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Abstract 
The practical application of renewable energies to solve current environmental problems is still under discussion today. In this article, he 
surveyed the biomass and biogas potential available in Entre Ríos and usable in Concepción del Uruguay. In the first, the forestry, agro-
industry and in the second the organic residues of the chickens are studied. A novel contribution is presented in relation to the Energy 
Return On Investment for renewable generation sources in Argentina, which measures its energy profitability, through the life cycle analysis 
for its calculation, by measuring energy expenses in different stages. This article seeks to reveal the main data that will be used in subsequent 
optimization work, especially in determining the energy profitability of generators and the optimization of distributed generation in medium 
voltage. 
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Relevamiento y cálculo del potencial energético y la tasa de retorno 
energético en energía solar eólica y biomasa: aplicación a un caso de 

estudio en Argentina 
 

Resumen 
La aplicación práctica de las energías renovables para solucionar la problemática ambiental de la actualidad sigue en discusión en la 
actualidad. En el presente artículo relevó el potencial de biomasa y biogás disponible en Entre Ríos y aprovechable en Concepción del 
Uruguay. En el primero se estudian la foresto, agroindustria y en el segundo los residuos orgánicos del gallinazo. Se presenta un novedoso 
aporte en relación a la Tasa de Retorno Energético para fuentes de generación renovable en argentina, el cual mide su rentabilidad 
energética, mediante el análisis de ciclo de vida para su cálculo, mediante la medición de los gastos energéticos en distintas etapas. Se 
busca en este artículo relevar los principales datos que serán usados en posteriores trabajos de optimización, sobre todo en la determinación 
de la rentabilidad energética de los generadores y la optimización de generación distribuida en media tensión.  
 
Palabras clave: solar; eólica; biomasa; análisis de ciclo de vida; tasa de retorno energético. 

 
 
 

1. Introduction 
 
It is urgent to mitigate the sustained growth of CO� 

emissions in the atmosphere, which causes irreversible 
climate change. The limited consent for the community is 
450 parts per million, which implies a temperature rise of 2ºC 
above the pre-industrial temperature. It is necessary, if they 
could produce irreversible effects for the ecosystem, among 
other consequences. For the concern in the medical field and 
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the control of gas emissions (between CO�), as well as in the 
field of research, as well as in the study of energy and 
environmental sustainability. In this sense, different policies 
and agreements such as the Kyoto Protocol are proposed. Of 
the combination of methods available in the state of the art, 
the improvement of Energy Efficiency is the one that has the 
greatest impact in this context. This implies more 
progressives in manufacturing technology, and the efficient 
use of resources to guarantee the longest possible life and 
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improvements in technical efficiency. In this context, energy 
efficiency is understood from the supply side. Energy 
efficiency on the demand side implies a change in the 
consumption habits of users, which is difficult today. For this 
reason, there is a sudden increase in the energy transition time 
that refers to the substitution of one type of source for 
another. In recent years, a trend was created to favor the 
insertion of renewable energies in many countries through 
various laws and policies. This is the case in Argentina, 
where the last years have been dictated by renewables 26190 
and 27191. However, the question arises: Is the massive 
insertion of renewable energies the most sustainable way? 
This work seeks to partially answer this question. To do this, 
if you present in this article a level of description and survey 
of the data of three types of renewable sources: Wind, Solar 
and Biomass. This is in order to use them in future work in 
relation to this problem. 

The work is presented as follows, in section 2 a summary 
of the methods and materials used is presented. The state of 
the art, definition of the problem, modeling and proposed 
solution are presented. The types of generation surveyed are 
briefly described below: wind, solar and biomass. The main 
characteristics of generators, types, energy transformation, 
advantages and disadvantages are presented. Section 3 
reveals the potential of renewable generation sources in the 
province of Entre Ríos, Argentina. Regarding wind power, 
graphs of probability distributions of wind speeds are 
presented, it is compared with the operating speeds of the 
wind turbines and the load factor of the device. Finally, 
section 4 presents the conclusions of the work. 

 
2. Methods and materials 

 
2.1  State of the art: problem, modeling and solution 

 
The term generator refers to the device capable of 

transforming energy from a resource called an energy vector. 
If the resource is "inexhaustible" or its rate of regeneration is 
greater than the rate of consumption, it is considered 
renewable. If, in addition, the resource does not produce ��� 
emissions, or its emissions are absorbed in the emissions 
balance, it is considered clean. This is in accordance with the 
terms energy sustainability and environmental sustainability.  

Energy sustainability, or also called energy sustainability, 
is defined by the World Energy Council (WEC), as the 
balance between three main objectives: energy security, 
social equity, and mitigation of environmental impact. The 
satisfaction of these three objectives requires complex 
consensus between the public and private sectors, between 
governments and regulators. Additionally, the economy must 
be considered, that is, the required investment costs.  

Environmental sustainability refers to the efficient and 
rational administration of natural resources, in such a way 
that it is possible to improve the well-being of the current 
population without compromising the quality of life of future 
generations [1].  

