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ABSTRACT:

This study aims to assess the sustainability (enanwiability, capacity of integration
of family farming, and the minimization of impaats the environmental) of the production
of biodiesel from cottonseed produced in semi-agdion of Brazil, specifically in the
SaaoFrancisco Valley. The study is based on thehddefor Integrated and Sustainable
Agribusiness Projects (NEVES and CASTRO, 2007) als on the literature from the
Transaction Cost Economics (TCE) (ZYLBERSZTAJN, 3P herefore, a literature review
(desk research) was held, a qualitative, exployatord not structured research, using the
technique of data survey and in-depth interviews.aAresult, there is a description of the
cotton’s AGS (Agro-industrial System), and a prapos of Business Models for Cotton in
the Sao Francisco Valley, and finally, an analysfishe economic viability of the fiber,
vegetable oil and biodiesel made out of cottons&ading into consideration the integration
of small rural producers, the proposed businesseimavides a consistent minimum income
as a criterion for social, as well as the inclusiointhese agents in the transnational
agribusiness chain. With this study, the economabiiity of the project for all the involved
agents could be verified through the analysis ef ¢bmpetitiveness of the cotton’s agro-
industrial system in the Sao Francisco Valley, tigio the use of the best agricultural and
management techniques available, to minimize enmental impacts and make better use of
finite natural resources, especially water from$a® Francisco River.
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1. INTRODUCTION

The biodiesel is a perfect substitute for diesél with environmental externalities
(positive energy balance, low emissions of polltgarand social (space for inclusion of
family farming) positive. The use of diesel fuelpgedominant in buses and trucks. In some
countries, such as Europe, the diesel reachedalssed by light vehicles.

The market for biodiesel has grown so exponentiallecent years. World production
in liters, increased from 1.4 billion in 2003 tasjwover 8 billion in 2006 (FOR Licht's, NBB
and EBB). The current targets for mandatory additicere imposed by the countries that
should increase the demand to almost 90 billi@rditHowever, the installed capacity in the
world won’t be able to meet this demand. Addingalipexisting production units to those in
construction, the worldwide capacity of biodiesebquction reaches about only 35 billion
liters.

The Brazilian program for this sector is very samito the European one, establishing
the compulsory addition of at least 3% of biodiasehll the diesel that has been sold since
July 2008, which it's being studied the possibilty anticipating the requirement of B5
(addition of 5% of biodiesel to the regular dies&lpm 2013, as provided for in the original
program, to 2010.



With the change of B2 to B3, the estimative of eonption for the year 2008 jumped
from 840 million to 1.2 billion liters. It is estiated that this figure will be around 2.5 billion
liters when B5 becomes mandatory. Considering rigvedtin the business sector of transport
to add, on a voluntary basis, larger volumes tlm@nB3, and a scenario of B5 in 2010, the
steady market would be over 4 billion liters / year

According to the Ministry of Mines and Energy (MMEhe installed capacity in Brazil
to produce biodiesel in 2006 was 850 million litdrs 2007, with the entry into operation of
new plants, production capacity was around 1.8obilliters, therefore, it is over the needed
demand to B3 (1.4 billion liters).

A strong limitation to the production planning amal the adoption of targets of
compulsory addition by the countries, in terms ioidiesel, is the growth of the international
market for oil pulled by strong population growdtonomic prosperity and competition for
food, feed and energy. This is reflected in theords set by oil prices in the main stock
exchanges of the world.

The main raw material plant used until now in Brézimeet this capacity has been the
soybean oil (80%), due to its production scale.okding to the MAD (Ministry of Agrarian
Development), the participation of soybeans in t@sel production tends to decrease as the
main product is the soybean meal and the oil conervery low. Besides, by directly
competing with food production.

The use of agricultural raw materials for the pssteg of biodiesel depends, in most
cases, of the production itself to guarantee tipplyguof plants. To obtain a secure source of
oil, economic agents have to evaluate some aspéthe different types of oil: the potential
expansion of cultivated areas; (ii) crop yield &af crops per hectare); (iii) oil yield (% de
oil per seed) and; (iv) the production cycle (anpperinea e semi-perinea).

The biodiesel comes as a new source of remunerftiche cotton crop. The objective
of the cotton plantation is to obtain the fiberddhe cottonseed is a sub-product that is being
used for oil production. However, compared to ottreps, the cottonseed has a low yield in
oil (15.2%), but the high productivity per hectaféset this limitation.

With the progress of the infrastructure projectsnpoted by the Brazilian government
(CODEVASF - Sao Francisco and Parnaiba Vallgselopment Compajythe region of
the Sao Francisco Valley (SFV) becomes a potertiabter development for many
agribusiness chains. The region has good stru@uocke good regional distribution of the
production (rail, waterway and road) for the supjollyboth the internal and external market.
In terms of domestic market, the region is ablertwvide for the entire Northeast, which has
one of highest rates of national growth in recemarg and is in deficit in production of
biodiesel.

In this context, this article focuses on the prdauc of cotton, considering the
competitive advantages of biodiesel made from titonseed, soil and climatic conditions as
well as the existing infrastructure in the ValldySao Francisco for a competitive production
of fibers with high quality and oil at a competéicost.

