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Abstract

This report is the final product of a follow-up study
undertaken after the completion of the comparative
analysis of organization and performance of cotton
sectors in Sub-Saharan Africa, a study published by
the World Bank in 2008. The objective of this
complementary study is to assess the advantages
and disadvantages of the main available
technologies to separate the lint from the raw
cotton - roller ginning and saw ginning — and carry
out an economic analysis of the respective benefits
of these two technologies for cotton producing
countries of Sub-Saharan Africa.

The study documents the history and current state
of cotton ginning technology throughout the world,
provides a basic description of the main
technologies used and their recent developments,
and gives an overview of the ginning process by
country. It examines and compares the performance
of roller and saw technologies in terms of
investment and processing costs, operational
requirements, quality and prices of lint. It assesses
the relevance of roller ginning for Sub-Saharan
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countries, particularly for West and Central African
countries, and discusses the incidence that the use
of this technology could have on the future
competitiveness of cotton sectors. The study shows
that the choice of ginning technology is an
important factor of performance and is in turn
influenced by the cotton sector structure. The type
of ginning technology also has an impact on lint
quality, and, as roller ginning is less damaging to the
fiber than saw ginning, it can generate a price
premium. The overall economic advantage of roller
gins vs. saw gins appears to be significant in the
Sub-Saharan African context, and likely to increase
in the future as the demand for quality is becoming
more and more stringent. Thus, although there are
technical and organizational issues to address in
order to fully capture the benefits of the technology,
the introduction of roller ginning is likely to
improve the competitiveness of African cotton and
facilitate the transition towards more competitive
cotton sectors.
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Foreword

The World Bank has carried out a comparative stidgotton sector reforms in Sub-
Saharan Africa (SSA), based on detailed case stumienine of the main cotton
producing countries: Benin, Burkina Faso, Cameraod Mali in West and Central
Africa (WCA); and Mozambique, Tanzania, Uganda, Barand Zimbabwe in Eastern
and Southern Africa (ESA). The purpose of this gtwds to draw practical insights from
the diversity of experiences, so that policy malaans ground their political decisions in
a solid understanding of the key strengths and nesdes of the sectors in which they
operate, of the likely effects of specific changes] possible ways forward.

The first phase of the study entailed desk reviefmtie nine cotton sectors of the study
sample, and discussion of the main findings. Tltersé phase of the study consisted in
revising/completing the case studies through fiesits and carrying out the comparative
analysis of reform outcomes based on a methoda@bfimmework including a typology
of cotton sectors and approaches to link sectastyp observed performance.

The third phase of the study consists in studies @mplementary work on selected
topics identified by the main report, including ghstudy/survey on the economics of
roller ginning technology.

The study identified five types of cotton sectdrased on sector structure: (i) national
monopolies (Mali and Cameroon), in which one firastan exclusive right to purchase
all cotton nationwide, (ii) local monopolies (Bunk Faso, Mozambique), in which more
than one firm have such an exclusive right eachiwitn given geographic area (iii)
concentrated sectors (Zambia and Zimbabwe untdntg), in which a small number of
firms compete for the purchase of cotton and thbktrio transact with producers for the
coming season, (iv) competitive sectors (Tanzammi| recently Uganda), in which a
large number of firms compete for seed cottonhenltasis of price at harvest time, and
finally (v) hybrid types, which emerge either out attempts to liberalize a national
monopoly (Benin) or to solve the problems unleashdiberalization in a competitive
sector (Uganda). The conceptual framework for ¢bhimparative analysis rests in the idea
that economic systems benefit from both competiaod coordination, but that in the
real world of imperfect markets and weak statesetie likely to be a trade-off between
them.

In a large measure, the analysis showed that sstitaiture has a major and predictable
influence on performance. Competitive sectors pghdr prices to farmers, because of
the intense competition between ginners, but arakwen input credit provision,
extension and quality. National and local monomohee the most able to provide input
credit and extension to a large number of farmesylting in higher average yields, but
are facing problems of cost inefficiency and mamnagedysfunctions. Concentrated
systems can do well on quality management and,certain extent delivery of services
to farmers, but are more unstable than other systand require a high level or
coordination and well designed regulations. Thelpstemphasized also the importance



of quality as a competitiveness factor, due toitiseeasing demand for quality from the
market.

The comparative study identified the choice of gugrtechnology as an important factor
of performance and competitiveness of the cottartose The study sample included
countries with different ginning technologies. W@Auntries, among which all WCA
countries with national and local monopolies, hé&ee=n exclusively using saw gins,
while roller ginning is used in some ESA countriespecially those with competitive
structure (Uganda and Tanzania). In ESA countsesgeral of the new entrants in cotton
sectors have also started operating with rolles.gifhis finding revealed the need to
better understand the possible linkage betweerortosector structure and ginning
technology, as well as the incidence of ginnindghtetogy per se on sector performances
and the linkage between ginning technology andityua¢rformances.

This study on the economics of roller gins aimgratiding answers to these questions.
It also aims at providing an improved understandhghe economics of roller ginning
for policy makers designing and implementing secsitrategies, as well as for
stakeholders and decision-makers contemplatingstnvent in the cotton sector. It finally
aims at identifying to which extent roller gins camprove the cost efficiency of the
cotton sectors where it is not used, and to whegrxt can facilitate the introduction of
some competition in cotton sectors.

It is worth noting that such a study fills a gapkimwledge on the economics of cotton
sectors in Sub-Saharan Africa, as, in the abunitanature that has been dedicated to
cotton in recent years, there is no synthetic goerational document that objectively
compares the pros and cons of the available ginteognologies in the sub-Saharan
African context, and how they perform in differ@mstitutional settings.

The report is organized in three sections. Sectiatocuments the history and current
state of ginning technology in the world, includiadasic technical description of roller
and saw technologies, an overview of the ginningcess by country and its recent
developments. Section 2 compares the performancellef and saw technologies in
terms of investment and processing costs, opedtrequirements, quality and prices of
lint. Section 3 assesses the relevance for Subr&ahmountries, in particular WCA
countries, of investing in roller ginning, and tineidence that such an investment could
have on the sector structure.



Executive Summary

State of Ginning Technology in the World

All the currently available ginning machinery iretlworld is based on two fundamental
principles of separating lint from seeds: rollenrgng, which was invented in antic times
in India, and saw ginning, invented in thé"i&ntury in the US, especially for ginning
American short staple cotton. Two main types dierayins are currently used: double
roller gins (DR) in which two leather rollers, psesl against a stationary knife, rotate in
opposite directions; rotary knife roller gins (atabar), which combines a stationary
knife with a rotary knife thus allowing a highemging speed. Important technological
improvements have taken place in recent years @ih Isystems: high versions of
rotobars have been developed in the US and in Jurlso automated feeding and
cleaning systems have been developed both for doalér and rotobar technologies.

Today, most DR manufacturers are located in Ingidle Turkey manufactures both DR
and rotobars. The largest saw gin manufacturers lacated in the US, which
manufactures also rotobars.

Roller ginning is a slower and more labor intensprecess than saw ginning, but it
preserves better the quality of the lint. Rollen ¢ the only technology used for extra
long staple irrigated cottorGpssypium barbadense), as saw gins would result in fiber
breakage. World extra long staple cotton producimarginal compared to upland
cotton Gossypium hirsutum) production (0.75 and 25.25 millions tons, respety, in
2007/08). Saw gins are usually preferred for upleottion, but 20% of the world upland
cotton production is roller ginned.

The main producer of roller ginned upland cottomnidia, where manually fed DR gins
are still predominant, although being progressiveplaced by autofeeders DR gins, less
labor intensive and which reduce contamination. $éeond largest producer is Turkey,
where DR gins equipped with cleaning device aregmssively being replaced by
rotobars with automated feeding control. In the U8Aer gins are increasingly used for
upland cotton, to cope with more stringent demamdjbiality lint.

In East and Southern Africa, the Indian model h&wvailed in some countries (Uganda
and Tanzania), but saw gins are also operatinguhber of new roller gins have also
been installed in Zambia and Zimbabwe. In West @edtral Africa, where, in most

countries, cotton was introduced by the French gpatal CFDT, only saw gins are
operating, because roller gins were originally \@evas impractical, cost inefficient and
not suitable for the medium-short staple uplandetias grown at that time. These
monopolistic cotton companies adopted the US maddl imported US made saw gin
systems.
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The proportion of roller ginned upland cotton iseg on the table below for the main
producing countries:

Upland Production | Roller Ginned
(thousand tons lint) (%)
India 5,275 79%
Turkey 675 85%
Tanzania, Zimbabwe, Uganda, Zambia 320 36%
M yanmar 65 77%
California & Arizona 260 15%
Other Countries 18,655 0.4%
Total 25,250 20%

The ginning technology and the scale of operatamesmostly determined by the variety
grown, production and harvesting conditions, andnemic factors. The cotton sector
structure also influences the choice of the ginreahnology. The capital cost has been
restrictive for the introduction of high-productiyi saw gins in countries where
production was low and scattered. Conversely, lowsdpctivity roller gins were not
adopted in countries where large volumes had farbesssed rapidly.

The minimal capital cost of setting up a ginnergudstantially higher for saw gins than
for roller gins. The choice between more or les®iantensive options depends on the
availability of labor and its cost relative to egyercosts. Roller gins are generally the
preserve of smaller companies, although numeramlstcan be linked together and the
supply of cotton automated.

Compar ative Perfor mance of Roller and Saw Ginning

The methodological approach for comparing econgmeidormances of roller and saw
ginning was to compare cost or competitivenesfadhat are directly depending upon
the ginning technology, and not the total indubtdast, which includes processes
upstream and downstream ginning itself that are digctly related to the ginning
technology used. Factors taken into consideratonttfe comparison were investment
costs for a given ginning capacity, ginning outtuatio, labor, energy and maintenance
requirements, and quality premiums directly relatethe technology used.

Six models of ginneries have been selected for emisgn, two for each of the three
technologies identified:

(1) two models based on the standard saw gin standsifacdnred in the US
operating in most WCA (116-saw and 170-saws);

(2) two models based on rotobar gin stands manufactunedurkey (standard and
high speed);

3) two models based on double roller gin stands nzantufed in India (a manual
DR gin and a Jumbo DR autofeeder gin).
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The individual gin stands have the following capiasi(in kg of lint ginned per hour):

Double Raller Gin Rotobar SawGin
Standard Jumbo Standard High Speed 116-saw 170-saw
50 75 225 360 2,025 3,400

For the sake of comparison all ginneries are suggbds have the same capacity (15
bales/hour, corresponding to the output of a stahgaess), and the same ancillary
equipment (unloading, separator/feeder, conditigpnipre-cleaners, conveyors, lint-
cleaner, press and baling equipment). The techpigdbrmances of each type specified
by the manufacturer were crosschecked with expeggf ginners in various countries,
both in Africa and in other parts of the world (Key, India and USA).

Due to the lower productivity of roller gins, thember of gin stands and the floor area
required for installation of the gins are much leigFor roller gins (especially DR gins)
than for saw gins. Despite a lower cost for theggands themselves, the investment cost
directly related to the ginning technology is tHere twice higher for a rotobars as
compared to a saw gin, and three times higher frdihs. The related investment and
capital cost ranges from US$0.5 to US$1.3/kg df lin

Variable costs (energy, seasonal labor, maintenareealso higher for roller gins. Roller

gins are more labour intensive, due to the greatenber of stands and to lower
automatization than saw gins and seasonal labguirezl by bale produced ranges from
0.3 man-hours in the case of a saw gin to 0.6 noamshfor standard rotobars, to 2 man-
hours for Jumbo DR gins and 5 man-hours for stah@¥R gins. Energy required to

operate the gin stands and to move the cotton dlmginning chain is also higher for

roller gins, due to the higher number of stands tanthe longer distance on which the
seed cotton has to be moved. Maintenance is efsid®G, but spare parts are more
expensive, resulting in higher maintenance costsdént/kg against 1cent/kg for SG).

On the other hand, the ginning outturn ratio, #leo things being equal, is higher for a
roller gin than for a saw gin, as it removes mabperf Assuming, based on experience, a
GOT for rotobars 1.5 percentage points higher, famdDR gins 2 percentage points
higher than for saw gins, those differentials ttatesinto a reduction in the cost of seed
cotton per kg of lint amounting to 3 US$ cents/kg fotobars and to 4 cents for DR
roller gins. Altogether, higher maintenance, labod energy costs for roller gins are
largely offset by the saving on seed cotton (dudigher GOT ratio), and the total
variable costs are 1.5 to 2 cents/kg higher in&3hown in the table below:

12



Ginning variable costs Double Raller Gin Rotobar SawGin
at aver age value of factors (US$ ct/kg lint) | Standar d| Jumbo | Standar d] High Speed ] 116-saw|] 170-saw
Seasonal labour 0p7 oj27 q.08 §.07 0.05 0.04
Energy 3.14 314 2.5 245 1p3 146
Maintenance 0.47 0.p7 Ol67 Q67 §.44 D.44
Seed cotton 83.33 83B3 84.34 84.34 g7.50 $7.50
Total variable costs 87.81] 87.41 87.33 87.12 89.63 89.44

The ginning technology has a recognized impact wality, as roller ginning damages
less the lint than saw ginning. All other thingsnigeequal, roller ginned upland cotton
has a longer staple length, less short fibres,saed coat fragments and neps, which are
important quality criteria. This improved qualitsanslates in a quality premium, under
the condition that merchants are confident thatithies not contaminated, which is often
the case when the roller gin is manually fed. Tfeeeemodern ginneries equipped with
roller gins and auto feeding systems fetch a premo@i 3.5 cents/kg of lint at current lint
prices, whereas manually fed gins attract no premiu

The economic comparison is summarized in the tadlew:

Cost differential at aver age value of factor s|Double Raller Gin Rotobar | SawGin

Base: 170-saw (US$ cent/kg lint) Standar d| Jumbo | Standar d | High Speed] 116-saw|170-saw
Variable costs -1.43  -2p3 2|11 -432 $.18 D.00
Fixed costs 0.78 0.4y 0.99 0.4 0.ps 0joo
Incremental value of production ct/kg lint (.00 31 3.3] 3.31 0.0p 0.40
Net income differ ential 0.86] 4.87 434 509 -027] 0.00]

Altogether, DR standard gins have an overall smathparative advantage on saw gins
(0.86 US$ cents/kg of lint). The advantage is mondre substantial for Jumbo DR gins

and for rotobar gins (4 to 5 US$ cents/kg). Themsaiurce of increased competitiveness
for roller gins is the quality premium it can geswer. The overall economic advantage for
roller gins (except standard DR gins) is far froegligible, as it represents about 3% of
current international prices for cotton (65 cengs pound). If passed on to producers, it
would represent an increase of 7% of prices pardducers. If it is retained by ginners,

it represents a considerable increase in the \sadded.

In conclusion, the economic advantage of rollesgilumbo DR with auto feeder and
rotobar gins) versus saw gins is far from beingligdde, provided necessary conditions
are met to capture the benefits of the technology.

