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Economic viability of a canadian biodigester for power
generation in dairy farming

Viabilidade econdmica da implantacao de um
biodigestor tipo canadense para a geracao de energia
elétrica destinada a atividade leiteira

Fabiana Alves Demeu’; Marcos Aurélio Lopes?*; Eduardo Mitke Brandao Reis?,
André Luis Ribeiro Lima* Francisval de Melo Carvalho? Julio Cesar Pascale
Palhares®; Marcelo Henrique Otenio®

Highlights

Analisou-se a viabilidade econdmica da implantacéo e utilizacdo de um biodigestor tipo canadense.
Realizou-se a analise de cenarios MOP: mais provavel, otimista e pessimista.

A implantacao do biodigestor apresentou viabilidade econémica em todos os cenarios.

Valor presente liquido foi positivo e a taxa interna de retorno acima da taxa minima de atratividade.
O payback simples e descontado e a relagéo beneficio custo foram satisfatérias.

Abstract

This study aimed to analyze the economic viability of implementing and using a Canadian biodigester for
power generation in a milk production system. Specifically, we intended to estimate the generated power
production, the total production cost (TC), the total operating cost (TOC), and the effective operating cost
(EOC) of 1 kW of power generated, and estimate the break-even point of the power produced. The research
was carried out on a farm located in southern Minas Gerais (Brazil) from January to December 2017. Three
scenarios were analyzed through the tree-point estimation (most likely, optimistic, and pessimistic). Scenario
1 considered the use of power for the acclimatization of free-stall barns during 13 hours day™ plus the
use of 50% of the produced biofertilizer. Scenario 2 considered the use of power during 13 hours day™ for
the acclimatization of free-stall barns and milking parlor, which means an increase in power consumption
estimated at 10% compared to scenario 1, plus the use of 75% of the produced biofertilizer. Moreover,
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scenario 3 considered the use of power for the acclimatization of free-stall barns during 6.5 hours day™" plus
25% of the produced biofertilizer. All scenarios considered the amount charged per kWh by the Companhia
Energética de Minas Gerais (CEMIG). Monte Carlo simulations were carried out with minimum acceptable
rates of return ranging from zero to 50%. Power generation was economically viable in all scenarios, with
positive net present value (NPV), internal rates of return above the minimum acceptable rate of return,
simple and discounted payback below the 10-year horizon, and satisfactory benefit-cost ratios. The EOC
values of 1 kWh of power were estimated at R$ 0.1990, R$ 0.1791, and R$ 0.3308 for scenarios 1, 2, and 3,
respectively, whereas the mean total cost (TC) was R$ 0.5618 (+0.21) considering all scenarios, above the
purchase values at CEMIG, which would be R$ 0.50. The TC value was R$ 99,804.42 for scenarios 1 and 2,
and R$ 92,424.09 for scenario 3, with a minimum acceptable rate of return of 8.50, while the TOC values
were R$ 69,486.62 in scenarios 1 and 2, and R$ 62,229.66 in scenario 3. The amount of power generated in
all scenarios was higher than the break-even point. All Monte Carlo simulation models showed positive NPV
values, indicating that there is a high probability of being above expectations.

Key words: Scenario analysis. Biofertilizer. Biogas. Profitability indicators. Waste treatment.

