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SUMMARY
The object of the present dissertation is to evaluate economically-financially the project for agro-industrial investment in the light of the Real Options Theory.

The traditional methods of evaluation, such as the NPV (Net Present Value) of the projected cash flows, reveal themselves limited when utilized in the analysis of projects related to products with high levels of volatility and/or projects that possess important managerial flexibilities. In this sense, the Real Options Theory seeks to complement the traditional analyses, incorporating in these the value of the flexibilities embedded in the investment projects.

The following study considers the value of the conversion option in the agro-industrial project referred to, which consists of the establishment of a soya processing plant with flexibility for the production of vegetable oil, or biodiesel. The tools proposed by the Binomial and Quadrinomial models were used for this purpose.
The application of these models allows for the addition to the traditional project NPV, of the value of the managerial flexibility relative to the decision whether to produce soya oil or biodiesel, such decision being very important when dealing with products that  possess distinct behaviour and price levels. In this sense, the choice of the product that proportions the best return is an option available to the manager, which possesses value and which, therefore, should be considered in the analysis of this investment.

In harmony with the proposal of the Real Options Model, the conversion option, or, in other words, the managerial flexibility intrinsic to the project, raises the value of the undertaking under study.
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ABSTRACT

The present paper intends to evaluate both economically and financially the viability of an agro-industrial project under the light of Real Options Theory.

Traditional evaluation methods of projected cash flow, such as NPV (Net Present Value), are limited when used to analyze enterprises connected to products with high volatility level, and even with enterprises that have relevant management flexibility. In that sense, Real Options Theory aims to complement traditional analysis by incorporating the value embedded in investment projects.

This paper will take into account the switch option value in order to analyze the aforementioned agro-industrial project, which consists of implementing the processed soy unit. Such unit is bound to be flexible in its operation so that it can produce either soy oil or biodiesel. The tools that were used as the way to provide the necessary analysis were those suggested both by the Binomial Model and the Quadrinomial Model.

The application of those models allows adding, to the project’s traditional NPV, the value of necessary management flexibility, which is connected to the decision of producing either soy oil or biodiesel. Such decision turns out to be very important when it is known that products, like those two, have distinct price oscillation. In this sense, the choice for the product that will provide the best investment return is an option that the manager has at his/her disposal. It is an option that has value and ought to be considered in the investment analysis as well.

In accordance with the Real Options Model proposal, the switch option, or, in other words, the project’s intrinsic management flexibility, increases the net value of the project in question.

Key-words:

Finance, Investiment Analysis, Real Options, Quadrinomial Model, Agribusiness.

INTRODUCTION
From the financial perspective of organizations, the principal objective of business administration is the maximization of the wealth of the owners through the increase of the corporation’s value, and, in trying to reach this objective, the evaluation of new investment projects becomes critical. The tools most used in the choice of projects are the NPV (Net Present Value) and the IRR (Internal Rate of Return) of the projected cash flows, the preference for these methods being easy to understand. According to Brealey and Myers (1998), the rules of the NPV and IRR are widely known and applied in the field of business finance. The acceptance of the Net Present Value arises from the capacity of this method to associate value to different scenarios, to establish the price of intangible assets (the cash flows are generated by the company assets, be they tangible and/or intangible) and of being capable of including the value of the synergy arising from the joint functioning of these assets (BRASIL, 2002). Acceptance of the internal rate of return is due to the preference, on the part of businesspeople, of rates of return (normally expressed as a percentage figure) over monetary values (such as those expressed by the NPV) (GITMAN, 1997). As interest rates, profitability indexes, and others, are generally expressed as annual rates of return, the application of the IRR makes sense for business decision makers.

All other variables remaining constant, projects with positive NPV or IRR higher than the discount rate would be, in principle, better candidates for financing than projects with negative NPV or IRR less than the discount rate. In addition to this, projects with larger NPV or IRR would signal a more efficient allocation of the resources. Nevertheless, many academics and professional managers have recognized that the rules of the IRR and NPV present problems. Ross et al. (1995) indicate problems in the IRR in relation to the premises of reinvestment, to the scale of the project, to the distribution of cash flows in time and to the multiple IRRs, that occur in specific cases.  In its turn, the NPV, as a capital budget approach, cannot capture the managerial flexibility to subsequently adapt and review decisions in response to unexpected changes and market development (TRIGEORGIS, 1996). This being the case, these methodologies possess limitations, as the projects normally possess embedded opportunities that are under-rated by the methods of discounted cash flow. In addition to this, the difficulty in the choice of the most appropriate discount rate (required for the calculation of the NPV) has also contributed to the development of more complete evaluation models that seek to overcome such limitations.

Dixit and Pindyck (1994) argue that over the last decade the efficiency of these methods has been much questioned. These authors argue that, if applied, these methods can induce the manager into mistaken investment decisions, because they ignore two of their important characteristics: irreversibility, that is, the fact that money is sunk in an investment, so that the investor cannot recuperate it totally in the event of changing his/her mind later; and the possibility of postponing the decision to invest. 

These characteristics, together with the uncertainty about the future, make the investment opportunity analogous to a financial option (DIXIT & PINDYCK, 1994). In the presence of uncertainty, a company that has an opportunity for an irreversible investment carries an option, that is, it has the right – but not the obligation - of purchasing an asset (the project) in the future, at an exercise price (the investment). When the company invests, it exercises or kills this option to invest. The problem is that the option to invest has a value which should be entered into the books as a cost of opportunity, at the moment when the company invests. This value can be very high, and rules of investment that ignore it – typically, the rules of the NPV and the IRR – can lead to errors with significant repercussions. 

In a market characterized by change, uncertainty and competitive interactions, the results envisaged by management for future cash flows will probably be different from the results effectively realized. As the referred methodologies are based on expected cash flows, it could be said that decisions may be taken based on parameters which will not materialize. This being the case, as new information is obtained, and the uncertainty on market conditions and future cash flow is better understood, management obtains a valuable flexibility for altering its operating strategy in order to capitalize favourable future opportunities or cut losses. The flexibility of management to adapt their future action in response to future market alterations expands the value of the investment project, increasing the potential for gain and limiting the losses relative to the initial expectations. The resultant asymmetry created by adaptability requires a rule for an expanded NPV, that reflects its two component values: the traditional DCF (discounted cash flow without flexibility) direct from the cash flow, and the value of the operation and strategic adaptability option (MINARDI, 2000).