The benefits of roller ginning are likely to incseain the future as the demand for quality
is becoming more stringent in relation with the wgroy requirements of textile
technologies, and as spinners (notably in Chindabthe main market) are getting more
familiar to roller ginned cotton and appreciategtslity and “spinnability”.
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Conclusions and Recommendations

Historical trends influence the choice between th® ginning technologies. The

improvement in the roller ginning technology, therease in staple length of cotton, and
the increasing importance given to quality by tbgtite industry tend to reverse the
traditional advantage of saw ginning for uplandaot

The table below summarizes the pros and cons lefr @hning versus saw ginning:

Roller Ginning Saw Ginning
Basic principle for| Gripping and stretching fibgrPulling fiber with sawg
separating lint from seeds| through rollers/blades through ribs
Process Rather simple; slower but genfle  More ceryplfaster but
harsher
Operational requirements Easier to operate; Closer supervision needed;
not suitable for short fiber; not suitable for extra-long

less efficient for cleaning trash
cotton;

reclaiming carryover of unginne
cotton at high spe:

Vfiber; efficient for cleaning
trash
d

Capacity per gin stand

40 to 110 kg lint/hr (SR-DR)
175-225 (rotobars);
360 to 1,000 (HS rotobars)

1,800 to 3,400 kg lint/hr

Ginning outturn

+ 1.5 to 2 percentage points ¢
vs RG

depending on variety

Investment costs

No economies of  sci
construction costs increase w
capacity (floor arei

tleconomies of scale

alBrohibitive for small capacity;

Labor costs

Higher (0.5-2 man-hour/ bale)

Lower

3@4 man-
hour/bale)

Energy costs

Higher (85-135 kWh/t lint)

Lower (604+Wh/t lint)

Maintenanc Easy but more costly (roll({ More complex; cost increas
replacemen with age of gil
Quality of lint Longer fiber (1/32 inch gain vysShorter staple length (fibe

SG);

better uniformity in length;

less short fiber and neps;

less clean with  roughe
appearance (preparation);
higher risk of contaminatio
(manual feeding)

breakage);
lower uniformity;
more short fiber and neps;
rcleaner with smoothe
(combed) appearance
h

Quality of seec

Cleaner (no dinting needec

More linter on see

Price of lint

Potential gain of 1.5 cent per
over same cotton saw ginned

IDepending on seed cottg
ginned

n

Relevance of Roller Ginning for SSA Countries

Roller ginning is more effective on longer staptgton, which partly explains why saw
ginning was preferred in the past in most SSA awesit The average staple length has
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however substantially increased in the last decdde,to the new varieties introduced,
and most production is now 1-3/32 inch or longdriclr makes it quite suitable for roller
ginning. Furthermore, as it reduces fiber breakagker ginning resultgper se in an
increase in the average staple length, and therefoa better cotton value. The same
cotton classed as 1-3/32 inch when saw ginned doeldlassed as 1-1/8 inch if roller
ginned, and thus qualify for the more demandingrbate remunerative market of finer
yarns, to which SSA cotton has little access atgme Roller ginning can therefore
substantially improve the market access for SSAoooand bring a quality premium if
the cotton is not contaminated.

Other characteristics of SSA cotton production midleiite suitable for roller ginning.
One of the drawbacks of roller ginning is thatstléss effective than saw ginning for
removing trash from seed cotton. This drawbackdeed a limiting factor in countries
where cotton is mechanically picked, which increasash content. This drawback is
much less limiting in the SSA context, as all Aficcotton is hand picked and therefore
relatively clean. Additionally, roller ginning regias a lower moisture content than saw
ginning, which is quite an advantage in Africa, wehdry conditions prevail during most
of the ginning season.

Altogether, roller ginning appears to be quite valg in SSA, as it can potentially
improve the quality of the fiber, increase the allecompetitiveness of African cotton,
since the characteristics of African cotton aredoa@iag particularly suitable for roller
ginning.

Ginning Technology and Sector Structure

There is obviously a linkage between the sectarcgire and the ginning technology.
One of the characteristics of roller ginning istthia contrast to saw ginning, there are
limited economies of scale between a large ginaey a small ginnery, as the capacity
per gin stand is much smaller, and as the capatigyroller gin ginnery depends on the
addition of more or less ginning stands. Due taséheharacteristics, roller ginning is
more competitive friendly, as evidenced by the thett African countries which have
introduced it had all a competitive structure. locanpetitive sector, private firms tend to
minimize total investments. They also go for smallaits to reduce the risk of over-
capacity and try to be close to production zonesrder to improve their competitive
advantage. Large ginneries can be considered as ambere the production density is
high, as it is the case in the main production areaNVCA monopolistic systems, due to
the fact that a large proportion of farmers haveeas to input credit and extension
services. Smaller ginneries are clearly betteptathto areas with a lower production
density, as it is often the case in competitiveancentrated sectors, as evidenced by the
comparative study conducted by the World bank.

In the current context of production crisis, WCA mopolistic cotton sectors are indeed
facing a ginning overcapacity problem. The optidnirdroducing roller ginning is

nevertheless to be considered for the medium og kenm, both for economical and
structural purposes. Beside increases in compatiéiss, it would allow smaller ginneries
enter the market, and thus facilitate the introuncbf some competition among ginners
and the transition to more competitive systemsvduld also facilitate the development
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of niche market (like organic or fair trade cottomnd the entry of farmer
groups/associations into the ginning industry.

The Way Forward

Although there are technical and organizationaligssthat need to be addressed to
introduce roller ginning in SSA countries, therei®ry reason to believe that roller gins
could optimize quality management in ginning, impng lint quality and consistency,
and generate significant productivity gains in Aém countries.

It would therefore seem quite relevant for the &dn cotton sectors' stakeholders to
invest in roller ginning. However, so far, no intrasnt in roller ginning has been made
or given consideration to in WCA countries.

The choice of ginning technology would seem to lbeissue for private ginners.

Notwithstanding, a public effort is needed to ratke awareness of ginners on the
potential benefits of roller ginning, and to monitarices paid by ginners to ensure
transmission of additional returns to producers.

To this end, a pilot project should be undertal®erualuate the performance of existing
roller ginning technology and demonstrate its Jigbunder real WCA conditions, in
comparison to saw ginning.

This pilot project would be in line with nationadtton development strategies to improve
the quality of lint, increase incomes at the viddgvel by adding value to cotton, and
improve the competitiveness of the commodity.
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1. The Sate of Cotton Ginning Technology in the World

1.2. Brief History of Ginning

1.2.1. Ginningin theEarly Days

Cotton fibers must be separated from the seed ééfer can be spun to yarn and used to
manufacture textile goods. Ginning is the proaafsseparating cotton fibers from the
seeds. Devices for separating cotton fiber frontd $ee existed since 4000 BC.

The first method of separating the cotton seed filmenfiber was with the human fingers.
The seed was simply removed by hand. ‘Pinch giriniag extremely time-consuming
as one person could only gin about 0.3 kg of pgr da

The oldest mechanical method known for separatig fibers from the seeds is the
single roller gin. It used a smooth roller pushgdhland or feet (“foot roller gin”) over

the cotton against a hard and smooth surface, lysudat rock. The action of the roller
against the smooth surface would literally squabeeseed from the lock of cotton. This
method was relatively efficient in separating the¢ from the seed. However, the work
was very slow and tedious, and yielded about 0.6fkupt per day.

A two-roller system was invented in India by 100CQ.Brhe “Churka” gin consisted of
two small diameter wooden cylinders held togethemalframe and rotated by a crank.
One person fed the cotton with one hand and tuanedank at the same time. Counter-
rotating at the same speed, the rollers would st cotton bdllas it passed between
them, pinching and pulling the fibers without cruighthe seeds. The Churka increased
the daily production of one person to about 2 kdirdf The Churka Gin was used for
centuries in India, and was most efficient and werably easier to perform when
handling “naked” seeded varieties with looselydteal fibers.

1.2.2.  Thelnvention of Saw Ginning

Demand for cotton by English textile factories sased during the 18th century. In
America, Sea Island cotton, a long staple vafjetyuld only be grown successfully in a
narrow band along the Carolina and Georgia Coasttuid not be grown successfully
in the interior. The more robust short staple, #yizseeded varieti€supland cotton),
could be more widely cultivated. However, theirefis were shorter in length, reducing
yarn and cloth quality, and resisted separationnnpesssed through the roller gin, since
they were tightly attached to the seed surface.s€guently, the fiber was generally
pulled from the seed by hand, which was time comsgrand labor intensive.

Eli Whitney invented the cotton engine, or “gin’t fghort, in 1794, based on the principle
of carding of the New England textile machineryusied wire teeth (spikes) hammered

! The capsule or pod of the cotton plant.
2 Belonging to theSossypium barbadense species.
3 Gossypium hirsutum species.
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into a hand-driven rotating wooden cylinder to en#lre cotton fibers and pull them
through a grate. The wooden lots in this grate weoenarrow for the cotton seed to pass,
so that the fibers were pulled away from the seAd®volving brush, operated via a belt
and pulleys, then removed the lint from the spikdse new machine pulled the short
staple fiber from the seed more quickly than tHeergin's pinching action. It was 50-
100 times faster than hand ginning.

Henry Ogden Holmes received a patent in 1796 fomgamoved gin that used saws rather
than spikes to remove the fibers from the seed. Jdws were spaced on a shaft to
provide openings that allowed the clean seed t@ drot to the bottom. Holmes’
invention made ginning a continuous rather tharat@process, and greatly increased
capacity. The saw gin could produce up to 25 kggndvfdaily, making cotton production
profitable in the southern states.

The basic principles developed by Whitney and Hslnemhanced quantity over quality,
and marked the beginning of the modern cotton imgu¥he development of the saw-gin
type cotton gin resulted in a dramatic increaseotton production in the United States.

The saw gin was especially effective in separatirey hard-to remove seeds in upland
cottons. However, this type of gin could not bedusa Sea Island cotton as it damaged
the long silky fibers. Roller gin manufacturers ridutheir products restricted to the

limited market for long-staple cotton. Textile méaxturers adapted to the shorter, lower
quality fiber.

1.2.3. Improvementsin Roller Ginning

In 1840, Fones McCarthy invented a more efficietier gin which consisted of a single
leather ginning roller, a stationary knife, anceaiprocating knife, which pulled the seed
from the lint as the lint was held by the rolledastationary knife. The McCarthy ginning
roller was much greater in diameter than the Chdyka roller and hence had greater
capacity. This new type of roller gin, referred to as the®arthy gin, became as popular
in many countries as the Whitney saw gin was inWsA. Between 1840 and 1940,
various improvements were made in single and douller gins. The reciprocating
knife roller gin of the McCarthy design is capabfeproducing 70 to 90 kg of extra-long
staple (ELS) lint per hour (and 35 to 45 kg of gidrupland).

Although the McCarthy gin was a major improvemevrgrahe Churka type gin, machine
vibration due to the reciprocating knife along witlaintenance problems did not permit
to reach high ginning rates. In the late 1950s e@adly 1960s, a rotary-knife roller gin
(Rotobar) was developed by the USDA Southwesternto@oGinning Research
Laboratory. The Rotary Knife Gin Stand uses a latganeter roller and a stationary
knife to exert a pulling action on the fibers innmnner very similar to that of the
McCarthy Gin. However, a small diameter rotary &nméplaced the reciprocating knife to
provide the necessary seed pushing action at tim g@ioginning. The rotary knife roller
gin stand allowed increased ginning rates, 4-7githat of the McCarthy Gin (225 to 350
kg of extra-long staple lint per hour, and 100 & kg of upland lint). It is today the only
roller-type gin used in the United States for Pem&ra long staple cotton.

* Single Roller McCarthy Gins stayed at 40 incheeitgth until the 1940s.
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1.3. Roller and Saw Ginning Technologies

The fiber-seed attachment force differs for vaegtifield conditions, moisture content,
and other factors, but is typically about 55% of threaking force, suggesting that the
fibers could normally be removed from the seed aithbreakage. All the currently
available ginning machinery in the world is basedtwo fundamental principles for
separating lint from seeds, roller ginning and ggwing. The gin stand, whether saw or
roller, removes (pulls) the fiber from the seed @the heart of the ginning system. A
basic technical description of the roller and saehtologies is given in Appendix 1.

1.3.1. Roller Ginning

Roller ginning is the most primitive way of remogitint from seeds. There have been
many variations and refinements in the machinekwwgrin many countries around the

world but the fundamental principle of a harsh ipgllof fibers from the seed coat has not
changed. Fibers are gripped between rollers, bladesroller and a blade and stretched
to be separated from seeds. The space through Wbk are stretched is so narrow that
it does not permit seeds passing through with Tihe process is comparatively slow but
considered to be gentle.

Roller-type gins include the reciprocating knifagle roller (McCarthy roller gin), the
double roller and the rotary knife roller (Rotobar)

In a double roller (DR) gin, two leather rollergepsed against a stationary knife, rotate
in opposite direction. When the seed cotton istéethe gin, fibers adhere to the rough
surface of the roller and are carried in betweefitted knife and the roller, and partially
gripped between them. Oscillating knives beat #els from top and separate the fibers,
which are gripped from the seed end. The seedsareed forward on the roller and
doffed out of the machine. Fiber comes out fromibgom side.

The McCarthy roller gin utilizes a leather rolterdraw the fibers between a fixed knife
and the roller. The pulling action of the roller the fibers combined with the pushing

action of the moving knife are required to remoke fibers from each seed. The seed
then falls through a seed grid and the fibers ameoved from the roller by a rotating

doffer.

In a rotary knife roller gin, seed cotton is apglte the ginning roller, with the separation
of fiber and seed taking place as the lint is pul@der the stationary knife. The rotary
knife directs seed cotton to the ginning point, spgecottonseed away from the ginning
point, and releases the seed cotton that was yiginned to be drawn back to the tip of
the stationary knife for further ginning.

The number of roller gin stands installed determitine capacity of the ginnery (provided
that it is not limited by the capacity of the baless).

Roller ginning systems in the US normally includmitar seed cotton cleaning as used
for upland cotton. Cleaning equipment may inclugénder cleaners, stick machines,
and revolving screen (impact) cleaners, dependmge®d cotton cleanliness (whether it
is machine picked or hand picked.) Tower dryers aottair cylinder cleaners are
commonly used for seed cotton drying. Lint cleanimgoller gins is different from saw
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gins and varies among locations. The most commoicleaning sequence utilizes
incline, impact, and air-jet cleaners. Saw-type-tieaners are only used for machine-
picked cotton to remove mofedroken seed, entanglements and pin trash notvesiria
seed cotton cleaning. Roller ginned cotton is balkdg the same pressing equipment as
upland cotton.

1.3.2.  Saw Ginning

In saw gins, the cotton lint is removed from thedsey pulling it with saw teeth through
metallic ribs. Each saw passes between two statiateel ribs spaced so as to allow the
lint to pass through while preventing the cottosem doing so. The principal parts of
a saw gin are saws, ribs and a brush or a blaasir &br cleaning the lint from the saws.
Saw ginning is faster but fiber characteristicsramee damaged than in roller ginning.

The number of saws, ranging from 90 to 200, deteesithe size and the capacity of a
single gin stand. The number of gin stands installed the number of saws per stand
determine the capacity of a ginnery, which is disoted by the capacity of the baling
press and of the feeding and cleaning machinery.

