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Abbreviations: NVP, net present value; BCR, benefit-costs 
ratio; IRR, internal rate of return

Introduction
The demand for renewable energy use is continuously rising, since 

fossil fuels have been depleted and their extensive use has caused 
environmental issues, such as global warming.1 Among renewable 
energy options, Biofuel have attracted attention in part because they 
are liquid fuels that can be easily used in motor vehicles, and in some 
cases with little or no modification of existing gasoline or diesel fuel 
engines.2,3 Over the last decade, global Biofuel production increased 
rapidly. In 2008, about 15billion liters of biodiesel were produced 
globally. New projections indicate that the world biodiesel production 
tends to increase from 31 billion of liters in 2015 to 41.4billion 
liters in 2025. The United States is still the largest Biofuel producer, 
followed by Brazil and the European Union. While corn-based 
ethanol is dominating domestic production in the United States, Brazil 
produces ethanol mainly from sugar cane and Biofuel production of 
the European Union is mainly derived from canola and sunflower 
crops.4

Pequi (Caryocar brasiliense) is oil specie that can be used in 
biodiesel production.5 This tree is popularly known in southeastern, 
central western and northeastern regions of Brazil. It is one of the 
main species at the Brazilian Cerrado due to its use in culinary, 
popular medicine, industry in general, besides its potential for Biofuel 
production. The biodiesel from pequi oil and methanol through 
homogeneous alkaline catalysis reached a conversion of over 98%, 
presenting sufficient quality according to the limits established by 
the Brazilian Petroleum National Agency.8 The average oil content 
of pequi pulp on mass basis is 30% and the potential yield of this 
crop is around of 3.7 t ha-1 year-1.6,7 Besides technical, environmental 
and social aspects, economic feasibility is also of great importance 

to assess the biodiesel production viability. The choice of feedstock, 
chemicals and technology to employ in a production plant is based 
on such variables as local availability, cost, government support and 
quality of the resultant fuel. These choices will in turn influence costs, 
the biodiesel production viability and the biodiesel competitiveness 
with petro diesel.1−9 In this paper biodiesel production features are 
related with the economic indexes Net Present Value (NVP), Benefit-
Costs Ratio (BCR), Internal Rate of Return (IRR) and payback period 
through a model built up from cash flows and implemented in the 
software SIMB-E, which was specially developed for economic 
analysis of biodiesel production.10 This work should motivate the 
academic and industrial interest on pequi, allowing diversifying 
energy and agriculture activities. Also, it should guide choices 
regarding investment in biodiesel production.

Materials and methods
A total of 8 scenarios were simulated considering seed-oil-

processing and only oil-processing plants performing enzymatic and 
alkaline transesterifications of pequi oil with methanol and ethanol 
(Figure 1). All studied configurations were considered as continuous 
processes to meet an industrial design scale of biodiesel production. 
All simulated investments were analyzed for a period of 15years 
(lifetime of project). (Table 1) the initial investments and operating 
costs used in simulations. The initial investment was estimated 
based on the capacity of the plant, the plant building, the equipment 
installation and technology applied, varying according to the different 
simulated scenarios11,12 Operating costs, such as cooling water, 
electricity, labor and other expenses were estimated according to the 
market and prices in Brazil.13−15 Annual costs of depreciation and 
maintenance were estimated at 10 and 1.5% of the capital investment, 
respectively.9 To calculate the cash flows, an inflation rate of 12.0% 
per annum and an attractiveness rate of 13% were used. Also, during 
comparisons, the petro diesel price was R$ 3.20perkg.8 Taxation of 
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Abstract

This study deals with the economic feasibility of biodiesel production in Brazil by 
using the pequi oil as raw matter. The software SIMB-E was used during simulations 
in which a cash flow model related economic indexes with biodiesel production 
features. Competitiveness between selling prices of biodiesel and petro diesel, fixed 
capital costs, operating costs, depreciation, and auxiliary costs were also considered 
during the economic calculations. A total of 8 scenarios of production were simulated 
and 4 of them presented competitive biodiesel selling prices, being considered as 
worthwhile projects in the final analysis. But, all simulated scenarios were found to 
be potentially profitable and should be motivated considering sustainability, social 
and environmental aspects. The worthwhile projects were plants with alkaline 
transesterification, indicating that the success of biodiesel production from alternative 
raw matter still depends on incomes from the feedstock co-products and glycerol, as 
well as on the costs of catalyst and feedstock. Pequi contributed to the feasibility of 
biodiesel production due to its high yield, low costs of fruits and good valuation of 
its co-products.
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biodiesel was not considered since Law No. 12.546-2011 established 
the total exemption of the taxes PIS/PASEP and COFINS for biodiesel 
producers in Brazil.16

Figure 1 Simulated scenarios and their features.

