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Abstract— This work presents an economic viability analysis of a hybrid power generation system. This
system is located inside a sugar cane processing plant that produces sugar and ethanol. Through the recycling
of harvest residues, electrical energy can be generated in an economically viable way, supplying internal process
demands and providing an additional source of income by allowing excess energy to be sold to the grid. This
work presents payback analysis of a set of proposed modifications in the original plant’s structure in order to
maximize energy production and incorporate additional renewable sources.

Keywords— Optimization in electrical systems, Sugar Cane Power Plant, Economic Analysis, Renewable
Energy

Resumo— Este trabalho apresenta uma análise de viabilidade econômica de um sistema de geração de energia
h́ıbrida. O sistema esta localizado dentro de uma planta de processamento de cana de açúcar e etanol. Através
da reciclagem de reśıduos das colheitas, energia elétrica pode ser gerada de uma forma economicamente viável,
suprindo demandas internas do processo e provendo uma fonte de renda adicional ao permitir que a energia
excedente seja vendida para a rede. Este trabalho apresenta análises de payback de um conjunto de modificações
propostas sobre a estrutura da planta original com o objetivo de maximizar a produção de energia e incorporar
fontes renováveis.

Palavras-chave— Otimização em sistemas elétricos, Usina de Energia de Cana de Açúcar, Análise Econômica,
Energia Renovável

1 Introduction

Efficient and safe power distribution along with
minimized and balanced electricity power con-
sumption is nowadays an important part of the
economic activity of most countries. With an
increased utilization of small distributed energy
resources for generation of electricity and heat
(Borbely and Kreid, 2001), renewable energy gen-
eration will constitute an important part of the
overall energy scenario in the coming years.

Notably, in the instance of this work, the
Brazilian energy scenario will be taken into ac-
count. In respect to the Brazilian electric matrix,
74.6% of the total electric energy in 2014 was gen-
erated by renewable energy sources (Ministério de
Minas e Energia, 2015). Solar and wind energies
can be considered potential energy sources to en-
large the renewable energy share in the Brazil-
ian electric energy matrix for the next years. Ac-
cording to (Ministério de Minas e Energia, 2014)
the share of wind energy in the total electric
energy produced in 2024 will increase to 11.6%
(24GW ) while solar energy will contribute with
3.3% (7GW ). Beyond that, the prospect to next
years is that renewable energy sources will in-

crease their contribution, achieving 84% of the
electric energy matrix.

The sugar cane and ethanol power plants are
particularly significant to this study (Gonzalez,
2011), as the sugar cane process has a great
amount of residue that can be treated as biomass.
The bagasse is an important (Alves, 2006) and
useful residue of the sugar cane processing. It is
the final residue of the compression process to re-
trieve the sugar cane juice and is commonly used
in sugar cane energy plants. From the ethanol pro-
duction process, it is, in the instance of this work,
worth mentioning the vinasse. The vinasse (Rego
and Hernandez, 2006) represents the residue made
available after the distillation of fermented sugar
cane broth (garapa). For every liter of ethanol
produced, 12 liters of vinasse appear as left-overs.
The vinasse can be used as a renewable power
source. This is grounded in the technology of
anaerobic digestion of the vinasse, that ends up
transformed in biogas. This biogas can be used in
thermodynamical applications: generation of heat
and power. In sum, there are three very important
renewable sources of energy in the sugar-ethanol
plants: the bagasse, the straw and the vinasse.

However, as promising as those technologies
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and the use of crops residues in energy generation
may sound, the generation process has to be per-
formed while maintaining economic viability. This
implies that studying and analysing the economic
aspects of hybrid power systems is a very impor-
tant activity and worthy of discussion. The design
and optimization of hybrid power systems is dis-
cussed in several literatures, such as (Khan and
Iqbal, 2005) and (Ramli et al., 2015). This pa-
per, however, brings the discussion closer to the
sugar cane and ethanol industry, by making a vi-
ability analysis of modifications to an existing en-
ergy generation system based on sugar cane har-
vesting residues. References (Morato et al., 2016)
and (Morato et al., 2017) present an in-depth
modeling of the plant, along with analysis and
process control structures using advanced control
techniques. For this analysis, a software called
HOMER Pro®, developed by HOMER Energy
(HOMER Energy, n.d.), is used to aid in the eco-
nomic calculations and simulation of the plant.
Reference (Swarnkar et al., 2016) shows an ap-
plication of HOMER Pro® in the development of
a hybrid microgrid. In this article, the objetive is
to estimate payback times for the proposed modi-
fications. An optimization of the plant’s structure
and its related payback is also presented.