In the search for value that Minardi (2000) calls the operation and strategic adaptability option, Real Option Analysis is the model more widely accepted, as it permits the evaluation of opportunities embedded in the projects and eliminates the need to determine the most adequate discount rate. The Real Options Theory arises, then, as an innovative tool for the evaluation of real assets, that complements the discounted cash flow model in adding, to the NPV of the project, the value of the embedded opportunities.

The problem tackled in the present article is: can the application of the Real Options Model refine the analysis of economic feasibility of the agro-industrial project, relative to the implementation of a soya processing plant, which possesses flexibility for the production of oil and biodiesel
? In other words, the investment project for the construction and operation of a soya oil plant that can also produce biodiesel is evaluated. This industry offers its manager the flexibility to opt simply for the extraction of the soya oil or for the production of biodiesel, which would imply additional stages to the production process in comparison with soya oil extraction. As the traditional methods do not capture the management flexibilities present over of project’s life – in this study, represented by the possibility of either the production of soya oil or of biodiesel –Real Options Analysis can be incorporated into the Investment Analysis process, principally when evaluating projects with important flexibilities. It allows for the valuing of the options embedded in the projects, such as the option to postpone, abandon, expand, cancel, contract, among others.

In summary the present study evaluates a project for agro-industrial investment, utilizing the approach of the Net Present Value and the Real Options Model. The first approach requires a projected cash flow and appropriate discount rate, while the second requires, in addition, the history of the prices of the products involved in the undertaking and a simulator of projected cash flow. 

The projected cash flow of the undertaking was extracted from a Business Plan of a large economic group active in Brazil. Part of this plan was obtained with a public developmental institution, of which that economic conglomerate is one of its important customers. By virtue of the secrecy required by the institution that supplied the information, in relation to its identity and to that of the company, the author of the Business Plan, no mention or reference is made of their names, characteristics or situation in the market. In this sense, in the present text, when it is necessary to cite the source of the referred flow, the name “Eco company” will be used. The flow extracted from this plan refers to the establishment and operation of a soya processing plant, with the capacity for the extraction of vegetable oil from the beans. In it, the income from sales of oil and soya middlings, as well as their costs and results are foreseen. 

This plan was used as the initial basis of the analysis proposed in this study, and thereafter suffered the adaptations necessary for its conversion to a biodiesel plant. Studies supplied by the National Bank for Economic and Social Development (BNDES) were consulted (done by the Bank itself), besides industries in the sector, such as DEDINI S/A – Indústrias de Base –, and TecBio – Tecnologias Bioenergéticas Ltda. Also considered in the present study was research and analyses of Petrobio Indústria e Comércio de Equipamentos e Processos para Biodiesel Ltda., and of Safras & Mercado, a specialized agribusiness consulting company. With this support, the necessary alterations were implemented and the cash flow projected for the biodiesel plant project. 

The Real Options Model used in this study is the quadrinomial approach, presented by Copeland & Antikarov (2001). Its application in the present study requires the utilization of the binomial approach, also presented by these authors, that serves as an intermediary stage. The Options Model here proposed requires, in addition to the variables used by the static NPV approach, the following items: (1) a history of soya oil prices; (2) a history of biodiesel prices; and (3) a projected cash flow simulator. 

The history of soya oil prices was obtained with ABIOVE – the Brazilian Vegetable Oil Industry Association. As regards the history of biodiesel prices, two different ones were obtained: prices in the Brazilian national market, with Safras&Mercado, and the other, referring to prices in the German market, with EBB – the European Biodiesel Board. In relation to simulators of projected cash flow, fixed and variable costs for the construction of both were considered, for the project of soya oil extraction and for the biodiesel plant.  

Additionaly, this study relies on information obtained with institutions such as EMBRAPA Soja – Empresa Brasileira de Pesquisa Agropecuária –, CEPEA – Centro de Estudos Avançados em Economia Aplicada –, Programa Nacional de Produção e Uso de Biodiesel (PNPB), Instituto FNP, among others.

For the purposes of analysis, the agro-industrial project here mentioned was broken down into three parts: The Soya Oil Project, The Biodiesel Project and The Flexible Project. The Soya Oil Project receives this nomenclature referring to the business of crushing the soya beans and extracting the vegetable oil. The Biodiesel Project is a reference to the same basic project, with the adaptations and additional investments for all the vegetable oil extracted from the beans to be transformed into biodiesel. Thus, the analysis of the biodiesel project refers to the study of the undertaking of biodiesel production, that has as one of its operational stages the extraction of the oil from the soya beans. However, for the purposes of analysis, it was considered that in the biodiesel project all the soya oil produced is an input of the biodiesel, not being, in any circumstances, sold in this form. Finally, the flexible project deals with the evaluation of the same investment realized in the biodiesel project, but considers in its analysis the flexibility for the production and sale of soya oil or biodiesel.

The three-fold nature of the analysis, in accordance with the explanation above, is seen to be necessary for the principal objective of this study, which is that of evaluating economically-financially the agro-industrial investment project for the implementation of a factory for soya oil extraction which possesses operating flexibility for the production of biodiesel. With the Ootions Model applied here, one can only evaluate the flexibility between the production of soya oil and biodiesel if both conditions are known individually.

Considering the projects separately, the values obtained by the traditional NPV methodology were analyzed and thereafter, by the Methodology of Real Options. It was sought in this analysis to show the relevance of the Real Options Theory in the evaluation of projects with important managerial flexibilities and/or subject to high levels of risk. This is not a theory that arises to substitute a previous one, but a methodology that incorporates into the traditional models, the capacity to value options previously ignored. In the present study, the evaluation of the project in its real options is seen to be more appropriate than that of its discounted cash flow, as it considers the volatility of soya oil and biodiesel prices and in this way recognizes the value of the option of choosing the product that offers the best returns.

