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 Background: The biomass is an organic matter that comes from animal waste and can 
be used for the generation of electric energy. Objective: of this article is, using the 
techniques of investments analysis, determining the point of balance, in number of 
animals, in order to enable the implantation of bio-digesters for the production of 
electric energy with the use of equine waste. Results: For this purpose, it was obtained 
field information related to the initial investment and cash inflow and outflow for the 
implantation of the bio-digester. It was projected cash-flows and, following, it was 
calculated the indicators of viability and proceeded the Monte Carlo Simulation 
pointing that the point of balance are 271 equines. Conclusion: Considering the 
premises of the Monte Carlo simulation and considering that p(Net Present Value < 0) 
= p(Internal Return Rate  < Minimum Tax of Attractiveness) needs to be at most 0.20, 
it is suggested the implementation of the bio-digester for the properties with at least 228 
equines. 
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INTRODUCTION 

 
Equines represent around 5.5 million heads in Brazil (IBGE, 2013). The rearing of these animals is a 

significant activity for the environment due to the high number of animals in properties and the quantity 
produced daily by animal. According to Catapan et al. (2012), the environmental issue, in other words, the 
environmentally correct practices are not easily accepted by the producers, suffering, usually, resistance on its 
application. First, the reasons are due to the fact that the equine dejects have always been seen by the humans as 
a soil fertilizer, becoming necessary the treatment of it. In second place, for the need of application of financial 
resources, what is not always enabling for the activities responsible.  

This way, in an international scenario with oil shortage and due to the climate changes, caused by the 
combustion of fossil fuel appear researches and studies of the viability of clean energy generation, also known 
as alternative energies or renewables (Catapan et al., 2012).  

The choice of the method of treatment is also a hard task, every treatment system presents limitations and 
its application to the residue must be evaluated, considering the advantages and disadvantages (Perdomo, 2003). 
The first question, which must be asked before the first treatment choice, is about what is intended with the 
technology choice. Due to this – and to the financial possibilities of each producer – there are many technologies 
that can be used according to the reality of each system. The treatment systems are classified in three different 
categories: physical, biological, and chemical (Gebler & Palhares, 2007). For every choice of waste treatment in 
the property, the environmental management inside the property must exist: since the correct animal choice until 
their manure production, this way the (Barrera, 2003). 

The technological development has been allowing the alternative energy generation for the production of 
heat and electricity, like the wind, solar and biomass energy (Pacheco, 2006). The biomass is an organic matter, 
dead or alive, existing in the organisms (animals or vegetables) from a chosen community, which can be 
recovered through forest, agricultural, livestock, and even urban residues, and it can be given some useful 

http://www.ajbasweb.com/�


437                                                                    Catapan et al, 2013 
Australian Journal of Basic and Applied Sciences, 7(14) December 2013, Pages: 436-441 

 
utilities for example soil fertilization for agriculture or for the production of primary energy (Gebler & Palhares, 
2007). 

The biogas derives from the biomass, and it is one of the products of anaerobic decomposing (absence of 
gaseous oxygen) of the organic matter, which comes through the action of some species of bacteria (Gebler & 
Palhares, 2007). Through bio-digesters, that transform biogas in energy, can be generated a renewable energy. 
The big problem is for the implementation of these bio-digesters is the costs of acquisition and implementation 
of the equipment for energy generation. 

This way, equines have high potential of biogas production. But the low relation of carbon/nitrogen (C/N) 
interferes in the biogas production. Therefore there must be monitoring of that relation, so there is no excess of 
N, deriving from the concentrated food (protein) supplied on trough. A way to correct it is to add vegetable 
residues such as straw, corncob and sawdust to achieve the goal (Lenz, 2009). The balanced relation of C/N is 
25/1 to 30/1 according to Gonçalves (2005) so the biogas is formed in a homogeneous way. 

This concept of C/N relation with ideal point could be verified in an applied work where it was used bio-
digesters with equine waste. In the treatments that had higher proportion of sawdust than dejects, there was less 
production of biogas (Catapan et al., 2012).  

