitive disadvantages.
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Table 6: Vegetable Fibers Used in Industry
Source: Weindling (1947)

Group U imporn Pt tr Vgeta Fibers
So Used

1. Fibers used Fibers of suflicient fine- Principally cotton; also
for the manu- ness to be manufac- flax, hemp, and ramie.
facture of fab- tured into fabrics of the
rics better class, such as

wearing apparel, laces,
fabrics for domestic or
commercial uses, deco-
rations, tents, sails, etc.

Fibers of coarser tex. Principally jute; also
ture used for the manu- flax, hemp, and cotton;
facture of coarse fab. to a lesser extent, sisal,
rics, such as sacks, istle, New Zealand, and
burlap, bagging, floor Mauritius.
covering, linoleums,
carpet backs, etc.

II. Cordage ibers Tying twines. Jute, cotton, and hemp;
to a lesser extent, flax,
istle, Manila, and sisal.

Rope and binder twine, 'Ianila, sisal, New Zea-
and wire rope centers. land, Mauritius; to a

lesser extent, cotton,
hemnp, flax, and jute.

III. Brush and Soft and hard brushes. Is-Se, sisal, Palmyra,
pialting fibers piassava, Kitool, broom

corn, twigs, and splints.

Braided articles, such Manila, New Zealand,
as hats, mats, baskets, Mauritius, sisai, native
rugs, etc. grasses, etc.

IV. Fibers used Stuffing material in up- Kapok, cotton, 'stle,
for various holstery, mattresses, sisal, sisal tow, jute,
forms of filling automobile pads, etc. vegetable siik, Spanish

moss, etc.

Caulking material for Principaily hemp and
seams in vessels, cais- jute.
sons, barrels; for pipes,
plumbing, etc.

Reinforcing naterial3 Sisal, sisai tow, st e,
in piastics, wailboards, hemp tow, and jute.
etc.

V. Fibers used All kinds of paper. Almost all vegetable
f o r p a p e r - fbers-alone or mixed
making with wood pulp.
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Soft Fibers

The procedure for extracting soft fibers from plant stems is
generally the same for most members of this group. Following
harvest, the first step is retting. This involves exposing the
stems to a combination of water, fungi, and bacteria in order to
decompose the material surrounding the woody part of the stem and
the gummy material which binds the fibers together. In the
process, as mild fermentation sets in, air is expelled,
water-soluble materials are extracted, and the straw is softened
and separated. The length of time required depends on the nature
of the water used, its temperature, and variations in plants.

For some soft fibers, such as jute and kenaf, the strands are
extracted immediately following retting, prior to drying. For
other types, such as flax and hemp, retted stems are allowed to
dry and are then beaten or scutched in order to free the fiber
from the straw.

Prior to spinning, soft fibers require special preparation. This
includes batching or softening of the fibers for ease in
handling, through the application of oil emulsions; carding,
drawing, and roving to disentangle and separate the fibers (this
is done at a low speed to reduce the risk of breakage); and
further attenuation to the desirable yarn size. At this stage,
the fibers are spun; twist is administered to interlock and
strengthen the fiber strands.

Common varieties of soft fibers include (Weindling, 1947 and
Berger, 1969):

Jute. Next to cotton, this is commercially the most important
natural fiber. It is extracted from the stem of the Corchorus
plant which is cultivated in warm, humid regions. The fiber is
located between the outside bark and a woody core, and is bound
to the core by a gummy material. The fibers range from six to
ten feet in length, and are characterized by their softeness,
finess, silky luster, and pliability. Negative aspects of jute
include the weakness and perishability of the fibers, expecially
upon exposure to moisture.

Flax. The flax plant is a member of the family Linaceae, which
is closely related to hemp. Seeds contained in the stem must be
removed prior to retting; they are used to produce linseed oil.
The Soviet Union is the largest grower of flax. Flax fibers,
ranging from 12 to 36 inches in length, are known for their
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strength, fineness, durability, flexibility, and luster. They

are stronger and more durable than cotton fibers, and depending

on the variety can be used in textiles such as linen or in twine

and canvas.