REAL OPTIONS

The use of options was, for a long time, limited to financial assets that possessed abundant data, and in the cases in which the market price of the underlying asset was directly observable. The use of stochastic differential equations made the options unsuitable in the area of managerial applications. 


The dissemination of personal computers can be considered as an important factor in stimulating the utilization of options in non-financial evaluations. The use of matrices and algebraic solutions, in substitution of the Itô calculation, made the calculation more understandable and easier to implant. The need for the identification of an underlying asset negotiated on the market was relaxed, being possible to calculate the value of the option from the utilization of the Net Present Value, or NPV (COPELAND & ANTIKAROV, 2001). 

The area most developed for the application of the real option is that referring to investment decisions on the part of companies. However, the analysis of Real Options has been applied to different objects, such as investments in property and development of decisions. The common element for the use of options pricing is the following: the future is uncertain, and, in a context of uncertainty, to have the flexibility to decide what to do after some of these uncertainties have been better understood is of real importance.

Bodie and Merton (2002) propose that the principal categories of real options within investment projects are: (1) the option to start, or expand; (2) the option to abandon, or to contract; and (3) the option to wait, reduce or increase the speed of development. 

As we are here dealing with a project that possesses the flexibility to be able to produce both soya oil and biodiesel, the real option of conversion, that corresponds to the right obtained by the company of alternating the manner of operation at a determined cost is evaluated in this study. In investing in a structure which makes it possible for the manager to opt for the production of soya oil or biodiesel, the organization is acquiring the right, but not the obligation to pass over from one manner of production to another. According to Copeland and Antikarov (2001), conversion options are among the most complicated problems of Real Options, because they depend on the trajectory. If, for example, there are two forms of operation, the optimum action in a future state depends on the price of the commodity, but also on the manner of operation which the company had reached when it entered the situation. 

The theory of options has proved to be a profitable structure for the analysis of strategic financial decisions. according to Bodie & Merton (2002), the initial strategic applications are in the industries that operate in long-term planning horizons. In addition to this, the options models can become standard tools for the implementation of strategic objectives.


In terms of real options analysis, we start with the calculation of the NPV, aggregating managerial flexibility to it. Dixit & Pindick (1994) define thus the result on the calculations of the Expanded Net Present Value (ENPV), where the values of the options that there are in the project are inserted:

ENPV = NPV + VO (1)

where:

NPV is the Net Present Value without flexibility; and 

VO is the value of the options.


The use of real options started in the analysis of projects that would have been rejected by the traditional analysis of the NPV, but that possessed important embedded options which were not captured, or perceived, in the traditional model. 


On analysing a real option, the greatest difficulty resides in the fact that, most of the time, the asset-object of the real option may not be sold in the market. In this context, the solution proposed by Copeland and Antikarov (2001) receives the name of MAD, Marketed Asset Disclaimer. These authors suggest the use of the NPV of the project without flexibility such as underlying assets subject to risk (asset-object) as no other asset is more correlated to the project than the project itself. 

Volatility is also one of the parameters necessary for the Real Options Model, being, for many authors, one of those that most impact on the calculation of the price of an option. The most widely used manner of calculating volatility is through the utilization of historical series. In support of this argument, Hull (1999) considers volatility through the calculation of the standard deviation of the logarithmic returns provided by the underlying asset in a regular series of historical data. For this author, the calculation of volatility is critical in the calculation of the option’s value, due to the fact that it is the only variable that cannot be observed directly in the market. Amram & Kulatilaka (1999) argue in this same sense, affirming that the registration of the oscillations of share prices, or of the value of projects, can be used to estimate the volatility. Defining :

n+1, as the number of observations;

Si, as the price of the share in the nth interval (i=1, 2, ...n);

t, as the time interval in years; we have 
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An estimate of the standard deviation of the values of ui is given by following formula:
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in which ū is the average of ui. 


The project under analysis in this study possesses the peculiarity of being able to produce both soya oil and biodiesel. Each end product possesses its own volatility, which makes the full range of price combinations possible. For the cases in which the project is linked to two sources of uncertainty, Copeland & Antikarov (2001) present and indicate the quadrinomial approach.  A quadrinomial tree can be considered a binomial tree with two sources of uncertainty, which maintain among themselves a determined level of correlation. This tree possesses four branches in each node and, for their calculation, it is necessary to know the volatilities of each source of uncertainty (σ) and the possible correlation (ρ) between them. Correlation zero indicates that the uncertainties oscillate independently of each other, while positive correlation results in greater probability of the occurrence of extreme values, increasing the general volatility of the project. A negative correlation points to a smaller probability of the occurrence of extreme values, reducing the general volatility of the project.


The calculation of the neutral probabilities to the risk of the quadrinomial tree can be done through the following Equations
:
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where:

u1 and u2 represent rising movements of the sources of uncertainty 1 and 2;

d1 and d2 represent falling movements of the sources of uncertainty 1 and 2;

g1 and g2 represent the rate of growth expected of the sources of uncertainty 1 and 2;

ρ12 represents the correlation between the behavioural patterns of both sources of uncertainty; and
σ1 and σ2 represent the volatilities of the sources of uncertainty 1 and 2.


Variables g1 and g2 (expected growth rates of the sources of uncertainty 1 and 2) are found in accordance with the formula 8, presented as follows:


[image: image9.wmf]dt

r

g

f

)

2

(

2

s

+

=

 (8)

Consequently, four probabilities are considered to determine the expected value of each set of four nodes in the tree: the probability of rise of the price of asset 1 (source of uncertainty 1) combined with the rise of the price of asset 2 (source of uncertainty 2), pu1u2;  probability of rise of the price of asset 1 combined with a reduction of the price of asset 2, pu1d2; probability of a reduction of the price of asset 1 combined with a rise of the price of asset 2, pd1u2; and probability of reduction of the price of asset 1 combined with a reduction of the price of asset 2, pd1d2.. These probabilities will be used when the calculation of the value of the project with flexibility is done as, on decapitalizing the values of each node, the probability of each one of them occurring should be known.