It is within this context that emerges the research question of this article, and it summarizes in: What is the 
point of balance, in number of animals, to financially enable the implementation of a bio-digester for generation 
of energy with the use of equine waste? This way, the article’s goal is, using technic of investment analysis, to 
determine the points of balance in number of animals to enable the implementation of bio-digesters to produce 
electric energy with the use of equine waste.   

The justification of this research is the pollution potential of the rural activity when waste is deposited on 
the soil; so it is necessary a change in the way of handling management and environmental control, because if 
the waste are simply thrown on the farming or the soil, and this in an long term can bring risks to the 
environment. The environmental awareness, related to the storage and treatment of waste, must accompany the 
technological leap present in the production, bearing in mind the complexity of the problems that the deposit of 
waste on the soil, in the water, and in the air can cause (Kunz, Higarashi & Oliveira, 2005; Catapan, Carvalho & 
Catapan, 2011). Yet, besides avoiding the environmental impact, the exploitation of waste for the generation of 
energy, presenting viability, is one of the ways for the rural properties to bring more value to their activities.  

 
MATERIALS AND METHODS 

 
Related to the technical procedures, this is an experimental work since it determines a study object and 

selects variables that can influence defining then ways of control and observation (Gil, 2010). 
Yet, it is also typified as an ex-post-facto research since the study was made after the occurrence of many 

natural events (Gil, 2010). The collection of data technic is also approached, when people are interviewed in the 
rural properties in order to get clarification about the monthly expenses with bio-digesters. The research can also 
be characterized as a field study, because technical visits are made to understand the process of energy 
generation from animal waste.  

The work started with a theoretical research (first stage), with gathering of information about equine waste 
and about the composition of biogas. Then, it was made a theoretical review about equine waste, the possibility 
of biogas generation and the composition of biogas. The second stage was technical field visits in farms located 
in the state of Parana- Brazil.  

These visits were made to know the bio-digesters and their monthly expenses (maintenance, cleaning, 
operation, among others). The bio-digesters of the farms were similar to PVC tarpaulin bag, projected according 
to the capacity of waste that was produced daily by the number of animals. The monthly expenses with the 
maintenance, operation and cleaning of the bio-digesters were identified and collected based on interviews with 
farm owners and, also, examining costs control worksheets made by the properties owners. 

For the elaboration of the cash-flow, with the intention of later analysis of financial viability, it was 
calculated the quantity of biogas in the waste and converted in Kilowatt/hour (KWh). Based in the quantity of 
KWh it was calculated the value of cash inflow generated by the biogas (which would stop paying for the 
distribution company of electric energy). 

Besides the interviews and examination of worksheets from the property to measure the cash outflow, it 
was also contacted manufacturers of bio-digesters to verify the information about the maintenance and 
depreciation of it. Having this information, it was created projects of cash-flow for the two animals. To analyze 
the viability it will be used the Monte Carlo simulation, with the Crystal Ball software, since some premises of 
entrance represent values that can be variable.  
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RESULTS AND DISCUSSION 

 
The organic compounds generated by the animal waste are abundant in organic matter (Amaral, Amaral & 

Lucas Junior, 2004) and the quantity produced daily by the animal species varies, so it influences in the 
potential of biogas produced, as showed on Table 1, in a comparison of swine and equines.  

 
Table 1: Production of waste and potential of production of biogás by diferent animals  

Waste  Daily production Kg biogas/Kg waste Concentration of Methane 
Swine  2.25 kg/animal 0.062 66% 
Equines  10 kg/animal 0.048 60% 

Source: Barrera (2003) e Kunz (2007). 
 
According to Quadros (2009) the energetic equivalence of biogas, produced by fermentation of swine or 

equine waste, related to electric energy is: 1 m³ biogas = 5.5KWh (Prati, 2010). It is necessary that the producers 
of animals adapt the environmental management, producing waste that can be recognized as something that can 
generate recipes in the property.  