1.3.3. Recent Developmentsin Ginning Technology

The process of ginning and pressing cotton is st@hdnd time tested. Nevertheless,
significant technological advancements have takeacepn the area of technology during
the last decade which has resulted in improved ymodty. Efforts have continuously
been made to improve the fundamentals of ginnirthamit sacrificing efficiency, while
preserving the intrinsic quality of fibers, obtaigithe maximum length of fiber without
breakage, producing lint free of trash and contamis, undamaged clean seeds, at the
lowest cost per unit ginned. The approach has lbeanake the process as gentle as
possible and to reduce the harshness of saw giddpancrease the productivity of roller
gins. The focus is no longer on basic ginning meism but on combining ginning with
auxiliary functions, and integrating them into amehensive ginning system.

Extensive research carried out on cage ginningokas discontinued. The principle was
to use an air stream to separate fibers from seatlsa series of rollers mounted on the
outer surface of a circular-rotating cage. The itgaif fibers was better than with saw
ginning, but it was not possible to remove all froim the seeds.

In the late 1990s, the Templeton Rotary Gin has l#esigned to produce roller gin
quality long staple cotton at the speed of a saw tgi simplify the technology used in
cotton ginning and reduce the cost of ginning.skdieight knives to create eight places
to gin instead of one knife and one ginning placeoiler gins. However, due to feeding
problems this gin could not be commercialized.

Efforts have been made to measure and use coésh @®nd moisture measurements
online to monitor and adjust the ginning procesSTHR® INTELLIGIN monitors the
ginning process through a system of online samg@tagons. The sensing technology is

> A small group of short fibers attached to a piecthe seed or to an immature seed; motes may
be cleaned and baled.
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similar to the one used in HVI. Online measuremgmts/zide information on moisture,
color and trash for adjusting processing.

Power roll technology was developed by engineerghat Cotton Production and
Processing Research Unit of the USDA-ARS. It useswered paddle roll to turn the
cotton in the roll box of the gin stand and bribghto contact with the gin saw cylinder.
As the teeth of the saw capture more cotton fiaghree stand gin plant which normally
runs at 36 bales per hour could now run consistett#t2 bales per hour.

Much emphasis has been placed on lint cleaner$, inotesearch and new product
development. There has been a trend to limit tagest of saw lint cleaners to improve
turnout and reduce fiber damage, while increadiegusage of air-jet cleanérs

1.3.4. High-Speed Roller Ginning

Over the last five decades, the USDA-ARS Cottonnig Research Laboratory in

Mesilla Park (New Mexico has been instrumental ie tlevelopment of the modern
rotary-knife roller gin and has performed extensigearch on roller gins in an effort to
optimize their performance. Since the mid 1980'sesMa Park researchers, have
investigated a variety of components of roller gignoperation, not only to make it more
effective on Pima cotton, but also as a potentiat-effective alternative for ginning

upland cotton for a more quality oriented market.

The most recent research applied many of the cosdeprned in previous studies to
modify a conventional rotary-knife roller gin staimdo a “high-speed” version, through
the increase of rotary knife and ginning roller et and the increase of pressure
between the ginning roller and stationary knifeh&tchanges to the conventional
machinery set-up included modifications to the aotior feeder above the gin stand,
increased horsepower for the ginning roller driased a cooling system with blower for
the ginning roller, to preserve ginning roller lifehe work was carried out on the three
major brands of late-model roller gins (Continent&lonsolidated, and Lummus).
Lummus engineers, worked closely with USDA/ARS agskers to design conversion
kits for upgrading existing late-model roller giausd feeders (regardless of manufacturer)
to the high-speed configuration.

When ginning upland cotton, the high-speed rollarggand ginned at a rate comparable
to saw ginning, 4 bales per hour versus a standdedof about one bale per hour. The
high-speed roller gin stand had the same horseposepirement of a saw gin stand.
Roller ginning, when compared to saw ginning, peetlupland fiber that was about one
staple lengthlonger, had fewer short fibkand nep$ had higher turnout, but contained

® Recent developments include the Lummus Sentinghia€Celiminates the need for batt forming
feed works that can cause fiber damage and theireotsl Louvermax lint cleaner that adjusts
the number of grid bars to improve turnout.

! Staple length is the average length of the longerhalf of the fibers (Upper Half Mean Length
— UHML). It is reported in both 100ths 32nds ofiach.

8 1 inch (12.7 mm) or shorter.

® Small tangled knots of fibers. Neps in the lirg andesirable because they appear as defects on
the yarn and fabrics.
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more foreign matter in the lint and cottonseedhifyher speeds, seed damage and carry-
over increase.

According to the manufacturer, the new Lummus Se2@0 Rota-Matic TM Roller Gin
and Feeder, has a processing capacity up to times higher than previously attainable
on both upland and ELS cottons.

Since 1996, a Turkish textile and gin machinery wofacturer, Balkan Makina, Aydin,
has designed and developed a full line of cottamigg machinery, including pre-
cleaning, lint-cleaning and rotary-knife roller gmachinery’, It was primarily sold in
Turkey to clean machine-picked cotton but also egabto Azerbaijan and Sudan. The
capacity of the rotobar is one bale per hour. Tiga-Bpeed modélcan reach 3 bales per
hour but the manufacturer recommends not to extdgdbales per hour, in order not to
increase the carry-over and damage to seeds (saeftagments).

The Indian manufacturer Bajaj Steel Industries hét developed a complete ginning
system based on improved double roller gins, inodcleaning, conveying and
pressing. The capacity of the Jumbo double rofiented between 65 and 105 kg of lint
per hour depending on the type of cotton.

1.3.5.  Ginning Equipment Manufacturers

Located in the USA, the largest saw-type gin mactufers, Lummus and Continental
Eagle, also manufacture rotary knife roller ginos¥idouble roller gin manufacturers are
located in India (Bajaf, etc). There are several manufacturers of sawdantble roller
gins in China. Turkey manufactures double rollessinger) and rotary knife rollers
(Balkan Makina). The major ginning equipment mauctifeers are listed in Appendix 2.

14. GinningintheWorld

Compared to saw ginning, roller ginning is a gentlay of separating the cotton lint
from the seed. However, the low capacities typjcabitained with roller gins provide an
economic barrier to a more widespread use.

1.4.1.  Ginning Process by Country

The most commonly produced and traded cotton kmiety in the world belongs to the
speciesGossypium hirsutum, which is also known as upland cotton. Saw gins ar
generally used to process the fuzzy seed uplatidncavhich has a short to medium-
long staple length (less than 1 inch to 1-7/3h)jnwherever it is grown. Therefore, the
saw-type cotton gin is, by far, the prevalent tygeginning in the world, notably in

10 Rotobar designed and improved from the Consolitattary knife roller.

350 rpm vs 120 rpm.

12 Also known as seed coat neps, seed coat fragm8aB)(are contaminants in cotton lint.
Harsh ginning can increase their size and number.

13 According to the manufacturer, there are over d@@mus rotary knife roller gins in the USA
and some other countries.

14 According to the manufacturer, there are over @®,Bajaj double roller gins operating in
India and several countries around the world.
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China, the United States, Pakistan, Brazil, UzliekisWest and Central Africa (WCA),

Australia, Greece and Syria. However, saw-ginningsdcontribute to fiber damage
(increased short fib&t content, reduced uniformity and increased neps), which lowers
mill efficiency and yarn quality, especially in sping mills equipped with modern

technology.

Extra Long Staple cottons (ELS 1-3/8” inch and adwelong to the speci€sssypium
barbadense, and accounted for 3 percent of world cotton potidm in 2007/08". While

it is possible to gin these black seed types abogtwvhich are commonly referred to as a
variation of Egyptian cottons, with a saw gin, tlesulting quality is substantially lower
than that obtained with roller gins. With saw gififser breakage results in a shorter
staple. Therefore, roller-type gins (using eitheeeprocating knife or a rotary knife) are
used to process Egyptian, American-Egyptian, Pinth $ea Island cottons, which are
normally used for producing very fine high qualjgrns® Conversely, roller ginning is
not efficient for short and medium-short stapleampl varieties (1-1/16 inch or shorter).

Notwithstanding, in two of the major cotton produgicountries, India and Turkey,
roller-gin equipment is in preference for procegsipland cotton. Upland cotton is also
roller ginned in several smaller producing coustire Asia and Africa.

According to the ICAC Secretariat, about 15% ofwweld cotton production was ginned
on roller gins in 1995/96. This share increasedamo estimated 22% of the world
production (26.2 million tons) in 2007/08. In adiiit to the 750 000 tons of ELS cottons,
about 5 millions tons, or 20% of the 25.25 millitons of upland cotton, were roller
ginned.

15 Fiber shorter than % inch (12.7 mm).

16 Length uniformity is the ratio between the meamté and the upper half mean length of the
fibers.

17 ELS cottons are produced in Egypt (30%), USA (25@ina (20%), India (10%), Sudan,
Turkmenistan, Israel, Peru, Uzbekistan, Tajikistard a few other countries.

18 Ne 80 and above. The count of yarn is a numeriqadession of fineness. The English count is
the number of 840-yard (768 m) bundles of yarn iregiuto weigh one pound.
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Table 1- Roller Ginning of Upland Cotton (2007/08)

Upland Production Roller Ginned

(thousand tons lint) | (thousand t) (%)
India 5,275 4,150 79%
Turkey 675 575 85%
Tanzania 145 75 52%
M yanmar 65 50 7%
USA * 4,000 40 1%
Zimbabwe 125 20 16%
Uganda 12 11 92%
Zambia 40 10 25%
Kenya 10 10 100%
Bangladesh 9 9 100%
Sudan 14 5 36%
Other Countries ** 14,880 45 0.3%
Total 25,250 5,000 20%

* 15% of Acala production in California & Arizorsroler ginned.
** Afghanistan, Indonesia, Iran, Laos, Madagasbbapal, Nigeria,
SriLanka, Thailand, etc.

Sources: ICAC for production and consultant's estia® for RG

Roller gins are used for hand-picked (Asia, Africajd machine-picked cotton (USA,
Turkey). Double roller gins are extensively usedhitia, Turkey and ESA.

The roller gins in Asia, Africa and Turkey are nigireciprocating knife type roller gins.
Rotary knife or rotobar gins with automatic feechttol are used for all long staple
cotton in the USA and Central Asia.

India, the second largest producer, consumer apdreet of cotton, concentrates 83% of
the world production of roller ginned upland cotoriollowed by Turkey (12%). An
estimated 79% of the production of upland cotten®ller ginned in Indid. There were
3,342 ginning and pressing installations operatingng the 2001/02 season, including
177 saw gin factorié8 Roller gins are considered more suitable for igign
superior/medium long staple cotton, while saw gane usually preferred for ginning
short and medium staple cotton.

Turkey does not grow ELS cotton, and 85% of thedpation is roller ginned. In
2000/01, there were 669 gins, including 32 saw.dgdwne roller-gin units are very old,
but they are preferred because of their abilitypteserve the original fiber lengths.

19 Bajaj contends there are 70,000 double rollersgimds used in India that produce 94% of the
total production.
202318 ginning only, 902 ginning and pressing faed (+ 122 pressing only) + 678 closed.
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Investments were made in saw ginning to increasegssing capacity, and because of its
ability to produce cleaner lint and its superiorfpemance in ginning seed cotton with
rain moistened/damaged, or with high thrash content

In the USA, 976 gins were operating in 2007/08luding 21 saw gins processing mostly
ELS Pima cotton.

In China, old roller gins were replaced by saw giuhgring the first phase of
modernization of the Chinese ginning industry ttarted in 1955. Higher-capacity saw
gins were adopted during the second phase of miadéon/liberalization that began in
the 1980s. Roller gins are still used to procesS Eattons grown in the Xinjiang region.

In Pakistan, some of the 2% of total productionaliis ginned on roller gins belongs to
Gossypium arboreum. In total, there are 8 roller gins (and over 1,88®& gins), some of
them engaged in ginning onGossypium hirsutum andGossypium arboreum.

In India and Iran, wher&. arboreum andG. herbaceum are grown on a significant area,
a large quantity of short staple cotton is ginnethdstically on small roller gins.

In Australia, there are 2 mixed roller/saw combimag (out of 37 gins).

The above review of ginning technology in the wasltbws that, contrary to common
belief, roller gins can be used for medium stagland cotton.

Genetically engineered cotton resistant to inseets first commercialized in 1996, and
10 countries had authorized commercial productiobiatech (GM) cotton in 2008. The
ICAC Secretariat estimates that 47% of world cotioea was planted to biotech varieties
in 2007/08, and this area accounted for aboutdfadforld production and exports.

So far, biotechnology applications have been lichite developing insect-resistant and
herbicide-tolerant varieties, and other forms aftéch cotton are not expected to be
released in the near future. As genes insertenl timt varieties do not affect fiber

characteristics, all considerations and recommémaaimade in this study apply equally
to conventional and biotech cotton varieties.

1.42. Roller Ginningin Africa

Egypt, the world largest producer of ELS cottongdonet grow upland cottons and is only
using roller gins, most of which were installedra beginning of the 20th century.

Sudan used to gin all its production (ELS Barakéth roller gins until the mid-1990s.
Saw gins were installed to increase capacity fomigig medium-long staple upland
Acala.

In Tanzania and Uganda, ginning has historicallgrbdominated by roller gins in the
hands of cooperatives. Saw gins were introducdaitzania (and to a much lesser extent
in Uganda) for higher output as a large numberrnfape buyers and ginners entered the
sector and increased competition for seed cottoaysement.

In Uganda there were 40 gins in 2007/08 (ICAC),ludmg one saw gin used for
producing cotton sold in the sub-region.
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In Tanzania, the 63 gins listed by the Tanzaniattd@oBoard (TCB) include 41 roller
gins and 22 saw gins, but not all of them are fionetl. 14 gins built between 1923 and
1966 (12 DR and 2 SG) have not been modernizecasngrobably idle. 40 of the gins
(20 RG and 20 SG) have been modernized or instélédieen 1994 and 2006. Saw
ginneries have between 2 and 5 gin stands and enage rated capacity of 90 180-kg
bales per day, while the roller ginneries have betw22 and 40 roller gin stands, with a
rated daily capacity of 6 bales per gin stand. [Hngest SG has a daily capacity of 480
bales with 2 stands, while the largest RG reacBg%dles, with 36 stands.

In 2006, there was only one roller gin in both Z@mland in Zimbabwe, and,
respectively, 13 and 15 saw gins.

Like WCA countries, Malawi, Mozambique and Southiéd have only saw gins.

In Kenya, roller technology has been employed sir825. Very little investment in new
technology and upgrade of existing machinery hasimwed.

1.43. Recent Trendsin Roller Ginning

During the last 10 years, developments in rollemgig technology, or more precisely
developments towards the integration of roller gigninto a single system, helped
various countries in Asia and East Africa partidyldndia to increase their ginning

capacity. The trend is to integrate all operatibnisito a single process, with no manual
handling of material at any stage of the processotier significant trend is the

increasing use of roller gins (double roller andarg knife type) for both fuzzy and

black-seed varieties of medium and long stapleoostto cope with the more stringent
demand for quality lint in the world market.

In the USA, there is an increasing trend towarderainning of medium-long staple
varieties. Dunavant of California started rollenrging Acala in Arizona in the 80s. Since
2000, several producéfshave replaced their saw gin stands with high ciapeoller gin
stands (1 for 3 for the same capacity) to procesis Bima and Acala varieties.