2. OBJECTIVES AND METHODS

This study aims to assess the sustainability (enanwiability, capacity of integration
of family farming, and the minimization of impaats the environmental) of the production
of biodiesel from cottonseed produced in semi-agigion of Brazil, specifically in the Sao
Francisco Valley.

The semi-arid region is out of Bahia’s economicsgxnetropolitan area), but has great
potential from investments in infrastructure pr@ddby the Brazilian government for the
development of the region.
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For the analysis a study was performed to iderttily business models (productive
arrangement) that stimulate inter-organizationkdtiens in the production system. From this
model, the whole analysis of economic feasibilian de built taking into consideration the
inclusbion of family farmers to the network of tlagriculture anchor, using the best
techniques for managing the natural resourcesablaiin the region.

The method used in this paper is the literaturéeve\({desk research) with exploratory
character and a qualitative research using thentgeé of in-depth interviews.

The literature review is essential to the knowledgeund the Cotton Agrindustrial
System (Cotton AGS). This review involves first thiethod for Integrated and Sustainable
Agribusiness Projects (NEVES and CASTRO, 2007) cWihsims to attract investment to new
frontiers of production in a sustainable way, amént the literature on Economy of
Transaction Costs (ETC) (Zylbersztajn, 1995) wik Istudied to understanding the
governance structure for the analyzed transactions.

In a second phase, interviews were conducted wethi-structured questionnaires
involving professionals from research institute8JERAPA Cotton and EMBRAPA Semi-
Arid), industry associations (AIBA - Association &armers and Irrigants of Bahia - and
ABAP-BA - Association of Cotton producers from Ba}iprivate companies (Multigrain and
AdecoAgro) and independent consultants (Profeskfdoaasultancy).

3. LITERATURE REVIEW

The concept of family farming began in the earlpQ® Before that, the producers were
categorized only as small farmers, subsistence uggyd or producers of low-income
(FERREIRA, 2008).

Family farmers face difficulties in achieving presiy in their cultivation. There are
difficulties in purchasing inputs and a lack of odioation among producers. The income
generation related to the area of cultivation @f phoducer is low. Their competitiveness and
therefore their survival seem impossible in theeotr scenario of agribusiness. Thereby, it is
of extreme importance to the integration of smalinily producers into the coordinated
subsystems in order to introduce them into agritess (GIORDANO, 1997).

In this context, the objectives of organizations & develop options for economically
viable investments, but that are also socially amdronmentally responsible. The intent is to
respond to the phenomenon that considers the emuent as part of strategic decisions, as is
the sustainability (GIORDANO, 2003).

For the study, the model of sustainability calle®'S (People-People, Profitability and
Profit-Planet-planet) was used.

By applying the concept of the 3 P's in the produncbf biodiesel from cottonseed in
the Sao Francisco Valley, the first P (Profit) settie economic viability of the investment.
The second P (People) is related to the efficieneghance of transactions, as specified in the
theory of transaction costs economics (TCE), whidh be applied to the local production
(with the integration and organization of familyrrfeers) and supply contracts established
among the participants of the production. The tir@Planet) is linked to the environmental
suitability for the cultivation of cotton, using eéhbest technology for extraction and
production of oil and biodiesel ("eco-efficiencydhd the biofuel is environmentally better
than those derived from petroleum. Now these casojil be detailed.

3.1. The Method for Integrated and Sustainable Agbusiness Projects

The Method for Integrated and Sustainable Agribessn Projects, developed and
implemented by Neves and Castro (2007), deals thighanalysis of the economic viability,
the incorporation of family farming, the minimizai of environmental impacts, and exploit
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opportunities of "green" business. The method l®egiith an anchor company (the strategic
focus). This company has the role of managing thb-AGS (strictly coordinated
agribusiness subsystem), but also visioning theketarwith focus on the customer's
perspective, understanding their needs and theimmediaries.

Figure 01: Key dimensions of the Method for Inteégdaand Sustainable Agribusiness

Projects
In tegrated Sustainable Business Project
¢ Interorganizational ¢ Environmental ¢ It is made for ¢ Rigorous Analysis
¢ Chain and Friendly profit attainment ¢ Rigorous Marketing
Network ¢ Fair trade ¢ Cost control Analysis
Perspective ¢ Organic ¢ Innovation e Organization,
¢ Technological e Job Creation e Continuous Scheduling,
Transfer and e Social Search for Implementation
requested Development Competitiveness
specificities * Regional ¢ Quality
e Cooperatives Development Refinement
* Associations » Work Conditions
e Government
Participation
¢ Coordinated
System
¢ Public Banks
participation

Source: Neves e Castro (2007)

Therefore, the four dimensions of the method welldetailed below:

Project Management Dimension:the feasibility and attractiveness of the project
guestioned. A suitable region for the productiorioafd or fiber must be determined. The Sao
Francisco Valley has favorable soil and climatinditions for cotton plantation, which favors
the mechanized production in the region and pretegainst the attack of pests and diseases.