The use of bio-digesters (treatment of waste on an anaerobic way) minimizes the environmental impact 
caused by the horse breeding allowing the distributed generation of electric energy, through the production of 
biogas. Besides, it also allows a new option of recipe to the property (Catapan, Catapan & Catapan, 2011). 

The use of anaerobic biodigestion represents important role, because besides allowing the significant 
reduction of the pollution potential, is a process that doesn’t generate heat and gas volatilization (Lucas Junior, 
2008). But there are many factors that should be balanced so the fermentative process works properly: 
controlled temperature between 35° and 40° C (Souza, Junior & Ferreira, 2005); pH of 6.5 to 7.5 (Craveiro, 
2012) and relation of C/N 25/1 to 30/1 (Gonçalves, 2005). 

Presenting the results of the technical aspects of waste we go to the financial analysis of the project. This 
work uses analysis technics of investment, what helps the investors to take the right decision when investing on 
a determined enterprise (Gitman, 2011), to define a point of balance. To that it’s used the concepts of Minimum 
Tax of Attractiveness (MTA) and Net Present Value (NPV). 

This work is about the analysis of an investment. When an investor chooses to apply the money in 
determined project, is automatically not applying capital to another project. In this context it emerges the cost of 
opportunity of business, representing the tax that could be received if it was invested in any other place in 
capital assets with the same risk (Bodie & Merton, 2004). This way, to identify the cost of opportunity of an 
investment, it is calculated the Minimum Tax of Attractiveness, which means the best tax with low risk, 
available for application of capital in analysis (Souza & Clemente, 2009). 

This research will use the calculation of Net Present Value. The net present value is found when is 
subtracted the initial investment of a project of the present value of cash-flow. It is used the MTA to discount 
the flow (to bring for the present value) (Gitman, 2011). This way, the minimum requirement for viability is to 
show NPV superior to zero (Souza & Clemente, 2009). 

The point of balance will be calculated in terms of number of animals. When the net present value is equal 
to zero, it’s possible to know the minimum necessary number of animals in determined properties, so the 
implementation of bio-digesters for the generation of electric energy is viable.  

The calculation of MTA involves risk and return discussion. The bigger the risk of a certain project, the 
bigger must be its risk prize added to the MTA, since the investor disposes to apply the money in projects more 
risky seeking bigger returns and, because of that, must choose a superior MTA. On this kind of projects 
considering that the rural property will use its own generated energy, the risks are considered low. The bigger 
risks added to this project would be if the property chose to commercialize the energy, and the dealership 
decided not to acquire this energy. As such we used market taxes that are found on Table 2.  
 
Table 2: Taxes for the Calculation of MTA 

Investment (Brazil) Profits (anual)  Profits (monthly) 
Itau Special FI 7.19% 

 
0.60% 

HSBC FIC Fixed Income Private Credit  7.58% 
 

0.63% 
HSBC FIC Fixed Income LT Fixed  7.14% 

 
0.60% 

BB Fixed Income in Long Term 6.86% 
 

0.57% 
BB RF Long Term  Prem 6.88% 

 
0.57% 

BB RF Long Term Parc 7.10% 
 

0.59% 
BB RF Long Term 7.10% 

 
0.59% 

CEF FIC Investor FI Long Term 7.78% 
 

0.65% 
CEF FIC Supreme FI Long Term 7.85% 

 
0.65% 

Media 7.28% 
 

0.61% 
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The monthly average of the profits obtained is 0.61% with a MTA of 0.7% a month. This way, in order to 

analyze the financial viability and to point the number of animals necessary to achieve the point of balance, first 
it is necessary to understand the steps to calculate the electric energy generated through the waste. To calculate 
the quantity of metric tons of biogas/year coming from the anaerobic digestion of the manure that each animal 
generates a day (10 kg/day) and the volume of biogas generated by kg of waste (0.048m3 for equines) (Barrera, 
2003; Catapan et al., 2012). 