Resumo

Objetivou-se analisar a viabilidade econémica da implantacgdo e utilizacao de um biodigestor tipo canadense
para a geracao de energia elétrica em um sistema de producao de leite. Especificamente, pretendeu-se
estimar a producao de energia elétrica gerada, estimar o custo total de producao (CT), custo operacional
total (COT) e custo operacional efetivo (COE) de um kW de energia gerada, e estimar o ponto de equilibrio
de energia produzida. A pesquisa foi realizada em uma propriedade localizada no sul de Minas Gerais, no
periodo entre janeiro a dezembro de 2017. Realizou-se a andlise de cenarios MOP (mais provavel, otimista
e pessimista): cenarios 1; 2 e 3. No cenario 1, foram considerados a utilizacdo de energia elétrica para a
climatizacdo apenas dos galpdes de free stall em 13 h dia", mais aproveitamento de 50% do biofertilizante
produzido. No cenario 2, a utilizacdo da energia elétrica foide 13 hdia™, utilizada para climatizagdo dos galpdes
de free stall e sala de ordenha, um aumento de energia estimado em 10%, em relagdo ao cenario 1, mais
aproveitamento de 75% do biofertilizante produzido; e, no cenario 3, adotou-se a utilizacao de energia elétrica
para a climatizacao dos galpdes de free stall em 6,5 h dia™’, mais aproveitamento de 25% do biofertilizante
produzido. Em todos os cenarios foi considerado o valor cobrado por kWh pela Companhia Energética de
Minas Gerais (CEMIG). Realizou-se simulacdes de Monte Carlo com taxas minimas de atratividade variando
de zero a 50%. A geracao de energia elétrica apresentou viabilidade econdmica em todos os cenarios,
apresentando valor presente liquido (VLP) positivos, taxas internas de retorno acima da taxa minima de
atratividade, payback simples e descontados abaixo do horizonte de 10 anos e relagdes beneficio-custo
satisfatdrias. O COE de 1 kWh de energia elétrica foi estimado em R$ 0,1990, R$ 0,1791 e R$ 0,3308 para
os cendarios 1, 2 e 3, respectivamente, enquanto que o CT médio, considerando todos os cenérios, foi de R$
0,5618 (£0,21), acima dos valores de aquisicdo na CEMIG, que seria de R$ 0,50. Os CT foram de R$ 99.804,42
para os cenéarios 1 e 2, e de R$ 92.424,09 para o 3, com taxa minima de atratividade de 8,50, enquanto que
COT foi de R$ 69.486,62 nos cenarios 1 e 2, e de R$ 62.229,66 no 3. Em todos os cenérios, a quantidade de
energia elétrica gerada foi superior ao ponto de equilibrio. Todos os modelos de simulacdo de Monte Carlo
apresentaram VPL positivos, indicando que ha grande probabilidade de ficarem acima do esperado.
Palavras-chave: Andlise de cendrios. Biofertilizante. Biogas. Indicadores de rentabilidade. Tratamento de
Dejetos.
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Introduction

Livestock sustainability has been a
concern and object of several studies such as
practice of designfordeconstruction(DfD). This
concept has the potential to limit construction
environmental impacts by supporting
disassembly and reuse of end-of-life building
materials and reducing the use of concrete
(Leso, Conti, Rossi, & Barbari, 2018). It also
aims to replace more expensive materials, but
with lower thermal characteristics and higher
environmental impact, with raw clay (unfired
clay bricks) as building elements (Barbari,
Monti, Rossi, Simonini, & Guerri., 2014a,b). In
this line, freshly-harvested rectangular bales
of cereal straw have been increasingly used as
a filling element for building walls (Conti et al.,
2017), due to its high sustainability. Moreover,
facilities have been designed based on the
needs of outdoor animals and suitable building
materials locally available (Rossi, Conti, Bambi,
Monti, & Barbari, 2018).

Power stands out among the
essential items for milk production, as it is an
important factor from planning to production
management, going through all the processes
until its preservation and purchasing by final
consumers. Power expenditures have been
identified by several authors (Lopes etal., 2015;
Moraes et al., 2018; C. C. Santos; Almeida,
& Lopes, 2018) as an important component
of milk production costs, with significant
representativeness (mean of 7.16% +0.86) in
the effective operating cost (EOC).

The growing increase in power
consumption has been a concern, with an
expected growth of 3.2% per year until 2050,
creating the need for investments in the
sector. The agricultural sector has indicated a
slight decrease in power consumption (0.4%).
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However, the sector continues to grow, but
proportionally less than other sectors, such
as the industry and transport sector, in the
projection of the Ministry of Mines and Power
(EBE - Empresa Brasileira Energética, [EBE
2014). Given the increased demand for power,
there is a need for investments in the power
sector, and the search for alternative sources is
a necessity for the agricultural sector in Brazil
to continue to grow and maintain the important
economic and social role it occupies.