Then, the market analysis of the final product &hdone studied. It is not interesting to
invest in a product that has many competitors ar difficulties in accessing market. When
production is considered feasible and the markdaverable to its commercialization, a
simulation of economic viability of a investmenbjact of the activity in the region is made.

Integrated Dimension: a systemic and integrated vision of the busineseeded when
carrying out a project, from the analysis of thevggmance structure to the coordination of
sub-SAG (subsystem agribusiness). According to BlexeCastro (2007), a company to
become competitive in the region must buy from $epp and sell to their customers,
managing the relationship during the transactiah wieir agents (Farina et al., 1997).

The analysis of the relationship with suppliers #mel creation of a model of inclusion,
which aggregates the largest possible number @pieddent producers, are carried out in this
step. The goal is to lead to a healthy relationdiepwveen the producer and the anchor
company in order to avoid concentration.

According to the New Institutional Economics (NI8poperatives and associations are
the best way for producers to coordinate themsdlwéhkin the same link of production). At
the same time, companies in different technolodgieatls (which belong to more than one
link) can reduce conflict and improve the distribat of their earnings by forming
coordinated subsystems (Zylbersztajn and Farin®9)19and making the supply chain

4



sustainable. Consequently, there must be a develaipof alliances, such as cooperatives and
associations (horizontal coordination) and integgasub-systems, long-term relationships
between agents of different links (vertical cooadion).

Business Dimension:in this dimension, the profitability and compeftiness of the
productive system is determined. For the agentsatteainvolved in the business, it should be
clear that their survival depends on innovation #rel quality of their products, which will
generate income. There are several factors that imelthis operation, for example, for
biodiesel out of cottonseed, investments in researad development by Embrapa Cotton,
with the help of universities and public (CODEVA&)d private funding (traditional groups
cotton).

Sustainability Dimension it is necessary to examine how sustainable theldpment
can be ensured in the production of biodiesel fomttonseed, with an analysis of the 3 P's
cited above: People, Planet and Profit. Here, dmeuld also take advantage from the
opportunities on "green" businesses (organic,tfaite, carbon credits) with seals and origin
certifications.

After the analysis of the Method for Integrated &hstainable Agribusiness Projects,
the types of contracts that will be proposed ferphoduction chain should be considered. For
this, we must consider the importance of the thebfjransaction Costs Economics (TCE).

Thinking the firm as a “nexus of contracts” (Coad4€37), it becomes possible,
according to Zylbersztajn (2005), to study the argations as institutional arrangements,
bounded by contracts that are either formal or rmid agreements, through which
transactions are conducted.

Williamson (1985) specifies that these exchangatimiships have costs and can be
identified only as trades between two companiesven as exchange of resources between
levels of vertical integration of the same company.

In Neves (1995), there are examples of ex-antesadion costs, as the costs of
searching and acquiring information on the partidgere are also ex post transaction costs
such as monitoring the performance and the costepégotiation. The way a company
indicates the best way to manage a transactionamithgent is the governance structure.

There are different kinds of institutional arrangans to conduct each transaction in the
market, explained by differences in the attributethese transactions. Neves et al. (2007) cite
the three attributes of Williamson (1985): thetfisshow often these transactions occur, as to
the regularity and sequence; the second is thibwtrof uncertainty, which reflects the lack
of knowledge around the elements which will be teslato the transaction; and the third
transaction attribute is the specificity of assetdated to how specific the activity is to the
investment being made and whether their relocat@amother use is costly.

The contracts are the structures to support tréiosac which aim to control the
variability and soften the risk, increasing the uelof the transaction or series of them
(ZYLBERSZTAJN, 2005).

The transaction costs economics (TCE) providesvaele considerations to the
understanding of the contract design of the speébtton sub-AGS, which will be shown
below.

4. RESULTS
4.1 The Cotton Agrindustrial System (AGS)

4.1.1. The Cotton Culture



Although there are varieties resistant to drougtdre than 60% of the cotton
cultivation in the world is performed under irrigat. This can be explained by the high gains
in productivity that this system provides, whicbh¢arding to Embrapa Cotton (2003), may
triple when compared to the productivity of farmingoarren area.

In Brazil, the irrigated cultivation of cotton begto gain strength at the end of the
1990s, and the most used methods are the irrighti@rea and by sprinklers, while the
located irrigation (by drip) has been gaining mspace.

There are two types of cotton: the Herbaceous lamdtee, which are differentiated by
the soil and climatic requirements, yield (ton ) aad the quality of the fiber. In the Brazilian
Cerrado(Savanna), like the region of the West of Balie, gredominant culture is the
Herbaceous cotton. In the semi-arid region, the thyat dominates is the cultivation of cotton
Tree, which has a lower productivity. However, thitivars Trees have a higher resistance to
drought, their fibers are longer and have bettatity) and there is also the possibility of
producing naturally colored fibers and also orgamatton.