India

Until the 1990s, most of the roller gins (singledmuble roller) in India were inefficient
and costly. 70% of the ginning mills did not haveyanethod of controlling moisture
content of the cotton, and half of the ginning millid not have any pre-cleaning
facilities. 85% of the cotton was manually carrfeaim the storage point to the ginning
mills. Many roller gin installations had no cleasi@nd were often fed manually. Lint was
also often conveyed by hand to the press. As dtyésdian cotton had the reputation of
being the most contaminated origin in the worldnyTiunits producing trashy and
contaminated cotton and units doing pressing atidganly were incompatible with a
quality-driven market for textiles. In contrastwsgins had auto-feeder mechanisms and

21 Feeding, drying, pre-cleaning, ginning, lint-cleamipressing and baling.
22 Significantly, the largest cotton farm in the USQJBoswell, Co.) discontinued the use
Lummus SG and installed 3 plants equipped with &4flkm Consolidated.
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pre-cleaning equipment, which contributed to trduotion in contamination, by reducing
human contact and handling.

In 2000, the Government of India launched a missialled Technology Mission on

Cotton’ (TMC) to modernize and upgrade 500 ginnamgl pressing (G&P) factories in

eight years, out of the 4,000 units in the counimyprder to increase their productivity
and improve the quality of cotton. One of the maimpose of modernization/upgrade of
ginneries was to produce cottons free of trash apdtamination through the

automatization of cotton feeding and handling tplaee manual labor operations.
Ginners were offered a subsidy of up to Rp 2.7iamill(@about $60,000). Basically, the

modernization consisted in integrating the doulder gin stands into a complete

ginning system with auto feeder system, pneumatio/eyors for seed cotton and lint,
seed cotton pre-cleaners and lint cleaners, humigifand automatic hydraulic cotton
baling press. Cleaner cotton also reduces maintengeguirements. Small units have a
minimal processing capacity of 3-4 bales (170 kg) pour with 12 standard double
rollers. Large units have a minimal processing capaf 6-8 bales (170 kg) per hour

with 24 standard double rollers, 18 Jumbo doubleror three 90-saw gin stands.

Turkey

During the last decade, machine picking quicklylaepd manual picking of seed cotton
in most cotton growing areas of Turkey. Most doutdler gin plants were equipped

with additional pre-cleaning and lint-cleaners degi manufactured by Balkan to reduce
thrash content in machine picked cottons. As aelawgplume of cotton was picked in a

shorter period of time, the capacity of severabgias increased by replacing old roller
gins with complete ginning systems for machine-peticottons based on rotobar gins
with automatic feed control, also manufactured lajkBn. The largest cooperative, Taris,
installed a large saw-gin plant to increase itsacédp.

Africa

Sudan is growing both ELS (Barakat) and upland [@ceotton varieties. In the 1990s,
the Sudan Cotton Company Ltd (SCCL) invested in ggs to increase its capacity and
in 2004/05 there were 2 saw gins in addition toXfeoller gins. SCCL has undertaken
to upgrade and increase its ginning capatifgalkan Makina is installing 10 gin plants
in five different locations, each having one rolggn line and one saw gin line of the
same capacify. As cotton is hand picked, the gins are equippi¢ld super jets instead of
saw-type lint cleaners.

A number of new gins have been installed duringaedecade in ESA countries. Roller
gins are generally installed to reduce the investroest, and eventually to preserve fiber
quality, while saw gins are installed when thereaisieed to process large volumes
rapidly.

Z With IDB (Islamic Development Bank) financing.
2430 bales per hour; each, with two 200-saw starois Brazil and 22 rotobars, respectively.
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In Tanzania, two of the major ginners, Alliance ladd Olam Tanzania, have installed
roller gins of the same capacity than their exisaw gins in the same locatfdnThey
give preference to the roller gin for quality andgttarn and use the saw gin only when
needed to gin volume. Alliance has paired Indiardendumbo double rollers with US-
made pre-cleaning and lint-cleaning equipment. Olastalled a Indian-made pre-
cleaners and a secondhand Continental press.

In Zambia and Zimbabwe, a number of new roller diase being installed. However,
most ginning capacity in these countries still ¢éstssof saw gins.

In Zambia, Alliance has set up a 40-DR plant aseémeed space to add another 40 stands
within short time if needed. The leading ginner (Avant) is considering an investment
in roller ginning.

In Zimbabwe, there are currently 5 roller gins addsaw gins. Alliance has installed a 60
DR plant with US pre-cleaning. Cottco is planningekpand the capacity of its Lummus
RG plant (12 rotobars) located in the North from0D0 tons to 25,000 tons with the high
speed technology to process the longer staplety4ti&92).

Bajaj has exported double roller gins to Kenya, Btgbcar, Nigeria, Tanzania, Uganda,
Zambia and Zimbabwe.

In WCA countries there was no new investment imgig during the last decade, except
in Burkina Faso (modern saw gins from the US arakBy. There is now an overcapacity
in all countries.

Other Countries

One high speed Lummus roller gin and feeder has bestalled in Brazil to process
upland cotton in order to produce a premium fibar the market. The double roller
ginning technology has recently been adopted in.F&gajaj has exported double roller
gins to Bangladesh, Indonesia, Myanmar, Nepal antda®ka.

1.4.4.  Cotton Sector Structure, Ginning Technology and Scale of Operations

The ginning technology and the scale of operatamesmostly determined by the variety
grown, production and harvesting conditions, andnemic factors. The cotton sector
structure also influences the choice of the ginrechnology. High capacity saw gin
plants are better adapted to monopolistic sectatts densely concentrated production,
while smaller roller gin plants are better adagtedompetitive sectors.

The capital cost has been restrictive for the aiadion of high-productivity saw gins in
countries where production was low and scatterexhv€rsely, low-productivity roller
gins were not adopted in countries where large meki had to be processed rapidly.
Roller ginning was widely considered a primitivehaology, labor-intensive, and not
suitable for upland varieties.

25 Alliance: 4 x 108-SG Lummus (1999) + 40 DR Bajap@g); Olam: 5 x 108-SG Lummus
(1994) + 36 DR Bajaj (2006).
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The minimal capital cost of setting up a saw gisubstantially higher for saw gins than
for roller gins. The choice between more or leg®itantensive options depends on the
availability of labor and its cost relative to egyercosts. Roller gins are generally the
preserve of smaller companies, although numerarsistcan be linked together and the
supply of cotton automated.

USA

Production, climatic and economic conditions priwgiin the US imposed the choice of
high capacity gins:

= large scale farms,

= high volume machine-picked in a short period wig}]
= lack of cheap labor,

= availability of capital and energy,

= necessity to gin production in less than 100 diyes to climatic conditions (frost and
rain in winter).

Although machines replaced workers, labor remaiesnost important variable ginning
cost in the USA®. As larger gins have lower costs (Appendix 4),riheber of operating
gins in the US is continuously declinfig Gins belong to individual farmers,
cooperatives or cotton merchants.

Turkey

Gins in Turkey belong to cooperatives and to pawgihners. Saw gins were installed by
the largest cooperatives to increase their proscgsspacity.

Developing Countries

Opposite conditions prevail in most developing does:
= smallholder farms,

* low volume (hand picked),

= availability of cheap labor,

* energy non-available or non-affordable,

= longer ginning season (dry and frost free).

India

Established in 1902 to increase cotton productantlie United Kingdom, the British
Cotton Growers Association (BCGA) promoted theatlation of ginneries in the British
Empire. In Indi&®, roller gins were installed in rainfed areas whastton production was

%5 US$8 per bale in 2008 out of US$21.

* The number of gins dropped from 2,000 in 198216 i 2008, and the average output (per
gin) rose from 5,750 bales (1,300 t) to 19,000 &€300 t in 67 days).

“8 Before partition between India and Pakistan.
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scattered around, while some saw gins were set upigated areas with higher yields.
Most of the roller gins were manually operated hwahe workman or each stand to feed
and stir the cotton. The recent modernization tesil a significant increase in the
capacity of the Indian ginnerf@s The largest plants set up have a capacity 0b@)700
bales per d&y. Ginneries belong to private ginners competindiveiach other for seed
cotton.

ESA Countries

The « Indian model » with roller gins prevailedUganda, Tanzania, and Kenya, as the
capital cost of saw ginning was prohibitive for thmall volume processed by most
ginners. Large ginning companies in the monopagalisthd concentrated sectors of
Zimbabwe and Zambia installed US made saw-ginserailization of the cotton sectors
in the 1990s led to a rapid entry of private srsalide roller-gin plants competing with
established, large-scale saw-gin plants, also fiwdany of the new investors had little
or no experience in ginning. Larger ginners (leppootunistic) first invested in saw-
ginning in order to be able to capture more voluiMere recently, quality-conscious
ginners installed automated roller gin plants.

WCA Countries

The Compagnie Francaise pour le Développement dmesFTextiles (CFDT) was
established in 1949 to promote cotton productiothenFrench colonies of Africa. Roller
ginning was viewed as impractical and uneconomenadi not suitable for the medium-
short staple upland varieties grown (1-1/32 to I6lihch) at that time. The monopolistic
cotton companies adopted the «US model » and tegodS-made saw ginning
equipment. The location and capacity of the ginseevibiased on transportation costs (seed
cotton collection and lint exports). A typical ptan WCA countries has 3 to 5 high-
capacity (158 or 161-saw) gin stands. So far, mestment in roller ginning has been
made or given consideration to in WCA countriegrein countries where ginning has
been liberalized.

2. Compar ative Performance of Roller and Saw Ginning

The objective of this section is to compare, in¢batext of Sub-Saharan African cotton,
the potential performances of saw and roller gias, concerns investment costs,
operating costs and value of production (in refatio quality performances). For the
need of the analysis, three types of gin plant® teeen considered:

* a ginnery equipped with standard saw gins as tipgren most WCA countries,
= a ginnery equipped with rotary knife roller gimustls,

29 An overall improvement in cotton quality and a siolerable reduction in contamination have
also been achieved.
30 with 4 bale presses of 35 BPH each.
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= a ginnery equipped with double roller gins.

The purpose of the analysis is not to assess tia poocessing costs of those three
models, which depend on a number of factors irgglevo the type of gins used, but to
assess specifically the differences in cost andmeitems which are potentially directly
affected by the ginning technology, and identiféedfollows:

» investment cost and ginning capacity,

= ginning outturn ratio,

= seasonal labor and energy requirements for opgrtie gins,
» maintenance costs of gin stands,

= quality premium.

The analysis is aimed at assessing the comparativantage or disadvantage and the
differential in ginning cost and profitability beéen comparable ginning plants using
saw gin and roller gin technologies. To make thegarison possible, all models are
assumed to have the same total capacity (implyag the number of gin stands will
differ, depending of the unit ginning stand capadir each technology). It is also
assumed that, beside the gins, all models haves#éinee ancillary equipment (pre-
cleaners, conveyors, lint-cleaner and press).

Data have been collected mainly from equipment faaturers and from interviews
with ginners, in particular in Turkey and East &&j from USDA and ICAC and from
the World Bank study on cotton sectors in Africa.

2.1. Capacity and Investment Costs

2.1.1. Capacity

Saw gin stands have a higher processing capadity ribiler gins. Roller-ginning rate is
limited by the rate that fibers adhere to the rollehe rotary-knife roller or rotobar gin
stand is a higher-capacity option versus its recating-knife counterpart (single or
double roller).

The capacity of a saw-gin stand depends on the aumibsaws, their speed and their
diameter. The nominal capacity is generally expgess kg of lint per saw per hour
(ksh), and varies from 10 to 21, depending onype bf machines.

The capacity of a gin plant depends on the numbginostands installed in parallel. The
ginning capacity of the ginnery is also limited that of the bale press and of other
components such as feeders, conveyors and cledrte¥sactual capacity depends on
variety, quality and type of cleaned and open se¢bn and is subject to the appropriate
feeding rate of the gin stand and to the correcistue content of the seed cotton.
Standard nominal capacities are as follows fomtlest common types of saw gins:

» 139 saw-gin (Chinese): 1,800 kg per hour
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= Imperial 1l 116-saw (Lummus): 2,000 kg (9 balpsr hour
= Golden Eagle 161-saw (Continental): 3,400 kg (A%&d) per hour
= Imperial 11l 170-saw (Lummus): 3,400 kg (15 =)leer hour

For roller gins, average nominal capacities peretygf gin stand (as rated by
manufacturers) are the following:

= Single roller (Nipha): 40-60 kg of ELS lint peour

= Standard Double Roller (Bajaj): 40-70 kg of lpgr hour

= Jumbo Double Roller (Bajaj): 65-110 kg of lintrpeur’

= Rotary-knife roller gin (Swan Cotton): 80-180 kerour

» Rota-Matic (Lummus): up to 170 kg (0.75 bale)ang per hou¥
» Phoenix Rotobar (Continental): up to 225 kg oglél bale) per hotit

= Rotobar gin (Balkan): 225 kg (1 bale) uplaed lpour

= High Speeed Rotobar (Balkan): 360 kg upland Kalés) per hodt

» High-Speed RG Series 2000 (Lummus): 1,000 kg wup(drb bales) per hour

The capacity is expressed in kg of lint ginnedpaur (the output), which means that the
capacity in terms of seed cotton processing (tpetjndecreases as the ginning outturn
(GOT)* increases. In other words, the processing capatigygin stand is 20% higher
with a ginning outturn of 35% than with a ginningtturn of 42%.

The capacity of most gin plants is limited by tlag@acity of the bale press. Capacities of
bale presses range from 5 to 45 bales of 500 lbkqe™.

2.1.2. Gin Costs

Costs of gins vary with the capacity of the equiptrend the country of origin. US-made
equipment is much more costly than equivalent egeigt from China and Brazil for saw
gins, and rotobars from Turkey are about twice pkedhan their equivalent from the
US. With reduction in production in many countriggrticularly in the US, a lot of
secondhand ginning machines are available in thikeha

Indicative investment costs are as foll6s

3 Up to 160 kg Egyptian ELS per hour.

3 Up to 340 kg ELS (1.5 bales) per hour.

3 Up to 435 kg ELS (2 bales) per hour.

34 Nominal capacity is 3 bales per hour but the mactufer recommends not to exceed 1.6 BPH
as it increases carry over and seed coat fragments.

% The GOT is the percent lint in seed cotton as ddlivered to the ginnery, and it is determined
by the lint percentage, the weight of leaf trasti #ie moisture content before and after ginning.
The method of picking exerts significant influenoe the ginning outturn. The foreign matter
includes losses in the form of undeveloped seedsotes.

36 Universal density (28 cubic feet or 448 kg/m3) atahdard dimensions.
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Roller Gins

= Single roller gin stand (Indian): $3,000

» Double roller gin stand (Indian): $4,000

= Jumbo double roller gin stand/auto feeder (Indian)  $5,000

= Rotobar gin stand (Turkish): $30,000 EXW
= High speeed rotobar (Turkish): $50,000 EXW
= Rotobar (US): $100,000 EXW
Saw Gins®

» 116-saw gin stand including feeder (US): $180,000 EXW
= 170-saw gin stand including feeder (US): $266,EXW

= 200-saw gin including feeder (Brazil): $150,ERW

It should be reminded that the cost of the gindsais only a portion of the equipment
cost of modern ginnery. When cotton was hand picked carefully handled, the only

machines needed in a ginning system were a girdsad a baling press. Less careful
hand harvesting methods and mechanical harvestéeised more moisture and foreign
material (trash) to be mixed with the seed cotldrus, seed cotton cleaning and drying
equipment and lint cleaners were developed to cosgie for the faster and less careful
harvesting methods.

