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Abstract.

In the 1970s, the Brazilian oil crisis sparked interest in
researching inexhaustible sources of energy. Within these sources
of energy, those known as clean and abundant have become a
viable alternative, reducing the pollutant capacity of waste,
because the gas emitted by them in the decomposition that would
previously go to the environment, is now destined for energy
production and solid portion used as organic fertilizer [5]. This
work aims to implement a case study to estimate the economic
viability of the project, hybrid sources, in rural areas. The project
in question will be analysed through sofiware and mathematical
methods, guaranteeing results close to those calculated
analytically, compared to the energy sources studied as well as
their feasibility and profitability through isolated distributed
generation, which can bring fast and safe returns, such as a return
of 84.37% biogas and 77.76% for photovoltaic compared to the
initial investment over 25 years. Currently, Brazil suffers from a
shortage of rainfall and consequently, with problems in the energy
matrix, since the majority of Brazilian electricity comes from a
hydroelectric power plant. Therefore, the purpose of this study is
to present a solution and consequently self-sufficiency in rural
areas, taking advantage of biodigesters and abundant sun to
produce electricity.
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1. Introduction

Energy is an indispensable asset to the existence of any
living being. Among its final forms, electricity is one of the
most used, and although present in the lives of many, it does
not cover all people. The search for the universalization of
electric service is a constant challenge faced by ordinary
citizens, authorities, governments and other segments of
society. One of the main reasons for the absence of electric
energy in the lives of thousands of people in the world is the
condition of poverty allied with the situation of geographic
isolation in which they find themselves. Although still
critical, this panorama has been changing over time.
Advances in the research and development of alternative
energy sources based on renewable sources, together with
government and social programs, mainly concerned with
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the exclusion caused by the absence of electricity and the
growing environmental problems, have been responsible
for profound and important changes. Countries such as
Germany, Spain and the United States already have great
penetration of renewable energies in their energy matrices.
At the national level, government programs like Proinfa
and Light for All are major incentives for the development
of studies aimed at making renewable sources even more
competitive. The expansion of electric service in Brazil, as
in many other countries of the world, is basically through
the extension of transmission lines belonging to the
interconnected system, or through the small, medium and
even large thermal generation, usually with the use of
generator sets with fuel of fossil origin, mainly diesel oil.
The first is a viable solution when the transmission /
distribution system is not too far from the consumer center
to be served, or when it is of sufficient size to represent
economic attractiveness to the power authority. The
second has its greatest attractions in the relative ease of
acquisition, installation and use, in addition to the low
initial cost. Such solutions, however, do not constitute a
single option. On the contrary, the accelerated technical
growth of renewable sources has made them competitive,
and many times more viable than the so-called
conventional sources. Renewable systems, whose primary
sources are solar photovoltaic and wind, are among the
most considered options currently, although there is also
the possibility of using biomass systems and (SHPs) small
hydro power plants. In the current context of Brazil's
energy scenario, alternative sources of energy have been
highlighted to fill the gap. However, mainly in rural areas
where high quality energy is difficult to access, through
investment, rural producers are using these new sources of
energy.

According to the regulators, animal production is one of
the activities with the greatest environmental impact,
considered by these as one of the main causes of
degradation, with a great potential polluter with respect to
water resources. Following this line, the need arose to
create biodigesters to collect animal waste, and, through
this, to use methane, derived from the decomposition of
organic matter, for the generation of electric energy. On
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the other hand, there has always been an inexhaustible
source of energy, the Sun, using this raw material as well,
to generate electricity through the photovoltaic effect. With
the normative resolutions of ANEEL 482, the distributed
generation system became highly profitable, since these
standards help in the forms of compensation, thus bringing
greater viability. In the midst of the technological
conjuncture and the scientific advances that propitiate the
advent of new computational tools, software are often
developed with the purpose of simplifying the resolution of
problems and of guaranteeing greater reliability in the
results. The PVsyst program with a 2D interface has the
following objectives: to combine a theoretical method in the
resolution of problems related to engineering, in particular
to electrical engineering, such as: shading, quantities of
photovoltaic modules, inverters, cabling and economic
viability. Its interface brings the necessary tools to estimate
the amount needed to meet demand and check for shading
or other factors that may bring future problems for
electricity generation. The PVsyst program has gained
considerable space, both in academic and industrial areas.