This paper is organized as follows: section
2 describes the studied power plant, section 3
presents the economic viability analysis and the
plant structure optimization. The paper ends with
conclusions.

2 The Hybrid Generation Power System

In this section a generic hybrid energy generation
system, based on a sugar cane processing plant,
that produces sugar and ethanol is proposed. The
energy power plant is based on a real Brazilian
industrial plant, located in the city of Maringá,
in the state of Paraná, whose structure is seen in
figure 1. The proposed system, shown in figure 2,
is composed by the following subsystems:

• Two boilers, with different efficiencies;

• Two steam turbines, with different efficien-
cies;

• One combined heat and power system (herein
denoted as CHP);

• One water chiller;

• One hot water tank;

• Photovoltaic panels;

• Water heating solar panels;

• One wind turbine;

• Two pressure reduction valves;

• One heat exchanger;

• Stocks of bagasse, straw and compressed bio-
gas;

• A battery bank.

The tendered system, being a plausible adap-
tation from a real plant, is interesting in an eco-
nomic and sustainable point-of-view, as it pro-
poses the use of renewable sources and the re-
cycling of the sugar cane residues. This implies
directly on the increase of the total energy gener-
ation capacity and, also, on the efficiency and the
sustainability of the system - that, herein, does
not use any fossil fuel or energy source external
to the sugar-ethanol production process. The sys-
tem aims to use the best possible technology, that
conducts a dynamic between legal norms, mini-
mum environmental standards and the state of the
art techniques. Figure 2 shows the outline of the
proposed system. The technical characteristics of
these equipment and average bagasse income from
the canebrakes can be found in (Mendes, 2016).

The two boilers, here nominated better effi-
ciency and lower efficiency, produce, respectively,
higher (67kg⁄cm2) and middle pressure (21kg⁄cm2)
steam. They are both powered by a biomass mix-
ture of straw and bagasse. The lower efficiency
boiler produces less amount of steam, which is
used in order to comply to the process’s (ethanol
and sugar) middle pressure steam demands. The
other boiler’s steam is used to propel the plant
turbines. The turbines, like the boilers, are here
nominated better efficiency and lower efficiency.
The better efficiency turbine has a low pressure
steam residue (1.5kg⁄cm2) that is used to meet the
process low pressure steam demands, while the
lower efficiency turbine steam residue meets the
middle pressure steam demands. Both turbines
produce electric power that, with the CHP and
the renewable energy generation, are related to
the electric demands. The CHP is a gas engine
that uses energy present in the biogas to drive
a crankshaft, that, through an alternator, pro-
duces electric energy. With the combustion of
the gas, heat is released and recovered to warm
water, making the CHP a highly efficient system.
The CHP, in this scenario, is boosted by the com-
pressed biogas, made from the vinasse. The use
of intermediate storage units (battery bank and
biomass stocks) allows the system to accumulate
energy (or biomass, that can be converted into en-
ergy) when the renewable generation is high and
use it when there is no renewable production. All
these subsystems operating points and stocks data
can be found in (Mendes, 2016).

The proposed plant has four demands to sat-
isfy: electric power demand, due to ethanol and
sugar production process; middle and low pressure
steam demands, defined by the process; refriger-
ation (cold water) demands, also defined by the
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Figure 1: Original Power Generation Plant

Figure 2: Proposed Power Generation Plant

process. It is important to mention that satisfy-
ing each demand alone is not adequate, as they
are inextricably linked. As an example: increas-
ing the amount of power supplied by the turbines
also increases the amount of steam produced.

The electric power that has to be produced
by the microgrid consists of two factors: the in-
ternal power demands, to maintain the sugar cane
processing - in average 8MW, and the amount of
energy that is sold to the Distribution Network
Operator (DNO) (this is defined by a fixed con-
tract, 11.68GWh per month). This power gener-
ation can be continuous, maintaining an average
electric power, or varied, with different values of
electric power made available at each hour of the
day. This is placed as the main optimization prob-
lem of this study, more deeply discussed in further
sections.