To calculate the quantity of methane produced a year in tons, we must use the total of biogas produced and 
the value correspondent to the percent of methane existing in the biogas (60% for equines) (Carvalho & 
Nolasco, 2006). Then, we must multiply the quantity of methane generated by the tax of conversion for KWh, 
which is 5.5 KWh by m3 (Prati, 2010). Last, we must multiply the value charged by the concessionaire of 
energy by KWh to get the monthly recipe generated, since the generated energy will be considered for the 
property’s use and not for commercializing. 

 Table 3 presents the investments and the outflow considered for the cash-flow, based on the worksheets of 
the properties, in the budget made with the suppliers and based on interviews with the owners of rural 
properties.  

 
Table 3: Detailed Investment and Outflow of Cash-flow 

Investments Value Outflow  Value Variation (Crystal Ball) 
Generator  R$         95,000.00  Salaries  

 
R$   1,800.00 - 

Lake  R$           4,000.00  Duties 
 

R$      900.00 - 
Bio-digester  R$         64.800,00  Maintenance 

 
R$   1,000.00 5% 

Infrastructure  R$         15.000,00  Cleaning 
 

R$      200.00 5% 
  Expenses 

 
R$      200.00 5% 

Total  R$       178.800,00  Total  R$   4,100.00  
 

The exposure values are presented in Brazilian currency: Reais. The value of variation of 5% for the 
expenses with maintenance, cleaning, and general expenses was proposed based in interviews with owners. It 
will be used as a parameter of variation of these premises for the calculation of NPV on Crystal Ball. The reason 
for these variations is that the expenses can change in certain months. The salaries and duties are fixed nature. 
Now, we will present the calculation of financial viability for the animals.  

Table 3 presents the memory of calculation to find the monthly recipe generated by the equines, considering 
a Net Present Value, in other words, the total of inflow is equal to the total of outflow in the cash-flow.  

 
Table 4: Memories of Calculation for Financial Viability 

Description Values Variation (Crystal Ball) 
Volume of waste a day (kg) 10 10% 
Number of animals 271 - 
Total volume of waste a day (kg) 2709.59 - 
Total volume of waste a month (kg) 81287.69 - 
Conversion tax 0.048 10% 
Volume (m3) 3,902 - 
Tax of conversion (methane) 66% 10% 
Volume of methane (m3) 2,575 - 
Tax of conversion (KWh) 5.5 - 
Total of KWh generated 14,164 - 
Value of KWh R$      0.479857 - 
Monthly recipe generated R$       6,796.49 - 

 
The calculation of the number of animals was made with the use of the tool Scenario – Achieve the Goal on 

Excel, considering the variation of the parameter of number of animals and setting NPV in zero. This way it was 
found NPV with about 271 animals. Based on this recipe generated, the cash-flow of the project is on Table 5. 

 
Table 5: Cash Flow 

Month 0 1 2 … 60 
Inflow - R$      6,796.49 R$      6,796.49 R$      6,796.49 R$        78,316.49 
Outflow R$  178,800.00 R$      4,100.00 R$      4,100.00 R$      4,100.00 R$         4,100.00 
Cash-flow -R$  178,800.00 R$      2,696.49 R$      2,696.49 R$      2,696.49 R$      74,216.49 

 
On the last flow (60° month) it is considered the inflow of 40% of the investment as residual value, in other 

words, 40% of the  investment on moment zero still remains to the final Project. It wasn’t considered the freight 
costs since there are farms with the number of animals obtained on this research, this way, it’s not considered 
the need of transport the waste of many different properties. From this cash-flow, the NPV obtained is null, and 
the IRR calculated is the same as the MTA presented, in another words, from this number of animals calculated 



440                                                                    Catapan et al, 2013 
Australian Journal of Basic and Applied Sciences, 7(14) December 2013, Pages: 436-441 

 
the financial viability for the implementation of bio-digester exists. Now it is considered the premises of 
parameter variation for the Monte Carlo Simulation, presented on Figure 1. 