Hemp. Hemp is very similar to flax in its physical
characterisitics and the two are often interchangeable as inputs

in manufacturing. Hemp fiber is extracted from the cannabis

sativa plant, which is a member of the mulberry family. The

strands removed from short varieties are from three to six feet

long, while those from longer varieties mfay grow to 15 feet.

Like flax, hemp contains seed which are valued for their oil

content and which must be removed before retting. Although hemp

is grown in some countries, such as the Soviet Union and India,

many countries limit its cultivation because of the use of its

shorter varieties in the production of illegal substances such as

marijuana and hashish.

Kenaf. This fiber comes from the Hibiscus cannabinus plant and

is a member of the mallow family. Its leaves vary in shape and

color according to variety, of which there are many. It is

widely grown in Thailand, India, Bangladesh, and parts of Africa.

Kenaf fiber is a substitute for the lower grades of jute, with

less stringent cultivation requirements. It is characterized as

coarser, less supple, more lustrous, and more resistant to

rotting than jute, as well as having a high breaking strength.

Kenaf is also being developed as a source of fiber for the paper

industry.

Ramie. Ramie fiber is obtained from the stem of the Boehmeria

nivea plant, which is a member of the nettle family. While the

stem does not contain stinging hairs, or nettles, it does have a

tough outer bark which must be removed by pounding or scraping

for fiber extraction. The fibers are lustrous, white in color,

and can be separated into fine, smooth strands which are durable,

strong, and resistant to mildews. Their favorable apsects are

partially offset by technical difficulties in (1) interlocking

the fibers, due to the high degree of surface smoothness; and (2)

fiber extraction, since it is difficult to dissolve binding

resins without harming the cellulose in the fiber.

Hard Fibers

Hard fibers (or leaf fibers) are extracted through a process

known as stripping and drying. The leaves, in which the fiber is

embedded, are separated into layers or strips from which pulp
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must be removed either by hand or by machine. The fibers which
remain are then washed for further cleaning and hung to dry.
Some, such as sisal, are then brushed.

The majority of hard fibers are used in the production of
cordage, a bundle of interlocking parallel fibers that are spun
into a continuous length. Prior to spinning, the fibers must be
straightened by drawing or combing. The sliver thus formed is
then elongated and twisted into a continuous strand through
spinning. This general procedure is applicable in the processing
of most hard fibers.

Among the most common hard fibers are (Weindling, 1947):

Abaca (Manila Hemp). This fiber is extracted from the stem of
the leaves of the Musa textilis plant, which is related to and
similar in appearance to the banana plant. The fibers are
glossy, stiff, even-textured, lightweight, and strong lengthwise,
but weak crosswise. They are used in sailing ropes, because of
their resistance to sea water, and in speciality papers including
that used for teabags.

Sisal, hennecruen, These fibers are obtained from different
species of shrubs belonging to the Agave genus. Sisal is grown
mainly in Tanzania and Brazil, while henequen is grown in Mexico
and South America. Both fibers are from two to five feet in
length, and tend to deteriorate with exposure to sea water. The
white or ivory-colored sisal fiber is stronger and finer than the
reddish-yellow colored henequen. They are used in the
manufacture of cordage and sacking.

Istles: (tula, luamave, palma, pita, zamandocque). These fibers
are derived from hardy plants of the Agavacae family, which can
be cultivated in rocky soils under arid conditions. Their leaves
are thick and fleshy, ranging in length from one to seven feet
and in width from one to three feet. The palma, pita, and
zamandoque leaves must be steamed prior to stripping to soften
the pulp.

New Zealand hemp (Phormium). This fiber, which is not a true
hemp, is very similar to the abaca fiber. It is extracted from
the leaves of the Phormium tenax plant.