Carefully picked and graded seed cotton has a lasht content and would require
minimal seed cotton cleaning equipment and nodieaner?’. The ancillary equipment

installed in ginneries varies considerably andaigely determined by the amount of
foreign matter in seed cottSh

A typical ginning plant consists of the followingeguence of machines (details in
Appendix 3):

= unloading equipment,
= separator/feeder,

37 Costs of Indian equipment are expressed as aadlisding transport and delivery; costs for

other origins are ex-factory cost, which shoulditireased by an estimated 20% for transport
and installation.

38 For roller gins, the feeder system is includedhi@ ginning equipment (except for manually

operated gins); for saw gins, the cost of the febds to be added to the cost of the gin.

% Although lint cleaners are sometimes installeifriprove preparation.

40 Handpicked cotton contains less than 50 kg penegirbale of 225 kg, spindle picked cotton

content about 100 kg of foreign matter per bale strigped picked cotton more than 300 kg per
bale.
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= pre-cleaning equipment (seed cotton cleaners),
= conditioning equipment (dryers, humidifiers),

= feeding/ginning equipment,

= post-cleaning equipment (lint cleaners),

= pressing and baling equipment.
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2.1.3. Definition of Gin Plant Models

For the saw gin type, the base model is the 170gavstand manufactured in the US
(Lummus), which is similar to the most frequentlged gin stand in WCA (cost:
$265,000 ex-factory EXW; nominal capacity: 3,40Q0hayr); it is also interesting to
compare the performances of this base model wghvagin stand of lower capacity, a
116-saw, also manufactured in the US (cost: $18BRW; nominal capacity: 2,025
kg/hour).

For the rotobar type, the comparison with US martufed gins is less relevant, as US
gins are mainly designed for long fiber cotton, ard not widely used in countries
outside the US. Two gin stand types are selectednadels: a standard rotobar
manufactured in Turkey (cost: $30,000 EXW; nomicegbacity: 225 kg/hour) and a high

speed rotobar, also manufactured in Turkey (cdgd;@®0 EXW; nominal capacity: 360

kg/hour).

For the double roller type, the study considertaadard Indian made manual DR (cost:
$4,000; nominal capacity: 50 kg/hour) and a JumBodn, also manufactured in India,
and equipped with an auto feeder (cost: $5,000;imalapacity: 75 kg/hour).

In order to take into account the supposed lowkaliity of the Indian model (which
partly compensates for its lower cost), it is assdnthat the real capacity is 85% of
nominal capacity for DR Indian made gins, and 9@%a6tobar gins made in Turkey and
for saw gin made in the US.

In all models, the ginning plant is assumed to heveminal capacity of approximately
15 bales/hour (which corresponds to the capacity sfandard US manufactured baling
press and that of a 170-saw gin), i. e. 3,400 kwr/tor about 10,000 tons of lint per
yeaf'!. The real capacity is calculated by applying tbefficient defined in the previous

paragraph.

2.1.4. Construction Costs

Because of the smaller capacity of roller gins,dhesater number of gin stands increases
considerably the space required for the machinesnoller gin plant, as compared to a
saw gin plant of same capacity. The floor areaireduby a saw gin stand is roughly 25
sgm for a 170-saw gin and 20 sgm for a 116-sawlgia.18 sqm for a rotobar (or for a
HS rotobar), the capacity of which is five to tends lower. The comparison is even less
favorable for a standard DR gin, which requiredoarf area of roughly 13 sgm for a
capacity five times lower than a rotobar.

For an equal overall nominal capacity of about @0,ns of lint/year:
= the standard DR plant model will need 68 gin ssaanald a floor area of 900 sqm,

*1 On the basis of an operating time of 21 hours/ifay shifts, and 140 days of operation per
year.
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» the Jumbo DR plant model will need 45 gin standar(ded to 46, as roller gin plants
need to have an the same number of gin stands @n afathe two lines operating in
parallel) and a floor area of 675 sqm,

= the standard rotobar plant model will need 15 gijands (rounded to 16) and a floor
area of 275 sgm,

= the HS rotobar plant model will need 9 gin stafrdsinded to 10) and a floor area of
175 sgm,

= the 116-saw plant model will need 2 gin standsafidor area of 40 sqm,
= the 170-saw plant model will need only one gimdtand a floor area of 25 sgm.

The above estimates only take into consideratierfldor area required for the gin stands
and their feeders, and not the area required ®rother components of the processing
chain (assumed to be similar in all models). ltvehdowever that the type of gin used
has a considerable impact on the the floor areaimmgent, and therefore on the
construction cost and conveying equipment (numberagors, length of belt conveyors).

Based on a standard construction cost of $800/¢kyenjncremental construction and

conveying equipment cost (for a 15 BPH capacitynplas $500,000 when comparing a
standard DR plant to a rotobar plant, and $700y@0&n comparing a standard DR plant
to a 116-saw plant.

2.2.  Ginning Outturn

The ginning outturn (GOT) of a ginnery is deterntingy the lint percentade of the
variety, the weight of foreign matter and trashseed cotton and the moisture content
before and after ginning. The method of pickingréx significant influence on the
ginning outturn. A variety with a lint percent d0% would be expected to give a
ginning outturn of about 38% if hand-pick&dUsing lint-cleaners or super jet after
ginning reduces the ginning outturn by 1 to 1.5%.

All other things being equal, roller ginning is after process than saw ginning, and it
eliminates less foreign matter, resulting in a dreginning outurn for the ginner (but,
conversely, more trash for the end-user). Accordmgyinners in ESA countries, the
ginning outturn is 1.5% to 2% higher with doubldeogins than with saw gins, for the
same seed cottéh According to Bajaj, experiments conducted on arottfrom
Zimbabwe also show that their double roller ginsvide an outturn of 43%, versus 41%
for saw gins. This is also corroborated by a cowrpae experiment conducted by the
USDA on upland cotton resulted in a ginning outtafr88.4% with a standard saw gin
and of 40% with a conventional rotary knife rolggn.

*2 The percent of lint in clean seed cotton and ferdgined by the weight of lint per seed.
*336% if spindle picked and only 28% if stripperksd.

*In Tanzania, respectively 35% with RG versus 33 \8G. In Zimbabwe, 42% with SG
versus 40% with SG.
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According to Bajaj, the double roller gin removesrmfibers, which contributes to the
higher GOT, and at the same time leaves less finthe seeds than saw gins (8% against
12% of the weight of the ginned seeds). Cleanedssean be used without delinting,
which is an additional advantage for roller ginth@ugh difficult to quantify.

Based on those data, it can be assumed that D plaild have a ginning outturn ratio
two percentage points above a saw gin plant (fetamce 42% instead of 40% based on
usual African GOT), while a rotobar would have &ard.5 percentage point above a saw
gin plant. This difference in GOT translates inteeduced cost of seed cotton per ton of
lint produced in roller gins. This cost reduction significant, about 4cts/kg of lint
(comparing a DR plant to a saw gin plant), as showiable 2.

2.3. Processing and Maintenance Costs

Generally speaking, variable ginning costs affettgthe type of gins are seasonal labor,
energy and maintenance costs. There is a tradeedffeen labor and energy costs, for
feeding, handling and moving cotton along the gignsystem. The ginners' choice
depends on the availability of labor and its rekatcost compared to the cost of energy.
Baling and pressing costs are also significantthey are not dependent on the type of
ginning. Details on variable costs are presente&bipendix 4.

2.3.1. Labor

In the USA, by 1880, most hand labor operationslieeh replaced by mechanical screw
processes, gin feeders and pneumatic cotton hgndipstems. In contrast, ginning

remained very labor-intensive in India until theyweecent modernization/upgrading of

ginneries. Manual labor has a negative impact golegity of the feeding rate and on the
quality of cotton, as it increases contamination.

Typically, labor cost is higher for roller ginnedtton as compared to saw ginned cotton.
This is due to the greater number of gin standscditide generally less automated degree
of operations, notably feeding of gin stands.

According to Bajaj, in an old Indian ginnery thdiemted labor requirement was about
21.5 man-hours per bale of lint (Indian bales wigighL70 kg). In an automatic double
roller ginning plant, the labor requirement comewd to about 2 man-hours per bale.

According to Olam, their roller gin plant in Tanzamequires 35 workers, against 20 for
the saw gin plant of the same nominal capacitySobales per hott. This is equivalent
to 2.3 and 1.3 man-hours per bale, respectively.

In Sudan, the roller gin plant installed by Balkaill require 15 people for high speed
rotobars, while the saw gin plant will operate with people. For a similar output of 30
bales per hour (500 Ibs), this translates intca®d® 0.4 man-hours per bale, respectively.

In a modern automated saw gin with 3 gin standsacdpacity of 45 bales per hour,
there are 15 workers per 8-hour shift, equivalerft.B man-hours per bale.

3 n Tanzania, a worker costs $2 per day, whilepifige of energy is about $0.60 per kWh.
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Based on those data, one can estimate the sedaboalat 5 man-hours/bale in the
standard manual DR model, 2 man-hours/bale in tinebd auto feeder DR model, 0.6
man-hours in the rotobar model, 0.5 man-hours @ K& rotobar model, 0.4 man-
hours/bale in the 116-saw gin model and 0.3 mandfoale in the 170-saw gin model.
Considering an average cost of $2/day in the Africantext, the difference in seasonal
labor cost between the most labor intensive typen¢ard DR) and the least one (170-
saw) is close to 0.6 cents/kg of lint.

23.2. Energy

Energy consumption (electricity from utility netvkoor fuel for generator) in a ginning
plant varies with its capacity and its degree dgbmatization. In a modern saw gin plant,
energy consumption of the gin stands account &x tkan 25% of the total consumption,
while cotton flows and cleaners absorb 68%

The various types of gin stands have the followpayver requirements (as rated by
manufacturers):

= Single roller (Nipha): 3 HP

= Standard Double Roller (Bajaj): 5 HP

= Jumbo Double Roller (Bajaj): 7.5 HP (950-1000 ypm
» Rota-Matic (Lummus): 15 HP

* Phoenix Rotobar (Continental): 15 HP (+ feed&riP)

= Rotobar gin (Balkan): 15 HP

= High Speeed Rotobar (Balkan): 25 HP

= High-Speed RG Series 2000 (Lummus): 50 HP

» 116-saw (Lummus) 100 HP (+ feeder 5 HP)
» Golden Eagle 161-saw (Continental): 150 HP (+ée&d HP)
= Imperial 11l 170-saw (Lummus): 150 HP (+ fee@e&rHP)

Based on those specifications, the power ginninguirement would vary from
5 hp/stand for standard DR to 170 hp/stand for @&sB&v gin. Taking into account the
processing capacity of each model, a 170-saw leafotest energy consumption/ton of
lint (37 kWh/ton), while a standard DR plant has bighes (75 kWh/ton) t. It should also
be taken into account the incremental energy copsamrelated to the larger distances
on which the cotton seed has to be conveyed ierrglh plants. Based on the conveying
distance in each model, the energy required foringoeotton within the plant amounts
to 60 kWh/ton of lint for a 170-saw plant, 70 kWidr & 116-saw plant, 85 kWh for a HS
rotobar plant, 100 kWh for a rotobar, and 135 kWhDR models.

%610-12 volumes of air are needed to move 1 voluhseed cotton.
47 1 horse power (HP) = 0,746 kW; a power generatpicifly consumes 0.27 liters of gas to
produce 1 kWh of electricity.
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The energy cost per ton of lint produced is thusstantially higher in roller gin plants
(and patrticularly in DR plants) and lower in sawm gilants. Assuming that electricity
from the network is the sole power source (whicthéscase in a majority of African gin
plants) and assuming an average price of $0.15/kWécost differential between the
standard DR and the 170-saw amounts to 1.5 ceaf/kgt. It would be 2.5 cents/kg in
case of electricity produced by a generator.

2.3.3. M aintenance

Roller gins, particularly single and double roligns, are less complex mechanically than
saw gins, which makes them easier to maintain witlspecialists. However, according
to ESA ginners, maintenance costs are higher farrgins than for saw gins.

The ginning roller is the most important and expensomponent in the roller gin stand.
Roller-covering material for double rollers is ubyianade of leather, while roller for
rotary-knife rollers and rotobars are made frometayof woven cotton fabric bonded
together with a rubber compound. Leather rollerftsheost about $200 and should be
changed every 150-300 bales depending on the sdteth ginned. Rubber+cotton rollers
cost $1,000 in Turkey and must be changed ever§Olitales. Bearings should be
changed periodically. Double roller gins need agpnately 20 g of grease per hour.

In a saw gin, saws should be replaced every 10®0®,000 bales (2,250-3,400 tons of
lint per set or 25 tons for each s&)The cost of saw range from $2 to $12, depending
on the %uality of steel used (heat treated or nibi, country of origin, and their
diamete?®. Ribs should be changed after processing 60 s sotton each. The cost of
ribs ranges from $6 to $24.

Including other miscellaneous spare parts, the t@aamce cost of a roller gin can be
estimated around 1.5 ct/bale, and 1ct/bale forva gia (including maintenance of the
feeder).

2.4. Quality and Impact on Lint Prices

Roller ginned upland cotton has a longer staplegtlenless short fiber, seed coat
fragments and neps than the same cottons ginnadsanis. As such, roller ginned cotton
deserves a price premium. Yet, roller ginned cotifien gets contaminated at the gin,
and the presence of foreign matter (real or susggctn offset the premium.

According to ginners in ESA countries, roller gidretton can fetch a premium of up to
2 cents over the same cotton ginned with saws. Mervenerchants are very selective in
choosing the ginners they purchase from. No prenisuoffered for cottons ginned in old
roller gins which are manually fed from a platfoaimove the gin stands, as this is likely
to increase contamination. Fully automatic feedisgstems avoid additional
contamination.

8 Saws can also be sharpened after processing ®@0000 bales.

9 The cost of steel in a saw increases used byotihers of the diameter; whereas the number of
teeth increases only in direct proportion to thentiter. Lummus gins use 12-inch saws, while
Continental gins use 16-inch saws.
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In India, many ginners are getting premiums rand@iog Rs 150 to Rs 500 per bale ($3-
10/bale or 0.8-2.5 cent/lb) for clean cotton preeesin modernized units.

In Turkey, cotton ginned with rotobar ginning systeis sold at a premium of 1.5 cent/lb
over cottons processed in old roller gins. Saw gihootton is sold at a discount of about
1 cent/Ib to roller ginned cotton.

In California, roller ginned upland Acala can fetalpremium of up to 7-10 cents per
pound over saw ginned Acala, when Pima priceselagively high®.

Based on a current C+F price of 60 cents/lb, arajin plant would therefore attract a
premium of 1.5 cents/Ib (equivalent to 3.5 ct/kg205% of the price) over the same
quality of seed cotton processed by a saw gin. presnium would however probably
not apply to the standard DR model, because oftenial contamination risk linked to

manual feeding.