The Life Cycle Assessment (LCA) allows a design, 
investigation and evaluation of a production process and the 
associated environmental impact during the exploitation of 
the energy resource in question. The purpose is to evaluate 

the potential impact on the environment throughout its entire 
life cycle by quantifying the use of resources. There are 
specific procedures or guides to follow for the 
standardization of the LCA methodology by ISO, within the 
ISO 14040 family of standards [2].  

ISO 14040: 2006: defines the principles and reference 
frameworks for environmental management and life cycle 
analysis. While the ISO 14044: 2006 standard: defines 
requirements and guidelines for Environmental Management 
and life cycle analysis.  

The procedure for determining the LCA is as follows: 
first, the system limits are set, then the losses of the different 
subsystems are measured, making corrections in the power 
quality. Third, the economic-monetary conversion of energy 
is carried out, and finally the statistics obtained are analyzed 
[3]. Additionally, to obtain energy profitability, it is 
necessary to calculate the useful energy obtained, in addition 
to that invested. The relationship between the two is called 
the Energy Return On Investment (EROI). This is presented 
in eq. 1. 

 ���� = 
��
�� ������ ���������������� ������  (1) 

 
In reference [4], the present authors present the first 

theoretical study of EROI, together with the discussion of these 
aspects. The first step to determine the EROI is then to carry out 
a survey of the usable potential of the resources of interest.  

Some of the difficulties in determining this index is the 
scope and limits of the model. For example, oil or its 
derivatives in themselves are not useful, if electrical energy, 
therefore the manufacture of generators should be 
considered. However: What if a generator factory must be 
located? Should it be considered in the LCA? These 
questions are still under discussion. Regarding renewable 
energies, the most used generation sources are presented 
below: wind, solar and biomass. Biogas is also analyzed 
within the biomass item. 

 
2.2  Wind Generation 

 
Wind turbines are machines that make it possible to capture 

energy from air masses into rotational energy through blades and 
transform it into electrical energy by means of a built-in 
electrical generator. The set of wind turbines is called a wind 
farm, whose extension depends on the type of generator and 
power. Although there are different construction types, wind 
turbines can be classified according to design power: from 
powers less than 1 kW to 10 MW. For powers less than MW, it 
can be classified as mini-wind and micro-wind. Additionally, it 
can be classified according to the position of the rotor shaft. 
They are classified as Vertical Axis Wind Turbines (Vertical-
Axis Wind Turbines, VAWT) and horizontal axis wind turbines 
(Horizontal-Axis Wind Turbines, HAWT). In the case of 
VAWTs, the dimensions of the blades determine the volume of 
air that participates in the energy transformation process and 
consequently the design power of the generator.  

The limit of power that can be extracted is given by the 
limit established by physicist Albert Betz. This limit that 
bears his name is derived from the conservation of mass and 
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the moment of inertia of the air flow. The Betz limit indicates 
that a turbine cannot take advantage of more than 59.3% of 
the kinetic energy of the wind. Modern wind turbines get 
between 75% to 80% of the Betz limit.  

For analytical purposes, the usable energy �� of a wind 
generator can be initially approximated by: 

 �� = � ∙ �� ∙ �  (2) 

 
Where: 
 � is a factor that is in the range of: 0.135 & � &0.045. 
 � is the diameter swept by the rotor. 
 � is the wind speed: it is observed that the available 

energy is directly proportional to the cube of the 
speed. Wind speed is measured in m / s, and when 
its value exceeds 4 m / s, or 14 km / h, it is suitable 
for wind installations. 

From this expression three reference values are broken down: 
from 1000 W / m2 the use is good, from 200 W / m2 the use is 
normal and below 50 W / m2 the use is bad, being energy / 
economically unprofitable the location of these plants. To obtain 
more precisely the energy obtainable from wind turbines, the wind 
statistics of the area must be studied, through measurements 
provided by the corresponding meteorological stations. The study 
of wind curves is based on probability distributions. This is 
because wind speed data is available from meteorological center 
surveys [5-6]. The data is generally measured at the height where 
the instrument is located, which is generally 10 meters. To 
extrapolate the measurement to other heights, other than those 
measured, the following equation is used: 

 

�� = ()�)*+, ∙ �* (3) 

 
For a study of probability distribution, in the state of the 

art they have the following distributions. 
Weibull distribution: is a continuous distribution function 

that best represents a wide variety of wind regimes. This 
distribution requires knowing two parameters, the form 
factor k and the scale factor c. The scale factor gives 
information about how wide the distribution is and the shape 
parameter affects the curvature of the function. 

 

-./0 = 12� ∙ (
3� +45* ∙ �65789: ;<=, / ? 00, / @ 0 (4) 

 
Weillbull distribution curves are shown in Figs. 1,2,3 and 

4, varying the shape factors k and scale c. In this way, 
according to the parameters used, it is the optimal speed 
range, and therefore it will influence the load factor of the 
generator. In Fig. 1, it is observed that by increasing the scale 
factor the magnitude of the function increases and its 
maximum shifts to the right, increasing the maximum 
probability speed. In Fig. 3, as the shape factor increases, the 
maximum probability speed also increases, but the maximum 
decreases. It is observed in Figs. 2 and 4 that the cumulative 

probability is more sensitive to the variation of the shape 
factor than to the scale factor. 