Table 1 Simulated initial investments and operating costs

Scenario Capital investment (R$) Operating costs (R$ Year-1)

1 4,500,000.00 585,000.00

2 1,500,000.00 195,000.00

3 4,050,000.00 1,134,000.00

4 1,350,000.00 378,000.00

5 4,950,000.00 643,500.00

6 1,650,000.00 214,500.00

7 4,500,000.00 1,260,000.00

8 1,500,000.00 420,000.00

Simulations included the production and sale of partially pure 
glycerol co-product. When seed-oil-processing plants were considered, 
the pequi meal was also included as a co-product. The amount of 
feedstock, catalyst, alcohol and co-products were calculated by 
stoichiometry, considering the molar ratio of triglycerides to alcohol 
(1:6 or 1:3 depending on the catalyst), the molar ratio of triglycerides 
to esters (1:3), and the molar ratio of triglycerides to glycerol (1:1). 
The prices of feedstock, alcohol, catalyst and co-products are shown 
in (Table 2) and were considered according to the market in Brazil.11−18 
During simulations the annual production capacity of plants was 
assumed to be 15,000 ton with utilization ratio of 95%. In simulations 
where alkaline catalysts were used in transesterifications, the molar 
ratio of alcohol to triglycerides was 6:1. For enzymatic catalysis this 
ratio was 3:1.19 The alkaline and enzymatic catalyst concentrations 
of 1.5 and 4% by weight of oil, respectively, were used considering 
yields from 95 to 98% conversion of oil into esters.19,20 It was also 
accounted the enzyme reuse, considering that immobilized enzyme 
operates over 30days without losing catalytic activity.21 Oil content and 
molar weight of pequi oil were assumed to be 50% and 1,171.1g mol-
1.22,23 Molecular weight of biodiesel from pequi was 390.4 g mol-1.24 
Molecular weights of ethanol, methanol and glycerol were 46, 32 and 
92g mol-1, respectively.25,26

For all scenarios different profit margins were tested and those 
values in which the economic feasibility was verified with minimal 
biodiesel prices were considered during the final analysis (Table 
3). Simulations were carried out using the SIMB-E tool, specially 
developed for this purpose, which is based on a cash flow model 
and considers the main costs related with the biodiesel production 

and economic indexes.10 The cash flow is the balance of the amount 
of revenues and the expenses during the lifetime of the project, 
considering the year zero without revenues and with the capital 
investment as expenses. Cash flow data are used in SIMB-E to 
calculate the economic indexes net present value (NVP), benefit-costs 
ratio (BCR), internal rate of return (IRR) and payback period. The two 
first indexes are calculated as
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Table 2 Raw materials and co-products prices

Item Cost (R$ Ton-1)

Pequi crude oil 2,250.00

Pequi fruits 800

Methanol 403

Ethanol 1,340.00

Base 1,135.84

Enzyme 91,600.00

Pequi meal 3,000.00

Glycerol 2,473.20

Table 3 Simulated scenarios and their profit margins

Scenario Profit margin (%)

1 60

2 5

3 30

4 5

5 5

6 5

7 5

8 5

where C is the capital cost (R$), i is the year considered in the 
cash flow (varying from 1 to the lifetime of the project), Cf is the 
balance of the amount of revenues and expenses (R$), k is the annual 
inflation rate (%), Nvp is the net present value (R$), Bcr is the Benefit-
Costs Ratio and L is the lifetime of the project (years). The payback 
period is estimated based on the NVP value, considering the number 
of months in which the investment in the biodiesel plant will be 
recovered. The IRR is calculated by Langrange interpolation in an 
iterative process that searches the rate at which the project returns 
a NPV of zero. Further, the selling price of biodiesel is estimated 
based on the production features and evaluated as one of the variables 
that influence the economic feasibility. Biodiesel production will 
be economically viable if the NPV is greater than zero, the BCR is 
greater than one, the payback period is smaller than the lifetime of 
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the project and the IRR is greater than the attractiveness rate. These 
conditions indicate that the investment would be profitable. But, this 
viability should be prejudiced if the selling price of biodiesel does 
not be competitive with petro diesel. In this case, the project will be 
considered economically viable, but risky. 