Due to the importance of the power
generation sector, several researchers have
assessed the economic viability of alternative
sources. Among these initiatives are studies
on the production of microalgae for power
production (Holanda & Ramos, 2011); use of
biogas in pig farms (Lima & Miranda, 2014;
Martins & Oliveira, 2011; Westrup et al., 2015);
potentialand economic/ environmental viability
of biodigesters in a hospital environment
(Nascimento, Maia, Silva, & Santos, 2017);
use of tidal power (Bispo et al., 2016); power
production costs using biogas from manures
of goat, cattle, and pig in semi-confinement
systems (Calza, Lima, Nogueira, Siqueira, &
Santos, 2015); the economic viability of biogas
from pig farming for power generation (Cervi,
Esperancini, & Bueno, 2010); biodigestion
and biogas production using bovine manure
(Dotto & Wolff, 2012); anaerobic biodigestion
economic analysis in beef cattle farming
(Montoro, Santos, & Lucas, 2013); and
anaerobic biodigestion in pig farming (Rizzoni,
Tobias, Bianchi, & Garcia, 2012). However, only
one study on the viability of generating power
using biogas on dairy farming has been found
(Coldebella, 2006).

Given the above, our study aimed to
analyze the economic viability of implementing
and using a Canadian biodigester for power
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generation in a milk production system in
southern Minas Gerais, Brazil. Our main
intentions were to estimate total generated
power and costs (total cost [TC], total operating
cost [TOC], and effective operating cost [EOC]
per 1 kWh of generated power), as well as the
break-even point of power produced from
biogas.

Material and Methods

The study was carried out from
January to December 2017 on a farm located
in southern Minas Gerais State, Brazil. The farm
covers an area of 504 hectares, wherein coffee
cultivation, pig farming, and dairy farming are
developed. This study focused on dairy activity,
which occupies an area of 100 ha.

The production system is intensive,
housing all lactating and pre-calving cows in
two free-stall barns with dimensions of 90 x 30
m (barn 1) and 60 x 30 m (barn 2), and 230 and
198 free stalls, respectively, with a capacity to
house about 428 purebred or grade Holstein
cows. Duringthe experiment, average daily total
milk production was 11,864.95 kg (+1,388.79
kg), with an average of 32.28 kg (+2.68 kg)
milk per lactating cow. Feeding consisted of a
complete diet with corn (Zea mays) silage and
concentrate provided in a drive-through feed
alley three times a day.

During the survey of information,
two different stages were considered in this
research (Lopes et al., 2019; Pelegrini et al.,
2019). In the first stage, a full inventory of
infrastructure and assets was carried out using
aformandafield bookto estimate depreciation
and invested capital. Afterwards, the items
were allocated into one of the following groups:
improvement, equipment, and machinery.
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Each improvement (pond for biofertilizer,
pipe for waste, pipe for gas conduction, and
shelter for electricity generator) was measured
to produce a descriptive memorial summary.
The value per square meter of construction
was estimated as a function of the area, state
of conservation, and finishing pattern. The
current value was the product of the square
meter value and the area of the improvement
(Lopes et al., 2016). The equipment group
consisted of two biodigester domes, two tanks
before the biodigester, and a hydrogen sulfide
filter. Whereas the machinery group consisted
of an ER BR GMV 120 generator model 6.12T,
a motor pump to drive the biofertilizer, and a
solid separator machine.

In the second stage, the production
system was visited, and the files were
consulted for data collection regarding
effective operating expenses, using field
handbooks prepared for this purpose. The
items of the effective operating cost per
kWh of electricity produced were allocated
into the following groups: labor, fixed taxes,
maintenance and repair of machinery and
improvements, and miscellaneous expenses.
The item maintenance of infrastructure
represented 4% of the asset values (Haack
& Oliveira, 2013), whereas values of 8.50 and
6.99% per year were adopted for the return
on working capital, considering a value of
20% of EOC, as recommended by Lopes et
al. (2016). These data were registered in a
spreadsheet developed specifically for data
electronic processing and economic viability
analysis of the technology used for cattle
effluent treatment. This spreadsheet included
the two production cost structures (i.e., total
production cost), which consisted of fixed and
variable operating costs, both used by Lopes
et al. (2019) and Pelegrini et al. (2019). The
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linear depreciation method was used in this
study (Moraes et al., 2018).

The amount of power consumed in the
milk production system (in kWh) was estimated
considering the savings estimate informed
by the company where the biodigester’
was installed. The power consumption was
compared to those in similar milk production
systems, but with no biodigester. The
electricity tariff per kWh used in the study was
that charged by Companhia Energética de
Minas Gerais (CEMIG) to rural consumers from
January to December 2017.