 

 
Figure 1. Weibull distribution with form factors k = 1.6; 2; 2.4.  
Source: The Author. 

 
 

 
Figure 2. Cumulative Weibull distribution with form factors k = 1.6; 2; 2.4.  
Source: The Author. 

 
 

 
Figure 3. Weibull distribution with scale factors k = 6; 10; 16 and form factor 
k = 2.4.  
Source: The Author. 

 
 

 
Figure 4. Cumulative Weibull distribution with scale factors c = 6; 10; 16 
and form factor k = 2.4.  
Source: The Author. 
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Advantage: air is an inexhaustible resource and the 
energy it produces is clean and does not pollute. The emission 
of thousands of tons of carbon dioxide into the atmosphere is 
avoided, making it a very important element to curb climate 
change. Additionally, the resource is free and therefore saves 
on the purchase of fuel. The amount of energy produced can 
be estimated probabilistically, based on meteorological 
measurements. High powers can be obtained installed in 
confined spaces, compared to solar generation, which greatly 
reduces the land requirements for the installation of a wind 
farm. 

Disadvantages: a first disadvantage is that due to the low 
density of the wind (and even more so at low speeds), the fact 
of producing high amounts of energy through wind turbines 
requires large spaces. Second, it is difficult for peak demand 
periods to coincide with high-generation periods, which tend 
to be at night. Third, wind turbines are mostly inductive, that 
is, they require reactive power to be able to generate. If the 
power system is unable to supply this reactive power, voltage 
instability and even system collapse can occur. Fourth, there 
are disturbances during normal system operation, such as: 
slow voltage variations due to changes in power flows due to 
the input or output of a wind turbine, rapid voltage variations 
due to changes in wind speed and voltage distortion due to 
the presence of harmonics. Finally, if any sector of the 
network is isolated and powered purely by wind turbines, 
failures in domestic electrical equipment and accidents to 
users may occur due to the quality of energy. 

 
2.3  Photovoltaic solar generation 

 
Photovoltaic solar panels consist of a cell that absorbs 

part of the sun's photons, made of silicon or another 
semiconductor material. Consequently, an electron is 
released and an electric current is generated. This current is 
suitable through inverters, power converters, etc. The energy 
produced is a function of the solar radiation characteristic of 
the location, the number of hours of sunlight and the 
constructive design of the panel with its complementary 
equipment. Its structure can be mono or polycrystalline, the 
latter being the most efficient and consequently the most 
expensive. Of the radiation that reaches the earth from the 
sun, part is absorbed at the surface (absorbed radiation, part 
is reflected and part is absorbed in the environment (diffuse 
radiation). If the direction of the radiation is perpendicular to 
the reflected surface, the energy absorbed at the surface will 
be optimal. Trackers are used to increase the energy 
production of photovoltaic solar panels. These devices are 
composed of mechanical systems, hydraulic, electrical and 
electronic mechanical systems that follow the path of the sun, 
thus capturing the maximum solar radiation for as long as 
possible The trackers can be of one or two axes, seeking a 
vertical or horizontal rotation or both, and that at all times the 
solar rays strike perpendicular to the surface of the panel [7-
11]. 

Advantage: like wind power, solar power is a widely 
available and renewable source of energy. Solar generators 
are great for isolated systems, like remote rural areas, or 
geostationary satellites, for example. They are widely 
versatile to be applied in different installations. Finally, the 

radiant energy obtained can be predicted by means of known 
mathematical measurements and models (although affected 
by cloud cover). 

Disadvantages: the hours of maximum availability of sun 
and of maximum demand do not coincide, at least in the 
residential case. Solar panels provide clean energy, however, 
their manufacture still depends on non-clean energy (fossil 
generation sources). Silicon or gallium arsenide have to be 
extracted from the Earth and then they are transformed in 
different processes to be able to place them on the panel, apart 
from other materials that make up the panel. Finally, the 
initial investment is high and large surfaces are needed to 
achieve adequate powers. 

 
2.4  Biomass and biogas 

 
Biomass is defined as organic matter of plant or animal 

origin, including those from its natural or artificial 
transformation, which can be converted into energy through 
biological or thermochemical processes [12-16]. From this 
wide range of resources, the following types of materials are 
mainly used: wood, vegetables (they are created specifically 
for their later use), forest residues (such as waste from tree 
felling) and Industrial waste (of various types), Solid Waste 
Urban (SWU). All these resources can be used as energy raw 
materials (fuels), in the various types of existing thermal 
installations. Normally its use will require a previous treatment 
for its best use. The recent use of solid urban waste has meant 
the incorporation of these materials, whose volume increases 
day by day in large cities, to energy production. From an 
energy point of view, biomass can be used in two different 
ways; burning it to produce heat, or transforming it into fuel 
for better transportation and storage. The nature of biomass is 
very varied, since it depends on the source itself, and can be 
animal or plant, but generally it is made up of carbohydrates, 
lipids and protids. Its use for energy purposes requires prior 
adaptation to be used, later in conventional transformation 
systems. This adaptation will be different depending on the 
type of biomass used, while in some cases a minimal cleaning 
and crushing of the material will suffice (physical processes), 
in most cases the process will be more laborious (chemical, 
biological or thermochemical processes). Biofuel is made up 
of fatty acids and alkaline esters, obtained from vegetable oils, 
animal fat and recycled fats. 