 The quadrinomial approach proposed by Copeland & Antikarov (2001) determines that the difference between the NPV with flexibility and the NPV without flexibility corresponds to the value of the flexibility in the project. Table 1 following, illustrates the mathematical operation which makes possible the calculation of this value, that in this work corresponds to the conversion option in the agro-industrial project studied.

TABLE 1
Value of the flexibility
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Source: COPELAND & ANTIKAROV (2001, p.296).

As we are here dealing with an economic-financial feasibility study that possesses two correlated sources of uncertainty– the price of soya oil and the price of biodiesel – the quadrinomial approach seems be the more indicated for the evaluation of the undertaking. When incorporating the managerial flexibilities arising out of the behaviour of the prices of these two products, it is hoped that this approach will contribute positively to the evaluation process, as it possesses mechanisms that allow these important flexibilities to be valued.

PARAMETERS FOR ENTERING AND CALCULATIONS OF THE REAL OPTIONS MODEL
Net Present Value without flexibility
Cash Flows
For the purposes of analysis, the useful life of the projects is 10 years. Soya Oil Project, Biodiesel Project and Flexible Project were studied based on a time horizon of one decade, without considering residual values or perpetuities in the cash flows.
Table 1 shows the real cash flow of the Soya Oil Project. The income generated arises from the sale of oil and bran, obtained from the processing of the soya bean. 

In the immediately following Table 2, the real cash flow of the Biodiesel Project is shown. The income generated arises from the sale of biodiesel, glycerine and soya middlings. The same structure of the cash flow presented in Table 1 was used, but the particularities of the Biodiesel Project, in terms of income, costs and investments were incorporated. The costs of the Biodiesel Project are with reference to the costs verified in the Soya Oil Project increased, basically, by the additional costs for transformation of the oil in biodiesel and for its sale. The tax on biodiesel is differentiated in relation to soya oil, which is also reflected in the projected cash flows, presented in Table 2.

Based on the projected flows (net cash on hand) the Net Present Value of each project can be determined. A first analysis can be carried out based merely on these NPVs, in which the greater value obtained as between the Projects Soya Oil and Biodiesel points to the project to be selected, or accepted.
Table 1

Cash Flow  - Soya Oil Project
DISCRIMINATION/YEAR                                                                                                                                                                                              In  Reais (R$)

[image: image11.emf]DISCRIMINAÇÃO / ANO 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Receita Bruta 394.051.410        457.099.636        531.967.408        611.094.120        647.203.271        680.351.809        718.633.838        747.912.089        778.383.182        810.095.714       

(-) Impostos sobre Vendas (36.349.028)        (39.267.868)        (43.658.437)        (48.361.530)        (50.931.526)        (53.599.956)        (56.106.578)        (58.392.446)        (60.771.445)        (63.247.367)       

Receita Líquida 357.702.382        417.831.768        488.308.971        562.732.590        596.271.745        626.751.853        662.527.260        689.519.643        717.611.737        746.848.347       

(-) Custos (309.577.702)      (363.703.176)      (421.506.988)      (477.109.673)      (503.629.318)      (528.781.596)      (557.618.856)      (579.979.077)      (603.248.527)      (627.464.373)     

     Custos das Vendas - Fixos (38.691.683)        (48.081.588)        (52.905.137)        (53.268.848)        (54.794.049)        (57.209.197)        (59.384.109)        (61.574.410)        (63.852.822)        (66.223.011)       

     Custos das Vendas - Variáveis (264.699.763)      (309.195.508)      (361.348.639)      (416.422.116)      (441.241.091)      (463.796.371)      (490.270.173)      (510.244.536)      (531.032.686)      (552.667.777)     

     Depreciação (6.186.257)          (6.426.080)          (7.253.213)          (7.418.708)          (7.594.178)          (7.776.028)          (7.964.575)          (8.160.131)          (8.363.020)          (8.573.585)         

Lucro Bruto 48.124.680          54.128.592          66.801.983          85.622.917          92.642.427          97.970.258          104.908.404        109.540.567        114.363.210        119.383.974       

(-) Despesas Operacionais (35.260.418)        (40.191.450)        (47.184.397)        (54.369.131)        (57.384.142)        (60.370.801)        (63.790.107)        (66.462.665)        (69.168.170)        (71.983.811)       

     Desp. Gerais e Administrativas (6.124.512)          (5.879.530)          (6.119.071)          (6.368.371)          (6.627.829)          (6.897.857)          (7.178.886)          (7.471.365)          (7.775.760)          (8.092.556)         

     Despesas de Vendas (26.944.547)        (32.482.913)        (38.737.699)        (45.343.855)        (48.172.448)        (50.728.447)        (53.719.639)        (55.908.260)        (58.186.049)        (60.556.638)       

     Outras Rec./Desp. Operacionais (2.191.360)          (1.829.007)          (2.327.627)          (2.656.905)          (2.583.865)          (2.744.498)          (2.891.582)          (3.083.040)          (3.206.362)          (3.334.616)         

EBIT (Lucro Bruto Operacional) 12.864.261          13.937.142          19.617.586          31.253.785          35.258.285          37.599.457          41.118.297          43.077.902          45.195.040          47.400.163         

Margem EBIT (% da Receita Líquida) 3,6% 3,3% 4,0% 5,6% 5,9% 6,0% 6,2% 6,2% 6,3% 6,3%

EBITDA  19.050.518          20.363.222          26.870.799          38.672.494          42.852.463          45.375.484          49.082.872          51.238.032          53.558.060          55.973.749         

Margem EBITDA (% da Receita Líquida) 8,7% 7,6% 8,1% 9,2% 9,4% 9,4% 9,5% 9,5% 9,5% 9,5%

Despesas Financeiras  (5.530.200)          (4.977.180)          (4.424.160)          (3.871.140)          (3.318.120)          (2.765.100)          (2.212.080)          (1.659.060)          (1.106.040)          (553.020)            