2. Distributed Generation Modelling

Hybrid energy systems incorporate various types of
electricity generating components with generally a main
control system that allows the system to provide quality
electricity. A typical hybrid system combines two or more
sources, from renewable energy technologies such as
photovoltaic panels, wind turbines or small hydraulic
turbines; and conventional technologies, usually diesel or
LPG generators (although biomass-fuelled generator sets
are also a viable option, if available locally). In addition, it
includes power electronics and storage batteries for
electricity. The hybrid system can be designed in different
configurations to effectively use locally available renewable
energy sources and to serve power appliances (requiring DC
or AC electricity) [3]. This result in a large reduction in fuel
consumption compared to the system which is powered only
by genset. [9.10] Advanced search in automation and
control of the hybrid power system has made it popular to
the world and has encouraged researchers to use different
types of renewable sources to reduce the demand for energy
sources. [13] In the hybrid system components proposed for
electricity, renewable energy sources such as wind, solar
and biogas are used.

A. Sizing and Topology of the Hybrid Generation
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Fig. 1. Flow diagram of the hybrid generation deployment, Homer
software with biogas and photovoltaic.
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The modelling of the hybrid system will be according to
figure 1, to determine the power that is needed to meet the
destination load, the following equation (1) is used.

Py = PP+ BPyy (1)

Where:

P;; = Load demand (kVA);
PP,;;= Peak load power demand (kVA);
BP,;= Power of the grid respectively (kVA).

B. Biodigesters Sizing

We chose the Canadian biodigester model. Firstly, the
biodigester system adopted is a horizontal type model,
presenting a masonry load box with a width greater than
the depth, thus having a larger area of exposure to the sun,
which allows a large production of biogas and avoiding
clogging. During the production of gas, the dome of the
biodigester inflates because it is made of soft plastic
material (PVC) and can be removed [12]. The daily
production of 2.1 kg/animal.day (0.0021m*/d) was
considered to be finished in the finishing phase[7] and the
hydraulic retention time (HRT) of 30 days [1]. Calculation
of the volume of the adapted biodigester, according to
equation (2).

V, =V, TRH.NA )

Where:

V= volume of biodigester (m?);

V 4= daily volume of waste (m*/animal day);
TRH = hydraulic retention time (days);

NA = number of animals.

The data referring to values of the bio digestion system
compose the costs of the biogas, obtained through the
following equation (3).

_CB
Cy Pp-t (3)
Where:
C}, = cost of biogas (R$/m?);
Cp=biodigester cost (R$);
P = production of biogas (m?/year);
t = biodigester useful life (years).
Table I. - Organic matter data
Biogas
Biogas / animal production / Day 2.1 Nm?/d
Estimated biogas production / day 210 Nm?/d
Generator set consumption 80 kVA 35 Nm*/h
Estimated Kw/H Generation 80kVa 55 kW/h
Generator
Estimated work time 6 Hrs/day
Total generated estimated day 330 kW/h/day
Estimated cost kW / h 0.53 R$/h
Total generated estimated day / R$ 174.90 R$/day
Total generated estimated month / R$ | 5,247.00 R$/month
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For the dimensioning of the organic matter quantity, the
data of table I will be used, considering the free stall regime
to obtain the results, according to figure 2, the volume of the
biodigester will be 800 m?.

Figure 2 depicts a free-stall regime, where cattle are
confined to separate sites increasing capture of animal
waste.

g.2.Free-sall confined cattle (source://

style
http://iepec.com/com-producao-de-leite-em-regime-free-stall-
paranaense-e-exemplo-de-empreendorismo-em-goias/).

image

C. Sizing of the Biogas Generator

For the design of the generator motor, it is necessary to use
the parameters of table I and table II, the calorific value of
the biogas, the efficiency of the generator motor, the daily
availability of biogas next to each of the agroindustry units
(m’.day) and the time of use of the generation plant.
Knowing the calorific power of biogas, it is possible to
quantify the electric energy generated by cubic meter of
biogas. This quantification can be obtained by means of:

PTE = PCI .PB (4)

Where:

PTE = is the potential for electricity production
(kWh.day);

PCI = is the calorific value (kWh.month);

PB = is the annual production of biogas (m?*.day).

The size of the biogas will be used according to table II,
with a generator of 80 kVA working 6 to 8 hours per day,
with an estimated production of 59,400 kWh/month. In
order to determine the technical potential of electricity
production, account should be taken of the overall
conversion efficiency of thermal machines (generator set,
gas microturbine, etc.). Thus, for the purpose of a more
precise estimate, the value to be adopted is 25% [11].

The technical potential of energy generation is calculated
by:

PTEn
100

©)

PTCE =

Where:
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PTCE = technical potential of energy generation (kWh/

day);
PTE = theoretical potential of electric energy production

(kWh / day);
n = conversion efficiency.