Mauritius hemp (piteira). This fiber is obtained from the
Furcraea foetida plant, also known in Mauritius as the aloe.
This plant closely resembles the sisal plant in appearance and
characteristics, except that its leaves are much larger. The
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fibers extracted from the leaves are four to seven feet long and

very flexible (more so than any other ohard fiber). However, it

is only one third to one half as strong as abaca and sisal, and
therefore is not as useful in cordage, except as part of a blend.
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ANNEX I:

EXAMPLES OF INVESTMENT AND OPERATING COSTS
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COTTON
EXAMPLE 1
PAGE 1 OF 4

Representative Investment and Operating Costs

COTTON GINNERY USING ROLLER GIN

Renovation and improvement of existing ginnery buildings, and
replacement or complete rehabilitation of old equipment. Data
approximate the cost of constructing and equipping a new ginnery.

COUNTRY: Sudan

NOTE: These data are intended as representative only, and are
unique to the time, country and circumstance of the
identified investment. Their applicability to other
situations may vary considerably.

ANNUAL FULL DEVELOPMENT PRODUCTION:

medium/short staple cotton - 29 kg lint/hour/gin stand
- 87 kg seedcotton/hour/gin stand
- 2.080 tons seedcotton/day/gin stand
- 20,880 tons seedcotton/year

long staple cotton - 40 kg lint/hour/gin stand
- 120 kg seedcotton/hour/gin stand
- 2.880 tons seedcotton/day/gin stand
- 27,195 tons seedcotton/year

PER CENT OF FULL CAPACITY UTILIZATION: not available

--------US$ '000-------
Local Foreign Total

(1983 prices)
I. Investment Costs

____________________

Civil Works
factory modernization 46.18 31.00 77.18
weighbridge civil works 11.23 8.00 19.23
press pit 13.83 12.33 26.16
blending hall 84.74 88.33 173.08
lugatta cleaning plant 14.46 14.00 28.46

Sub-Total Civil Works 170.44 153.67 324.11



COTTON
EXAMPLE 1
PAGE 2 OF 4

Representative Investment and Operating Costs

NOTE: These data are intended as representative only, and are

unique to the time, country and circumstance of the

identified investment. Their applicability to other

situations may vary considerably.

--------Us$ 000-------
Local Foreign Total

(1983 prices)

Machinery & Equipment
weighbridge 19.62 35.00 54.62

seed cotton conveyor
& accessories 477.15 719.00 1196.15

lint conveyors, condensers, slides 171.56 257.67 429.23

humidification system 63.13 112.00 175.13

bale presses 360.90 638.33 999.23

seed cotton blending hall
conveying equipment 193.46 345.00 538.46

lugatta cleaning plant 43.77 77.00 120.77

scarto gin stands 10.10 17.90 28.00

seed cotton/bale
transport equipment 153.41 211.43 364.84

Sub-Total Machinery & Equipment 1493.10 2413.33 3906.42

Electricity Installation 44.99 70.29 115.28

Hardstandings 56.49 37.66 94.15

Access Roads & Fencing 83.87 55.96 139.83

Firefighting Water Supply
& Equipment 94.69 123.00 217.69

Total Investment Costs 1943.58 2853.91 4797.48
_________________________

_________________________



COTTON
EXAMPLE 1
PAGE 3 OF 4

Representative Investment and Operating Costs

NOTE: These data are intended as representative only, and are
unique to the time, country and circumstance of the
identified investment. Their applicability to other
situations may vary considerably.