Lucro Antes Imposto de Renda 7.334.061            8.959.962            15.193.426          27.382.645          31.940.165          34.834.357          38.906.217          41.418.842          44.089.000          46.847.143         

Imp.Renda e Contribuição Social (2.493.581)          (3.046.387)          (5.165.765)          (9.310.099)          (10.859.656)        (11.843.681)        (13.228.114)        (14.082.406)        (14.990.260)        (15.928.029)       

Lucro Líquido 4.840.480            5.913.575            10.027.661          18.072.546          21.080.509          22.990.675          25.678.103          27.336.435          29.098.740          30.919.114         

(+) Depreciação 6.186.257            3.855.648            4.351.928            4.451.225            4.556.507            4.665.617            4.778.745            4.896.078            5.017.812            5.144.151           

(-) Investimentos (70.900.000)        (927.939)             (963.912)             (1.087.982)          (741.871)             (759.418)             (777.603)             (796.458)             (816.013)             (836.302)             (857.359)            

(-) Amortizações (4.254.000)          (4.254.000)          (4.254.000)          (4.254.000)          (4.254.000)          (4.254.000)          (4.254.000)          (4.254.000)          (4.254.000)          (4.254.000)         

Disponibilidade líquida (70.900.000)        5.844.799            4.551.311            9.037.607            17.527.900          20.623.598          22.624.689          25.406.391          27.162.501          29.026.250          30.951.907         

Disponibilidade acumulada (70.900.000)        (65.055.201)        (60.503.890)        (51.466.284)        (33.938.383)        (13.314.786)        9.309.904            34.716.294          61.878.795          90.905.045          121.856.952       


    Source: Company ECO (2006)

TABLE 2
Cash Flow - Biodiesel Project 

                                                                                                                                                                                                          In Reais (R$)

[image: image12.emf]DISCRIMINAÇÃO / ANO 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Receita Bruta 425.983.410        494.140.756        575.075.446        660.614.200        699.649.461        735.484.194        776.868.411        808.519.229        841.459.550        875.741.910       

(-) Impostos sobre Vendas (44.299.465)        (51.387.380)        (59.804.054)        (68.699.520)        (72.758.930)        (76.485.506)        (80.789.192)        (84.080.668)        (87.506.244)        (91.071.383)       

Receita Líquida 381.683.945        442.753.376        515.271.392        591.914.679        626.890.531        658.998.688        696.079.220        724.438.561        753.953.306        784.670.527       

(-) Custos (336.741.627)      (392.666.894)      (452.901.491)      (510.107.351)      (537.963.438)      (564.744.234)      (594.887.960)      (618.656.255)      (643.390.605)      (669.130.527)     

     Custos das Vendas - Fixos (44.182.854)        (54.524.704)        (59.743.857)        (59.963.150)        (61.650.267)        (64.373.758)        (66.769.672)        (69.232.380)        (71.794.157)        (74.459.125)       

     Custos das Vendas - Variáveis (282.446.119)      (327.637.498)      (381.300.830)      (438.016.863)      (463.898.993)      (487.659.029)      (515.098.623)      (536.084.535)      (557.925.446)      (580.656.190)     

     Depreciação (10.112.654)        (10.504.692)        (11.856.803)        (12.127.338)        (12.414.178)        (12.711.447)        (13.019.665)        (13.339.339)        (13.671.002)        (14.015.212)       

Lucro Bruto 44.942.317          50.086.482          62.369.901          81.807.328          88.927.093          94.254.454          101.191.259        105.782.306        110.562.701        115.540.000       

(-) Despesas Operacionais (37.624.395)        (42.588.672)        (49.789.726)        (57.188.596)        (60.330.840)        (63.476.922)        (67.020.590)        (69.828.493)        (72.671.011)        (75.629.242)       

     Desp. Gerais e Administrativas (6.535.120)          (6.230.215)          (6.456.941)          (6.698.621)          (6.968.170)          (7.252.756)          (7.542.442)          (7.849.733)          (8.169.543)          (8.502.383)         

     Despesas de Vendas (28.750.999)        (34.420.359)        (40.876.636)        (47.695.289)        (50.646.122)        (53.338.462)        (56.440.129)        (58.739.587)        (61.132.729)        (63.623.371)       

     Outras Rec./Desp. Operacionais (2.338.276)          (1.938.098)          (2.456.149)          (2.794.686)          (2.716.548)          (2.885.704)          (3.038.019)          (3.239.173)          (3.368.740)          (3.503.489)         

EBIT (Lucro Bruto Operacional) 7.317.923            7.497.810            12.580.175          24.618.732          28.596.253          30.777.532          34.170.669          35.953.814          37.891.690          39.910.758         

Margem EBIT (% da Receita Líquida) 1,9% 1,7% 2,4% 4,2% 4,6% 4,7% 4,9% 5,0% 5,0% 5,1%

EBITDA  17.430.577          18.002.502          24.436.979          36.746.070          41.010.431          43.488.979          47.190.334          49.293.153          51.562.692          53.925.970         

Margem EBITDA (% da Receita Líquida) 4,6% 4,1% 4,7% 6,2% 6,5% 6,6% 6,8% 6,8% 6,8% 6,9%

Despesas Financeiras  (9.040.200)          (8.136.180)          (7.232.160)          (6.328.140)          (5.424.120)          (4.520.100)          (3.616.080)          (2.712.060)          (1.808.040)          (904.020)            

Lucro Antes Imposto de Renda (1.722.277)          (638.370)             5.348.015            18.290.592          23.172.133          26.257.432          30.554.589          33.241.754          36.083.650          39.006.738         

Imp.Renda e Contribuição Social -                      -                      (1.818.325)          (6.218.801)          (7.878.525)          (8.927.527)          (10.388.560)        (11.302.196)        (12.268.441)        (13.262.291)       

Lucro Líquido (1.722.277)          (638.370)             3.529.690            12.071.791          15.293.608          17.329.905          20.166.029          21.939.557          23.815.209          25.744.447         

(+) Depreciação 10.112.654          10.504.692          11.856.803          12.127.338          12.414.178          12.711.447          13.019.665          13.339.339          13.671.002          14.015.212         