Table II. - Biogas Contact info

Organic matter
Production Animal / Day / Day 200L
Total Production Day 20,000L
Total in month treatment 800m?
Compound/animal production/day 30 Kg/d
Estimated compound production/day 1,650 Kg/d
Estimated composite production/ 49,500
month Kg/month
Biofertilizer production/animal/day 120 Lt/d
Estimated biofertilizer production/ 12,000 Lv/d
day
Estimated biofertilizer production/ 360,000
month Lt/month
Potential in revenue - compound 3,960.00
R$/month
Potential in revenue - biofertilizer 3,600.00
R$/month

The calculation of the electric power of the generation
plant is obtained through equation (6).

(6)

Where:

POT= electric potential of the generation plant (kVA);
HO= number of hours of daily engine operation (hours),

COS = power factor.

C. Photovoltaic Sizing

Fig. 3. Satellite image of the farm Sabia (source: \\ google.maps).

Figure 3 shows Fazenda Sabid, with a three-phase rural
system, with voltage of 380V/220V, with substation type
station 1, with a transformer of 112.5kVA. In this
establishment, the monthly consumption is 16,359.75
kWh/month during the year, being that it consists of a
chicken farm for export with use of refrigeration for the
animals and constant feed for chicken fattening, in the left
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box is where the photovoltaic modules were installed and
the biodigester system is in the left box.

For the sizing of the photovoltaic system, it was taking into
account some factors, firstly it is necessary to use some
formulas to calculate the power of the project to be build.
One of the main factors to be correctly estimated is the
irradiation of the region where the project was installed.
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Fig. 4. Map of solar radiation of the Brazilian territory (source: https:
//openei.org/wiki/Solar_and_Wind_Energy Resource Assessment
(SWERA)).

According to data from SWERA (Region Radiation
Databases), Figure 4, the Monte Carmelo-MG region, has
an average irradiance of 5.24 kWh/m?day x 30 days.

)

 EGse
Pf”_H T
tot-1 D

Where:

E = desired energy (kWh/month);

G .= constant (1 kWh/m?);

H,,,= irradiation (kWh/m?day x 30 days);

Tp = performance ratio (it is between 0.75 and 0.85).

Using the above formula to supply the demand of 16,359.75
kWh/month through the photovoltaic system, the designer
arrives through this data in the power of the system for
compensation of 131 kWp, thus, a system of 72.6 kWp will
be installed for the solar energy system and the remaining
60 kW needed to fill the demand will be completed by the
biogas system.

Table III. - Technical data for photovoltaic modules

Technical Data Technical specification
Model CS6U-330P
Nominal Max. power (Pmax) 330W
Opt. Operating Voltage (Vmp) 372V
Opt. Operating Current (Imp) 8.88 A
Open Circuit Voltage (Voc) 45.6
Short Circuit Current (Isc) 945 A
Module Efficiency 16.97%
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To calculate the number of modules that will be used in
the project, Table III, the following formula is used:

Pf,,
Pmod
1000

)

Ninoa =

Where:

Nnoa = Number of modules (n)
Py, = System power (kWp)
P .04 = Power of the module (Wp)

In order to calculate the inverter, it was dimensioned
according to the power calculated by the plates, so,
considering that the nominal power of the inverter could
be 33% lower than the calculated value of the PV modules,
the chosen inverter power was determined according to the
table I'V.

Table IV. - Investor Technical Data

Technical Data Technical specification
Model TRIO-27.6-TL-OUTD
Rated AC power 27600W
AC Voltage Range 320...480 V
MPPT 2
Maximum AC Output Current 45.0 A
Short Circuit Current (Isc) 945 A
Rated Output Frequency 50Hz/60Hz

3. SOFTWARE ANALYSIS
A. Analysis through PVsyst software

Regarding the project design of the photovoltaic system,
PVsyst software was used to evaluate the solar energy
potential of the project site, figures 6 and 7, so that the
energy generated during the year and its months of higher
production can be verified.

The data of the photovoltaic generators were implemented
in the system according to table III and the inverters
according to table IV. A total of 220 modules with a power
of 330Wp were used, together they formed a 72.6 kWp
system, according to Figure 5.

Fig. 5. Image taken from th photovoltaic plant in the farm,
power of 72.6 kWp.

In Figure 6, the columns with a purple color zone, shows
the loss of the collection during the months of the year, the
green part and the loss of the system during the year in
kWh/kWp/ day and the wine color represents the energy
that will be useful.
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Fig. 6. Image on simulation in software Pvsyt of annual energy
production from the sun.

