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In rural high Andean areas, there is a large amount of organic waste from plant species that can be reused as 

solid biofuel; these low-income areas can benefit from the calorific value of biomass from native forest species, 

including the tree species Polylepis, commonly known as quenual, queñual, quinual or quewiña (from the 

Quechua qiwiña). Culturally, low-income families use "Shampo" (a mixture of clay and charcoal) as an 

alternative energy source. The objective of the research was to find the dosage of Polylepis bark residues for 

the production of biofuel spheres in combination with shampo that offer the best energy advantage. For this 

purpose, three mixing ratios of residual Polylepis bark, shampo and clay as a binder were tested. The Polylepis 

residues were collected in the Andean zone of Huallanca - Ancash, it was ground and sieved in different 

diameters (2 mm, +1 mm and -1mm); the charcoal samples also collected in the zone were homogenized and 

sieved with different diameters (+2mm, +1mm and +0. 6mm), then making combinations between Polylepis 

residues and mineral coal were homogenized to elaborate spheres with three doses of 100 mm in diameter and 

100 g each, using clay as a binder. The physicochemical parameters and the calorific value of the mixture in its 

three doses were determined analytically. The average results found were: moisture 50.31%, volatile matter 

15.60%, ash 49.82%, fixed carbon 34.59% and calorific value 4708 kcal/kg. The mixtures of residual biomass 

for obtaining densified solid fuels resulted in optimum calorific value levels that make them good fuels. It was 

determined that the best efficiency and the highest calorific value of the biofuel spheres with residual biomass 

from Polylepis was 8741.88 Kcal/Kg; therefore, it is an alternative solution for the lack of energy in the high 

Andean rural areas and to improve the quality of life of the inhabitants. 

1. Introduction 

The tendency to use biomass as an energy source is increasing in many places that have its availability, since 

with proper use it will provide the calorific power necessary to generate electricity, for example, studies carried 

out in Asian countries have determined the feasibility of use of bamboo biomass to provide a positive impact 

aligned with sustainable development goal seven, seek clean and renewable energy (Nur Afrina et al., 2021). 

The production of biochar from waste materials by pyrolysis, under the concept of circular economy, allows 

improving the soil in its porosity, functionality and absorption capacity, stability and resistance due to the 

presence of a greater amount of fixed carbon, contributes to a greater amount of carbon sequestration being 

suitable for the absorption of plants in agricultural activity. The composition of the raw material and the pyrolysis 

temperature for obtaining biochar give it certain special characteristics, for example, lignocellulosic biomass 

provides greater functionality in the retention of soil nutrients, as well as in the absorption of pollutants (Bong et 

al., 2020). 

Biofuels have great energy benefits, especially in low-resource high Andean areas, due to access to a large 

amount of biomass (firewood, charcoal and other forest residues), the use of this biomass as an energy source 

(FAO, 2019) requires a process for the densification of material to be used as fuel (Berastegui et al., 2017), the 

use of the Quenual plant residue (bark detached from the tree) can be used together with mineral carbon and 

clay (Shampoo) to improve its energy quality and thus make the most of this biomass through the manufacture 

of solid biofuel spheres for domestic use. 
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There are experiences for pellets with greater durability made with biomass, binders and mineral carbon that 

gave it greater energy power, obtaining good fuels with these mixtures (Durango Padilla and Oquendo López, 

2016). A higher calorific power is also possible when there is a higher percentage of lignin added, which gives 

greater density and mechanical resistance (Oliveira Saccol et al., 2020); Likewise, the energetic character of 

the biomass of three bamboo species have been studied, finding an average higher gross calorific value of 

19.35 MJ kg− 1, taking into account the particle size, density, humidity, volatile compounds (74 -85 %), ashes 

(1%) and fixed carbon on average 16.13% (Rusch et al., 2021); In another case, the elaboration of briquettes 

with bagasse from cane, cashew and mango pruning has been experimented with, improving energy potential 

values from 1.79 to 13.55 (kJ cm-3), in relation to non-compacted material, demonstrating the viability of using 

biomass from the sugar industry to obtain energy (Rodrigues Ponte et al., 2019). Barmina et al., (2021) present 

a study to evaluate the influence of microwave pretreatment of different lignocellulosic biomass pellets and its 

effect on combustion characteristics (development of flow dynamics, flame temperature, thermal energy 

produced and composition of the emissions), resulting in this pretreatment activating the formation of volatile 

fuels that intensifies their ignition and combustion, thus increasing the calorific value and thermal energy (Russo 

et al., 2021) 