US $ '000
Total

(1983 prices)
II. Annual Full Development Operating Costs

(excluding raw materials)

Fixed Costs
spare parts 76.15
administrative staff 45.03
allowances 41.72
depreciation 6.86
maintenance and supplies 11.12
fire department 16.39
miscellaneous 18.52

Sub-Total Fixed Costs 215.80

Variable Costs
bale ties & covers 88.82
utilities 31.54
rollers 16.80
ginnery & machine
maintenance 20.18

seasonal labor 18.70
Sub-Total Variable Costs 176.04

Total Operating Costs 391.83

DATA SOURCE: Adapted from COTTON MARKETING PROJECT FEASIBILITY
STUDY, Ministry of Finance and Economic Planning,
Government of Sudan and Sir M MacDonald & Partners,
Lt., and associated companies, February, 1984,
Annexes 3 (Ginning) and 8 (Financial and Economic
Analysis, and World Bank staff appraisal report
No. 5008-SU Sudan Cotton Processing and Marketing
Project, June 29, 1984.



COTTON
EXAMPLE 1
PAGE 4 OF 4

NOTES:
1. Exchange rate Sudan Pounds 1.30 = US $ 1.00.

2. Full development is year seven after project start-up.

3. Operating costs have been pro-rated on a per
factory basis.

4. Data are net of contingencies.
5. Detailed foreign/local operating cost breakdown

not available.
6. Ginning season assumed to be 120 working days.



COTTON
EXAMPLE 2
PAGE 1 OF 4

Representative Investment and Operating Costs
---------------------------------------------

COTTON GINNERY USING SAW GIN

Establishment of a new factory using saw gins.

COUNTRY: Sudan

NOTE: These data are intended as representative only, and are
unique to the time, country and circumstance of the
identified investment. Their applicability to other
situations may vary considerably.

ANNUAL FULL DEVELOPMENT PRODUCTION:

medium/short staple cotton - 1173 kg lint/hour/gin stand
- 3519 kg seedcotton/hour/gin stand
- 84.4 tons seedcotton/day/gin stand

PER CENT OF FULL CAPACITY UTILIZATION: not available

-------- US$ OOO-------
Local Foreign Total

(1983 prices)
I. Investment Costs
____________________

Civil Works & Infrastructure
main building 97.23 102.00 199.23
power room 14.77 16.00 30.77
mixing room 41.92 45.00 86.92
seed room 21.85 22.00 43.85
hardstanding 27.92 19.00 46.92
stillage 41.54 41.54
access roads 51.92 35.00 86.92
firefighting system 84.92 112.00 196.92
small stores 50.62 54.00 104.62
workshop 10.15 6.00 16.15
offices 40.69 27.00 67.69

Sub-Total Civil Works
& Infrastructure 175.77 185.00 360.77



COTTON
EXAMPLE 2
PAGE 2 OF 4

Representative Investment and Operating Costs
---------------------------------------------

NOTE: These data are intended as representative only, and are

unique to the time, country and circumstance of the

identified investment. Their applicability to other

situations may vary considerably.

--------Us$ 000-------
Local Foreign Total

(1983 prices)

Machinery & Equipment
seed cotton unloading system 61.54 110.00 171.54

double suction fans 8.85 15.00 23.85

inclined cleaning system 63.38 112.00 175.38

conveyor & accessories 38.38 67.00 105.38

18" Murray gin stand 100.15 176.00 276.15

feeders/extractors 67.15 119.00 186.15

lint flue system 12.08 21.00 33.08

battery condenser 26.62 48.00 74.62

battery lint cleaner 65.00 115.00 180.00

bale press 221.85 392.00 613.85

lint moisture unit 3.23 6.00 9.23

trash handling system 8.85 15.00 23.85

seed handling system 19.62 35.00 54.62

humidification system 31.92 55.00 86.92

motors, console, etc. 177.54 314.00 491.54

trash cyclone 22.31 40.00 62.31

seed bagging equipment 57.77 103.00 160.77

miscellaneous 5.38 10.00 15.38

Sub-Total Machinery & Equipment 991.62 1753.00 2744.62

Total Investment Costs 1167.38 1938.00 3105.38

.. .._ ~~~~~- - - - - - - - - - - - - - -



COTTON
EXAMPLE 2
PAGE 3 OF 4

Representative Investment and Operating Costs
---------------------------------------------

NOTE: These data are intended as representative only, and are
unique to the time, country and circumstance of the
identified investment. Their applicability to other
situations may vary considerably.