(-) Investimentos (115.900.000)      (1.011.265)          (1.050.469)          (1.185.680)          (1.212.734)          (1.241.418)          (1.271.145)          (1.301.967)          (1.333.934)          (1.367.100)          (1.401.521)         

(-) Amortizações (6.954.000)          (6.954.000)          (6.954.000)          (6.954.000)          (6.954.000)          (6.954.000)          (6.954.000)          (6.954.000)          (6.954.000)          (6.954.000)         

Disponibilidade líquida (115.900.000)      425.112               1.861.853            7.246.813            16.032.395          19.512.368          21.816.208          24.929.727          26.990.963          29.165.110          31.404.138         

Disponibilidade acumulada (115.900.000)      (115.474.888)      (113.613.036)      (106.366.223)      (90.333.827)        (70.821.459)        (49.005.252)        (24.075.524)        2.915.439            32.080.549          63.484.687         


Source: Adapted from Company ECO (2006)

Discount rate and risk-free rate

As Ross et al. affirm (1995, p.157), “professional finance personnel correctly insist on the need for coherence between cash flows and discount rates”, or, in other words, nominal cash flows should be discounted at the nominal rate and real cash flows should be discounted at the real rate.

The cash flows presented and analyzed in this study are measured in real terms, as their purchasing power was given in current terms (year 0, or year 2007). This being the case the discount rate used in the decapitalization of the cash flows is real, and was obtained from the nominal risk-free rate of 12% p.a., discounted at an annual inflation of 4%. 
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To this rate was added a risk premium of 5% p.a., resulting in the cash flows studied being discounted at a real rate of 12.69% p.a.
Various works in Brazil consider 6% p.a. a risk-free rate consistent with the national and global panorama, such as Gonçalves (2005), Brasil (2002), Marreco (2001) and Dias (1996). In this sense, the value used here, of 7.69% p.a., is near the values utilized in the mentioned authors’ studies.

Net Present Value without flexibility
The NPV of the Soya Oil Project is R$18,169,682.71 and of the Biodiesel Project R$ 37,030,267.30. In discounting the net cash on hand projected for the base date 2007, at a rate of 12.69% p.a., we obtain the values mentioned. By the criterion of the NPV, the Soya Oil Project should be accepted and the Biodiesel Project should not. 
A first opinion on the economic-financial feasibility of the projects, based exclusively on the criteria of the NPV and IRR, would point to the acceptance of the Soya Oil Project and the rejection of the Biodiesel Project. In view of the problems and limitations of these methodologies, the analysis of economic-financial feasibility should make use of increasingly sophisticated evaluation tools. To this end, the value of the projects with flexibility will be calculated, considering the oscillation of soya oil and biodiesel prices, and their consequent impact on the free cash flows. 
Net Present Value with flexibility – Binomial approach 

The initial prices considered in this study, for the purposes of projection, are R$ 1,378.25 per ton of soya oil and R$1.60 per litre of biodiesel. The price of oil adopted initially corresponds to the monthly average of prices of this commodity in the twelve months from February 2006 to January 2007, in the city of São Paulo. The price chosen for biodiesel, corresponds to the average value of R$1.79 (average price of biodiesel in the same period in São Paulo) and R$1.41 (average price of mineral diesel in the same period in São Paulo). 
Considering the behavior of soya oil prices, from February 1998 to January 2007 in São Paulo, we obtained an annualized standard deviation of 27.39%. The behaviour of the price of a litre of biodiesel, from August 1999 to January 2007, gave an annualized standard deviation of 12.94%. Due to the unavailability of an adequate historical series of this biofuel in the national market (the largest series obtained in the Brazilian market was 13 months), we sought out a historical series in another country, considering that it should be a period adequate to justify its use as a proxy in this study. Accordingly, the city chosen was that of Münster, in Germany, a country that has been trading in biodiesel for more than a decade, possessing ample experience in biofuels.

Starting from the volatility of soya oil prices, calculated at 27.39% p.a., the value of the rising movements per step, u, were calculated at 1.32, and the falling movements per step, d, at 0.76. Starting from an initial price R$1,378.25 and parameters u and d, a binomial projection of soya oil prices was constructed.

Year
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FIGURE 1 - Binomial projection of soya oil prices.

Source: Prepared by the author
Starting from the volatility of biodiesel prices, calculated at 12.94% p.a., the value of the rising movements per step, u, were calculated at 1.14, and falling movements per step, d, at 0.88. Starting from the starting price of R$1,600,00 (thousand litres) and of the parameters u and d, the prices of biodiesel from 2007 to 2017 were projected.

Year
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FIGURE 2 - Binomial projection of biodiesel prices.

Source: Prepared by the author
Considering the binomial projection of soya oil prices, the free cash flows (net cash on hand) in each year for each price possibility were projected. In this way, the impacts of the soya oil price oscillations are incorporated into the projected results. Figure 3 shows this projection of free cash flows. 
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FIGURE 3 - Binomial projection of net cash on hand of the Soya Oil Project.

Source: Prepared by the author
Considering the binomial projection of biodiesel prices, the net cash on hand in each year for each price possibility was projected. Configured in this way, as Figure 4 shows, the projections incorporate possible oscillations of the biofuel price.

Year
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FIGURE 4 - Binomial projection of net cash on hand of the Biodiesel Project.

Source: Prepared by the author
Considering the values obtained for the rising and falling movements per step (u and d), and the risk-free rate, the probabilities of the binomial approach obtained were 57.6% (rising) and 42.4% (falling). These probabilities are used for decapitalization of the various nodes of the Soya Oil Project projection, as each node possesses as present value the net cash on hand in the actual node, increased by the two nodes following (if any), multiplied by the probability of occurrence, summed and discounted at the risk-free rate. For the Biodiesel Project, the following probabilities were obtained: 69.9% (rising) and 30.1% (falling).
On discounting all the binomial projection of net cash on hand of the Soya Oil Project for date 0, at a risk free rate of 7.69%, and, considering the probabilities of the binomial approach, a value of R$ 163,782,688.34 is obtained. On incorporating the flexibility into the cash flow projections, a total value of the project higher than the value obtained by analysis through the traditional NPV is obtained. 