Through a process called "transesterification" organically 
derived oils are combined with alcohol, in this case ethanol 
or methanol, and chemically altered to form fatty esters such 
as ethyl or methyl esters. These obtained products can be 
mixed with diesel or used directly as fuel in common engines. 
Another type of treatment to obtain fuels from organic waste 
is biodigestion. Biodigesters subject waste, generally manure 
or sewage, to the action of bacteria in an anaerobic 
environment, that is, without air. The result is biogas, which 
is produced in a closed container or tank called a biodigester, 
which can be built with various materials such as brick and 
cement, metal or plastic. The cylindrical or spherical 
biodigester has an inlet conduit through which organic matter 
is supplied together with water, and an outlet conduit in 
which the material already digested by bacterial action leaves 
the biodigester. 
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Advantage: the balance of CO� emissions is considered 
null, this is due to the fact that there is no energy expenditure 
in obtaining the resource, although there is for its processing. 
Additionally, if it is obtained from plant matter, CO� 
emissions are offset by its absorption by photosynthesis. Its 
advantage over wind and solar generation is that as long as 
the resource is available, it can be produced at any time, and 
therefore it can be useful in high demand time zones. 
Biomass is mainly used to generate heat for industrial and 
domestic uses. Only a part of it, although increasingly 
important, is used for the generation of electrical energy. In 
this sense, this type of exploitation takes place through 
cogeneration systems. That is, systems that allow the 
simultaneous production and use of heat and electricity. 
There is not much danger in these plants, however there are 
fluids at high temperatures and the possibility of risks derived 
from their handling and generation must always be 
considered. 

Disadvantages: while it is true that Municipal Solid Waste 
(MSW) are increasingly abundant, and that the production of 
plant materials suitable for later use as fuel has also 
increased. However, this resource cannot be compared to 
unlimited resources such as wind, sun, etc. The production of 
fumes causes pollution and annoying odors, due to the 
proximity of these plants to large cities. In some cases there 
are problems regarding the alternative use of raw material, 
which may be for the food sector. The production of biodiesel 
from soybeans could generate competition with this sector 
and shortages of this input. At the same time, there is the 
deterioration of the soil due to nutrient losses. Another 
drawback is the case in which the input associated with the 
waste has an alternative use with which it competes, such as 
the food industry or fertilizers. Therefore, there are multiple 
aspects that must be considered. 

 
3. Survey of the potential of renewable generation 

sources in the province of Entre Ríos, Argentina 
 
Regarding wind and solar generation, the data collected 

and plotted in this section were obtained from the records of 
the Gualeguaychu meteorological station, Argentina. These 
data are published by the Directorate of Hydraulics of Entre 
Ríos. Regarding biomass, data from the methodology called 
WISDOM were used, that is, Integrated Dendrofuel Supply 
and Demand Mapping, which allows identifying, quantifying 
and locating the production and demand of biomass as well 
as other eventual resources of this type not yet used. within a 
specific geographic area [14]. 

 
3.1  Potential in direct solar radiation 

 
Solar radiation studies were used for a period of 4 months, 

corresponding to the Gualeguaychu meteorological station. 
These studies obtained the global solar radiation (total) and 
diffuse radiation (the radiation that is trapped in the 
atmosphere) per minute. The data were processed and 
presented in Fig. 5, where direct solar radiation is displayed 
in kWh per  m�, which is the difference between global or 
total radiation and diffuse radiation. In this graph, the x-axis 
shows the day of the year, and the y-axis shows the 

corresponding month. The z-axis, represented by the color of 
the bar, represents the direct radiation received on a fixed flat 
surface. It is observed that the energy irradiance values are 
between 400 and 800 kWh / m2.  

A load factor (LF) of around 24% is obtained, according to 
the hours of sunrise, the time when direct radiation hits the 
solar panel for energy transformation, and the obtained energy. 
The negative zone represents the effect of humidity by 
retaining energy from diffuse radiation, which is trapped in the 
atmosphere (diffuse radiation is greater than the global one). 

 
3.2  Wind potential 

 
Argentina's wind potential exceeds 2000 GW, 65 times the 

total installed capacity. Patagonia is one of the regions with the 
greatest wind potential, three variables are present almost 
simultaneously: direction, constancy and wind speed. There are 
regions with averages of 9 m / s. In an area of 1 km� with 16 

turbines 450/500 kW of capacity, 23 FGHIJK  can be generated. 

 

 
Figure 5. Direct radiation map in each day and hour of the year in the 
Province of Entre Rios, Argentina.   
Source: The Authors. 