US$ '000
Total

(1983 prices)

II. Annual Full Development Operating Costs
(excluding raw materials)

--------------------------------------------

Fixed Costs
repair & maintenance 617.08
spare parts 166.46
depreciation 125.69
supplies 4.77
administrative staff 60.00
staff allowances 34.00

Sub-Total Fixed Costs 1008.00

Variable Costs
bale ties & covers 196.46
seasonal staff 25.38
utilities 53.85

Sub-Total Variable Costs 275.69

Total Operating Costs 1283.69

DATA SOURCE: Adapted from COTTON MARKETING PROJECT FEASIBILITY
STUDY, Ministry of Finance and Economic

Development,
Government of Sudan & Sir M MacDonald & Partners
Ltd. and associated companies, February, 1984,
Annexes 3 (Ginning) and 8 (Financial and Economic
Analyses), and from World Bank appraisal report
5008-SU Sudan Cotton Processing and Marketing
Project, June 29, 1984.



COTTON
EXAMPLE 2
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NOTES:
1. Exchange rate Sudan pounds 1.3 = US$ 1.00
2. Full development is year five after start-up.
3. Data are net of contingencies.
4. Foreign/local cost breakdown not available.
5. Operating costs pro-rated on a per factory basis.



COTTON
EXAMPLE 3
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Representative Investment and Operating Costs
---------------------------------------------

SAW GIN ISG-B (Freestanding)
____________________________

Construction of a cotton ginning and baling facility, using
a freestanding ISG-B saw gin.

COUNTRY: India

NOTE: These data are representative only and are unique to the
time, country, and circumstance of the identified invest-
ment. Their applicability to other situations may vary
considerably.

ANNUAL PRODUCTION AT FULL DEVELOPMENT:

21,000 170-kg bales of cotton

Per Cent of Full Capacity Utilization: 85.00%

--------US$ 000-------
Local Foreign Total

May, 1984 Prices
I. Investment Costs
____________________

Land and Land Development 342.50 342.50
Buildings and Civil Works
weigh station 2.31 2.31
generator building 14.31 3.00 17.31
ginning/pressing room 117.24 21.00 138.24
seed godown 37.81 7.00 44.81
cotton godown 190.17 34.00 224.17
guard building 14.31 3.00 17.31
kapas (seed cotton) storage platform 62.33 11.00 73.33
electrical system 57.06 21.00 78.06
piping 30.87 12.00 42.87
cooling tower 14.07 5.00 19.07

Sub-Total Buildings/C.W. 540.50 117.00 657.50



COTTON
EXAMPLE 3
PAGE 2 OF 3

Representative Investment and Operating Costs
---------------------------------------------

NOTE: These data are representative only and are unique to the

time, country, and circumstance of the identified invest-

ment. Their applicability to other situations may vary

considerably.