4.1.2. Cotton Fiber Manufacturing

From 140 to 170 days after planting (dependinghencultivar) the harvest is
performed, and it is done mechanically nowadayseOrarvested, the cotton is sent to the
manufacturing unit called cotton gin, where mecbahoperations separate the fiber from the
cottonseed. Besides the fiber and cottonseedg #nercertain amount of other materials
known in the whole as "impurities" (sand, eartle, tamains of leaves, small fruits, seeds of
weeds, etc.) that receive the trivial name of "kiregl'. It represents, on average, 5% of the
gross product. Figure 2 shows the processing odicot

Storage and
Transport

- Cleaning .

Piranhi ;
FARDEL @ and Drying % Ginning Fine cleaning

Fiber and pressing

v (bales of 200 kg)
‘ Undo the fardel ‘

Figure 2: Procedure for the cotton processing
Source: Elaborated by the authors.

The main cotton product is the fiber. Once sepdrditem the cottonseed, they go
through the process of classification. A universlalssification consists of five numerical
digits, the first digit: type, the second digit:l@g third digit: leaf, fourth and fifth digits:
universal code for length. For example, a universkdssification (obtained in the
classification certificate) 41237, means that tb#an type 4, has white color, white, leaf 2
and length 37 (CONAB).

According to Freire (2005 apud MAPA, 2007), nortstean producers would be able to
benefit from significant differentiation in theirgduct, with the valorization of: a) up to 20%
above the reference cotton (type 6) when produceaiogood varieties, hand-harvested and
without external contaminants; b) up to 30% aboeference cotton, when obtained from
varieties with long and extra-long (34-36 and 36r38), fine (3.4 to 4.0 mm) and resistant
(up from 32 to 34 gf.tex-1) fibers; and c) up td¥ of the reference value for types that are
naturally colored (organic) and / or have certifécaf social compliance.

4.1.3. Extraction of cottonseed oil



Another product from the cultivation of cotton, whihas gained economic importance,
is the cottonseed. As a byproduct of the cottordpectve chain, the cottonseed becomes a
viable raw material for the production of vegetabie and can also be used to produce
biodiesel. Additionally, its cake and meal are uedanimal food industry. In the process of
the oil extraction, the primary byproducts are ot#d, which are the Linter, the shell and the
almond; the secondary byproducts are the inte@pat,fthe crude oil, the cake and the meal;
and the tertiary byproducts are the refined oié grain, and the defatted flour (Embrapa
Cotton). Figure 3 summarizes the sub-products tboo

Cake and Mea

e
Crude Oil
1
\ 1
] o
et
| |
.
E M Absorbent for
! i medical use
i :
[

Cotton Fiber Cotton Oil Mill

‘ Products Products
Manufacturing

Figure 3: Sub-products of the cotton AGS
Source: Elaborated by the authors.

In the cotton oil mill the peeler separates thdl$h@m the almond. The shell is highly
digestible and can be used pure or mixed with gbheducts in the composition of diets, not
requiring grinding. It may also be used as bioniasgertilizer or fuel.

The oil obtained in the extraction process has daltir, caused by pigments that in the
gossypol. This toxicity must be eliminated with tleéinement of oil.

The Linter is extracted by a process called “delmprocess”. It is classified depending
on the number of the processed cuts, which is:eksnfrom the first cut, the second cut and
third cut. The first-cut, which has longer fibeissused for the cotton manufacture (absorbent)
and surgical tissues. The second cut of Lintesseduor the pulp manufacture, as in the third
cut of Linter (Embrapa Cotton).

4.1.4. Biodiesel from cottonseed

The process of producing biodiesel is simple anputiic domain. Basically consists in
putting together the animal tallow or vegetablewith an alcohol in a catalyst to have the
process of transesterification, in which the odéparated from the glycerin.

The biodiesel comes as a new source of incoménéocatton crop. However, compared
to other crops, the cottonseed has a low yieldldfi6.2%). Thus, the yield of biodiesel from
cottonseed is in the order of 160 liters per tore@f material (seed) (Parente, 2003).

However, studies developed by Embrapa Meio-Noge showed that the cottonseed is
the raw material with the greatest potential fadesel production, as informs the researcher
and research coordinator José Lopes Ribeiro. Somerienents were made in the states of
Piaui and Maranhao, the cottonseed, usually, cae ha oil percentage from 18% to 20%
and an average yield of 4.2 tonnes of seed cottoihgctare.
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According to Catarina Riodrigues Pezzo, projectrdmator of the National Center of
Biofuels (PoloBio), of the University of Sao PauldSP), the most viable and affordable
biodiesel in the country is from cottonseed, abst of $ 0.81 a liter produced in the region.
The analysis of PoloBio was made in July 2007, thasethe five regions of Brazil and on
their main typical crops for biofuel. In the Southeegion there were used sunflower and
soybean; in the Midwest region there were compasedarcane, cotton, soybean and
sunflower; in the Southeastern region there werepaoed peanuts, soybean and sunflower;
in Northeastern region there were used castorbsayhean and cottonseed; and in the
Northern region there were compared palm and soya.

