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1 Introduction

Current climate change it imposes us to change our way of living, acting and making decisions not only that
suits us, but respects all forms of life in our environment starting with the rivers, the seas, passing through the
flora and fauna, to the earth and the area So for all living beings. Concerning that vision, future engineers have
the moral and ethical responsibility to establish and create norms, innovations, and projects that facilitate
coexistence for each species and establish the balance of the environment (Moéller & Nix, 1976; Makogon et al,
2007; Balaras et al, 2007). The same motivation is based on this research, which aims to analyze and quantify
the energy potential of biomass in the Portoviejo canton of the province of Manabi due to its diversity in
agricultural production that specifically generates organic vegetable waste that is can be used to reduce the
energy dependence of citizens to the source of production of the conventional electric power (heat) is
produced each year some tons of (y,In this document, the research work will focus on the agricultural
products of Portoviejo selected these products that are: cocoa, banana, corn, coconut. Portoviejo considered as
"The city of the royal tamarinds", is geographically located at 01 degrees, 3 minutes, and 8 seconds latitude
south, and 80 degrees, 27 minutes, and 2 seconds longitude west. It limits to the north, with the cantons
Rocafuerte, Sucre, Junin and Bolivar; to the south, with the Canton Santa Ana; to the west with the Montecristi
Canton and the Pacific Ocean and the east with the Pichincha and Santa Ana cantons. In June 1824, the was
created Manabi and with it three Manabite cantons: Portoviejo, Jipijapa, and Montecristi. Portoviejo contains 9
urban parishes and 7 rural parishes (Manabi Government, 2019). Each product and its biomass yield will be
developed in more detail in the following pages.

2 Materials and Methods

In carrying out this study on the potential of plant biomass in Portoviejo, the quantitative method was used,
which allowed data to be collected on the different products that are the basis of this work, and also the
qualitative methodology that served to the selection of the types of biomass to be able to carry out this
investigation. The search for quality and truthful information was used through the web, based on scientific
documents such as thesis (engineering, masters, doctorate), reports from organizations, national and
international commissions on energy such as CONELEC, CEDA (Ecuadorian Center for Environmental Law),
IDRC (International Development Research Center), OLADE among others to have a good documentation base.
A visit was also made in some of the agricultural areas of the canton.

3 Results and Discussions

This research was carried out through the residues of Banana, corn, coconut, and cocoa, as they are the most
abundant in Portoviejo, it was decided to work with these agricultural waste because it was found in different
parts of the canton, in Figure 1 shows the production of agriculture in Ecuador. As can be seen, a large amount
of organic waste is generated and within the canton of Portoviejo, there is a lot of bananas and corn (daily,
2017).
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Figurel. Production of agricultural waste in Ecuador (Roman, 2015)

This high amount of waste produced, allows the opening of an interesting field of exploitation of them,
through their energy conversion to electricity, heat, and production of biofuels of high added value. All these
organic polymers are made up of carbon, oxygen, hydrogen, nitrogen, sulfur atoms among others. From this
point of view, biomass has a percentage composition as shown in table 1.

Table 1
Biomass element composition (Pérez, 2011)

Element Percentage by weight on a dry basis (%)
Carbon (C) 30-60

Oxygen (0) 30-40

Hydrogen (H) 5-6

Nitrogen (N), Sulfur (S), Chlorine (Cl]) <1%

Portoviejo has an annual average solar radiation of 4,850kWh / m? day (Rodriguez & Vazquez, 2017),
(Rodriguez & Vazquez, 2018), which favors the agriculture of banana, coconut, corn, and cocoa. The first
product that was studied in this research was the banana. The largest production area of this mustard is the
province of Manabi with 52612 ha, currently a total of 144981 ha of plantain are reported in the country, of
which 86712 ha, are under the monoculture system and 58269 ha are associated with Other crops For the
sowing of new plantations, strains should be selected from small grandfathers or hills of 1.60 - 1.80 m,
cleaning, and disinfection with insecticides furadan 3F (200 mL / 100 L of water), furadan 4 F (150 mL / 100 L
of water), or 30 g of 10% G insecticide-nematicide (Furadan, Counter, Mocap, etc.), applying 15 g to the
bottom of the hole and 15 g as the strain is buried. In Portoviejo it is present with not very large plantations
and with an area of 1,031.85 hectares that represents 1.07% of the cantonal surface; its spatial location is in
the central part of the canton generally close to the main roads. Banana crops are mainly distributed in the
parish of Abdon Calderén; and in the parish of Portoviejo north of it and south in the valley (SENPLADES,
2012). The maintenance in the useful life of the productive units for the control of nematodes in established
plantations is recommended the use of the products terbufos, fenamifos, ethoprop, and carbofuran in doses of
3 gia/plant and oxamyl 2,4 mL/plant.