By analysis of the NPV with flexibility, a value of R$ 121,722,071.37 is obtained  for the biodiesel project. Once again, on incorporating the flexibility into the cash flow projections, a total project value higher than the value obtained by the static NPV is obtained.

In evaluating the projects by the method of NPV with flexibility, the Soya Oil Project is the more attractive. Unlike the analysis by the NPV without flexibility, when the Soya Oil Project received a positive value and the Biodiesel Project a negative value, in this evaluation both projects presented positive NPVs. However, the Biodiesel Project continues to be the less interesting – although, from this perspective, it is still feasible because it has a value greater that zero.

Value of the Flexibility
In accordance with the values obtained for the Soya Oil Project, starting from the analysis of the static NPV and of the NPV with flexibility, we arrive at a value of R$ 145,613,005.63 for the flexibility in the project. This value is obtained in accordance with the calculation exhibited in Table 2.

Table 2
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Source: Prepared by the author
For the Biodiesel Project, the value of the flexibility obtained was R$158,752,338.67, in accordance with that shown in Table 3. In a separate evaluation for the two projects, it was seen that the Soya Oil Project possesses static Net Present Value, and with flexibility, higher than the Biodiesel Project. On the other hand, the value of the flexibility in the projects is higher in the Biodiesel Project, seeing that the same is sufficient to make the value of the project positive (as it starts from R$ -37,030,267.30) and, consequently, feasible.

Table 3
Value of the flexibility – Soya Oil Project
Present Value with Flexibility



(-) Present Value without Flexibility



(=) Value of the Flexibility
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Source: Prepared by the author
We have, then, flexibilities of the order of R$ 150 million in the two projects under analysis. In both cases, the evaluation by the NPV with flexibility increases the value of the projects, considering them in isolation.

This first analysis is necessary to determine the value of the project in which soya oil is produced and the value of the project where biodiesel is produced. In possession of these values, we move on to the analysis of the conversion option of the project that seeks to evaluate the flexibility of producing this or the other product, chosen as a function of the greater economic-financial returns at each moment of time.

Net Present Value with flexibility – Quadrinomial approach 

Quadrinomial projection of free cash flows (net cash on hand)


Considering that the combination of the two binomial cash flow projections results in a quadrinomial projection, we have in each node the rising and falling possibilities for the production of soya oil and biodiesel. In considering a given node, and its four descendants, we have the possibilities of: (1) high in the Soya Oil Project combined with high in the Biodiesel Project; (2) high in the Soya Oil Project combined with low in the Biodiesel Project; (3) low in the Soya Oil Project combined with high in the Biodiesel Project; and (4) low in the Soya Oil Project combined with low in the Biodiesel Project. 

The quadrinomial projection of the flexible project being totally structured, we should know the probabilities of the occurrence of each node, for the same to be discounted by the present value and make the calculation of the NPV with flexibility possible.

The probabilities of the quadrinomial approach were obtained through the application of the formulae 4 to 7. In addition to the variables already used in the binomial approach, for the development of the quadrinomial model the calculation of the variables g1 and g2 (formula 8) is necessary, which represent the expected growth rate of the sources of uncertainty 1 and 2 (soya oil and biodiesel); and ρ12, which represents the correlation between the behaviours of both sources of uncertainty.

Table 4
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            Source: Prepared by the author
In possession of the variables of the binomial model and the parameters exhibited in Table 4, we move to the calculation of the probabilities of the quadrinomial approach, exhibited in Table 5. pu1u2  refers to the probability of rise in the price of soya oil combined with rise in the price of biodiesel;  pu1d2, to the probability of rise in the price of soya oil combined with fall in the price of biodiesel; pd1u2, to the probability of fall in the price of soya oil combined with rise in the price of biodiesel; and, finally, pd1d2 refers to the probability of fall in the price of soya oil combined with fall in the price of biodiesel.

Table 5
Probabilities of the quadrinomial approach 

Flexible Project 

[image: image23]
Source: Prepared by the author
These probabilities are used when discounting maximum projected cash flows for the present date, calculated in the following section.


Starting from the cash flow projections of the Flexible Project, of the probabilities presented above, and of the risk free rate, stipulated at 7.69% p.a., the value of R$ 348,068,287.99 was obtained. This is the expanded NPV of the flexible project, in which the value of the conversion option between soya oil and biodiesel is considered in the evaluation. Figure 5 partially presents the tree used for the calculation of the NPV with flexibility, spanning the period from year 0 to year 4 (2007 to 2011). 
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Figure 5 - Net Present Value with flexibility of the Flexible Project.

Source: Prepared by the author
Value of the Flexibility – Conversion option

The calculation of the value of the flexibility in the Flexible Project follows the same methodology used in the identification of this value in the Soya Oil and Biodiesel Projects. Thus, the difference between the NPV with flexibility and the static NPV corresponds to the value of the flexibility – represented, in this point, by the conversion option between the two ways of operation. In this calculation, the NPV without the flexibility considered is the static NPV of the Biodiesel Project, as it represents the value of the project for biofuel production when evaluated without flexibility. In this sense, if the NPV of the static flows referring to the Biodiesel Project is R$-37,030,267.30, and the NPV of the quadrinomial flows of the project (considering managerial flexibility) is R$ 348,068,287.99, it can be affirmed that the value of the flexibility, or of the conversion option, is R$ 385,098,555.29.

Table 6
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Source: prepared by the author

From this result, it can be seen that the project no longer receives a negative value in its economic-financial evaluation, unlike that occurring when its static NPV was determined. 

The separation between the Soya Oil, Biodiesel and the Flexible Projects, came about due to methodological exigencies of the evaluation model employed here. In practice, the economic-financial feasibility study here proposed refers to the analysis of the investment composed of the initial disbursement of R$ 115,900,000, referring to the establishment of a soya-processing unit with flexibility for the production of vegetable oil and biodiesel. From the perspective of the static NPV, the referred investment proportions a value of R$-37,030,267.30, while the same investment, evaluated in accordance with the quadrinomial approach, receives the value of R$ 348,068,287.99.