A similar research, conducted by the Center fordi®si in Logistics (CEL) of the
Federal University of Rio de Janeiro (UFRJ), codelll that biodiesel from cottonseed
provides the lowest costs when compared with thi wi¢gs. The study established scenarios
with different levels of integration within the dhaconsidering the costs of crop acquisition,
production, logistics and taxation, in additiontte revenue arising from the sale of by-
products (glycerin, cake and meal) (BENZECRY, 20@8nodel shown in Table 1:

Table 1: Costs of the chains (R $ /L)

Level of integration SoybedrCotton| Bean | Sunflowef Castorbean Palm
Without verticalization 1,717 1,446 2,492 1,80¢ 526 | 2,464
Integrating agriculture + smashing 1,717 1,442 @,49 1,799 2,645 2,464
Integration smashing + biodiesel plant 1,487 0,882050 1,593 1,891 1,457
Integration Agriculture + Smashing + Biodiesel
plant 1,348 | 0,881 1,89( 1,725 1,828 1,302

Source: BENZECRY, 2008

When there is integration in the chain, the magbraatage for biodiesel is the price of
cotton oil, which average over the period considdrg Benzercry (June 2006 to April 2007)
was R$ 968.00 per ton, while Soybean Oil average was R$ 1304.00. In the case of fully
integrated production, the revenue derived from shée of the fiber results in a great
advantage for cotton compared to the other chains.

4.2 The Business Model Proposed for the Cotton ina8 Francisco Valley

The business model aims the production of competitotton fiber as well as
facilitating the production of biodiesel out of tmiseed. Thus, the relations between cotton
growers, cotton gins, cottonseed oil mills, anddi®@eel unities should be strengthened.

For any such interaction, there is a range of eotmal options that may be used
between companies. Among them there were selduted possible methods:

» Contract of Partnership: mode of association bgans of contract. Tax and
accounting purposes are treated separately (for @aopany).

» Establishment of a Consortium: voluntary contrdwt creates a legal figure (the
"Consortium") that centralizes the internal legahtions (between the associated companies)
and external (wont to the business). It allows degelopment of specific statements of the
business, although they are recorded internallihbyassociated companies.

 Establishment of a Specific Purpose Company (SRi@)l of corporate association
widely used by companies to manage new businessies &re not necessarily object to the
wont of their core business. It allows the indiatimation of the business, without
contaminating other activities of the company.

8



In the case of the cotton business, the structbitheo value chain indicates that the
anchor should be a large producer, for those niyt lbave the expertise on farm, but also
usually vertically integrate farming and ginninghelanchor company may also be formed
through an association of producers. In this disegin would be formed through a SPC (1).

The anchor is to assist the integrated growersrmg of production, manufacturing and
marketing. The model also proposes the creatioa cboperative of family farmers that
would facilitate the relations between these amdatichor company.

During processing, the cottonseeds from the girparehased by a second SPC (2), to which
both the oil mill and the biodiesel unit belong.iF8PC would have as major shareholder a
trading or an agrindustrial cooperative and as msfareholder a investment fund, which
could provide access to funding for investment amaking capital. The following figure
illustrates the business model:

Contract for
cottonseed supply

Cottonseed oil Biodiesel
mill unity

Contract of partnership
Cotton fiber manufacturing
and return of cottonseed

Tradings/

cooperatives + fur
Future contract, public auction
or spot market
(oil or biodiesel)

H
i Financing contrac

;
H

Cotton Gil

Yarn Textile
Contract for spinner manufacturer
fiber supply E

Figure 4: Business Model - Overview
Source: Elaborated by the authors.

The best form of integration between the familynfars and the anchor company is
through a an agricultural partnership. Under thigetof contract, in one hand the cooperative
members must follow the agricultural planning of #imchor. In the other hand, they receive
technical assistance, use the service of the gimaaufacture the cotton, and may access
financing through the anchor.

Meanwhile, the SPC-1 gins all the seed cotton a&fid the agricultural products (seeds
and fiber), creating scale advantages to small grewvhen dealing with the processing
industries. The revenue from the sales of the fdred the seeds is passed to the integrated
small cotton grower, discounted the payment of agpe incurred in assisting, a fee for the
ginning service, and eventual financing plots. tidition to ensuring ginning services and
technical assistance, the partnership with the @ncbmpany can facilitate the financing of
the production of the integrated small family grosve

Under a supply contract, the SPC-1 sells all thitonseed produced to the SPE-2,
which sells the oil and / or biodiesel producedhi@ spot market, through futures contracts or
public auctions. Here, as a mean for dividing rigksl benefits, it is interesting coupling the
price of the cottonseed to the price of cottonsskd

Thus, the roles of agents are outlined regardiegéisponsibilities that are expected of
them. The functions of each of the agents arelddtai Table 2.



Table 2 Functions of agents

Small farmers Anchor Company
cooperative (SPE-1)

Oil mill+ biodiesel unity

Financial agent

-Integrated under contract-Receives grant of land-Contract for supply of -Collection of resources

of partnership with the (CDRU). cottonseed

theto finance agricultural

anchor. -Divides the land into anchor, with price fixed activity (investments and
family lots and makes thein the amount of oil. working capital).