The amounts of nitrogen, phosphorus
and potassium in the manure used in the crop
were estimated at the Laboratory of Soils of the
Federal University of Lavras. The information
allowed estimating monetary values for the
nutrients using the methods of Kiehl (1985)
and Petzen et al. (2009), considering the grams
of nutrient in commercial fertilizers. Thus, the
kilogram value of nutrients was estimated
per kilogram of manure. A similar procedure
was adopted in two samples from the
biofertilizer pond to estimate these nutrients
in the biofertilizer, which were analyzed at the
Laboratory of Water Analysis (LAADEG) of the
UFLA, using only the method of Kiehl (1985).

A biogas equivalent of 0.0425 m?*(0.040
to 0.045) per kilogram of cow manure was
considered to estimate daily biogas production
(Oliver, Souza, Quadros, & Valladares, 2008).
The amounts of feces and urine excreted
per animal was estimated considering the
literature data, as a function of species (cattle),
animal category, and the number of animals,
just as proposed by I. A. dos Santos (2012b).
Manure production per cow day™' was obtained

from the equation proposed by |. A. dos Santos
(2012b), considering a manure production of
0.07 kg day™" per animal live kilogram. Annual
biogas production was estimated using the
method of Avaci et al. (2013).

Biofertilizer production was estimated
considering its daily production and annual
availability of the plant (Cervi, 2009). Revenues
obtained from biofertilizer production were
quantified by the method proposed by Cervi
(2009), in which the amounts of nutrients are
multiplied by the mean prices in the Lavras
market during the first half of 2018.

EOC savings for biogas-derived power
(in kWh), multiplied by the power rates charged
by CEMIG from January to December 2017,
were considered as cash flow revenue. The
contents of nutrients in the dry matter were
considered for manure and biofertilizer and
multiplied by the prices of nutrients practiced
in the market for commercial fertilizers.

Net present value (NPV), internal rate of
return (IRR), and simple/ discounted payback
were calculated as in Lopes, Junqueira, Brunh,
Demeu and Silva (2017), and in Lopes et al.
(2018). Whereas the benefit-cost ratio (BCR)
was calculated as in Haraguchi, Siddigi and
Narayanamurti (2019). A 10-year horizon was
adopted in estimating these indicators. Two
discount rates were simulated: 1) 8.50% per
year, as it is the financing rate available for
rural producers who are willing to implement
activities of such magnitude; and 2) 6.99%
per year, as it is the savings interest rate
accumulated in 2017 (Portal Brasil, 2017).

Three scenarios were analyzed
through the tree-point estimation (most likely

" Information provided by the company Sansui on March 23, 2018
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[1], optimistic [2], and pessimistic [3]), as in
Lage et al. (2016). In scenario 1, the produced
power was used only to acclimatize free-
stall barns for 13 hours day™, and only 50%
of the biofertilizer produced was used. In
scenario 2, the produced power was used for
acclimatization of free-stall barns and milking
parlor during 13 hours day”, which means
a 10% increase in power consumption (in
kWh) compared to scenario 1, and 75% of
the produced biofertilizer was used. Finally,
in scenario 3, the produced power was used
for acclimatization of free-stall barns during
6.5-hour day, and only 25% of the produced
biofertilizer was used. All scenarios considered
the rates charged per kWh by CEMIG.

Two models for Monte Carlo simulation
(Laponni, 2007) were also obtained using
Microsoft Office Excel’. The following variables
were used for constructing the models: units
of electricity (in kWh) and biofertilizer (in L), the
unit value paid per kWh of power, the unit cost
of power (kWh) and of biofertilizer liter (R$ L),
fixed cost of the biodigester, investments of
the biodigester, discount rate, and term. Each
variable was determined from the collected
data, considering the structure of the farm.
Moreover, each of them was analyzed taking
into account its characteristics within the
production process of the farm.

The Monte Carlo simulation is a tool
used in investment projects and has as
premises the generation of random numbers
correlated to cash inflows and outflows, which
are the basis for NPV and IRR calculations.
Random changes in cash flow function as
random scenarios, which allows numerous
possibilities for future outcomes (Torres, 2006).
Given the minimum and maximum values, we
used the spreadsheet and triangular function
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proposed by Laponni (2007), in which 1,000
possible values were generated for each
variable, allowing data descriptive analysis.
The Monte Carlo simulations were also carried
out with minimum acceptable rates of return,
which ranged from zero to 50%.