FINAL CONSIDERATIONS 

In the present study the economic-financial evaluation of an agro-industrial flexible project was carried out, capable of producing vegetable oil or biodiesel from soya beans. This evaluation can be divided into two stages: the first uses the methodology of NPV without flexibility, and the second the Real Options Model. The first does not take into account the flexibilities existing in the project, while the second arises to overcome the deficiencies of the NPV as an evaluation method. It is worth emphasizing that the Real Options Model does not substitute the traditional methods, but only complements them by capturing the value of the flexibilities that would otherwise pass unnoticed by them.

The application of the binomial approach to the Soya Oil Project raised its value by R$ 18,169,682.71 to R$ 163,782,688.34, pointing to a value of flexibility of the order of R$ 145,613,005.63. On the other hand, the application of this approach to the Biodiesel Project raised its value by R$ -37.030.267,30 to R$ 121,722,071.37, implying a flexibility valued at R$ 158,752,338.67.

In a preliminary analysis, based on the evaluation of the project in terms of the establishment of the soya oil production plant, or the biodiesel plant, it seems that to establish the oil plant and discard the additional investments for the expansion and adaptation of the plant (for the production of biofuel) is the more interesting option. However, the separate analysis of the two alternatives shows this to be inappropriate. To invest in the expansion and adaptation of the plant for the production of biodiesel, the business acquires the right, but not the obligation of producing this biofuel. Flexible production, acquired from these additional investments, provides the undertaking with the benefit of the sale of products that offer a higher economic-financial return at each moment of time.

Because of being able to produce both oil and biodiesel, the evaluation of the project is dependent on two sources of uncertainty: the prices of these two products. This being the case, the quadrinomial approach was used, that permits the evaluation, in a quadrinomial projection, of the combinations of the prices of the two soya derivatives, offering the manager the choice of the one that produces the better result. At each moment of time (or projection node), the prices of soya oil and biodiesel can present rises or falls in relation to the previous period, so that these two movements combined provide four possibilities. In this study, these four possibilities are: (1) rise of the price of soya oil combined with rise of the price of biodiesel; (2) rise of the price of the soya oil combined with fall of the price of biodiesel; (3) fall of the price of soya oil combined with rise of the price of biodiesel and, finally, (4) fall of the price of soya oil combined with fall of the price of biodiesel. In each of these four situations, a decision should be taken: produce soya oil or biodiesel. The option for the one or the other results in different cash flows, which must be incorporated into the projection of the flows expected in the project.

In this sense, the evaluation of the project utilizing the quadrinomial approach determines that its present value with flexibility is R$ 348,068,287.99. We thus have that the value of the flexibility in the agro-industrial project here mentioned is R$ 385,098,555.29, that is, this value reflects how much it is worth for the business to have the conversion option in the manner of operation that produces soya oil and the other that produces biodiesel. This value was obtained considering the correlation between the prices of the oil and the biofuel, of 22.25%, besides their volatilities separately (27.39% and 12.94% annually, respectively). This value of 22.25% indicates a positive correlation between the behaviour of the prices, although it is not significant from the statistical point of view.

Interpreting the results obtained, we can see the relevance of the Real Options Theory in the analysis of projects that possess flexibility. Without an analysis of the flexibility in the project under study, the information that the person making the decision would have before him/her would point to the acceptance of the Soya Oil Project and rejection of the Biodiesel Project. In this scenario, the valuable conversion option in the project would be ignored, under-evaluating the soya-processing agro-industrial project. However, as the Real Options Theory is relatively new, the value attributed to the option may not yet be recognized in its totality by the investors that will decide on the acceptance of the project. It appears that a part of the investors, in spite of recognizing the rationality of the fundamentals of the value of the options, do not yet take them into account in defining the real value of the option under analysis. It may be that, with the advance of these types of study and the greater knowledge of the theory on the part of investors, the analyses based on this theory will gain greater reliability in the area of investment decisions.

In the light of the Real Options Model, the option that better satisfies the end of maximizing shareholders' wealth is the establishment of the flexible plant, capable of producing either soya oil or biodiesel. The value obtained for the conversion option is greater that the values of the flexibilities calculated separately in the Soya Oil Project and in the Biodiesel Project and, in addition to this, the value of this option is greater also than the sum of these two flexibilities.

The agro-industrial field is characterized by working with commodities that possess high price volatility and important managerial and operational flexibilities. Accordingly, the application of the Real Options Theory in this field is indicated, as it possesses presuppositions and parameters strongly linked to the characteristics of this market. In the present study, we tried to show the relevance of this theory in the evaluation of investment projects.

It is worth stressing, finally, that the option here studied is not the only option embedded in the agro-industrial project mentioned. Options to expand, abandon, postpone, among others, are also capable of being valued, and serve as a proposal for future studies. These options, when added to the static value of the projects, tell the investors the value of the investment projects with flexibility. In the present study, the evaluation of the flexibility of the projects increases their value, suggesting the relevance of the Real Options Theory.

In evaluating projects in the light of the Real Options Theory, we try to obtain a new vision of Investment Analysis, focusing on the principal objective of business administration from the financial point of view, which is, to maximize the shareholders' wealth through the increase of the value of the company.
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[i] Biodiesel is a biodegradable fuel derived from renewable sources, which can be obtained through different processes, such as: cracking, esterification and transesterification. The latter, the most used, consists of a chemical reaction of vegetable oils or animal fats with common alcohol (ethanol) or methanol, stimulated by a catalyst. In this process, glycerine is also extracted, which is used in the manufacture of soap and several other cosmetics.  There are dozens of vegetable species in Brazil which can be used to produce biodiesel, such as soya, castor, the dendê oil palm, sunflower, the babaçu palm, peanut and the Barbados nut, among others (NATIONAL PROGRAMME FOR THE PRODUCTION AND USE OF BIODIESEL, 2006). 


[ii] The mathematical development of the quadrinomial model can be followed in Copeland & Antikarov (2001, p. 279).
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