The steam demands of the system correspond
to the sugar and ethanol processing steam de-
mands. These are used to boost water bombs,
spray bombs, fans, chippers, shredders and other
equipment. The refrigeration demand of the mi-
crogrid is used to cool down generators, oil tanks

from the distillery process and other systems
present on the plant.

3 Economic Analysis

Finally, the main subject of this paper is the eco-
nomic viability analysis and comparison of the
proposed system with the original, operating sys-
tem in economic terms. The objective is to esti-
mate a payback time, in which the savings from
electricity purchases and the profit from energy
sales meet the investment capital needed to ac-
quire the equipment.

For this task, a software called HOMER
Pro®, developed by HOMER Energy (HOMER
Energy, n.d.), is used to simulate and optimize
the microgrid, manage costs and provide economic
details necessary to the payback estimation. Ad-
ditionaly, HOMER Pro® can be used to optimize
the componentes in the microgrid with respect to
their power and taking economic and environmen-
tal aspects into account. However, steam, pres-
sure and cooling demands couldn‘t be modeled in
the software. Because of that, only the electrical

XIII Simpósio Brasileiro de Automação Inteligente

Porto Alegre – RS, 1o – 4 de Outubro de 2017

21



sales contract and process electrical demand have
been considered into the analysis. Using HOMER
Pro®, two different economic analysis have been
done:

1. A payback analysis of the proposed plant,
with all the proposed additional components
(wind turbine, CHP, photovoltaic panels,
battery bank).

2. Optimization of the plant structure using
HOMER Pro® and payback analysis of the
resulting plant.

Considering the fact that a payback analysis
is heavily dependent on the cost estimates of the
used equipment and their operation and mainte-
nance costs (O&M), table 1 presents the values
used in the simulation. Those values were ob-
tained after extensive research in websites of man-
ufacturers and organizations dedicated to renew-
able energy sources, such as (Portal Solar, 2015),
(Wholesale Solar, n.d.), (Decentralized Energy,
2007), (US Department of Energy, n.d.), (Rocky
Mountain Institute, 2011), (Windustry, n.d.) and
(Wind Energy The Facts, n.d.).

Both existing turbines have no capital cost,
as their payback time has already been reached.
Additionally, the electric energy prices exchanged
with the grid are $ 0.0931 / kWh for purchase and
$ 0.04655 / kWh for sale.1 (ABRADEE, n.d.)

3.1 Proposed Plant Payback Analysis

The analysis have been performed according to
the following steps, over the simulation period of
1 year:

1. Simulate the original plant to acquire the
data related to energy generation and costs
of the existing turbines.

2. Simulate the proposed plant to aquire the
data related to energy generation and costs
of all equipment.

3. Subtract the original results from the pro-
posed results, obtaining the data related to
the new, proposed equipment only.

4. The payback estimation is calculated by di-
viding the capital cost of the proposed equip-
ment by the net gain, which is obtained by
subtracting the base gain (related to the orig-
inal plant) from the total gain (related to the
modified plant). In this way, only the profit
generated by the proposed equipment will be
taken into account in the payback calculation.

1All monetary values have been converted from brazil-
ian real to dollar, but are related to values in brazilian
context. 1 USD = 3.2239 BRL according to quotation in
01/11/2016.

As the fuel used by the turbines to gener-
ate the electricity is provided by the straw and
bagasse from the sugar cane harvesting, its cost
hasn’t been considered. In addition, the costs
from the vinasse to biogas conversion have also
been disregarded. The original results have been
organized in table 2

The energy sales contract of 11.68GWh per
month translates to 140.16GWh per year. The
results suggest that the original plant cannot
meet the energy sale contract, once the obtained
amount of excess energy is smaller than the con-
tract amount.

Table 3 shows the results from the proposed
plant and its payback analysis. The results now
suggest that the system is capable of generating
1.366 times the amount of the contract.

As can be seen, the payback time is approxi-
mately 5 years, which is a good value for this kind
of energy plant. It is also possible to do a super-
ficial analysis considering that the energy sold to
the grid is limited to the contract amount, instead
of being allowed to reach 1.366 times it. Suppos-
ing the O&M costs are the same in both situations,
the payback time goes up to 18.33 years. In re-
ality, the operation and maintenance costs would
also decrease, and the payback time would be a
function of the operating times and participation
proportions of each energy source in the total en-
ergy amount. In fact, this calculated payback time
can be considered a ceiling, or worst-case value.