The economic indices were compared
through descriptive analyses using the MS
Excel® application. Then, they were grouped
in tables to allow a better visual comparison,
discussion, and presentation of results (Lopes
etal., 2019).

Results and Discussion

Table 1 shows a summary of the
resources required to implement a Canadian
biodigester in a milk production system in
southern Minas Gerais. These resources
were useful for analysis and discussion of
our results. The highest value was observed
in the machinery group, which corresponded
to 54.19% of the investments. The area
for biodigester implementation must be
considered despite having a low percentage
(10.36%) compared to the machinery group,
as if it is not used for this purpose, it could be
used for another productive activity. Amounts
and percentages invested in biodigester
implantation could not be compared with
the few studies found in the literature (Lima
& Miranda, 2014; Nascimento et al.,, 2017;
Westrup et al., 2015) since these did not detail
the investment division. Moreover, most of
the studies did not adopt a solid separator
machine, which features a different production
system with lower investments. In our study,
such machine (Wamgrob K65) was acquired
for R$ 130,000.00, which stands for 61.90% of
the value spent on machinery and 33.54% of
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the value of the equity, but without considering
the land. Martins and Oliveira (2011) estimated
19.23% of investments spent on machinery, a

Table 1

figure well below the one found here; however,
these researchers mentioned no investmentin
a solid separator.

Resources used for implementation of a Canadian biodigester for power generation from biogas in a
milk production system in southern Minas Gerais (Brazil) in 2017 (in R$ and US$)

Specification Value (R$)
Equity value with the land 40,160.00
Equity value without the land 34,7374.00
Improvement value 13,2374.00
Equipment value 5,000.00
Machinery value 210,000.00
Total fixed assets 734,908.00
Fixed assets per housed cow 827.08

Value (US$) (%)
12,395.06 5.46
10,7214.,20 47.27
40,856.17 18.01
1,543.21 0.68
64,814.81 28.58
226,823.46 100.00

253.71 0.24

US$ 1.00 equal to R$ 3.26, average price from 01/01/2017 to 12/31/2017 (Banco Central do Brasil [BCB], 2018).

The fixed asset housed cow’ of
R$ 827.08 (0.24% of the infrastructure for
biodigester recovery) represented only 3.99%
of the R$ 20,466.11 (US$ 6,277.95) referring to
the fixed asset housed cow™ of the production
system, without considering the land. These
figures are lower than the mean of R$ 18,516.0
found by G. Santos and Lopes (2012a).
However, it was 57.16% lower and hence
more efficient if the IPCA inflation (Instituto
Brasileiro de Geografia e Estatistica [IBGE],
2018) accumulated in the period is considered.

The power generated by the Canadian
biodigester represented 50.99, 53.62, and
34.22% of the power used in the production
system for scenarios 1, 2, and 3, respectively.

Semina: Ciénc. Agrar. Londrina, v. 42, n. 1, p. 375-394, jan./fev. 2021

The most likely scenario (scenario 1),
in use on the farm during the data collection
period, was promising because, in addition
to helping in the environment preservation,
which is one of the pillars of sustainability,
also presented a positive NPV, IRR above the
minimum acceptable rate of return, and simple
and discounted payback shorter than the
proposed horizon (Table 2). Moreover, there
is already a plan to improve the use efficiency
of available resources by increasing the use
of biogas. This fact shows that an increase
in cash flow revenues was due to better use
of available biogas and biofertilizers to grow
crops.Ifproperlyused, biofertilizers can provide
savings to production systems by decreasing
spending on expensive commercial fertilizers.
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Table 2

Economic indicators for implementation and use of a Canadian biodigester for power generation from
biogas in a free-stall milk production system in southern Minas Gerais (Brazil) in 2017, considering

different discount rates

Scenario 1: most likely

Specification

Scenario 2: optimistic

Scenario 3: pessimistic

TD 8.50% TD 6.99% TD 8.50% TD 6.99% TD 8.50% TD 6.99%
NPV (R$) 833,998.47 923,956.09 1,229,614.23 1,387,529.26 184,626.64 227,961.72
IRR (%) 43.31 43.30 59.15 59.15 17.48 17.48
Benefit-cost 2.92 &1 3.92 4.20 1.43 1.53
Payback S 2D LS 2D LS 2D LS 2D S 2D S 2D
Years 2 2 2 2 1 1 1 1 4 6 4 5
Months 2 7 3 6 8 10 8 10 6 0 6 8
Days 29 9 29 13 S 19 3 5 29 16 29 18

'S = simple payback; 2D = discounted payback.