Nematicides should be applied based on the population levels obtained after making the nematological
diagnosis. The diagnoses are more representative when sampling is done in front of the child in a succession
of 1.50 - 2.0 m high. This practice prevents the deterioration of the roots and consequently, the overturning of
the productive units. It has been determined that nematodes reduce banana yields by 30 percent. The
cultivation of bananas and their collateral industries, generate employment for more than one million families,
this represents about 2.5 million people nationwide, which in percentage equals approximately 17% of the
current population, which depend on a or another form of the banana industry (Tokimoto et al, 2005; Suarez-
Garcia et al, 2002; Valdrighi et al, 1996). The Ecuadorian banana market is diversified, exporting the fruit to
the European Union (42%) USA (21%) Russia (20%), Southern Cone (6%) as main markets and 11% to
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marginal markets (Middle East, Eastern Europe, North Africa, and Asia) (Cedeno, 2019). In figure 2, part of the
banana residuals is shown.

Figure 2. The banana residue (agro)

In the second place was the production of corn and its energy potential. In Portoviejo the main crop is usually
hard corn, it is used for the production of balanced, there is a cultivated area of 9210.61 ha and it is mostly
located in the central and southwest part of the canton, in the latter in the Valley from Portoviejo. It should be
noted that in areas where there is an irrigation presence, they cultivate more than one cycle. This product
occupies 9.56% of the total cantonal area. The yield of corn at the national level for the year 2010 was 2.77
MT/ ha (National Secretary of Planning and Development, 2012). During 2017, about 1.2 million tons of corn
were produced in Ecuador on the more than 200,000 hectares planted in the country, according to statistics
from the Tierra Fertile Corporation, in the Ventanas canton, Los Rios. El Oro was the province that exceeded
the national average with 7.63 t / ha, while the lowest was Guayas with 4.50 t / ha (leading magazine, 2018).
Three (3) years ago in 2014 precisely the production of corn was 1.54 million tons, which represented 0.15%
of world production (Baca, 2016). The province of Manabi represents 22% of the national production, the
majority of which is produced in the Jipijapa canton. In 2016, a training was held in Moquimble, Colén parish
of the Portoviejo canton; at the Portoviejo Experimental Station facilities. In the mentioned sites, activity was
developed on estimating the yield and its losses due to attack of diseases in the cultivation of hard corn;
harvest exercises (defoliate and quantify); observation of plants with late wilt and also practice was carried
out to know field weight, percentage of shelling of harvested ears, the weight of cob, weight of grain,
percentage of moisture of the grain, among other topics (National Institute of Agricultural Research, 2016),
reference in the figure.

Figure 3. Portoviejo experimental station

In 2010 the main cocoa-producing provinces in Ecuador were Manabi with 22% of the national area followed
by Los Rios with 21.33% and Guayas with 20.67% (table 1). Regarding yields: Guayas was the province that
had the highest yield with 0.66 t / ha, Los Rios 0.47 t / ha and Manabf the lowest 0.27t / ha (Pérez, 2011). At
present, in Portoviejo, cocoa is the second most important crop in the canton; the majority of cocoa
plantations are mainly represented by national cocoa. Similarly, branch cocoa has been identified to a lesser
extent and spatially dispersed. These crops have an extension of 2,636.43 ha, and are located near the main
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roads; located mainly in the parishes of Portoviejo, Abdén Calderén, Rio Chico and Alajuela (Posso et al, 2019;
Salgado et al, 2020).

Cocoa production in the Portoviejo canton has a yield of 0.4 MT /ha per year, the area of cocoa cultivation in
monoculture in Portoviejo extends over 4,498 ha (illustration 5) (INIAP, 2010). This states that it is within the
average to the national coffee yield figures, which range from 0.27 to 0.48 MT/ha in a period from 2000 to
2010. Table 1 shows the area and yield planted by province

Table 1
Planted area and yield by province

Provinces Planted Area (ha) Yield (t / ha)
Manabi 108 649 0.27
Los Rios 104 788 0.47
Guayas 102 104 0.66
Esmeraldas 56 739 0.41
El Oro 18 092 0.42
Santo Domingo 17 538 0.43
Cotopaxi 14 872 0.32
National total 491 221 0.43

Table 2 shows the percentage of the farm dedicated to the sowing of cocoa, in the different strata. Fortaleza
del Valle Corporation, Manabi. 2011; in which we can appreciate the different sizes of the farms with the
percentage of the farm planted with cocoa, the number of farmers concerning each size of farm (Fernandez,
2011).

Table 2
The percentage of the farm dedicated to planting cocoa in different strata

Percentage of the farm

Stratum Farmers (%) Number of farmers .
planted with cocoa
Large 10.10onwards 50.00 1 8,00
50.00 1 73.33
53.33 8 100.00
20.00 3 15.00 - 16.70
Medium 4.10to 10 hat  6.66 1 85.71
6.66 1 45,00
6.66 1 33.33
6.66 1 7.90
Small 0.30 to 4ha 56.35 71 100.00
8.74 11 75.00 - 86.00
14.29 18 50.00 - 66.70
10.31 13 25.00 - 44.40
10.31 13 2.70- 23.00

Figure 4, show how the cocoa is dried (A) and in the peanut plantations in (B). In figure 4, showing how
cocoa is dried (A) and in cocoa plantations in (B), it is good to reflect that there are better ways to dry
coffee and cocoa, using solar dryers that give quality to the product (Zambrano et al, 2018), these
practices can generate throughout the province of Manabi, as they are high producers of Cacao, Coffee,
peanuts and other beans.
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Figure 4. Drying and growing cocoa

The coconut, where it has the highest production in the province of Esmeraldas, with many hectares that
reach 77.26% of the national total, followed by Manabi, with 18.72%. In that province there are 1489 hectares
of coconut plantations (Lideres, 2017), coconut plantations are located in the northern part of the canton and
along the main roads, focusing on the Rio Chico and Portoviejo parishes in areas that border the Rocafuerte
canton. An area of 547.63 ha has been identified, which represents 0.57% of the total cantonal territory.

Socio-economic impact

In recent years, Ecuador has incorporated cogeneration systems using biomass, excess electrical energy is
delivered to the national energy network. Until now the main crop that has been used for the generation of
electrical energy is sugar cane, in the mills that the country possesses. They include Eco electric (36.5 MW),
San Carlos (35 MW) and Escudos (29.8 MW). This represents 1.74% of the electricity produced in Ecuador in
2016 (Guerrero et al, 2016).

With the potential of the four cultures, a biomass plant can be implemented in Portoviejo, due to the large
amount of organic waste produced by bananas, cocoa, coconut, and corn. Being possible because all these
crops are collected at the same time, allowing the availability of biomass, being able to reduce considerably
the dependence of the citizens to the conventional energy source, reducing the pollution produced (Hussein,
2015; Gamez et al, 2017).

At a national level, the income generated by the banana activity represents 3.84% of the total GDP; 50% of
agricultural GDP and 20% of the country's private exports, Banana cultivation and its collateral industries,
generate employment for more than one million families, this represents about 2.5 million people, which in
the percentage they are equivalent to approximately 17% of the current population, which depend in one way
or another on the banana industry (Cedefio, 2018).

In Portoviejo, more than 1000 people live from that culture and with the implementation of that plant,
production will continue and grow concerning the growth of energetic production. Similarly, many jobs could
be generated (Gomelsky, 2013), for the operation of the plant and in the agricultural sector.

Environmental

Impact The direct impact is the considerable reduction of CO2 produced by the conventional source and other
linked gases, it contributes to the reduction of the greenhouse effect and the possible acid rain, deforestation
is also reduced, and to take advantage of the banana, coconut residues, cocoa and corn creating an energetic
culture
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4 Conclusion

In the canton, Portoviejo has a large production of corn and plantain that is found in rural parishes and at the
time of making their crops vote the corn leaf or burn it, also wastes the maize rachis, just as with bananas, this
waste can contribute to the generation of electricity, bioethanol, and biodiesel because they are rural areas
that currently have poor energy quality. Biodiesel can be produced in the canton through the use of corn, by
extracting vegetable oil, with a yield of 145 kg of oil/ha. The potential of biomass through banana residues
could cover a high demand for electricity in the canton and electricity generation from lignocellulosic waste
such as the stem and leaves of the plant, these would contribute to the development of bioenergy and the
economy. Using these residuals, the canton could become an energy sustainable zone.
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