 
 

 

 
Figure 6. Graph of weekly wind curve in the Province of Entre Rios, 
Argentina.  
Source: The Author. 
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Figure 7. Plot of cumulative and relative probability distributions for the 
analyzed data in the Province of Entre Rios, Argentina.  
Source: The Author. 

 
 
For the wind potential survey, the records obtained from 

meteorological measurements in the Entre Ríos area were 
used. Through these records, it was possible to obtain 
graphical and statistical information on wind speeds. With 
these speeds, the load factor of wind power can be estimated 
using the operating curves of the considered wind turbine. 

Fig. 6 presents the graph of the meteorological records with 
respect to the measured wind speeds in the Province of Entre 
Rios, Argentina. It also shows the minimum starting speed of the 
wind turbine (5 km/hr) and the speed of the wind turbine (22 
km/hr). The minimum wind speeds are around the starting speed 
of the wind turbine. The maximum speeds are between the 
minimum operating speeds and the rated speed. Fig 7 shows the 
relative and cumulative probability distributions obtained from 
these meteorological records. In this way, the hypothetical 
operation of a wind turbine was estimated, see Fig. 8. Wind 
speed measurements are made using anemometers, installed at a 
height of 10 meters. Regarding Fig. 6, it is observed that there is 
fluctuation in the wind speed. In turn, it can be seen that the 
average speeds are less than 5 km/hr. This reverence value is, 
in turn, less than the starting speed of the wind turbine (Fig. 8). 
This fact is seen more clearly in Fig. 7, where the probabilistic 
distribution curves of wind speed and accumulated function are 
also presented. The abscissa axis is the wind speed, the ordinate 
axis is the analyzed month and the color represents the 
probability of occurrence of the wind speed. The average speed 
of the measurements is 3.8 km/hr, the starting speed is 5.4 km/hr and the engine speed is 22 km/hr. It is observed 
that speeds greater than those of the regime present a probability 
of less than 10%. That is to say, 10% of the semester, the 
generator will reach the normal operating or operating speed. 

 

 
Figure 8. Load Factor vs. Wind Speed in the Province of Entre Rios, 
Argentina.   
Source: The Authors. 

 
 
Therefore the load factor, in these conditions is low, 

which makes it not viable. Then, the height of the wind 
turbines is increased, in order to obtain wind speeds greater 
than these and consequently, improve the wind turbines load 
factor. So, from Eq. 3, if the height is increased to 30 meters, 
an average speed of 25 km/hr is obtained. If a typical wind 
turbine operating curve is used, a Load Factor of 32% is 
obtained. It is seen to be a low load factor, compared to more 
reliable sources such as nuclear or fossil generation, which 
have load factors greater than 80%. 

 
3.3  Biomass and biogas 

 
Argentina has approximately 23.9 million hectares 

planted with transgenic crops, being the third most important 
world producer of transgenic crops and the second in Latin 
America. The activity is regulated by Law No. 26093, which 
is called the Regulatory and Promotion Regime for the 
Sustainable Production and Use of Biofuels. Said law 
establishes a goal of 5% of consumption diesel as biodiesel 
[16]. In Entre Ríos there are multiple sources of biomass: 
6768 native forest sawmills, 153714 forest plantation 
sawmills, and 84450 rice mills.  

Regarding crop residues in rice crops, 140000 ha have 
been identified so far in Entre Ríos (out of a total of 170000 
ha), with the remaining 30000 ha located in other provinces. 
It is estimated that the potential of Entre Ríos in biomass / 
biogas is around 400 MW. Given that the demand is of the 
order of 4 % of the total demand (1.28 GW of 32 GW), 30 % 
of the total demand of Entre Ríos can be covered by this 
means. Of the 400 MW, Concepción del Uruguay can be 
assigned around 24 MW (6% depending on the proportion of 
the population). With a power factor of 0.85 it is equivalent 
to an installed power of 28 MVA. Given the large 
concentration of poultry industries in the province, the waste 
from these is considered for the production of biogas. For the 
raising and fattening of chicken, it is assumed that rice husk 
is used, instead of sawdust, for its assembly. This assumption 
is made for a number of reasons. In the first place, the 
abundance of this residue in the province and the difficulties 
of alternative use. Second, the use of sawdust makes it 
difficult to use chicken litters once discarded for biogas 
production.  
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Therefore, it is assumed that by provincial regulations it 
is required that chicken beds contain rice husk and that its 
residue be treated in biogas production plants. The biogas 
will be used for energy production and the fertilizer residues 
will be transferred to the breeding and fattening company. 
Additionally, half of the farms are mainly concentrated in the 
provinces of Entre Ríos (52%), mainly in the vicinity of large 
urban centers. At the country level, farms with a housing 
capacity of less than 50,000 birds predominate, the most 
frequent being family farms that house between 10000 and 
20000 birds, located mainly in the provinces of Entre Ríos 
and Buenos Aires. In Entre Ríos the family-type structure 
predominates with a capacity of less than 30000 birds.  