The following table contains the simulation data in the
PVsyst software throughout the year as a way of
demonstrating the variation of the radiation and climatic
conditions:

GlobHor | DiffHor TAmb | Globinc | GlobEff EArray E_Grid PR
kWhim? kWhim? °C KkWh/e? kWh/m? MWh MWh
January 15186 8943 2N 1422 1381 8.90 a.70 0.839
February 1532 89 amn 1496 146.0 9.25 9.03 0.828
March 1458 65.64 2252 150.0 1464 9.26 9.05 0.827
April 1424 60.35 2170 1584 1549 9.86 964 0.834
May 1309 5129 20.02 155.3 152.0 9.84 963 0.850
June 1310 36.00 18.54 164.4 161.2 1046 10.24 0.854
July 1421 3053 18.61 176.0 1728 11.16 10.92 0.851
August 160.7 46.34 2022 186.3 1829 1161 11.35 0.835
September 1604 8420 2152 170.7 166.9 10.52 10.28 0.826
October 1644 80.16 2315 1636 1592 10.12 9.89 0.829
November 1570 7281 2187 1481 1439 921 9.00 0.833
December 1524 8.7 223 140.8 136.7 8.83 8.63 0.840
Year 17918 762.21 21.32 1905.4 1861.0 119.01 116.36 0.837
Legends: GlabHor Horizontal global irradiation GlobEff Effective Global, corr. for |AM and shadings
DiffHor Horizental diffuse iradiation EArray Effective energy at the output of the array
TAmb Ambient Tempetature E_Grid Enerqy injected into grid
Globine Glabal incident in coll. plane PR Performance Ratio

Fig. 7. Data collected from the Pvsyt software, a result of the
simulation of the project implemented at the Sabia farm.

In figure 7, the first column refers to the horizontal global
irradiance represented in kWh/m?, in the second horizontal
diffuse irradiance kWh/m?, the third average ambient
temperature C°/month, in the fourth flat global incidence in
kWh/m?, in the fifth global effect from shading in the sixth
and the energy generated at the output of the system,
seventh energy injected into the grid, and lastly the eighth
column shows the efficiency of the system in each month.

B. Analysis through Homer Pro software

For each energy source was entered the cost value for each
1 kW produced, so it was simulated in the software Homer
Pro, to know the value of energy over a year. In table V, is
the cost of 1 kW for energy source through the biogas. On
the other hand, Table VI shows the value of 1 kW for
photovoltaic energy source.

Table V. - Input value of biogas source for Homer software.

Capacity | Capital ($) Replacement o&M Size
(kW) (%) ($/op.hr) (kW)
1 R$ 3,000.00 R$ 0.0 $0.53 0-95
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Table VI. - Input value of photovoltaic source for Homer

software.
Capacity | Capital () Replacement 0&M Size
(kW) ® ($/0p.hr) (kW)
0.330 R$ 1,062.50 R$ 0.0 $10.00 0-72

The following graph represents the simulation of energy
sources over a year, i.e. comparing annual production and
energy cost, using data from tables V and VI, the input
data is the cost of kW, cost of investment and maintenance

over 25 years.
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Fig. 8. Result of simulation of the Homer software between
annual production of the two energy sources (biogas and
photovoltaics) and cost of energy.

C. Economic viability

Figure 9 shows a graph represented over 25 years, the
return on investment in comparison with the cost of
implantation of both biogas and photovoltaic. In the cost
column shows the value of the project for implantation of
both biogas that is $ 500,000.00, and photovoltaic that is $
350,000.00. In another column, return, refers to the return

on investment over 25 years of operation.
= Photovoltaic m Biogas

RS 9,100,000.00
RS 8,100,000.00
RS 7,100,000.00
RS 5,100,000.00
RS 5,100,000.00
RS 4,100,000.00
RS 3,100,000.00
RS 2,100,000.00
RS 1,100,000.00

RS 100,000.00

R$ 3,200,000.00

1,574,000.00

R$ 500,000.00
R$ 350,000.00

Cost(3)

Return (year)

Fig. 9. Results of comparative analytical calculations between
different energy sources such as biogas and photovoltaic, and
their respective cost and return over 25 years.

4. Conclusion

With the scarcity of natural resources, current generations
of energy have become unviable. Therefore, the concept
of a hybrid system with a view to decentralization and
diversification of the energy matrix, presents itself as an
opportunity, both for energy supply and for the impacts. In
view of the improvement in the quality of electric power
in rural areas, the alternative sources emerged as a solution
to the problems encountered (such as unstable distribution
networks and voltage drops). Thus, through calculations
and simulations, the functionality of the system was
demonstrated, as well as its feasibility and profitability
through isolated distributed generation. Through this case
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study, an initial investment of R$ 500.000,00 for biogas and
R$ 350,000.00 could be applied, 00 for photovoltaic and to
have over 25 years we have a return of R$ 3,200,000.00 for
biomass and R$ 1,574,100.00 for solar energy. Therefore, it
would avoid spending on upgrading distribution networks,
causing lower environmental impacts from current energy
sources, and energy quality would increase significantly,
and return on investment would be rapid and secure.
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