Results and discussion
All the 8 scenarios were evaluated and compared considering 

economic indexes and selling prices of biodiesel. The IRR of scenario 
5 did not converged, presenting an extremely high value. Thus this 
scenario was not evaluated regarding IRR. Considering the other 
scenarios, all IRRs presented values above the attractiveness rate 
of 13% (Figure 2). According to this index, all scenarios presented 
potential to economic feasibility, since the IRR refers to the return 
which can be earned on the capital invested in the project. That is, 
it represents the interest rate that makes the present value of a cash 
flow equal to zero and should be greater than the attractiveness rate 
to a project be economically feasible. The attractiveness rate for it 
time describes perceived quality and utility of a product. The high 
values observed for scenarios 1 and 3 should be explained by their 
configurations which combined seed-oil processing and alkaline 
catalysis. This resulted in lower expenses with inputs and more profits 
with the co-products selling. Also, these scenarios were simulated 
with greatest profit margins. High values were also observed for 
scenarios 6 and 7 and should be explained since these scenarios were 
those with smallest capital investments and operational costs when 
using enzymatic catalysis. The simulated IRRs agreed with those 
presented by Vlysidis et al.1 Marchetti.27,28

Figure 2 Internal rates of return (IRR) and attractiveness rate for the 
simulated scenarios.

Simulated scenarios maintained economic potentiality when 
analyzing the payback period (Figure 3), since all of them presented 
values smaller than the lifetime of project (15years). The simulated 
payback periods agreed with those obtained by Vlysidis et al.1−28 
Probably, the greatest payback periods observed for scenarios 5 
and 7 are associated with the required capital investments of these 
configurations, which are based on enzymatic catalysis and seed-oil 
processing plants. In these cases, even considering the co-product 
incomes, the input expenses and the operational costs should have 
contributed to a higher time for return of the capital investment. 
(Figure 4) presents the BCRs of all simulated scenarios. These values 
varied from 1 to 5, showing that sum of benefits exceeded or equaled 
the costs in all simulations. A BCR of 1 is the minimum value for 
such a project to be considered profitable. The BCRs found in this 
work agreed with the results obtained by Carvalho et al.14−28 but the 
scenarios 2, 4, 5 and 7 were very near of the feasibility limit. On the 
other hand, scenarios 1, 3, 6 and 8 detached among the other as the 
most profitable ones.

Figure 3 Payback period and project lifetime for the simulated scenarios.

Figure 4 Benefit-cost ratios (BCR) for the simulated scenarios.

All simulated scenarios presented NPV greater than zero, also 
indicating potentially feasible projects (Figure 5). The simulated 
NPVs agreed with those found by Vlysidis et al.1−28 Once again, 
scenario 5 was prejudiced by the high capital investment, as well as 
by the high input expenses and operational costs. For this, probably 
the co-product incomes and biodiesel selling prices were not capable 
of suitably compensating the production costs associated with this 
arrangement. Contrarily, scenario 1 was benefited by the lower 
operational costs, the high profit margin and the incomes from the 
feedstock co-products and glycerol, appearing as the more profitable 
configuration. Simulated NPVs represented the profit of the biodiesel 
production for 15 years by considering the time value of money. This 
index is the total sum of the capital expenditure, operating expenses 
and income generated by the project, discounted inflation rate to the 
initial moment of the lifetime. NPV is used as a long-term metric 
that requires information about rate of return, regulatory and market 
possibilities, and hedging options. For this, it is considered the more 
accurate index for an economic decision.

Figure 5 Net Present Values (NPV) for the simulated scenarios.
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As mentioned above, despite the feasibility confirmed by 
economic indexes, the selling price of biodiesel should be competitive 
with the conventional diesel one, since projects should be suitable and 
not risky. These values are generally ruled by international offer and 
demand of fuels, government policies and international agreements. 
Considering this parameter, only scenarios from 1 to 4 presented 
selling prices of biodiesel smaller than the petro diesel one (Figure 
6). These scenarios represented projects with alkaline catalysis 
being considered worthwhile in final analysis found only 2 feasible 
and not risk scenarios when performing a similar economic analysis 
for macauba biodiesel, which were seed-oil plants with alkaline 
transesterification. The greater number of worthwhile projects verified 
in this study can be justified considering that the petro diesel prices 
considerably increased in Brazil from 2013. Incomes from pequi meal 
and glycerol were also fundamental to achieving the competitive 
biodiesel prices and economic indexes in scenarios with alkaline 
catalysis. Glycerol selling represented a minor impact on the total 
biodiesel production costs when compared with the cost of pequi 
meal. According to Macedo et al.29 pequi meal is valorized due to its 
composition, particularly its high starch content, which warrants the 
evaluation of its potential also as a feedstock for ethanol production. 
Moreover, the solid residue coming from the fermentation process has 
a huge potential as a protein source for use in animal feed. 

Figure 6 Selling prices of pequi biodiesel and petrodiesel obtained during 
simulations.