2.5. Synthesisof the Cost/Benefit Analysis

The synthesis of the cost/benefit analysis is giwerthe table below and can be
summarized as follows:

Contrarily to a common belief, the investment (aagdital cost) per kg of lint produced is
higher in roller gins than in saw gins, due to thet that they require more space and
conveying equipment, because of the limited capaxdigin stands; the disadvantage for
roller gins would be reduced for a plant of smatlapacity than the one considered in the
analysis, suggesting that the economic performariceller gins is higher for small
processing units, and that economies of scale are hmited than for saw gins.

The comparison between a 170-saw gin and a DR atdrgin shows a small economic
advantage of 0.85 ct/kg for the latter, mainly daea higher GOT, which is not fully
offset by higher energy, seasonal labor, maintemand construction costs.

The advantage for roller gins is much more substwhen comparing jumbo DR gins
or rotobar gins to 170-saw gins, as the gain rea&heents per kg, about 3% of current
international prices (65 cents per pound). The mnsaurces for a higher competitiveness
are (a) the higher GOT for roller gins and (b) theality premium fetched by roller
ginning if performed under adequate conditions. Tibgative incidence of the higher
variable costs (energy, seasonal labor and maintefaand of higher investment
requirements is minimal.

Altogether, the economic advantage of roller gidanfbo DR with auto feeder and
rotobar gins) versus saw gins is far from beingligdde, provided necessary conditions
are met to capture the benefits of the technology:

If the economic advantage (5 cents per kg) way fadlssed on to producers, considering
an average producer price of seed cotton betweean@578 US$ cents per kg of lint

*0ELS Pima prices are less volatile than upland priagsually ranging from 110 to 125 cents per
pound.
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equivalent, roller ginning would enable the ginnrsncrease the producer price by 6 to
7%, without affecting their net margin. This coldé crucial for producers in those
ranges of price, very close to their breakeventpairparticular in WCA.

The potential increase in the value of cotton aumotler ginning that could be passed on
to farmers would add to the potential increase ltiegufrom quality improvement, and
especially from the elimination of contaminatiort. tfpical producer prices of 25 to 32
cents per kg of seed cotton, the estimated 10mEnpound increase in the price of lint
that is fully passed on to farmers would increasenér prices by 30 to 40 perc&nt

If the economic advantage were entirely retainedhgy ginner, it would considerably
increase the net value added at the ginning stabeh was estimated, under 2006
conditions?, between 0 and 14 cents per kg of lint in monaicliWCA cotton sectors,

and between 24 and 41 cents per kg in competitidecancentrated ESA cotton sectors.

5120rganization and Performances of Cotton Sectofdrina; World Bank publication; 2008.
5 .
Ibid.
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Table 2 - Comparative Economic Analysis of Roller and Saw Ginning

Double Roller Gin Rotary-knife Roller Gin Saw Gin
For a plant with an approximate capacity of 15 bales/hour India Turkey USA
Standard Jumbo Rotobar | HS Rotobar |  116-saw 170-saw
Investment cost/gin stand ($) 4,000 5,000 36,000 60,000 216,000 318,000
unit Manual Auto feeder
Capacity/gin stand
Capacity/gin stand kg lint/hour 50 79 225 360 2,025 3,400
Average bale weight kg/bale 225 225 225 225 225 225
Capacity/gin stand bale/hour 0.2 0.3 1.0 1.6 9.0 15.4]
Number of gin stands number 68 49 16 10 2 1
Capacity/year
Number of working hours/year hours/year 2,940 2,940 2,940 2,940 2,940 2,940
Annual plant theoretical capacity tonnes/year 9,996 10,143 10,584 10,584 11,907 9,996
Capacity coefficient real/nominal (%) 85%) 85%) 90%) 90%) 90% 90%)
Annual plant real capacity tonnes/year 8,497 8,622 9,526) 9,526 10,71 8,996
Annual real capacity/gin stand tonnes/year 125 187 595 953 5,358 8,996
Investment costs
Investment cost in gin stands $ 272,000 230,000 576,000 600,000 432,000 318,000
Ginning floor area sqm 900 675 275 175 40 25
Construction cost/sgm $/sqm 800 800 800) 800 800 800)
Construction cost for ginning area $ 720,000 540,000 220,000 140,000 32,000 20,000
Operation parameters
Power for ginning hp/gin stand 5 7.5 15 25 105 170
Power for ginning kWh/gin stand 4 6 1 19 78 127
Power for ginning kWHhit lint 74.6 74.6 49.7) 51.8 38.7 373
Power for cotton flows kWhit lint 135.0 135.0 100.0 85.0 70.0 60.0
Seasonal labor man-hour/bale 5 2 0.6 0.5 0.4 0.3
Maintenance $bale 15 15 15 15 1 1
Ginning outturn ratio % 42.0% 42.0% 41.5% 41.5% 40.0% 40.0%
Average cost of factors
Lint value C+F ct/lb 60 61.5 61.5 615 60 60
Lint value C+F $/kg lint 132 1.39 1.3 1.36 132 1.32
Energy cost ($/kWh) $/Kwh 0.15 0.15 0.15 0.15 0.15 0.15
Labor cost ($/hr) $fhour 0.3 0.3 03 0.3 0.3 0.3
Cost of seed cotton ct/kg seed cotton 35 35 35 35 35 35
Ginning variable cost at average value of factors
Seasonal labour ct/kg lint 0.67 0.27 0.08 0.07 0.0 0.04
Energy ctlkg lint 314 3.4 2.25 2.05 1.63 1.46
Maintenance of gins ct/kg lint 0.67] 0.67] 0.67 0.67 0.44 0.44
Seed cotton ctrkg lint 83.33 83.33 84.34 84.34 87.50 87.50
Total variable cost ($t lint) ctrkg lint 87.814 87.41) 87.33 87.12 89.63 89.44
Ginning capital and depreciation cost
Life time of ginning equipment years 10.004 10.004 10.00) 10.00 10.004 10.00
Depreciation of ginning equipment ct/kg lint 0.32 0.27 0.60) 0.63 0.40 0.3
Depreciation of construction cost ctlkg lint 0.42 0.31 0.12) 0.07 0.0 0.0
Capital cost for ginning equipment ctlkg lint 0.16 0.13 0.30 0.31 0.20 0.18
Capital cost for construction ctlkg lint 0.42) 0.34 0.12 0.07 0.04 0.01
Total capital and depreciation cost ct/kg lint 1.33 1.03 114 1.09 0.63 0.55
Cost differential at average value of factors (base=170-saw gip)
Variable costs ct/kg lint -1.63 -2.03 211 -2.32 0.18 0.00
Fixed costs ctlkg lint 0.78 0.47 0.59 0.54 0.08 0.00
Incremental value of production ctlkg lint 0.00 3.3]] 3.31] 3.31 0.00 0.00
Net income differential ctlkg lint 0.86 4.87 4.84) 5.09 -0.27] 0.00
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2.6. Operational Requirements

2.6.1. Seed Cotton

A simple gin machine sequence is required to gearcicotton. Trashy cotton requires a
more extensive machine sequetic®oller ginning is less efficient than saw ginning
processing trashy and immature hand-picked se¢dncot

The moisture content of seed cotton is criticaldfiicient gin operation and to preserve
intrinsic fiber quality. The ideal moisture rang® totton ginning is 6.5-8% for upland
cotton and 5-6% for Egyptian/Pima cottan

When gin machinery is used in the recommended segu&5-85% of the foreign matter
is usually removed from cotton. Cleaning is moffecieint in dry cotton, but drying fiber
lower than 4% can cause increased static elegtpedblems and fiber breakage because
fiber strength is inversely related to moistureteah On the other hand, cotton that is
too moist doesn't separate into locks but remainsdds, which can choke the ginning
machinery.

Seed cotton cleaners do not cause much quality gemaut any cleaning has the
potential to increase neps or short fibers. Assaltechoosing the degree of gin cleaning
is a compromise between fiber trash content aner fdquality. Lint cleaners may be
necessary to eliminate broken or crushed seedd, ed fragments for varieties with
fragile seeds, or to improve the preparatiasf lint, especially with high ginning speeds.
The use of lint cleaners or super jet cleanersalfyl improves the quality of lint (by half
a grade) and the price of lint by 0.5 cent per pb(loy gaining half a grade), but reduces
the ginning outturn by up to 1.5%.

2.6.2.  Gin Operations

Quiality preservation during ginning requires thepgar selection and operation of each
machine in a ginning system. These decisions asedban the quality of cotton coming
into the gin and the amount of trash and moistuetent. The more uniform these
parameters, the more consistent the ginning process

The capacity of the ginning system and the qualitg potential spinning performance of
the lint depend on the operating condition and stdjent of the gin stands. It is
important to maintain the gin stand in good mectargondition, to gin at recommended
moisture levels, and not to exceed the nominal @gpaf the gin stand or other
components of the system. The quality of the cottay be reduced if in stands are
overloaded. Short fiber content increases if theigig rate exceeds the manufacturer's

>3 Roller ginning systems for machine-picked cottoclude seed cotton conditioning, pre-
cleaning equipment and post-cleaning equipmentasind those used with saw gins.

** The moisture content of 8 to 9% in baled cottomadseptable and results in improved mill
performance.

> Preparation refers to the degree of smoothnessughness with which the cotton is ginned,
and the relative “neppiness” or “nappiness” of gheed lint.
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recommendations. Short fiber also increases asspaed increases. Increased ginning
rate also increases yarn imperfections. Seed damagealso result from excessive
ginning rate, especially when the seeds are dmiyni@g causes “neppiness” in cotton lint.
Maintaining proper moisture and eliminating unnsegeg processing steps during
ginning reduces nep formation.

Roller gins, particularly single and double rolgn stands, are less complex and easier to
operate and repair than saw gins that need clagengsion. Maintenance of knives,
knife-to-roller distances and speed control aremsas for good ginning. Overginning
will produce fiber knots, which are difficult togress in the mill.

One characteristic of high-capacity roller ginnisgcarry-over of partially and unginned
seed cotton. Two factors contribute to carry-ot@ash intermingled with seed cotton and
non uniform feed of seed cotton from the feeder. iAtermediate process, known as
reclaiming, is necessary to separate carried aea sotton from the ginned seed and re-
introduce it to the ginning process. Current reunlag technology is adequate only for
cottons with little or no trash, dry and warm, s$@tpcked, with robust and substantial
seeds.

Maintaining saws in good condition and properlyusatid is critical for the quality of
saw ginned lint.

3. Links between Ginning Technology and Sector Type and
Opportunities of Roller Ginning for African Cotton

3.1. Ginning Technology and Sector Structure

It is striking to note that the sub-Saharian Afm@untries where roller ginning has been
introduced are countries which have — or which mathe past- a competitive sector
structure (Tanzania, Uganda, and, to a lesser extett more recently, Zambia and
Zimbabwe), while roller ginning has not been depelb in countries with local or
national monopolies. This does not necessarily sié@hat the ginning technology is
linked to sector structure, as historical factomveh also played a role. The first
explanation for the development of roller ginnimgTianzania and Uganda is indeed that
a number of ginners of Indian origin are operaiimghese countries, and that they have
spontaneously transferred the Indian technologygnobuying second hand equipement
from India. In contrast, in WCA countries, wheretoa was developed by the French
parastal CFDT, the Indian technology was not carsid as an option, and there was a
clear will to adopt the American saw gin technologgnsidered as the most up-to-date
one and the most suitable for the upland shortr fdmton varieties introduced at that
time in Western Africa from the United States.

Beyond this historical explanation, the attitude gifiners towards roller ginning is
clearly different, depending on the type of the@otsector in the country. In competitive
sectors, small scale ginners, who are predominaant to minimize their initial

investment cost, because their capital is limitedrder to minimize their fixed costs and

44



thus be more competitive, and in order to reduceir tlexposure to the risk of
overcapacity. In monopolistic sectors, the risk afercapacity is reduced (as no
newcomer can enter the sector) and ginners hagdriesntives to minimize their fixed
costs, as they do not have to compete between ahelns. Small scale ginneries are
therefore often preferred in competitive countrighile monopoly ginners tend to prefer
large scale ginneries, from which they expect eouas of scale and an easier
management of cotton flows and quality. The capstaistraint is also in general less
severe for monopoly ginners, who have an easiesado bank financing, as their supply
is secured. In WCA countries, where monopoly giangere historically state-owned,
ginneries were often, in the 70s and in the 8@gnited with a government guarantee,
and had therefore less capital constraints.

Although the investment cost per kg of lint prodiice higher in roller gins, there is no
economy of scale in this technology, as the caépadia roller gin ginnery depends on
the addition of more or less ginning stands, anthasunit capacity of a ginning stand is
much smaller than in a saw ginnery. Ginners who twanall scale ginneries tend
therefore to opt for roller ginning rather than sgwwning. This is currently illustrated in

Uganda, which is moving from a concentrated towardsompetitive sector open to a
large number of newcomers, and where most of theseomers have opted for roller
ginning.

In short, ginners in competitive sectors are meresgive to the scalability of roller gins,

which enables them to operate, under competitivaditions, smaller scale ginneries,
while in monopoly sectors ginners have less reasomsuch a choice. The sector type
does therefore influence the ginning technologypéetb by ginners.

Another side of the possible linkage between segjmes and ginning technology is the
guestion of whether a ginning technology is condeidio a specific sector type. This

guestion has different aspects. One one hand,clea that, in order to to have a real
competition between ginners, farmers need to hawhace between a number of
ginneries. Small scale ginneries and thereforerttier ginning technology, are more

competitive friendly than saw ginning, which regsifarger ginneries. There is however
no reason to believe, as will be developed in tb&t rsection, that concentrated or
monopolistic sectors work better with saw ginning.

Another aspect of the same question pertains tditgu®oller ginning can produce
higher quality fiber, but this translates into heglprice only under the condition that the
cotton is clean and not contaminated and that itveeg has a reputation of quality. The
comparative study on sector types has shown thalitgcontrol is more difficult in
competitive sectors, because there is less trditgabf seed cotton and because
competition between ginners makes them less stitnge quality. In this respect, it is
more difficult for competitive sectors to take thill benefit of the quality advantage of
roller ginning.
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3.2. Relevanceof Roller Ginning for SSA Countries

3.21.  Growing Importance of Quality Factors

It has long been known that the roller ginning psxcdoes less damage than saw ginning
when separating fiber from the cotton seeds. Ydlerroginning was considered
impractical for upland cotton and uneconomical tluéts limited processing capacity.
The development of rotobars and double rollersggmrd with autofeeders has increased
the productivity of roller ginning during the lad#cade.

Increasing quality demands are being placed oretitiee textile supply chain, from the
raw material to end products. Thus, the importaat@ched to lint quality by
international spinners has risen in recent yeamssHort, the increasingly stringent
demand for quality cotton can be summarized byfadhewing motto « fiber, only fiber,
but more than just fiber ».

The trend in spinning technology toward more auttonaand higher speeds makes
improvements in quality and consistency a vitalés$or the future of African cotton
sectors. African cotton has two potential competitadvantages in the world market: the
intrinsic quality of its fiber (the fiber propersigand the fact that it is handpicked. As
demand for quality cotton becomes more stringdmat,bienefits of roller ginning African
upland cottons increase.