-Consolidates equipmentsdistribution among the

and labor for integrated selected families. - Manufacture of oil and / -Financing for

producers. -Sets the agricultural or biodiesel. implementing oil mill and
planning. biodiesel unities.

-Over time, performs -Performs own -Commercialization

activities of purchasing production.

through futures contracts,-Financing of irrigation

and distributing inputs -Orients the creation of public auction or spot systems.

and technical assistancehe cooperative. market.

to producers. -Provides technical
assistance to growers.
-Manages activities of - Can help growers in the
planting, managementpurchase of inputs and
and harvesting. endorse agricultural

-Possible minor
participation on  both
SPCs (gin / oil mill /
biodiesel plant) and
profit.

financing.
-Follows the agricultural -Acquires and manages
planning of the anchor.  the irrigation system.
-Gins and markets the
- Can have a minor sharecotton produced by the
in the ginning business. integrated growers,
returning them the
revenue after discounting
the costs of services
(ginning and eventually
other such as technical
assistance).
-Provides oil mill with
cottonseeds.

Source: compiled by the authors.

Among the advantages of this model we can citebénefits of vertical integration
without incurring the costs of capital immobilizaiin land, (ii) coordination of agricultural
activities, with mutual benefit among the involvagents, (iii) stimulation of entrepreneurship
of family farmers, (iv) production of biodiesel dand and with raw-material that do not
compete with the production of food, and (v) sushility of production, with the positioning
of the company before its social and environmemsponsibilities.

4.3 Analysis for the economic viability of fiber, egetable oil and Biodiesel
The following are the financial results for thosevdlved in various business here
analyzed: production, processing of cotton, cruidl@xiraction and production of biodiesel.

Are separated into two stages, the first of thécafiural production and processing of cotton,
and second, the extraction of oil and productiohiotiiesel.
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4.3.1. Assumptions

Based on interviews with producers of irrigated@otin western Bahia, on data from
Embrapa (Brazilian Agriculture Research Corporgtiamd information given from suppliers
of irrigation equipments, it is concluded that théafoclimatic characteristics of the Sao
Francisco Valley together with the use of modenht®logies of cultivation enables yields of
6 tons of seed cotton per hectare in the casergé lgrowers. In the case family growers, a
less technological, with lower costs, is necessatyat implies in yields of 3 tons of seed
cotton per hectare.

For the necessary culture rotation, it was decittedise the winter maize. Besides
helping to fight pests, this option is an altermatincome to the producer for the off-season
cotton, using the same land.

It was also considered the need of using morecrasiil of less risky crops in the first 3
years of cultivation, which is referred to as tlepéning of the agricultural area." In areas of
cerrado (savanna), as in the region of the West of Baki@ommon to use soybeans in the
first year, maize in the second and third and cottaly in the fourth year.

Tables 3 and 4 present the assumptions of yieldpaoduction according to the area
adopted in this study. The levels of productiviéyer to the use of drip irrigation. This is the
technology that allows the best gains in produtignd more rational use of the water
resources. Some countries already use drip irdgaftor growing cotton with commercial
success. In family areas, the drip tubes are orstini@ace and must be collected manually or
using specialized equipment before each harvesthiéacorporate areas, the drip tube should
be buried, as it is done for the culture of sugarec

Table 3: Cotton - Agricultural Productivity and Braction

Total

1 hectare 6,000.00
Anchor hectares
ton/ha @/ha Tons @

Fiber 2.28 152.00 13,680.00 912,000.00

Seed 3.18 212.00 19,080.00 1,272,000.00
Cottonseed 6.00 400.00 36,000.00 2,400,000.00

_ 1 hectare Total 2.000,00
Cooperative hectares
ton/ha @/ha Tons @

Fiber 1.14 76.00 2,280.00 152,000.00
Cottonseed 1.59 106.00 3,180.00 212,000.00
Seed Cotton 3.00 200.00 6,000.00 400,000.00

. Total
Average productivi 8.000,00
Total Production gep ty hectares
ton/ha @/ha Tons @
Fiber 2.00 133.00 15,960.00 1,064,000.00
Cotton in Fiber 2.78 185.50 22,260.00 1,484,000.00
Seed Cotton 5.25 350.00 42,000.00 2,800,000.00

Source: Elaborated by the authors, based on ietesvwith farmers of the west of
Bahia, Netafim and Embraba Cotton.
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Regarding the winter maize, the technological re=esiof the large farmers and of the
family farming, assisted by the cooperative and d@hehor, allows the same productivity
results.

Table 4: Winter Maize - Agricultural Productivityd Production

Factor Sacks of 60kg Tonnes
Productivity (ha) 78 4.70
Total Production 2,256 37,600

Source: Elaborated by the authors

For industrial income used in simulation, data weipgained from the Unit of Cotton
Products of Aboissa Vegetable Oils, as well agwggs with professionals working in many
areas of manufacturing and transformation of cotpyoducts. These assumptions are
presented in table 5.