3.2 Structure Optimization and Payback Analy-
sis

For the next analysis, the HOMER Pro® Soft-
ware has been used to optimize the plant’s com-
ponents, taking into account its prices and power.
The prices are linearly scaled by the software dur-
ing optimization, thus not taking into account dif-
ferent categories of equipment which might have
different scales of prices. Homer seeks to maxi-
mize net profit while satisfying the system opera-
tional constraints, but the optimization method is
proprietary. The optimal solution determined by
HOMER Pro® is composed of:

• 3MW eolic turbine (same as before)

• 6MW CHP (instead of 8MW)

• 20MW and 27MW turbines

• No solar power

The simulation results and payback analysis
of the optimized system are presented in table 4.
The simulation now suggests the system is able
to generate up to 1.288 times the contract value,
a decrease of 5.645% in generation power, but
with a decrease of 41.45% in necessary investment
capital. In this case, the ceiling, or worst-case
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Table 1: Equipment Costs of the Proposed Plant

Equipment Capital Cost O&M Cost

PV Panels (3000kW) $ 1, 292.41/kW $ 2.27/MWh
Battery bank (3kW/3kWh) $ 155.09 -

Eolic Turbine $ 1, 395.81/kW $ 3.30/MWh
CHP (8000kW) $ 1, 112.77/kW $ 4.42/MWh
Existing Turbines $ 0.00 $ 0.37/MWh

Table 2: Original Plant Results

Base Plant

Capital Cost $ 0.00
O&M Cost $ 63, 404.93

Excess Energy (sold to grid) ≈ 111 GWh
Excess Energy Value $ 5, 145, 525.26

Base Gain $ 5, 082, 120.34

Table 3: Proposed Plant Simulation Results

Proposed Plant

Capital Cost $ 16, 966, 791.30
O&M Cost $ 513, 446.55

Excess Energy (sold to grid) 191.46 GWh
Excess Energy Value $ 8, 908, 044.61

Total Gain $ 8, 394, 598.06

Payback Analysis

Net Gain (Total - Base) $ 3, 312, 477.72
Payback Time (Capital/Net) 5.12 years

payback time (limiting the excess energy to the
contract amount but maintaining O&M costs) is
10.24 years. As can be seen, in this case, using
wind power turned out to be more profitable than
solar power according to the software. This is due
to the climate and solar irradiance data taken into
account by the optimizer.

Table 4: Optimized Plant Simulation Results

Optimized Plant

Capital Cost $ 10, 864, 019.50
O&M Cost $ 378, 341.72

Excess Energy (sold to grid) 180.65 GWh
Excess Energy Value $ 8, 405, 090.43

Total Gain $ 8, 026, 748.72

Payback Analysis

Net Gain (Total - Base) $ 2, 944, 628.38
Payback Time (Capital/Net) 3.69 years

Finally, table 5 compares the ideal and worst-
case payback times for both the proposed and opt-
mized plants.

Considering that wind turbines have lifespans
of around 20 years (Technical University of Den-
mark, n.d.), and CHP units are designed to last up
to 30 years (Kelly et al., n.d.), it can be seen that
the payback times achieved in both the proposed
and optimized configurations are very satisfactory.

Table 5: Final Comparison

Plant Ideal Payback Worst-case

Proposed Plant 5.12 years 18.33 years
Optimized Plant 3.69 years 10.24 years

4 Conclusion

This paper presented an economic viability anal-
ysis of a renewable energy power plant in sugar
cane industry. First, the analysis method, imple-
mented with the use of Homer Pro software, was
applied to the existing and to the proposed plant
in order to compute the payback time of the pro-
posed structure. Second, an optimization of the
structure of the proposed plant was performed in
order to obtain a better plant configuration with
less payback time. The achieved results were very
satisfactory, once the optimized plant structure
obtained a smaller payback time against the pro-
posed plant. The payback time itself is relatively
small when compared to the lifespan of the equip-
ment, providing a good opportunity to achieve
economic savings in electricity.
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Ministério de Minas e Energia (2015). Resenha en-
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