The price of cotton is still largely determined figer staple length, grad® color’,
micronairé® and strengti. Roller ginned cotton is significantly longer thére same
cotton saw ginned, while micronaire and strengéhrent affected by the type of gin. New
technologies place increasingly severe technicalamels on textile fibers, raising the
importance of other properties of cotton, partidyldength uniformity, short fiber
content, nep count, seedcoat fragm&ntmnd spinning performance. These properties are
better preserved by roller ginning.

The fastest growing and most remunerative marketiitand cotton is for higher grades
and longer cottons used for producing ring spunkmryarns for the woven and knitted
apparel sector. In that segment, the modern higlegpnachinery requires better fiber
characteristics:

= Grade: Strict Middling-White
= Staple length: 1-1/8 or longer

°¢ Grade is not an intrinsic value; it is a commdremlue based on a visual assessment of lint
color, trash content and preparation.

" Color is determined by the degree of reflectarRd) (and yellowness (+b). Reflectance
indicates how bright or dull a sample is and yelless indicates the degree of color
pigmentation.

8 The micronaire is a measure of fiber finenessraatlrity.

9 The strength reported on terms of grams per téheigorce in grams required to break a bundle
of fibers one tex unit in size. The tex unit is alo the weight in grams of 1,000 meters of fiber.
% Neps and seed coat fragments are responsible fior 80% of yarn imperfections.
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= Uniformity ratio: 83% or better
= Short fiber content: 5% or less
= Nep count: 200 per g or less

The roller gin process results in an appearandbeofint that is not as smooth as that of
the saw-ginned lint. A few years ago, most spisrartside India and Turkey had no
experience with roller ginned upland cotton, andem@luctant to use it because of its
preparation. Recently, India became the secon@saexporter of cotton lint in the world

after the US, and the major competitor for SSA aotéxporting countries, with very

attractive prices. As a result, many spinners ipdrting markets, notably in China, are
becoming used to processing roller ginned cottamj appreciate its quality and

spinnability.

3.22. Roaller Ginning Can Add Valueto SSA Cotton

With roller gins, most African upland cotton coulebch the specifications needed for
fine combed yarns, whereas saw ginning of uplantbes results in less than optimum
fiber lengths, increased short fiber and nep cdaten

Over the last decade, the average staple lengthubfSaharan African cottons has
increased, and most production is now 1-3/32 inclonger. Roller ginning of shorter
staple varieties can be problematic, but a cothan is classed as 1-3/32 inch when saw
ginned would be classed as 1-1/8 inch when roilemegl. Longer staple varieties grown
in a few countrie¥ that are classed as 1-5/32 inch when saw ginnedidvae classed as
1-3/16 inch when roller ginned, and would thus dudbr the more demanding but more
remunerative segment of finer yarns.

Roller gins are more efficient with clean cott¥nand less effective than saw gins for
removing trasff. As all African cotton is handpicked it is relaly clean. In addition,
dry conditions prevail during most of the ginningason in Africa, and roller ginning
requires a lower moisture content than saw girfifing

Therefore, most African Upland cotton would be &hlié for roller ginning. However,
roller gins would require automatic feeding to captquality premiums. Cotton prices
are not solely determined by intrinsic fiber prdjger and lint cleanliness. Contamination
of lint by non vegetal foreign matters is the mastious problem facing African cotton,
and is crucial in pricing. Cotton that is contan@thor that is suspected of being possibly
contaminated can only be sold at a discount thaldcoffset the advantage conferred by
roller ginning. Manual feeding of roller gin is bgi abandoned in India and should be

®1 cameroon and Zimbabwe.

62 Although machine-picked cotton can also be rajlened after having been pre-cleaned.

%3 saw ginned lint is cleaner than roller ginned, limit often contains fine trash which is more
difficult to remove in the spinning mill than largparticles typically remaining in roller ginned
lint.

%4 Humidifiers are required to reach the optimal mwis content for cleaning, ginning, pressing
and baling.
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banned in SSA because it potentially increasesactingtiori®. Price premiums and
discounts attached to internationally traded cotlenive partly from the reputation of
national origins, which can be damaged by poorrakigts from a few ginners.

3.23.  SpecificInterest of Roller Ginning for WCA Countries

WCA cotton production dropped since 2004/05 and@dr rebound to its peak level

seems unlikely. The development strategy in theondtector is likely to shift from mass

production to a more selective strategy giving fiiyoto increased competitiveness
through productivity and quality over quantity. st sight, the current overcapacity

will prevent additional investment in ginning inettyears to come. Nevertheless, the
lower production can provide an opportunity forlesmng saw gin stands with roller gin

stands in some ginneries that need to be modernized

As the proportion of farmers growing cotton tenddéecrease in WCA due to growing
selectivity and shifting to other crops, smalldiaogin plants may reduce transport costs
as compared to larger scale saw gins plants. Lgirgein WCA were primarily located in
order to minimize seed cotton transportation cbstsause the volume transported and
the cost per ton-kilometer is much higher thanlifdr The reduced density of production
could benefit smaller gin plants, as high-capaséw gin plants will be penalized by the
increase in seed cotton transportation &8sts

In addition, with their limited capacity, rollerrgg could also provide an opportunity for

small ginners working in close connection with fagde and organic cotton producers to
meet the required specifications for those nicherketa and encourage their

development.

In the current context of production crisis, WCA mopolistic cotton sectors are indeed
facing a ginning overcapacity problem. Nevertheléle option of introducing roller
ginning should be considered for the medium or leergn, both for economical and
structural purposes. While improving competitivenyeéscould allow smaller ginneries to
enter the market, and thus facilitate the transitm more competitive systems. It could
also facilitate the development of niche marketgdoic and fair trade cotton) and the
entry of farmer groups/associations into the gignimdustry.

3.24. Overall Advantage of Roller Ginning

The costs/benefits analysis is clearly in favoralfer ginning compared to saw ginning
in SSA. As roller ginned cotton is longer, has #dyeuniformity and contains less short
fibers, seed coat fragments and neps, it could camdna premium of up to 2 cents per
pound (4.4 cents/kg) over the same cotton saw dirnmdton, which is about 3% of
current international prices. Compared to saw gioller gins have a higher ginning
outturn, which represents an increase in lint petida of 3.5% to 6%, depending on the
variety and on the type of roller gin. The qualggemium combined with the higher

® In addition, manual feeding does not allow anmoptifeeding rate of the roller gin stands.
® The average distance from farms to the gin wdtéase to fulfill the gin capacity.
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ginning outturn more than offset the higher investimand operational costs of roller
gins”’.

Historical trends are influencing the choice ofrgiig technology. The improvements in
the roller ginning technology, the increase in knof fiber of African upland cotton and
the increasing importance given to quality by tbgtite industry tend to reverse the
traditional advantage of saw ginning for uplandt@as in favor of roller ginning,
resulting in a potential 7%-increase in the valdiecatton that could be passed on to
farmers.

In conclusion, roller ginning technology has a veignificant potential for improving the
competitiveness of SSA cotton sectors, throughevatidition rather than cost reduction.

3.3. TheWay Forward

Improving competitiveness is crucial for the sualiwf the African cotton sector, and
qguality management has been identified as one ef riost important areas of
improvement for SSA cotton exporting countries.

The efficiency of the ginning industries is crificedo the competitiveness and the
sustainability of the cotton sector overall. Op#mg the costs/benefits of ginning
implies revisiting policies on the choice of teclogy and the size of the ginneries.

Based on the findings of a comparative study onaln@urkey and Egypt, the UNIDO
study of identification of strategies for developithe cotton value chain in WCA
recommended the roller ginning technology for aemdetailed evaluation.

Although there are technical, organizational isshes need to be addressed to introduce
roller ginning in SSA countries, there is everys@ato believe that roller gins could
optimize quality management in ginning, improvingt Iquality and consistency, and
generate significant productivity gains in Africaountries.

It would therefore seem quite relevant for the &dn cotton sectors' stakeholders to
invest in roller ginning. The choice of technoloigya given industry would seem to be
an issue for private investors, namely for the awrgd ginneries. However, so far, no
investment in roller ginning has been made or gieemsideration to in WCA countries,

even in countries where ginning has been liberdjiexcept by the promoters of small
scale projects aimed at niche markets.

Policies and programs aiming at improving the dualf lint and the competitiveness of
cotton as well as critical issues such as technyotaansfer, can be handled at national
levefP®, Every innovation has to stand the test of réaldbnditions, and a public effort is

" For a capacity of 15 bales per hour (3.4 tonghmtr), which is the minimum capacity of a
US-made hydraulic universal or standard densitggre

% Along those lines, the Government of India seaupechnology Mission on Cotton (TMC) in
2000. Considering that quality and price-competitiess were vital for the survival of the cotton
industry, an important sector of the Indian econ@mgl an important foreign-exchange earner for
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needed to raise the awareness of ginners on temtmdtbenefits of roller ginning for
ginning outturn and lint quality, and to monitoriges paid by ginners to ensure
transmission of additional returns to producers.

To this end, a pilot project aiming at demonstigtthe viability of the roller ginning

technology under real WCA conditions should evauhbe performance of existing roller
ginning technology in terms of cotton quality presgion, productivity, costs and
financial returns to cotton ginners and growerssamparison to saw ginning technology.

The first phase of the project would consist in:

= checking the ginning outturn and testing the firdduced from representative samples
of seed cotton from WCA ginned on roller gins inrkay (rotobars) and India (double
rollers);

= organizing a visit for WCA cotton ginners and prodr association interested to
Tanzania, where both technologies are used, to thake aware of the potential benefits
of roller ginning for quality, and, therefore, footton pricing.

If the predicted quality performance of roller gimgp technology is confirmed, a small
scale pilot testing facility will be set up to tegte double roller and rotary knife
technologies under real conditions.

The second phase of the pilot project would:
= monitor and evaluate costs, productivity, quagityl returns of roller gins;
= identify constraints and weaknesses of the tedgyol

= compare the results of the costs/benefits anatgsiBose of the conventional saw gins
under the same conditions;

= conduct a feasibility study on the use of rollensgat the village level for non-
conventional cotton produced for niche markets (fade and organic);

= disseminate results.

This pilot project would be in line with nationadtton development strategies to improve
the quality of lint, increase incomes at the viddgvel by adding value to cotton, and
improve the competitiveness of the commodity. Ashsut could be considered by the
CFC (Common Fund for Commodities), who finances troauntry development
projects for smallholder farmers, as well as smalll medium enterprises involved in
commodity production, processing and trade in dsvab and least developed
countrie§®.

the country, the scheme has achieved remarkabt®ssién increasing production, productivity
and quality of cotton in India.

% This project could also be considered by the USAibded-WACIP (West African Cotton
Improvement Program), who designed and implemeateegional training course focused on
mastering ginning efficiency and cotton qualityddras funded new equipment to improve cotton
quality.
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Roller ginning technology could also be promotetbtigh public-private partnership.
The second phase of the pilot project would be dédndy a cost-sharing arrangement
between a government and private investors wartnmvest in ginning® under the
condition that all data on performance and costgladvbe made publicly available.

1n India, TMC Mini-Missions Il and IV offered finacial assistance to ginners for modernizing
and upgrading ginning and pressing factories. Gafmund the cost-sharing scheme offered by

the Indian Government very attractive.
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Appendix 1: Basics of Ginning Technologies

Roller-type Gins

Reciprocating Knife Single Roller Gin (McCarthy Roller Gin)

The principle of the McCarthy roller gin is to rt#aan approximately 8” diameter
ginning roller covered in a packing material, havaohesive properties similar to cotton
itself, against a stationary blade. The tip of blade is approximately tangent to the
surface of the roller, which is held under forcaiagt the blade while rotating. This point
of tangency is known as the ginning point. A moeatdr, often referred to as a “pick,”is
strategically located adjacent to the ginning poimhere it is driven to reciprocate
linearly in such a way as to dislodge ginned sdemia the ginning point. Seed cotton
feeds to the ginning roller in such a fashion thenigg roller “grabs” the lint, pulling the
seed lock towards the ginning point. The statioridagle is set so as to allow the lint to
pass along with the surface of the ginning roll emthe stationary blade, leaving the
ginned seed at the ginning point. The reciprocalilagle stroke length is dependent on
fiber length, and its frequency is relative to weface speed of the ginning roller.

Double Roller Gin

In a double roller (DR) gin, two spirally groovedather rollers, pressed against a
stationary knife with the help of adjustable deadds, are made to rotate in opposite
direction at a definite speed. The three beatesdtwo at end and one at the center of
beater shaft) are inserted in the beater shafttandknives (moving knives) are then
fixed to the beater arms with proper alignment.sThssembly is known as beater
assembly, which oscillates by means of a crankcoemric shaft, close to the leather
roller. When the seed cotton is fed to the maclmnaction, fibers adhere to the rough
surface of the roller and are carried in betweenfitked knife and the roller such that the
fibers are partially gripped between them. The ladirig knives (moving knives) beat
the seeds from top and separate the fibers, witehgapped from the seed end. The
process is repeated a number of times till all spiate fibers are separated from the
seeds, which are carried forward on the roller doified out of the machine. The ginned
seeds drop down through the slots provided onébkd grid, which is part and parcel of
the beater assembly, which also oscillates alonly thie moving knife. Fiber comes out
from the bottom side and falls either below onftber for manual collection, or on a lint
slide and to a belt conveyor installed along aeseof Double Rollers.

Rotobar or Rotary Knife Roller Gin

Rotary-knife roller gin stands separate fiber freeed by using the frictional forces
between a moving roller and fixed stationary-knsigrface. The principle behind the
high-capacity roller gin is to rotate an approxietatl5”diameter ginning roller, covered
in a packing material, having cohesive propertigslar to that of the McCarthy design,
against a stationary blade. As the ginning rolleng, it is forced against a stationary
knife blade, much as the ginning roller in the M@y design. The tip of the stationary
blade is relatively tangent to the surface of thanigg roller. A rotary knife,
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approximately 2%, in diameter, is strategicallydted a short distance from and tangent
to the ginning point.

During normal ginning, the roller-to-fiber force ggeater than the stationary-knife-to-
fiber force; therefore, the fiber sticks to thel@okurface and slips on the stationary knife
surface. Cotton is ginned as fibers adhered tadher surface slip under the stationary
knife which holds the seed. The rotary knife cle#inse stationary knife edge of
accumulated seed cotton and ginned and partiatiyegl seed. Partially ginned seed are
either pulled back to the stationary knife or swelphg with the seed and later reclaimed.
At the ginning point, seed cotton trash is sepdratgh about 45 to 50 percent going
with the lint and the remainder with the seed. Taeyover reclaimer removes un-ginned
and partially-ginned cotton from the seed flow amtlrns them to the distributor for
ginning.

Saw-type Gins

A saw-gin stangtonsists of a set of round saws rotating at a bgged between parallel
metal bands called ginning ribs. The saw teeth passeen the ribs at the ginning point,
where the leading edge of the teeth is approximatatallel to the rib to pull the fibers
from the seed rather than cutting them.