Scenario 2 presented the best use of
the available resources and the best cash flow
revenue. It occurred because of an increase
in production scale due to improved use of
biogas. Moraes et al. (2018) observed that
production scale influenced total operating
production cost and hence profitability. The
authors attributed such result to a physical
structure optimization in the company since
total operating cost per unit was reduced
by increasing production scale up to certain
levels. They also pointed out two alternatives
for reducing total operating costs: increasing
efficiency and production scale.

Scenario 3 has the disadvantage
of using a small amount of the available
resources, namely, only 25% of the biofertilizer
and 6.5 hours of power generated from the
biodigester, only for the free stall. These
facts can compromise the feasibility of
such infrastructure implementation. In the
literature, Cervi et al. (2010) observed a lack
of economic feasibility in implementing a
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biodigester for power generation in a pig
farm, particularly because of a lack of suitable
technical dimensioning of power demand for
the generator group.

The implementation and use of a
Canadian biodigester under the studied
conditions showed economic viability in all
scenarios (Table 2). NPV values were positive,
therefore, the investor will have a financial gain
(Chencgo, 2016). IRR was above the minimum
acceptable rates of return; thus, the investment
will have a higher financial return. Moreover, the
simple and discounted paybacks were below
the proposed horizon (Table 3), thereby, all the
invested capital will be recovered before the
10-year horizon. The benefit-cost ratios were
also satisfactory, with values of 2.92, 3.92, and
1.43 for scenarios 1, 2, and 3, respectively, for
interest rates of 8.50%, and 3.13, 4.20, and
1.53 for scenarios 1, 2, and 3, respectively,
for an interest rate of 6.99%. These figures
indicate that the project costs are lower
relative to the provided benefits. In short, our
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results show that, in practical terms, there will
be asset development, and the investor has,
in this activity, a good investment option, i.e.,
there will be wealth creation.

In the present study, we do not
consider savings from replacing water with
biodigester effluent for the cleaning of free-
stall barns, which, depending on water intake
system (gravity or with power use), could be

Semina: Ciénc. Agrar. Londrina, v. 42, n. 1, p. 375-394, jan./fev. 2021

a way to reduce washing costs. The reuse of
water and effluents in rural properties should
be encouraged due to a forthcoming need
to save and conserve the available water
resources. These alternatives may contribute
to dairy farming economic and environmental
feasibility, as water is expected to be an
increasingly scarce resource for all sectors of
society.
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It is important to highlight that
agricultural  production systems need
investments to mitigate environmental

impacts; however, if these are not reconciled
with a reduction in costs, they can make
productive activity unfeasible. Therefore,
production systems and respective costs
must be understood to use all their productive
potential, maximize profits, and identify
bottlenecks to be corrected, thus ensuring
economic and environmental sustainability,
once the environmental impacts caused by the
developed activities can be reduced.

Coldebella, Souza, Ferri and Kolling
(2008) found that the economic feasibility
of generating power from biogas depends
on power generator daily operation. Studies
of this nature can direct the investments of
producers, leading to an excellent result if the
project is well dimensioned.

Klavon, Lansing, Mulbry, Moss and
Felton (2013) studied different types of
biodigesters in 16 dairy farms in the United
States, with herds of up to 250 cows, and found
that only six of them showed economic viability
to use a biodigester for power generation,
considering a 20-year horizon and an interest
rate of 8% per year. The authors also reported
that studies show that, in the United States,
biodigesters were economically viable only
on farms with more than 500 cows. However,
no studies have assessed real cost data
for properties with fewer animals. The farm
evaluated in our study had on average 411 and
435cowsin2016and 2017, respectively, which
may have justified the economic viability of all
scenarios. As each region has its peculiarity,
further studies are needed to indicate whether
such an investment would be viable or not.