While in Buenos Aires, although family farms also stand out, 
larger farms predominate, with more than 100000 birds. In 2017, 
the national slaughter was 7.29 ∙ 10Q heads, and the provincial 
production was 52%, that is, 3.8 ∙ 10Q heads. Concepción del 
Uruguay is assigned 6% of the farms (according to the 
percentage of the population with respect to the province), then 2.2 ∙ 10Rheads in a month are obtained. Then the liters of biogas 
obtained per month are the following:  

 S����� = 2.2 ∙ 10R ℎ���UV��ℎ ∙ 0.15 2� ℎ��� ∙ ���
∙  30 ��� ∙ 90 U 1000 2�= 909360 XS ��V���UV��ℎ Y 

(5) 

 
Additionally, the fattening period of each chicken is 

approximately 45 days. The quantity of lots is calculated as 
follows: 

 SV�Z[\] = 365 ������� ∙ 145 �V���� = 9 X �V�����Y (6) 

 
Then: 
 

^��� = 729 ∙ 10R ℎ�������9 �V�����  ∙  52 %100 % ∙ 8 %100 %
= 3.368 ∙ 10R Xℎ����V� Y 

(7) 

 
The result obtained corresponds to the number of bird 

heads per batch obtained after 45 days in Concepción del 
Uruguay.  

If this amount is transferred to a month, a number of 
heads/month is obtained as follow: 

 �`[a = 3.3 ∙ 10R ℎ����V� ∙ ∙ 30 ��� ∙ �V�45 ���= 2.2 ∙ 10R X ℎ���UV��ℎY (8) 

 
To calculate the volume of biogas available, since 0.150 

kg of waste can be obtained for each head per day. From this 
waste, 90 �� of biogas can be obtained in biogas for every 
1000 kg of waste. Then the volume of biogas available 
corresponds to: 

�V� = 2.2 ∙ 10R ℎ���UV��ℎ ∙ 0.150 2� ℎ��� ∙ ���∙  30 ��� ∙ 90 S1000 2� 

(9) 

�V� = 909360 X SUV��ℎY (10) 

 
The use of cogeneration generators is supposed to allow 

the obtaining of electricity and heat, with a second gas turbine 
stage. This equipment is located at the place of interest. A 
reserve deposit is also installed on site. That is, assuming that 
there is user acceptance. The power of the generation 
equipment is 0.2 MVA, with a consumption of 35 L/ hr there 
is an average power of: 

 bc = 9 ∙ 10d SUV��ℎ ∙ 1 UV��ℎ30 ��� ∙ 1 ���24 ℎ� ∙ 1 ℎ�35 S  ∙ 0.2 e�f = 7.216 [e�f] (11) 

 
The load factor of the biomass power is then: 
 SV�� i���V� = 16 %24 % ∙ 100 % = 71 [%] (12) 

 
So, the Installed Power of the biomass resource is: 
 b = 7.216  e�f71% = 10.1[e�f] (13) 

 
Therefore, considering only the poultry sector, there are 

potentially 10.1 MVA available to be used as generation 
input. If 0.2 MVA generation units are available, up to 50 
generators can be installed. In conclusion, biomass and 
biogas can potentially be used as input to generate energy. 
These resources are also candidates to be used for Distributed 
Generation. 

 
3.4  Life cycle analysis 

 
Energy Returned On Investment (EROI) can be 

determined as follows: 
 

EROI = P ∙ UL ∙ LF ∙ η ∙ 876086Inverted energy  (14) 

 
Where b is the installed power, �
 is the useful life, Si 

is the load factor, y is the efficiency of the generators, 8760 
are the hours in a year and 86 are the GWh per ETO. Invested 
energy can be estimated through a Life Cycle Analysis 
(LCA). Below is a brief description of the proposed 
methodology and the main results. The development of this 
methodology is complex and exceeds the space limitations of 
the article, therefore it is briefly described, seeking to develop 
the procedure in greater depth in future publications. Some 
references of works similar to the one proposed, carried out 
by other authors are [18-21]. 

As can be seen in Fig. 9, in order to determine the 
denominator of the EROI, a Life Cycle Analysis is carried 
out, where the essential sectors to obtain the generator and 
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Figure 9. Life Cycle Analysis to calculate the Energy Returned On 
Investment (EROI).  
Source: The Author. 

 
 
the fuel necessary for its operation are divided. Waste is 
omitted for simplicity. In Fig. 9 a diagram of the Life Cycle 
Analysis used is shown. The 5 large sectors are extraction, 
processing, manufacturing, assembly and transport, the latter 
is distributed throughout the entire system. The transport 
sector is considered concentrated, this is like one more stage 
of the life cycle. Two inputs are considered: materials used 
and fuel required, where the cost of the generator fuel and the 
fuel required for transportation are estimated. In this way, 
energy costs are obtained, which are referred to in Equivalent 
Tons of Oil (ETO). For the determination of energy costs, 
two inputs were considered. In the first place, the 
composition data for each type of generation were used, 
according to the relative requirements of materials: polymers, 
iron, aluminum, copper, concrete and others (electronic 
devices). Second, the cost of fuel in transportation of each 
material used and the fuel required was estimated. In order to 
approximate the results, it was considered that the transport 
sector is made up of three devices: truck, train and ship. In 
this way, all energy expenses were added, which together 
with the useful energy obtained allow obtaining the EROI. If 
the Useful Life is divided by the EROI, an estimate of the 
time required to recover the invested energy as follows: 