Table 5: Cotton - Industrial Revenue
Cotton’s Composition

Fiber Yield 38%
Cottonseed Yield 53%
Impurities “break” 6.5%
Fibrils 2.5%
Cottonseeds’ Composition

Cottonseeds Oil’s Yield 15.2%
Linter residual 12.5%
Linter Yield 7%
Cake Yield 46.7%
Shell Yield 20.7%
Residue Yield 4.9%
Qil Yield

Density of Biodiesel (Kg/L) 0.88
Convertion rate oil/biodiesel 98%

Source: Elaborated by the authors based on the ddn@otton Products of Aboissa
Vegetable Oils and interviews with professionals coftton ginner, cotton oil mill and
biodiesel plants.

Table 6 brings the price of products used in thelyst All these represent historical
averages of prices in markets close to the Valle$aw Francisco in the period of 2006 to
2008. The price of biodiesel is the average of ayerprices achieved in the first eleven
auctions conducted by the ANP (National PetroleNatural Gas and Biofuel Agency) .

Table 6: Factors of Revenue

Product Unit Price
Fiber @ R$ 39.97
Cottonseed Tonne R$ 292.65
Fibrils @ R$ 15.83
Cake Tonne R$ 521.74
Crude Oil Tonne R$ 1,329.96
First Cut Linter Tonne R$ 904.84
Gross Glycerol Tonne R$ 141.67
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Biodiesel Liter R$ 2.13
Source: Elaborated by the authors based on Sédapissa and ANP.

4.3.2. Investment and Operating Costs

The mainon farminvestment is the acquisition of the drip irrigatisystem. Estimated
at R$ 6,800.00 per hectare. Another investmentiderexd in this study, is the opening of the
agricultural area. For the first year of openinge tSoybean crop was used, requiring an
estimated investment of R$ 1,571.47 per hectare.

Regarding to the production costs, the basis fe ¢hlculations of costs of the
agricultural division of the anchor company was ®Beazilian Yearbook of Agriculture
(Agrianual, 2008) published by FNP, related to fineduction of irrigated cotton (cycle of
160 days) by central pivot in the state of Bahiaef, the data were adjusted according to the
experiments of Netafim Brasil to the drip irrigatioonditions and the input prices have been
updated after interviews with producers in the webtBahia. To the survey data of
operational costs for the integrated cotton growke operations were based on survey
conducted by Embrapa Agropecuaria Oeste for theoseaf 2008/2009 in Itaquiraa (state of
Mato Grosso do Sul), where most of the producesssarall producers and the mechanized
operations are outsourced (RICHETTI . 2008). Tablshows the agricultural costs per
hectare for the anchor company and for the integrptoducer.

Table 7: Operating Cost Agricultural

Cotton Winter Maize
Operations/Activities Anchor Integrated All
A.1. Soil Conservation R$ - R$ - R$AS.
A.2. Soil Preparation R$ 124.01 R$ 165.00 R$ -
A.3. Plantation R$ 72.23 R$ 145.77 R$ 75.76
A.4. Culture Treatments R$ 505.41 R$ 248.10 5R$9
A.5. Harvest R$ 411.70 R$ 480.00 R$ 80.64
A.6. Irrigation R$ 442.45 R$ 442.45 R$ 442.45
B.1. Fertilizers/Correctives R$ 1,524.29 R$.508 R$ 411.60
B.2. Seeds R$ 97.30 R$ 91.77 R$ 169.00
B.3. Agrochemical R$ 1,448.45 R$ 175.00 R$ 885.
B.4. Other inputs that are used R$ - R$ R$ -
C — Management R$ 68.28 R$ 52.14 R$ 89.29
D — Post-Harvest R$ 884.00 R$ 442.00 R$ 181.37
Operational Cost (R$/ha) R$ 5,578.13 R$ 2,660.73 R$ 1,627.16
Operational Cost (R$/@ of cotton fiber and R$ 36.70 R$ 35.01 R$ 20.77

sack of maize)

Source: Elaborated by the authors based on AgriaBograpa Agropecuéria Oeste
and interviews with producers in the west of Bahia.

The main industries of capital goods explainedrtheeds for investment, within their
respective sectors, and their production capadibhese investments are: (a) cotton ginner
Busa of 30 bales / hour (R$ 5.3 million), (b) Catwl mill TecBio of 100 tonnes / day and
delinting (R$ 6.7 million), and (c) biodiesel plargcBio of 10 tonnes / day (R$ 2.6 million).
The operational costs of each of these divisioagepresented in table 8.

Table 8: Costs of operating divisions industrial

Step Unit Value
Ginner Burden R$ 4.00
Cotton QOil Mill Tons of cottonseed R$ 19.52
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Biodiesel Plant Liter of biodiesel R$ 0.30

Source: Elaborated by the authors with data frorsaBand Tecbio.