 

 
Fig. 1: Monte Carlo Simulation – NPV of equines 

 
The Monte Carlo simulation was made with 5,000 interactions and with a confidence interval of 95%. The 

results generated in the analysis of viability with dejects of equines resulted in a medium NPV of –R$561.87 
with the minimum of –R$72,153.34 and the maximum of R$ 85,166.55 and standard deviation of R$23,368.18. 
The Monte Carlo simulation indicates 95% sure that the NPV of swine will be between –R$47,328.23 and 
R$46,144.49. The probability of the NPV bigger than zero is 0.4771, indication a significant risk of losing 
money on the project, keeping the number of animals in 271 swine. Additionally, the Internal Return Rate (IRR) 
for 271 animals present the medium tax of 0.69% with a minimum of -0.46% and a maximum of 1.95% 
(DP=0.36%). The IRR must be situated with 95% sure between the interval of -0.03% and 1.41%. The 
probability that the MTA is bigger than the IRR is 0.5229. Figure 2 presents the viability factors of NPV and 
IRR.  

 
 
Fig. 2: Monte Carlo simulation – Variability of NPV 

 
As you can observe on Figure 2, the factors that contribute for the variability of NPV and IRR of equines 

are: (i) % methane (34,5%); (ii) Tax f Conversion for equines (33,7%); and, (iii) Volume of dejects (31,6%). So, 
the p (NPV<0) = p(IRR<MTA) = 0.5229. Supposing, also, that the investor assumes the risk of losing money 
maximum of 20% or p(NPV<0)= p(IRR<MTA) = 0.20, the minimum number of equines for this premise is 288 
animals. In this scenario there is the probability of NPV bigger than zero than 0.8003, with 95% sure that it will 
be between –R$28,447.00 and R$71,893.32. This way, the chance that the investor will lose money is 19.97%. 

 
Conclusions: 

The purpose of this research was to find the minimum number of animals that a rural property needs in 
order to enable the implementation of a bio-digester for the generation of electric energy. From that analysis of 
financial viability with the calculation of NPV and IRR, it was found the minimum number of 271 equines in a 
deterministic scenario. On the field research, that was the base for the measure of initial investment and outflow 
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of the project, it was verified the capacity of generation of energy of the bio-digesters. It was found that the bio-
digester of the initial investment has the capacity (size of the lake and capacity of generator) of generating 
energy from the total of waste produced.  

The Monte Carlo simulation was made with the variation of some parameters. This simulation showed that 
the probability that the NPV>0 is 0.4771 and the probability that the IRR<MTA is 0.5229. On this context, 
understanding that p(NPV<0) = p(IRR<MTA) = 0.5229 for the project with 271 equines, and admitting that the 
investor accepts a maximum risk of 20% of losing money, the minimum number of equines to meet the demand 
is 288 animals. This way, bio-digester must be implanted, considering the maximum risk of 20% of losing 
money in properties that have at least 288 equines.  

This research was limited to analyze the financial viability from equine’s waste. This way, it can’t be used 
as a parameter the results proposed here for other animals. Another limitation of this study is that it was used 
parameters of literature for the calculation. Also, it was considered possible recipes coming from the generation 
of Carbone credits to calculate the entrance of the project. On this context, there are a few suggestions for 
another works.  

We recommend using a significant sample of equines and swine to get averages, mainly of volume of waste 
and percent of methane on the waste. Also, we recommend to analyze the viability of implementation of bio-
digester using the waste of another animals (for example bovines) comparing, as the focus of this work (the 
literature, in general, is about the use of swine waste), increasing the knowledge on this area of the science.  