 �z[����] = 
S���� = �������� ������b ∙ Si ∙ y ∙ 8760  (15) 

 
The technical data of the generators used are presented in 

Table 1: Load Factor (LF), Efficiency, Useful Life (UL), 
Energy Returned On Investment (EROI), Recovery Time, 
Installed Power, Inverted Energy and Obtained Energy. 
These information obtained is a contribution of the present 
investigation. It is observed that the generation source with 
the highest load factor is biomass, followed by wind 
generation and later photovoltaic solar. From the technical 
data of the generators and the LCA, the Inverted Energy, 
Obtained Energy and EROI was obtained, which is presented 
in Table 1. To facilitate comparison, an installed power of 10 
MW is taken for the three generation sources. 

Table 1. 
Technical data of the generators used.  

Model 
Wing 

Generation 

Photovoltaic 

Generation 

Biomass 

and Biogas 

Generation 

Load Factor [%] 32 24 71 
Efficiency [%] 80 65 32 
Useful life (UL) [year] 25 25 15 
EROI 4.11 3.59 4.54 
Recovery Time [year] 6.08 6.96 3.3 
P [MW] 10 10 10 
Inverted Energy [ETO] 48215 29381 25675 
Obtained Energy 
[ETO] 

11731 8184 5655 

Source: The Author. 
 
 
It is observed that the one with the highest EROI is 

biomass generation, followed by wind and finally solar. 
Therefore, the source with which the invested energy is 
recovered faster is biomass generation, since it takes 3 years. 
The results are consistent and, therefore, with the proposed 
methodology, results were obtained in accordance with 
reality. 

 
4. Conclusions 

 
The article proposes a theoretical and methodological 

contribution to evaluate the energy and later economic 
profitability of renewable generation projects. The 
contribution is novel since it obtains extremely important 
information that is discussed in the state of the art, the Energy 
Returned on Investment (EROI). The EROI measures the 
relationship between the Invested Useful Energy and the 
Obtained Energy, which is useful to know how much the 
energy benefit is in proportion to the energy cost invested. In 
this sense, the energy potentials and load factors necessary to 
determine the limitation and energy profitability of 
generators based on a renewable generation source were 
surveyed. The three sources have advantages and 
disadvantages to favor or prevent their implementation as 
projects, which were presented in the state of the art of this 
work. Solar generation is relatively predictable, but has 
drawbacks in that the moment of maximum generation does 
not coincide with the moment of maximum demand. Wind 
generation has the same drawback, which is also 
unpredictable. The main argument in favor of biofuels is the 
absorption of carbon dioxide (CO�), so it follows that the 
balance is zero or close to zero. When the combustion is 
complete, all the fuel is transformed into CO� and water 
vapor, however, the trees and plants that are growing capture 
it again. In practice, combustion is generally incomplete. The 
first reason is due to the non-uniform distribution of air in the 
mixture and therefore, the necessary oxygen is not available 
to transform all the carbon into CO�. 

In this situation, carbon monoxide (CO), hydrocarbons 
(HCs, for example methane), N�O and other materials are 
also formed, which can generate serious impacts on the 
health of users and are also greenhouse gases. Therefore, an 
extensive and complex cost-benefit analysis of biomass / 
biogas is required. Regarding the survey, based on the results 
obtained, from the point of view of profitability and time, the 
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most convenient renewable generation source is biomass 
generation. The other sources require investments that 
minimize energy costs in manufacturing and transportation, 
to improve their EROI. The biomass and biogas potential of 
Entre Ríos is promising. However, there are problems 
regarding combustion gases and odors due to their storage. 
This would generate inconvenience and damage to users. In 
turn, the low speed and frequency of wind in Entre Ríos 
makes it difficult to implement wind projects, requiring great 
heights to obtain good efficiency. It is intended to use the 
results of this work for future work to solve multiobjective 
optimization problems in energy economy. It is also intended 
to deepen the calculation methodology of the EROI in order 
to include it as material for discussion and deepening. 

 
5  Referencing bibliography, tables and figures 

 
BG: Biomass-based generation. 
EG: Generation based on Wind Energy. 
EROI: Energy Return on Investment. 
ETO: Equivalent Ton of Oil. 
LCA: Life Cycle Analysis. 
LF: Load Factor. 
MSW: Municipal Solid Waste. 
OM: Overview Mapping . 
RT: Recovery Time. 
SG: Generation based on Solar Energy. 
SUW: Solid Urban Waste. 
UL: Useful Life. 
WISDOM: Woodfuel Integrated Supply / Demand RT. 
 