4.3.3. Simulation of the viability of the agricutil production and manufacturing of
cotton

For cotton production in 8000 hectares of the Saméisco Valley, it was simulated the
integration of 100 farmers to be installed in 25P4he total area, while the other 75% would
be under control of the anchor company (here reptes by a single large producer).
Therefore, each one of those 100 families woultivate 20 ha and the large producer would
produce in 6,000 ha. The following table provideauations of the IRR (Internal Rate of
Return) and NPV (Net Present Value) for a singtentx family and the large producer. For
the first one, the simulation considers the finagadf all the investment with the Bank of the
Northeast with a rate of 3.19% per year. But tlrgdaproducer would finance half of its
investments in the development of the culture amghition, also at the Bank of the Northeast,
with a rate of 4.20% per year. In both cases thera grace period of four years and a
payment deadline of 12 years.

Table 9: Duties of officers

Agricultural Business Ginner Business IntegratediBess
Agents Small Large Large Large
Participation 25% 75% 100% 100%
Investment R$ 164,904.50 R$ 57,290,449.54 R$ 5088000 R$ 62,640,449.54
IRR 14% 13.6% 13% 10.5%
NPV - Own Capital R$ 18,346.70 R$ 4,999,284.94 1/583,545.58 R$ 6,492,431.06

Source: Elaborated by the authors.

For the integrated producer, it is also interestioganalyze the average income
obtained. The results show the average annual iesamnominal values of $ 12.372.56.

The ginner business is considered under the cooiigl of the large producer. For the
agricultural production, the investments neededH business are 50% financed, with a rate
of 4.71% per year and the same grace periods aymguds.

Besides the high processing costs (45% of theilligion of annual results) compared
to the revenue from the service of ginning (53%% ginner business is known for its large
initial investment. As the first three years areated to the opening and the management the
agricultural area, this investment occurs in yeaf the simulation.

The integrated model includes the production oflérge agricultural producer (75%)
and the cotton ginner. Thus, the producer will niezall their cotton at cost price. Moreover,
the cotton ginner, now owned by the producer, startcount only with the income of the
cotton processing of small producers (25%).

4.3.4. Simulation of the viability of oil extraati@nd production of biodiesel

As seen in the description of the business modhel, stages of cotton oil mill and
production of biodiesel have two new players: apewative or trading and an investment
fund. Also these two stages are financed in theesaianner as the cotton ginner: 50% of the
financing value, 4.71% per year, and four-year graeriod and payment deadline in 12
years. The next table illustrates the results e$¢hsteps.

Table 10: Duties of the agents

Cotton Oil Mill Business Biodiesel Plant Business Integrated Business
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Agents Cooperatives\ Investment Cooperatives\ Investment Cooperatives\ Investment

Tradings Fund Tradings Funds Tradings Funds
Participation 51% 49% 51% 49% 51% 49%
Investment R$ R$ R$ R$ R$ R$
3,410,.421.00 3,276,679.00 2,638,716.63 1,267,618.77 2,638,716.63 2,535,237.55
IRR 36.9% 36.9% 28.9% 28.9% 26.4% 26.4%
NPV — Own R$ R$ R$ R$ R$ R$
Capital 8,100,049.09 7,782,400.11 4,152,625.68 3,989,777.62 7,876,178.20 7,567,308.46

Source: Elaborated by the authors.

The extraction of oil from cottonseed is very attige due primarily to the recent
recovery of the oil, the cotton cake and the LinfBnus, even with the high prices of
cottonseed, the cotton oil mill remains a veryaative business.

Like the cotton oil mill, the biodiesel plant hasigh internal rate of return (IRR) of
28.9%. Its structure follows the oil mill, with theame staff and financing requirements.
Besides the recovery of the price of biodiesel, iowestment in the industrial plant explains
this performance.

The analysis of the business of oil extraction pratiuction of biodiesel is made in an
integrated way, with an IRR of 26.4%, the initiaVéstment is $ 2.638.716.63 and the NPV
of own capital results in R$ 7,876,178.20.

5. CONCLUSIONS

Soybean has been the main supplier of vegetabte the brazilian plants since the first
moments of the Brazilian National Program of Bisgiledue to its established scale of
cultivation. However there’s no lack of interest fbe use of other crops and sources of oils
that have higher profitability and raw materiallwé most competitive cost.

From this context, this paper focused on the cafitbn of cotton, with comparative
advantages of biodiesel produced from oil of thé#orseed, the edaphoclimatic conditions
and infrastructure of the Valley of the Sao Fracwiand Parnaiba Rivers for the competitive
production of good quality fibers and cottonseedtt & good oil content as well as being a
sub-product, so there’s no competition with thedpicdion of food.

The objective of this paper was to present an aislyf the economic viability, with
detailed and credible information, to potentialéstors, who wish to produce cotton in the
irrigated Valleys of Sao Francisco and ParnaibaeRivcombining the security of mature
businesses (grain and vegetable oil) with oppotyutni capture the market value of biodiesel.

Considering the integration of small rural prodscethe business model provides a
consistent minimum income as a criteria for sogialusion and inserts these agents in the
chain of transnational agribusiness. Furthermaor¢hé analysis of the competitiveness of the
cotton agrindustrial system in the Sao Francisclieyathe economic viability of the project
to all stakeholders can be checked, using the dgrstultural and management techniques
available to minimize environmental impacts and endlke best use of the finite natural
resources, especially the water from the Sao FsaodrRiver.
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