--------US$ 000-------
Local Foreign Total

May, 1984 Prices

Plant & Machinery
kapas (seedcotton) collection system 52.39 19.00 71.39

suction control 34.59 13.00 47.59

kapas (seedcotton) cleaner system 28.17 11.00 39.17

extractor feeder system 34.59 13.00 47.59

auto gin system 34.59 13.00 47.59

ginning machines 78.04 29.00 107.04

lint cleaners 47.83 133.00 180.83

condensor system 4.02 2.00 6.02

lint flue system 17.80 6.00 23.80

seed collector system 12.96 5.00 17.96

trash handling system 10.26 4.00 14.26

double box baling press 234.78 663.00 897.78

550 kva diesel generator 114.67 322.00 436.67

spare parts 33.65 12.00 45.65

electric motors 50.26 19.00 69.26

bale scales 8.85 3.00 11.85

weigh bridge 42.13 15.00 57.13

maintenance tools 5.22 2.00 7.22

fire fighting equipment 117.24 16.00 133.24

Sub-Total Plant & Machinery 962.04 1300.00 2262.04

Architectural & Design Fees 20.46 20.46

Pre-Operating Expenses 419.72 419.72

Total Investment Costs 2285.22 1417.00 3702.22



COTTON
EXAMPLE 3
PAGE 3 OF 3

Representative Investment and Operating Costs
---------------------------------------------

NOTE: These data are representative only and are unique to the
time, country, and circumstance of the identified invest-
ment. Their applicability to other situations may vary
considerably.

US$ '000
Total

May, 1984 Prices
II. Annual Full Development Operating Costs

(excluding raw materials)

Fixed Costs
repairs & maintenance 1.20
factory overheads 0.46
insurance 11.02
administrative expenses 29.26
audits 2.78

Sub-Total Fixed Costs 44.72

Variable Costs
labor 28.80
burlap 2.59
steel wire 13.61
kapas covers 5.83
spares/stores 6.85
power 27.78

Sub-Total Variable Costs 85.46

Total Operating Costs 130.19

DATA SOURCE: Adapted from Project File, Appendices B.9-B.13,
World Bank appraisal report No. 5035-IN, National
Cooperative Development III Project, India,
May 30, 1984.

NOTES:
1. Exchange rate - Indian Rupees 10.8 = US $ 1.00.
2. Data are net of contingencies.
3. Full development is year 4 after project start-up.
4. Foreign/local operating cost breakdown is not available.
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COTTON
EXAMPLE 4
PAGE 1 OF 3

Representative Investment and Operating Costs

ROLLER GIN RGA AND SPINNING MILL

Construction of a cotton ginning and baling facility using an
RGA roller mill with a spinning mill. All cost
data shown are for the combined operations.

COUNTRY: India

NOTE: These data are representative only and are unique to the
time, country, and circumstance of the identified invest-
ment. Their applicability to other situations may vary
considerably.

ANNUAL PRODUCTION AT FULL DEVELOPMENT:

32,000 170-kg bales of cotton

Per Cent of Full Capacity Utilization: 85.0%

…-----…US$ '000 …
Local Foreign Total

May, 1984 Prices
I. Investment Costs

Land and Land Development 171.30 171.30
Buildings and Civil Works
weigh station 1.20 1.20
generator building 7.61 1.00 8.61
ginning/pressing room 131.46 24.00 155.46
seed godown 19.41 3.00 22.41
guard building 7.61 1.00 8.61
kapas (seed cotton) storage platform 44.41 8.00 52.41
electrical system 47.46 18.00 65.46
piping 15.48 6.00 21.48
cooling tower 6.54 3.00 9.54

Sub-Total Buildings/C.W. 281.19 64.00 345.19



COTTON
EXAMPLE 4
PAGE 2 OF 3

Representative Investment and Operating Costs
---------------------------------------------

NOTE: These data are representative only and are unique to the

time, country, and circumstance of the identified invest-

ment. Their applicability to other situations may vary

considerably.

--------US$ 000-------
Local Foreign Total

May, 1984 Prices

Plant & Machinery
kapas (seedcotton) collection system 25.65 10.00 35.65

suction control 17.80 6.00 23.80

kapas (seedcotton) cleaner system 14.63 5.00 19.63

extractor feeder system 17.80 6.00 23.80

auto gin system 17.80 6.00 23.80

ginning machines 234.20 87.00 321.20

lint cleaners 23.37 67.00 90.37

condensor system 4.06 1.00 5.06

lint flue system 8.85 3.00 11.85

seed collector system 6.98 2.00 8.98

trash handling system 5.13 2.00 7.13

double box baling press 117.89 331.00 448.89

550 kva diesel generator 57.33 161.00 218.33

spare parts 24.24 9.00 33.24

electric motors 36.83 14.00 50.83

bale scales 3.93 2.00 5.93

weigh bridge 20.61 8.00 28.61

maintenance tools 2.61 1.00 3.61

fire fighting equipment 21.72 8.00 29.72

Sub-Total Plant & Machinery 661.43 729.00 1390.43

Architectural & Design Fees 9.81 9.81

Pre-Operating Expenses 362.69 362.69

Total Investment Costs 1486.41 793.00 2279.41

.~~~~~~~~~~~-- - - - - - - - - - - -
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Representative Investment and Operating Costs

NOTE: These data are representative only and are unique to the
time, country, and circumstance of the identified invest-
ment. Their applicability to other situations may vary
considerably.

US$ '000
Total

May, 1984 Prices

II. Annual Full Development Operating Costs
(excluding raw materials)

--------------------------------------------

Fixed Costs
repairs & maintenance 2.41
factory overheads 0.93
insurance 10.28
administrative expenses 21.67

Sub-Total Fixed Costs 35.28

Variable Costs
labor 49.44
burlap 3.98
steel wire 20.74
kapas (seed cotton) covers 8.89
spares/stores 10.37
power 45.00

Sub-Total Variable Costs 138.43

Total Operating Costs 173.70

DATA SOURCE: Adapted from Project File, Appendices B.9-B.13,
World Bank appraisal report No. 5035-IN, National
Cooperative Development III Project, India,
May 30, 1984.

NOTES:
1. Exchange rate - Indian Rupees 10.8 = US $ 1.00.
2. Data are net of contingencies.
3. Full development is year 4 after project start-up.
4. Foreign/local operating cost breakdown is not available.
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ANNEX II:

CONVERSION TABLES
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WEIGHTS AND MEASURES

avoirdupois

Ton: short ton 20 short hundredweight, 2000 pounds;
0.907 metric tons;

long ton 20 long hundredweight, 2240 pounds;
1.016 metric tons.

Hundredweight cwt;
short hundredweight 100 pounds,-0.05 short tons; 45.359

kilograms;
long hundred weight 112 pounds, 0.05 long tons; 50.802

kilograms.

Pound lb or lb av; also #;
16 ounces, 7000 grains; 0.453 kilograms.

Ounce oz or oz av;
16 drams, 437.5 grains; 28.349 grams.

Dram dr or dr av;
27.343 grains, 0.0625 ounces; 1.771 grams.

Grain gr;
0.036 drams, 0.002285 ounces; 0.0648 grams.

Troy

Pound lb t;
12 ounces, 240 pennyweight, 5760 grains; 0.373kilograms.

Ounce oz t;
20 pennyweight, 480 grains; 31.103 grams.

Pennyweight dwt also pwt;
24 grains, 0.05 ounces; 1.555 grams.

Grain gr;
0.042 pennyweight, 0.002083 ounces; 0.0648 grams.

.



METRIC SYSTEM

Square kilometer sq km or km2;
1,000,000 square meters;
0.3861 square mile.

Hectare ha;
10,000 square meters;
2.47 acres.

Hectoliter hl;
100 liters; 3.53 cubic feet; 2.84 bushels;

Liter 1;
1 liter; 61.02 cubic inches; 0.908 quart
(dry); 1.057 quarts (liquid).

Deciliter dl;
0.10 liters; 6.1 cubic inchs; 0.18 pint
(dry); 0.21 pint (liquid).

Centiliter cl;
0.01 liters; 0.6 cubic inch; 0.338
fluidounce.

Metric ton MT or t;
1,000,000 grams; 1.1 US tons.

Quintal q;
100,000 grams; 220.46 US pounds.

Kilogram kg;
1,000 grams; 2.2046 US pounds.

Gram g or gm;
1 gram; 0.035 ounce.
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