Table 3 shows a summary of the
profitability analysis of the Canadian

386

biodigester in all the proposed scenarios. Total
revenues were expected in R$ 293,752.75, R$
305,724.63, and R$ 131,780.86 for scenarios
1, 2, and 3, respectively. These values
correspond to the sum of expected revenue
from electricity generation (45.05, 39.25, and
40.97%), from biofertilizer (45.02, 52.96, and
40.96%), and from manure (9.93, 7.79, and
18.07%), in scenarios 1, 2, and 3, respectively.
These figures were lower than those obtained
by Cervi (2009), whose percentage of revenue
obtained with biofertilizer (62.53%) was
higher than the percentage of revenue from
power (37.43%) in a case study in a unit of pig
production. However, Cervi (2009) disregarded
the expectation of revenue from the use of
manure, and it is one of the few studies that
consider biofertilizer as an item to generate
revenue on a farm. Most studies have not
considered such a possibility of revenue. In
practice, producers who have plantations on
their farms use the product for fertilization,
which improves soil fertility (Silva et al., 2010)
and reduces spending on chemical fertilizers.
Moreover, biofertilizer use reduces costs with
crop fertilization, although it means a reduction
in revenue at first (Lopes, Gomide, Franco, &
Santos., 2011).

The expected power consumption was
216,000.00, 240,000.00, and 108,000.00 kWh
year' for scenarios 1, 2, and 3, respectively.
The optimistic scenario (scenario 2) provided
savings of up to R$ 120,000.00 year”,
considering a power rate of R$ 0.50 kWh-
' charged by the local power distribution
company. Coldebella et al. (2008) found that
a biodigester power-generation system s
feasible even under less than ideal operating
conditions since the highest estimated value
was R$ 239.83 MWh, whereas that of the power
distribution company was R$ 300.00 MWh.
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The pessimistic scenario (scenario 3)
had low power use (20%) and showed a total
cost (TC) per kWh of power (R$ 0.8558 and R$
0.8062) (Table 3) above the amount charged
by the power distribution company (R$ 0.50).
However, it did not make the investment
unfeasible, as the revenues from manure and
biodigester contributed to a positive result
when added to the revenue from power
generation. Therefore, the use of the Canadian
biodigester for power generation showed
to economically feasible under the study
conditions, considering 411 and 435 cows
in 2016 and 2017, respectively, which are
in line with the national reality. In this sense,
economic viability studies should be carried
out in farms with other production profiles and
under different situations and locations within
the national territory, so that conditions under
which such a technology would be viable can
be specified.

The TCs per kWh of power in scenarios
1 and 2 (Table 3) were lower than the rates
charged by the power distribution company.
These TCs could be more attractive for all
scenarios if all potential use of available

Table 4

resources were analyzed. The optimistic
scenario had the best use of the resources,
with an estimate of 50% of power and 75%
of biofertilizer. The result (profit or loss) was
positive in all analyzed scenarios, showing that
the activity has conditions to persistin the long
term.

In all scenarios, the break-even point
could be estimated. The highest was observed
in the pessimistic scenario (scenario 3), with a
value of 342,944.02 kWh year' at an interest
of 8.50%. Nevertheless, it was well below the
estimated production potential (509,890.00
kWh year') of about 1.13 times the amount
estimated in scenario 3.

All indicators and Monte Carlo
simulations (MCS) showed that investing in a
Canadian biodigester for power generation
from biogas seems to be a good deal. Table
4 shows the descriptive statistics of the
net present value for MCS1 and MCS2. This
analysis contains important information about
the results of events that the manager may
encounter during the operating cycle.

Statistical summary of net present value (NPV) for implementation and use of a Canadian biodigester
for power generation from biogas in a free-stall milk production system in southern Minas Gerais
(Brazil), in 2017, considering Monte Carlo simulations 1 (MCS1) and 2 (MCS2)