Saw gin stands typically have 30.5 to 45.7 cm @48 inches) diameter saws spaced
from 0.5 to 1 inch apart with as many as 200 saasked on a single mandrel. Each of
these saws project through ginning ribs, grasprfiaed pull the fiber from the seed as
they are too large to pass through the openingemgtnning ribs. The speed of the saws
depends upon the type of the ginning machineryhénbrush system, the saws operate at
a speed of 350 to 450 revolutions per minute (rpman air blast system, the saws run at
a much higher speed of 500 to 700 rpm, and in nmodaw gins at 1,000 to 1,200 rpm.
The ribs are shaped such that as the lint is enlgaige partially stripped/ginned seeds are
pressed forward and upward by the pressure of adeds which in turn are brought
forward by the saw teeth. The diameter of seedsrgdly follows a normal bell shaped
distribution, and occasionally a small seed escépegin stand and is removed by the
moting sections of the gin stand or by a subsedudrtieaner.

On traditional gin stands, cotton enters the stanough a huller front. The saws grasp
the cotton and draw it (in locks) through a widspaced set of ribs known as huller ribs.
This causes hulls and sticks to fall out of the Inmae. The locks of cotton are drawn into
the bottom of the roll box through the huller ribdewer gin stand designs have
eliminated the huller front, sending the seed codaectly into the roll box from the
feeder apron. This change increases stand cap#cityeliminates some seed cotton
cleaning.

The actual ginning process (separation of lint s@ed) takes place in the roll box of the
gin stand. When all the long fibers are removed, gbeds slide down the face of the
ginning rib between the saws and fall by gravityooa seed conveyor under the stand.
Lint is removed from the saw by a rotating brusbfi@ brush or by an air blast). It is
then conveyed to the next machine in the ginnirsiesy, usually a lint cleaner.
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Appendix 2: Major Ginning Equipment Manufacturers

Saw Gins

= BC Supply, Lubbock, Texas, USA

» Busa Industria e Comercio de Maquinas Agricolaal Brazil

= Continental Eagle Corporation, Prattville, Alabatd&A

= Hebei Hanwu Cotton Machinery Corporation, Handéebei, China

* Lummus Corporation, Savannah, Georgia, USA

= Sinocot, China Cotton Industries Ltd, Beijing, Gdni

= Swan Cotton Industrial Machinery Stock Co. Ltehali, Shandong, China

Double Roller Gins

= Avi Ginning Machinery Pvt Ltd, India, Ahmedabad,j&rat, India
» Bajaj Steel Industries Limited, Nagpur, Maharashindia

» Bhagvati Engineering Works, Ahmedabad, Gujaratian

= Delegent Ginning Machinery Pvt Ltd, Ahmedabad,d&afj, India
= Nipha Group Industries, Kolkata, West Bengal, &ndi

= Jadhao Gears PVT Itd, Amravati, Maharashtra, India

= Sinocot, China Cotton Industries Ltd., Beijing,i@h

= Sumer Makina Fab., Istanbul, Turkey

= Swan Cotton Industrial Machinery Stock Co. Ltehali, China

Rotary Knife Gin

» Balkan Textile and Cotton Gin Machinery Co. Ltca(Ban Makina), Aydin, Turkey
= Continental Eagle Corporation, Prattville, Alabatd&A
* Lummus Corporation, Savannah, USA
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Appendix 3: Typical gin process and equipment

A ginning plant consists of the following sequené®perations:
Feeding

Gin machinery operates more efficiently when th#oroflow rate is constant. In early
gins the flow rate was often erratic because of wheable work rate of the person
unloading the wagon. The automatic feed control @easeloped to solve this problem by
providing an even flow of cotton to the gin’s cleanand drying system.

Pre-cleaning

The next process utilizes mechanical devices (elsasuch as stick machine, cylinder
cleanef! and impact cleaner, cyclofésand extractors) designed to remove impurities
like motes (immature seeds), cotton b{irsticks, stems, sand and dirt, and similar trash
in seed cotton before ginning. This process gelyecaimbines conditioning (drying or
adding moisture) and pre-cleaning.

Drying/conditioning

Tower driers are not required for drying seed coitothe SSA context. If the cotton is
very dry, it may be necessary to use humidifieradd water, so as to maintain a moisure
content of 6.5 to 8% for saw ginning and 5 to &@%orbller gins.

Extractor feeder

The primary function of an extractor-feeder is ¢éed seed cotton uniformly to the gin
stand at controllable rates. Seed cotton clearsng secondary function. At the “gin

feeder,” the seed cotton is separated so thatesiogks of seed cotton are fed into and
through the “gin stand.”

Gin stand

The gin stand, whether saw or roller, removes guhe fiber from the seed and is the
heart of the ginning system.

Post-cleaning (lint cleaning)

The lint cleaner provides the first opportunity fmymbing and cleaning of the cotton
fiber and separates the foreign material into aasdp process stream of by-products
called motes. Gins typically use two types of lsieaners, air jet and saw. These
cleaners were developed specifically for combing &nal cleaning to remove foreign

matter left in the ginned lint, such as small lpafticles, seed coat fragments, motes,
sticks and grass. Lint cleaners can improve thelegmf cotton by removing foreign

matter if the cotton has the necessary color amghgration characteristics. But fiber

L A machine with rotating spiked drums that openlteks and clean the cotton by removing
dirt and small trash.

2 centrifugal air pollution control device for sating solid particles from an air stream.

3 The rough casing of the boll; often referred tdvalis after separation from the seed cotton.
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length and several other important quality factoam be damaged by excessive lint
cleaning, especially when the cotton is too dry%<Boisture content). However, for
roller-ginned cotton, the lint cleaner is composédhree machines: a cylinder cleaner,
an impact cleaner and an air-jet cleaner.

After ginning and lint cleaning, the combed lint meumatically conveyed to a
“condenser,” which forms the cotton lint into a tiaand then meters and feeds the
stream of batted lint down a “lint slide” into thale press.

Pressing and baling

The function of trampers is to loosely press thiocointo the press box as it is received
from the condenser.

The function of the bale press is to produce umfocompact, densely- packed bales of
cotton lint that go to warehouses for storage oedaty to textile mills for processing
(spinning) into yarn.

Cotton must be baled and packaged to protectrt tontamination during transportation
and storage. The U.S. textile industry has required bales be packaged a standard
dimension and density of 28 pounds per cubic fdd8(kg/m3). This standard bale sof
500 Ibs supports storage, handling and processmmify throughout the marketing and
processing system.
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Appendix 4: Ginning Variable Costs

The USDA is conducting annual surveys of ginningtsoIn 2007, for an average
volume of about 29,000 bales (6,600 t), the averag@ble cost was $21.58 per bale
(4.3 cents/lb or 9.5 cents/kg).

Table 3 - Ginning Variable Costsin the USA (USA; 2007)

$/bale cts/lb cts/kg %
Bagging & ties 4.16 0.8 1.8 19%
Repairs 4.76 1.0 2.1 22%
Electricity 3.89 0.8 1.7 18%
Dryer fuel 1.84 0.4 0.8 9%
Seasonal labor 6.93 1.4 3.1 32%
Total variable costs 21.58 4.3 9.5 100%

Source: USDA

Variable costs decrease with the annual volumeeginin 2004, gins with an annual
volume of 40,000 or more bales per year have arageecost of $17.40 per bale, while
gins averaging less than 15,000 bale per year iaaerage cost of $24.14 per bale.

Table4 - Gin Variable Costs by Annual Volume (USA; 2004)
Bales ginned (thousands) 15 orless 15-<25 25-<40 r#tbee

Bagging & ties 3.85 3.73 3.69 3.62
Repairs 3.94 4.24 3.56 3.34
Electricity 4.42 3.71 3.20 3.08
Dryer fuel 2.25 1.88 1.80 1.94
Seasonal labor 9.45 8.07 6.40 5.66
Total variable costs ($/B) 23.91 21.63 18.65 17.64

Source: USDA

Cost comparisons by gin capacity better represenplgnt equipment and facilities that
allows for the improved plant efficiencies derivieaim increased volume. Capacity based
costs are similar to volume based costs, with lagges having lower variable costs,
primarily as a result of reduced labor cost. Teisiot true in all cases, especially when
gins have unused capacity. The hourly cost of dpeyaa particular gin is basically
constant regardless of the processing fate

" A 30-bale per hour gin requires no more energlabor to process 30 bales per hour than to
process 20 bales per hour.
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Table5 - Variable Costs by Gin Capacity (USA; 2001)

Bales per hour <15 15-25 >25
Bagging & ties 3.46 3.36 3.25
Repairs 4.56 3.58 4.36
Electricity 4.29 3.78 3.37
Dryer fuel 1.52 1.13 1.14
Seasonal labor 8.74 6.38 5.59
Total variable costs ($/B) 22.57 18.23 17.71

Source: USDA

California, the largest producer of ELS (Pima)taotin the US, has the greater number
of roller gins. On average, the total variable dostroller ginning is higher than for saw
ginning due to higher energy (dryer f(fednd electricity) and labor costs.

Table 6 - Comparison of Variable Costsfor Saw and Roller Ginning (California)

$/bale 2001 2004
RG SG RG SG

Bagging & ties 3.03 3.33 3.84 3.84
Repairs 3.02 3.36 3.80 3.86
Electricity 6.30 5.79 5.08 4.90
Dryer fuel 2.44 1.53 4.78 3.05
Seasonal labor 6.42 6.04 10.09 6.22
Total variable costs 21.21 20.05 27.59 21.87

Source: USDA

The cost of maintenance increases with the ageeogin.

Table 7 - Cost of Maintenance

Age of ginnery  0-5 years 5-10 years 10-20 years 3@@ears
Cost of repairs  5-10 $/t 10-15 $/t 15-20 $/t 20825

High trash contents increase the repair and mantn costs, contributing to higher
ginning costs.

> Moisture content of seed cotton must be lower rfafer ginning than for saw ginning.
California had a very wet harvest season in 20@4dxyper fuel costs more than doubled over the
2001 survey results.
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Ginning variable costs in India are about 3 tinmsdr than in the USA, about 3.8 cents
per kg of lint in a modernized gin, including:

= labor: 0.6 ct/kg (16%)
» power: 1.3 ct/kg (34%)
= bagging & ties: 1.3 ct/kg (34%)
= grease & lubricants: 0.1 ct/kg (2%)
* maintenance: 0.3 ct/kg (9%)
» miscellaneous 0.2 ct/kg (5%)
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Appendix 5: Impact of Ginning Technology on Cotton Quality

Fiber length and length uniformity are the most ami@nt properties for ring spinning.
These characteristics are strongly affected bytythe of ginning, whether roller or saw.
In contrast, the most important parameter for r@dpen-end) spinning is fiber strength, a
property which is not significantly affected by th@ning process.

Lint Quality

Roller gins preserve fiber length, whereas saw fiamge the inherent disadvantage of
breaking fiber, increasing short fid&content and creating neps, which are detrimeatal t
lint spinnability. Old single roller gins had a yeslow and very gentle process. Being
faster, the process of modern double roller anobants is less gentle to the fiber.

According to ginners in ESA, roller ginned uplared1/16 inch longer than the same
cotton saw ginned. In Tanzania, in the 2 locatiwhsre roller gin and saw gins co-exist,
lint that is classed as 1-3/32 inch (1-1/8" shigewit is saw ginned, is classed 1-1/8" full
when roller ginned (double rollers), and can bel swi the premium market for higher
grades. It is the same in Zimbabwe, and the medimg LS variety is classed as 1-5/32
inch when it is saw ginned, is classed 1-3/16"mitodler ginned (rotary-knife).

In an experiment conducted by the USDA in 2004 af.Wpland cottons, ginning
outturn, color grade, length, uniformity, nep cquartd short fiber content were improved
by roller ginning compared with standard saw gigniorocessing. However, roller
ginned cotton had more trash.

"® Fiber less than ¥ inch long (12.7 mm).
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Table 8 - Comparison of quality parametersfor saw and roller ginning (US upland)
Roler Gin Saw Gin

HVI

Length (UHML, mm) 31.0 29.6
Uniformity 84.6% 82.9%
Short fiber content 7.4% 8.9%
Reflectance (Rd) 78.0 76.8
AFIS

Length (mm) 27.0 25.9
Upper quartile length 32.1 315
Short fiber content 6.4% 8.5%
Immature fiber content 11.3% 11.9%
Neps/g 166 261
Seed coat neps/g 42.5 43.2
Total trash count/g 981 790

Source: USDA

HVI data from upland samples ginned on the higredpeller gin in Brazil in 2007 were
compared with sample data taken from a saw girtéocaext to the high speed roller gin.
length The average upper-half-mean length is 30d629.8 mm for roller ginned versus
saw ginned respectively for the 10 samples. Theageeshort fiber content (SFC) is 6.3
and 7.3% for roller ginned versus saw ginned raspdyg. The uniformity index (Ul) is
86.8 versus 85.2 for roller ginned versus saw gimespectively.

Table 9 - Comparison of quality parametersfor saw and roller ginning
(Brazilian upland)

HS Roler Gin  Saw Gin

Length (UHML, mm) 30.6 29.8
Uniformity 86.8% 85.2%
Short fiber content 6.3% 7.3%

Source: USDA

There is no significant difference in fiber propestbetween roller ginned upland cotton
ginned at the standard and elevated speeds.

According to Bajaj trials conducted on Indian cattasing the three types of gins gave
the following results:

= Bajaj double roller gin: 32.59 mm (90 neps/qg)
= Rotobar gin: 31.52 mm
= Saw gin: 30.27 mm (225 neps/qg)
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Saw ginned lint is more suitable for spinning ceayarn, and roller ginned lint more
suitable for finer yarns. Roller gin is not suiabor processing short staple cottons.

Compared to saw ginned lint, the grade of rollemgd cotton may be marginally better
because it is whiter, although it contains moré el foreign matter. Saw ginned lint is
cleaner, but contains finer particles of trash #ratmore difficult to remove.

Saw-ginned cotton has a totally different appeagdnom roller-ginned cotton. It looks
fluffy, cleaner and has a more regular and smoattiase. Roller-ginned cotton is
irregular in appearance, and can be characterizedtrgped and knotty. Anecdotal
evidence suggests that the micronaire of rollengghcotton may be slightly higher due
to its preparation.

It is well known in the spinning industry that rallginning is less damaging to the cotton
fiber than saw ginning. Reduced neps and short ibatent, compared to saw ginned
cotton, enables spinners to produce a higher guaiin. According to an Indian spinner,
roller ginned Acala from California can be used fooducing yarn counts 70's and up to
80's, whereas saw ginned Acala is limited to yaumts 50's with acceptable quality.

Some spinners prefer saw ginned cotton becauselgéaner and has a smoother combed
aspect. Many spinners used to be reluctant ténasan roller ginned handpicked cotton
because it has more trash a rougher preparatiod, aarvery bad reputation for
contamination. However, the spinners who were ti@tilly attracted by its price
realized that roller ginned runs better than samneil cotton in the spinning nfill
Indian cotton is now well accepted in China, thgést market for lint exports.

Cotton Seed Quality

Roller ginned seeds are cleaner (with less lirg#) than saw ginned seeds. As a result,
those seeds can be processed by oil mills withoat delinting, which reduces cost and

should justify a premium over saw ginned seedsaioknife gins can cause seed

breakage and unginned cotton going with seed.

" Particularly type Shankar-6 staple length 1-14hin
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