References 
 

[1] Mangla, S.K., Govindan, K. and Luthra, S., Prioritizing the barriers to 
achieve sustainable consumption and production trends in supply 
chains using fuzzy Analytical Hierarchy Process. Journal of cleaner 
production, 151, pp. 509-525, 2017. DOI: 
10.1016/j.jclepro.2017.02.099 

[2] Gallego-Schmid, A. and Tarpani, R.R.Z., Life cycle assessment of 
wastewater treatment in developing countries: a review. Water 
Research, 153, pp. 63-79, 2019. DOI: 10.1016/j.watres.2019.01.010 

[3] Hall, C.A. and Klitgaard, K., Energy return on investment. In: Energy 
and the Wealth of Nations. Springer, Cham, 2018, pp. 387-404. DOI: 
10.1007/978-3-319-66219-0_18 

[4] Camargo, F.G. y Schweickardt, G.A., Estimación de la tasa de retorno 
energético: análisis comparativo de las metodologías disponibles en la 
actualidad. Maskana, [en línea]. 5, pp. 65-73, 2014. Disponible en: 
https://publicaciones.ucuenca.edu.ec/ojs/index.php/maskana/article/vi
ew/575 

[5] Shen, W.Z., Special issue on wind turbine aerodynamics, 2019. DOI: 
10.3390/app9091725 

[6] Kalmikov, A., Wind power fundamentals. In: Wind Energy 
Engineering, Academic Press. 2017, pp. 17-24. DOI: 
10.3390/app9091725 

[7] Kannan, N. and Vakeesan, D., Solar energy for future world: a review. 
Renewable and Sustainable Energy Reviews, 62, pp. 1092-1105, 2016. 
DOI: 10.1016/j.rser.2016.05.022 

[8] Reinders, A., Verlinden, P., Van Sark, W. and Freundlich, A., 
Photovoltaic solar energy: from fundamentals to applications, John 
Wiley & Sons, 2017.  

[9] Sampaio, P.G.V. and González, M.O.A., Photovoltaic solar energy: 
conceptual framework. Renewable and Sustainable Energy Reviews, 
74, pp. 590-601, 2017. DOI: 10.1016/j.rser.2017.02.081 

[10] Xu, C., Chen, H., Zhao, Z., Gao, J., Ma, X., Lu, S. and Zhang, F., 
14.46% efficiency small molecule organic photovoltaics enabled by 

the well trade-off between phase separation and photon harvesting. 
Journal of Energy Chemistry, 57, pp. 610-617, 2021. DOI: 
10.1016/j.jechem.2020.09.025 

[11] Kittner, N., Gheewala, S.H. and Kammen, D.M., Energy return on 
investment (EROI) of mini-hydro and solar PV systems designed for a 
mini-grid. Renewable Energy, 99, pp. 410-419, 2016. DOI: 
10.1016/j.renene.2016.07.023 

[12] Gaurav, N., Sivasankari, S., Kiran, G.S., Ninawe, A. and Selvin, J., 
Utilization of bioresources for sustainable biofuels: a review. 
Renewable and Sustainable Energy Reviews, 73, pp. 205-214, 2017. 
DOI: 10.1016/j.rser.2017.01.070 

[13] Bilgili, F., Koçak, E., Bulut, Ü. and Kuşkaya, S., Can biomass energy 
be an efficient policy tool for sustainable development?. Renewable 
and Sustainable Energy Reviews, 71, pp. 830-845, 2016. DOI: 
10.1016/j.rser.2016.12.109 

[14] Alegre, M., Kaufmann, I.I., Llorente, R.T., Ferrere, P., Butti, M., 
Messa, J.C. y Contreras, C.I., Análisis espacial del balance energético 
derivado de biomasa: metodología WISDOM Provincia de Buenos 
Aires. Organización de las Naciones Unidas para la Alimentación y la 
Agricultura-FAO, [en línea]. 2018. Disponible en: 
http://hdl.handle.net/20.500.12123/4551 

[15] Panero, C., Manrique, S. y Franco, J., Proceso de co-combustion 
(carbon-biomasa) en una central termoelectrica argentina. Energías 
Renovables y Medio Ambiente (ERMA), 32, pp. 53-60, 2013. 
http://portalderevistas.unsa.edu.ar/ojs/index.php/erma/article/view/14
76 

[16] Perea-Moreno, M.A., Samerón-Manzano, E. and Perea-Moreno, A.J., 
Biomass as renewable energy: worldwide research trends. 
Sustainability, 11(3), art. 863, 2019. DOI: 10.3390/su11030863 

 
 

F.G. Camargo, is PhD in Engineering with industrial mention in the 
Technological University of Santa Fe, Argentina; Electromechanical 
Engineer in the National University of San Juan in 2011, Argentina, and 
postdoctoral aspirant of CONICET in the National University of San Juan, 
Argentina. His research interests include: energy economics, artificial 
intelligence, metaheuristics, fuzzy multi-objective models, renewable 
energies and electric power distribution systems. He holds category D of the 
program of researchers of the Universidad Tecnológica Nacional.  
ORCID: 0000-0002-8685-1900. 