 
REFERENCES 

 
Amaral, C.C., L.A. Amaral, J. Lucas Junior, 2004. Biodigestão anaeróbia de dejetos de bovinos leiteiros 

submetidos a diferentes tempos de retenção hidráulica. Cienc. Rural, 34(6): 1897-1902. 
Barrera, P., 2003. Biodigestores: energia, fertilidade e saneamento para a zona rural. São Paulo: Ícone. 
Bodie, Z., R.C. Merton, 2004. Finanças. Porto Alegre: Editora Bookman. 
Carvalho, T., M.A. Nolasco, 2006. Créditos de carbono e geração de energia com uso de biodigestores no 

tratamento de dejetos suínos. Rev. Acad., (3): 23-32. 
Catapan, A., D.C. Catapan, E.A. Catapan, 2011. Formas alternativas de geração de energia elétrica a partir 

do biogás: uma abordagem do custo de geração da energia. Custos e @agronegócio online, 7(1): 25-37. 
Catapan, D.C., R.I.N. Carvalho, A. Catapan, 2011. Perfil da produção e destino dos dejetos de suínos no 

município de São José dos Pinhais. Rev. Acad. Ciências Agrárias Ambientais, 9(3): 247-255.  
Catapan, D.C., A. Catapan, N.R. Rosste, J.H. Harzer, 2012. Análise da viabilidade financeira da produção 

de biogás através de dejetos de equinos. Custos e @agronegócio online, 8(4): 25-51.  
Craveiro, M.A., 2012. Produção de Biogás. IPT – Instituto de Pesquisas Tecnológicas do Estado de São 

Paulo, Divisão Química e Engenharia Química, Pesquisa e Desenvolvimento, n° 1206. 
Gebler, L., J.C.P. Palhares, 2007. Gestão Ambiental na Agropecuária. Brasília: Embrapa Informação 

Tecnológica.   
Gil, A.C., 2010. Métodos e técnicas de pesquisa social. São Paulo: Atlas. 
Gitman, L.J., 2011. Princípios de administração financeira. Porto Alegre: Bookman. 
Gonçalves, M.S., 2005. Gestão de resíduos orgânicos. Principia, Publicações Universitárias e Científicas, 

Porto. 
Instituto Brasileiro de Geografia e Estatística - IBGE. Recupered in: 

<www.ibge.gov.br/home/estatistica/economia>. Acess in: apr 2013. 
Kunz, A., 2007. Gestão Ambiental na Agropecuária. Tratamento de dejetos animais. Brasília: Embrapa 

Informação Tecnológica, 1. ed.  p:  189. 
Kunz, A., M.M. Higarashi, P.A. Oliveira, 2005. Tecnologias de manejo e tratamento de dejetos de suínos 

estudadas no Brasil. Cadernos de Ciência & Tecnologia, 3(1): 651-656. 
Lenz, R.F., 2009. Bioenergia. Metano a partir da biomassa. Joaçaba: Lindner/Hidráulica Industrial S/A. 
Lucas Júnior, J. Aproveitamento energético de resíduos da suinocultura. In: Energia, Automação e 

Instrumentação. Lavras: UFLA/SBEA, 2008. 
Pacheco, F., 2006. Conjuntura e Planejamento. Salvador: SEI.  
Perdomo, C.C., 2003. Sistema de tratamento de dejetos de suínos: inventário tecnológico. Concórdia: 

Embrapa Suínos e Aves.  
Prati, L., 2010. Geração de energia elétrica a partir do biogás gerado por Biodigestores. Monografia do 

Curso de Graduação de Engenharia Elétrica, Universidade Federal do Paraná. 
Quadros, D.G., 2009. Biodigestor na agricultura familiar do semiárido. Salvador: EDUNEB. 
Souza, A., A. Clemente, 2009. Decisões Financeiras e Análise de Investimento. São Paulo, Atlas. 
Souza, C.F., J.L. Júnior, W.P.M. Ferreira, 2005. Biodigestão anaeróbia de dejetos de suínos sob efeito de 

três temperaturas e dois níveis de agitação do substrato – considerações sobre a partida. Eng. Agríc., Jaboticabal, 
25(2): 530-539. 

http://www.ibge.gov.br/home/estatistica/economia�

