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Most countries in the world depend on energy, and it is suggested that it be generated from renewable sources
that do not have a negative impact on the environment. The avocado pit is a residue that originates from the
consumption of avocado pulp and can be used as biomass due to its potential calorific value. Thus, this research
developed ecological briquettes from avocado pit waste as biofuel. The briquettes were made from a mixture of
avocado pit, sawdust and cassava binder in different proportions. The briquettes were cylindrical in shape, 7 cm
long and 5 cm in diameter, and their calorific value, combustion time, humidity, ash content and amount of CO2
emissions were evaluated. The results indicated that the best proportion for obtaining the ecological briquette
was 70 g of avocado pit, 20 g of sawdust and 30 g of binder diluted in 120 ml of water. In addition, the briquettes
showed reductions in CO2 emissions and high calorific value. Finally, it is concluded that the ecological
briquettes are a great alternative as biofuel and could be used as a source of energy for different domestic
cooking activities in rural areas and recreational and leisure centers, benefiting the environment.

1. Introduction

Globally, fossil fuels are an authoritative source of energy because they have become a basic human need.
Among the various countries of southern Africa, more than 50% of the charcoal produced in the world is
consumed, and is used interchangeably in homes and industries (Cuvilas et al., 2010). In addition, the use of
charcoal today has steadily increased, leading to an increase in carbon emissions in the form of CO2 (Power,
2009). Therefore, there is an incentive to employ renewable energy sources such as the use of biomasses that
absorb carbon dioxide (COz2) during their growth and emit it in their combustion, so it is considered to have a
zero greenhouse effect (Roni et al., 2017).

Biomass is a renewable energy source because its energy content comes from solar energy stored during the
process of photosynthesis (EPEC, 2018). In addition, plant biomass has been used as a primary fuel, and due
to the depletion of fossil fuels it constitutes a sustainable alternative (Callejon et al., 2009). Many researches
used natural sources of energy, as is the case of bituminous coal to produce ecological briquettes, obtaining as
a result of combustion, that the ash contains 1.3 % of unburned carbon with an efficiency of 81 % and 3 mg/m?
of gas particles were emitted in smoke (Deniz ,2016). Barranco et al. (2016) produced eco-friendly briquettes
from corn stover and cassava bioagglomerate, and their product recorded 50% less CO2 emissions compared
to that produced from firewood or wood chips. Similarly, Babajide et al. (2018) studied the physical and
combustion characteristics of ecological briquettes made from agricultural waste and wood residues, being more
environmentally attractive as it contributes to the reduction of CO2 concentrations.

Researchers from the University of Cordoba together with engineers from the University of Almeria emphasize
that avocado pits, almond shells and olive pits can be used as a source of biomass by virtue of their calorific
value and thermal energy (Juarez et al., 2019). The avocado pit is the seed or residue generated when avocado
is consumed, and is a potential source of fiber used for other vegetable by-products (Juarez et al., 2019).

In Peru, the use of charcoal plays an important role in the energy picture, mainly in domestic food preparation
(Salo et al., 2011). Therefore, the present research aimed to elaborate ecological briquettes from avocado pits
to reduce CO2 emissions.
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2. Methodology
2.1 Raw material and components

The avocado pits were collected from the company Agroindustrias AIB S.A. located in the province of Chincha
in Ica, Peru. This company is dedicated to the production and export of avocado pulp in a frozen state,
generating large quantities of avocado pit waste.

To determine the percentage of the components, the total mass of the avocado, the mass of the avocado peel,
the mass of the avocado pit and the avocado pulp were weighed (see Figure 1).

RAY SCALE

Figure 1: Weighing of avocado components: a) Mass of avocado peel, b) Mass of avocado pit and c) Mass of
avocado pulp

2.2 Biomass preparation and characterization

The biomass used was the avocado pit. Vivero et al (2019) indicate that avocado pit is rich in potassium and
antioxidants due to its high concentration of phenolic compounds.

To obtain the biomass, the avocado pits were previously washed before grinding. Subsequently, the biomass
was air-dried (28 °C) for 5 days, and then stored for later use.

The humidity and density of the biomass obtained from the avocado pit were analyzed. These parameters were
evaluated to determine the water content of the biomass to be processed and to identify its variation in the
production of ecological briquettes.

2.3 Elaboration and characterization of the ecological briquettes

The components that accompanied the avocado kernel biomass in the production of briquettes were sawdust
and cassava binder as an additive. Sawdust (<1 mm) was obtained from different woods, mainly Swietenia
macrophylla (mahogany) and Aspidosperma polyneuron (acerillo). Serret et al (2016) mention that sawdust is
a component that has a calorific value of 17.86 MJ/kg. Regarding natural cassava starch of 87 % purity, this
was obtained commercially from the supply markets located in the province of Chincha in Ica, Peru.

Briquettes were made in three different compositions: composition 1 (50 g avocado pit, 20 g sawdust, 20 g
cassava starch and 60 ml water), composition 2 (60 g avocado pit, 20 g sawdust, 25 g cassava starch and 80
ml water) and composition 3 (70 g avocado pit, 20 g sawdust, 30 g cassava starch and 100 ml water). For this
purpose, each composition was poured into a vessel and heated over low heat for 1 minute. Subsequently, the
avocado pit and sawdust were added. Finally, the mixture was placed in PVC molds (7 cm long and 5 cm in
diameter) and compacted using a manual briquette press (Figure 2-a). The briquette (Figure 2-b) obtained was
air-dried for approximately 4 days.
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Figure 2: Production of ecological briquettes: a) Manual briquetting press and b) Ecological briquettes

The ecological briquettes were evaluated for chemical parameters such as:
e Calorific value: It was performed by ASTM-D5865 Standard, using the calorimeter with an oxygen
pump under specific conditions (Lyon, 2015).
e Burning time: It was determined using a digital timer.
e Moisture content: It was performed through gravimetric analysis according to ASTM- D7582 Standard.
e Ash content: The amount of ash was measured by gravimetric analysis according to ASTM- D7582
Standard.

On the other hand, to determine the amount of CO2 emissions and the emission temperature, the ecological
briquettes and traditional charcoal were subjected to incineration in a stove and the gases were measured using
the Yowexa YEM-40L instrument (Arastirma, 2020).

3. Results
3.1 Avocado components

Table 1 shows the mass quantities of the components for a 170 g sample of avocado.

Table 1: Mass and percentage by mass of the components of a 170 g sample of avocado

N° Avocado pulp ]
Total avocado mass Avocado peel mass  Avocado pit mass
samples mass

1 170 g (100%) 102 g (60%) 36 g (21%) 32 g (19%)

The avocado pulp and peel account for 60 % and 21 % of the total avocado mass, respectively. Meanwhile, the
avocado pit occupies 19%, which is considered waste and was used in the production of ecological briquettes.

3.2 Biomass analysis

The biomass analysis performed at 23 °C and 50 % relative humidity is shown in Table 2.

Table 2: Chemical analysis of biomass

Sample Parameter Method use Results Units
Avocado pit Humidity Gravimetry 14.7 %
(100 g)

Density Internal 0.88 g/cm3
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From Table 2 it is observed that the biomass used in the production of briquettes contains a low moisture content
of 14.7%; therefore, the ignition of the biomass is slow. In addition, it contains a bulk density of 0.88 g/cc showing
that it will have good adhesion with the other components.

3.3 Chemical characteristics of the ecological briquettes

Table 3 shows the results of the analysed parameters of the ecological briquettes.

Table 3: Chemical characteristics of the ecological briquettes

N°¢ Composition Hu?g/lt)jity Calo(lr(i;i/ckg)edue Ct?nT:l(Jnitl:qc;n Ash (%)
Composition 1 13.98 12,773.67 104 1.73
Composition 2 9.85 13,327.65 107 1.96
Composition 3 8.75 13,358.08 106 1.5

From Table 3 it could be observed that the briquettes obtained with composition 3 (70 g of avocado pit, 20 g of
sawdust and 30 g of cassava starch as binder) presented the best characteristics such as moisture content,
high calorific value, high combustion time and low percentage of ash.

The results of the analysis of CO2 emissions and T° of emission of the ecological briquettes and traditional
charcoal are shown in Table 4.

Table 4: Chemical parameters of ecological briquettes

Fuel type CO2(ppm x 0.285 kg of fuel) T° emission (°C)
Avocado pit briquette 480 21.7
Traditional coal 1,432 22.7

From Table 4 it was possible to distinguish that the traditional coal had higher CO2 emissions with 1432 ppm,
unlike the avocado pit briquette of composition 3 (70 g avocado pit, 20 g sawdust and 30 g cassava starch)
which emitted 480 ppm of CO2 because the biomass releases the carbon dioxide it absorbs from the plants,
generating a null effect. It was also observed that the traditional charcoal caused an increase in the ambient
temperature (21°C) to a value of 22.7°C, while the briquette made from avocado pits reached a temperature of
21.7°C. Thus, it can be said that the ecological briquette generates a minimum temperature variation during
combustion.

4. Discussion

This research used avocado residues for the production of ecological briquettes, obtaining as a result an
environmentally friendly product, since these generate less CO2 emissions than traditional charcoal. These
results are related to those reported by Afsal et al. (2020), who made ecological briquettes from vegetable waste
and sawdust, indicating that the conversion of biomass into briquettes can be one of the best solutions to reuse
a waste that helps reduce environmental pollution.

Concerning the evaluation of the chemical characteristics of ecological briquettes, Tabares et al. (2006)
indicated that forest residue briquettes that are used efficiently and rationally should be characterized physically
and chemically. Avocado pit biomass had a moisture content of 14.7 %, a value considered acceptable. Singh
(2004) and Ujjnapa & Srrepathi (2018) who used cotton stalk and tamarind peel as biomass to make eco-friendly
briquettes, obtained humidity values of 14.5 and 11.61 %, respectively. The authors indicated that the humidity
content in biomasses should be less than 25 % to be of good quality.

In the research developed by Gendek et al. (2018), who made briquettes from 3 coniferous tree species
achieved humidity values of 20 %, mainly due to the excess water used in the briquette making process. Also,
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the calorific value of the ecological avocado pit briquettes was analyzed, obtaining a value of 13,358.08 kJ/kg.
In contrast, in the research of Ajimotokan et al. (2019) and Chou et al. (2019) obtained a calorific value of 18,400
kJ/kg and 17,9 MJ/kg in briquettes made from rice straw with wheat bran and cassava husk, respectively.

The evaluation of the percentage of ash in the ecological briquettes followed the ASTM-D7582 Standard,
obtaining a value of 1.5 %. These results agreed with Brunerova et al. (2020), who obtained values of 0.97%
ash content in briquettes made from rice husks. Shiferaw et al. (2017) and Magnago et al. (2020) followed the
procedure based on ASTM-D3174 to analyze the ash percentage in briquette made from wood waste, citrus
peel and rice husk, obtaining values of 4.67 and 4.9%, due to the fact that the biomasses used contained a high
humidity value.

5. Conclusions

The production of ecological briquettes from avocado pits was feasible because they emit less CO2 during
combustion, being an alternative to traditional charcoal. Likewise, composition 3 (70 g avocado pit, 20 g
sawdust, 30 g starch and 100 ml of water) is the best composition for making ecological briquettes (7 cm long x
5 cm in diameter) from avocado pit because it contained less moisture, higher calorific value and generated a
low percentage of ash compared to composition 1 (50 g avocado pit, 20 g sawdust, 20 g starch and 60 ml water)
and composition 2 (60 g avocado pit, 20 g sawdust, 25 g starch and 80 ml water). On the other hand, the
ecological briquettes made from avocado pits emitted 480 ppm of CO2 as opposed to traditional charcoal, which
emitted 1432 ppm of COz, demonstrating that these briquettes are environmentally friendly.
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