Statistical data NPV MCS1 NPV MCS2
Minimum (R$) 36,202.66 24,268.19
Maximum (R$) 892,498.73 904,034.34
Expected value (R$) 510,273.99 466,217.02
Median (R$) 512,631.21 463,967.26
Standard deviation (R$) 157,169.22 158,638.16
CV (%) 30.80 34.03
Probability of NPV > 0 (%) 100.00 100.00
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The minimum and maximum NPV
values (R$ 24,268.19 and R$ 904,034.34,
respectively) were observed in MCS2, which
justified its higher coefficient of variation
compared to MCS1. The risks involving the
amount of power generated were considered
in MCS1 and MCS2, with the minimum,
intermediate, and maximum values of 54,000,
216,000, and 240.00 kWh', respectively.
These values were adopted for being the most
likely to occur on the farm at the time of the
study. The maximum value would be estimated
for a possible expansion of the system, which
is already foreseen by the producer, while
the minimum would be the lowest value to be
reached in case of failures in the process of
using biogas. Similar criteria were adopted
to define the minimum (4,680,696.64 L),
most likely (9,361,393.27 L), and maximum
(14,042,089.91 L) values of biofertilizer in the
simulations. The MCS1 also considered unit
costs of electricity of R$ 0.1946, R$ 0.2162,
and R$ 0.358 KWh-' for minimum, most likely,
and maximum values, respectively. Yet, for
MCS2, the unit cost of power was R$ 0.2162
KWh-'. The variables biodigester fixed cost (R$
15,977.00), initial investment (R$ 388,746.80),
discount rate (9%), project horizon (10 years),
and biofertilizer price (R$ 0.0115 KWh") were
fixed for both MSC1 and MCS2.

The statistical summary indicated
NPV values with medians of R$ 512,631.21
and R$ 463,967.26, and coefficients of

388

variation of 30.80 and 34.03% for MCS1 and
MCS2, respectively. All analyzed scenarios
had positive NPV values, indicating a high
probability of being above expectations.
Therefore, investment is advisable, but the
manager must be aware of the power market
prices and farm consumption profile. Power
consumption of electricity-dependent
machines and equipment could, for example,
be checkedand, if needed, one should consider
replacing them with others that consume less
energy to improve efficiency on the farm.

Table 5 shows the probability of NPV >
zero in Monte Carlo simulations for a minimum
acceptable rate of return (MARR), ranging from
zeroto50%forMCS1andMCS2.Inboth,aMARR
value equal to zero indicates the probability of
100% success in the enterprise, which remains
very close to a MARR of 20%. However, MARR
values between 40 and 50% are less promising,
indicating higher investment risks. When bank
loans are available, and considering the studied
situations, interest rates above 20% per year
require greater attention and caution by the
investor before making a decision. Enterprises
dealing with waste treatment and environment
conservation can receive funding from the
BNDES (Portuguese acronym for National Bank
for Economic and Social Development), with
an interest rate of 8.50% per year, which has a
great chance of being successful considering
our findings (Portal Brasil, 2017).
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Table 5

Summary of Monte Carlo simulations of net present value (NPV) for minimum acceptable rates of return
(MARR) ranging from zero to 50% of the implementation and use of a Canadian biodigester for power
generation from biogas in a free-stall milk production system in southern Minas Gerais (Brazil), in 2017,
considering Monte Carlo simulations 1 (MCS1) and 2 (MCS2)

MARR (%) Probability of NPV >0 MCS1 (%)
0 100.00

10 99.90

20 97.10

30 70.40

40 18.20

50 1.00

Conclusions

The implementation and use of a
Canadian biodigester in a free-stall milk
production system in southern Minas
Gerais (Brazil) was economically viable and
had positive NPV, IRR above the analyzed
minimum acceptable rates of return, simple
and discounted paybacks below the proposed
horizon, and satisfactory benefit-cost ratios
(above 1).

The effective operating costs for 1
kWh of power were estimated at R$ 0.1990, R$
0.1791, and R$ 0.3308 for scenarios 1, 2, and
3, respectively. Whereas the mean total cost
was R$ 0.5618 (+0.21) for all scenarios, which
is above the acquisition values at CEMIG (R$
0.50).

The total costs were R$ 99,804.42
and R$ 92,424.09 for scenarios 1 and 2,
respectively, with a minimum acceptable rate
of return of 8.50. Whereas the total operating
cost was R$ 69,486.62 in scenarios 1 and 2
and R$ 62,229.66 in scenario 3.

In all scenarios, the amount of power
generated was higher than the break-even

Semina: Ciénc. Agrar. Londrina, v. 42, n. 1, p. 375-394, jan./fev. 2021

Probability of NPV > 0 MCS2 (%)
100.00
99.80
94.80
61.90
14.00
0.50

point, ie., about five times the amount
considered in scenario 3.

All Monte Carlo simulation models
showed positive net present values.
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