Fu Seed-oil-processing and alkaline transesterifications (scenarios 
1 and 3) were additionally benefited by the low costs of catalyst and 
feedstock. The crude oil of pequi is around 2.8 times more expensive 
than their fruits and the enzymes are approximately 80times more 
expensive than the bases. These high costs also contributed to 
minimizing the influence of the alcohol on the selling price of 
biodiesel. Comparing scenarios where only processing type varied, 
differences on selling prices of biodiesel produced from pequi varied 
from R$ 0.76 to 2.19per kg. These results agree with the discussed by 
Amigun et al.9 where it is affirmed that seed-oil-processing plants may 
provide logistic advantages in that the feedstock can be used at source, 
reducing costs to an oil processing plant. Other observation is that the 
increased cost of production due to higher unit capital cost should 
be more than offset by savings in transportation cost. As mentioned 
above, the difference between methanol and ethanol prices did not 
have significant influence on biodiesel prices when compared with 
other production variables. The maximum difference observed in 
the selling price of biodiesel was of R$ 0.63 per kg when comparing 
scenarios where only the alcohol varied. In Brazil the ethanol cost is 
around three times the methanol one. 

For this, methanol is still the most commonly used alcohol in 
commercial biodiesel plants. However, it is important to motivate the 

development of technologies and policies that encourage the use of 
ethanol and contribute to decrease its costs. As discussed by Harding 
et al.19−25 ethanol is renewable and has suggested advantages due to 
being environmentally based and carbon dioxide neutral, making it 
the most promising alternative for producing biodiesel. Regarding 
enzymatic transesterification, it was confirmed that the main obstacle 
for its commercialization is the cost of the enzyme, mainly when this 
cost is compared with alkaline-catalyzed processes. Since considering 
that enzyme should be reused during 30days without losing catalytic 
activity, its cost was considerably greater than the base one, reflecting 
on the selling prices of biodiesel. Enzymatic transesterifications 
resulted in selling prices of biodiesel from pequi around 3.2times 
greater than those produced from alkaline catalysts. Other challenges 
associated with enzymatic transesterification include low reaction 
rates and the potential for enzyme deactivation. It is a concern that 
these advances should contribute to decrease this catalyst price.1−21 
The increasing interest in enzymatic transesterification is justified by 
several factors. Among them, enzymes perform their catalytic activity 
in more gentle conditions and with a variety of triglyceride substrates, 
including waste oils and fats with high levels of FFA. Furthermore, 
biodiesel separation and purification are much easier, resulting in a 
more environmentally friendly process.30

Finally, alternative crops should contribute to the feasibility of 
biodiesel production due to its costs and co-products. Specifically, 
pequi is a tree widespread throughout the Cerrado in Brazil, which 
sale is significant at the harvesting time by families living in rural 
communities, contributing to family income in these communities. Its 
high yield, low costs of fruits and good valuation of its co-products 
were essential to reach the economic potentiality of all simulated 
scenarios, as well as, the competitive selling prices of biodiesel in 
the worthwhile scenarios. However, pequi fruits have been collected 
by decades in wild explorations areas. Although some domestication 
initiatives have already been initiated, they are in experimental 
stages.31 Thus, studies and policies about the management of this 
species in relation to sustaining yield should be motivated. It’s 
important to emphasize that the rational extractivism of native trees 
should represent a good alternative in order to promote a sustainable 
occupation, as well as social and economic development, since the 
transesterification of several vegetable oils, resultants of agricultural 
activities and the extractive sector, appears as a technological 
alternative. Also, the traditional use of this crop for food purposes 
raises discussions about the competition with a non-food use. These 
facts have been contributed to the little interest of the biodiesel 
industry in this feedstock.

Conclusion
All the 8 simulated scenarios were potentially profitable, resulting 

in attractive economic indexes. But, among them, 4 presented 
competitive biodiesel selling prices being considered as worthwhile 
projects. Biodiesel plants with integrated oil mill and alkaline 
transesterification presented more attractive IRRs, NPVs, BCRs, 
payback periods, and biodiesel prices, followed by those with oil-
processing and alkaline transesterification. Considering the pequi 
biodiesel, incomes from its co-products and glycerol combined with 
the lower costs of alkaline catalyst and feedstock were crucial to 
achieve competitive biodiesel prices. Yet, the rational extractivism of 
pequi should represent a good alternative to promote a sustainable 
occupation with social and economic development in Brazil, also 
contributing to the increase of the commercial importance of this tree. 
However, the conflict between food and non-food use of this crop is an 
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obstacle for pequi biodiesel production. This study can be extrapolated 
to other technologies, market scenarios or feedstock as a mean to show 
tendencies of how relevant variables can affect a biodiesel plant and 
to search for ways to decrease costs and make this kind of production 
more competitive in the market. Simulations discussed in this paper 
are for research purpose only. For recommendations and decisions 
about specific projects please contact the authors.
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