The research carried out by testing the use of vegetable residues from Quenual, charcoal and clay (Shampo) 

for the manufacturing process of spheres used as solid biofuel, seeks to improve access to energy for 40% of 

the families in the area of Ancash, which uses mineral coal a lot and also convinces the rest of the population 

to choose to substitute the use of propane gas, (which due to the covid-19 pandemic increased its sale price); 

Therefore, if you want to use the residual biomass of the Quenual mixed with other components, it is essential 

to find the optimal calorific value of this combination, test different granulometries and optimal doses of the 

components and evaluate their physicochemical characteristics. The use as solid biofuel such as briquettes and 

pellets has been an economic and viable alternative in areas where these resources naturally exist in quantity, 

so seeking their best use is a necessity, taking into account the low level of negative impacts they generate on 

the environment. 

2. Methodology 

In the elaboration of the solid biofuel spheres, the Quenual litter collected from one hectare with one hundred 

trees of this species located in the district of Huallanca - Ancash was used. The quantities obtained were: fifteen 

kilograms of bark, twelve kilograms of clay and twelve kilograms of mineral carbon. 

In a second stage, the bark of Quenual was ground with an electric mill, to separate them with a sieve into three 

different sizes (Figure 1b): more than 2 mm (Mesh 10), more than 1 mm (Mesh 18) and less than 1 mm. (Mesh 

18), the mineral coal is separated in a similar way and is sieved (Figure 1c) with size more than 2 mm (Mesh 

10), more than 1 mm (Mesh 18) and more than 0.6 mm (Mesh 30); Then, Both elements are manually 

homogenized by adding clay as a binder (in different doses), to finally obtain spheres with a diameter of 100 

mm and a weight of 100 g (Figure 1e). 

 

Figure 1: Preparation of the spheres: a) Crust sifting, (b) Mineral carbon sifting and c) Spheres.     

 

2.1. Determination of Physicochemical Characteristics  

The physicochemical properties determined were: moisture, volatile matter, ash, fixed carbon. All these 

calculations respond to analytically standardized procedures (Manals-Cutiño et al., 2015). 

 

• Moisture percentage: calculated in Eq. (1), with known weight of each sample previously homogenized from 

the 3 different mesh sieves, they were placed in a capsule and then dried in an oven at a temperature of 105 

°C for 2 hours, then cooled and weighed. The importance of drying these mixtures is that they will provide 

greater energy efficiency (Rueda Zamora et al., 2016). 

 

   

a b c 
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% 𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 =
(𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 + 𝑠𝑎𝑚𝑝𝑙𝑒 ) − (𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 + 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑡 105 °𝐶)

(𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 + 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡) − 𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡
𝑥100 … … (𝐸𝑞. 1) 

 

• Percentage of volatile matter, calculated with the samples obtained with different granulometries, were 

weighed in the crucibles and then placed in a burner at 900 °C temperature for approximately 7 minutes. Eq. 

(2) is then used. 

-  

% 𝑀𝑉 =
(𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 + 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 ) − (𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 + 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑡 900 °𝐶)

(𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 + 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡) − 𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡
𝑥100 … (𝐸𝑞. 2) 

 

• Ash percentage, calculated with Eq. (3) data are the weight of the samples before and after being placed in 

a crucible to be incinerated at 900 °C for about 1 hour. 

 

%𝐶𝑒𝑛𝑖𝑧𝑎 =
(𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 + 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑡 900 °𝐶) − 𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡

(𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 + 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡) − 𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡
𝑥100 … … … … (𝐸𝑞. 3) 

 

• Percentage of fixed carbon, determined (Eq. 4) from the percentage of ash and volatile matter by applying 

the following formula: 

% 𝑓𝑖𝑥𝑒𝑑 𝑐𝑎𝑟𝑏𝑜𝑛 = 100 − (% 𝑎𝑠ℎ + % 𝑀𝑉) … … … … … … (𝐸𝑞. 4) 

2.2 Determination of the optimum dose 

For the determination of the optimum dose of Quenual residue, mineral coal and clay (Shampoo), it was 

determined based on the results of the calorific value of each dose of solid biofuel, considering that the one with 

the highest calorific value will be the best. 

 

2.3 Determination of calorific efficiency 

 The determination of the calorific value (Eq. 5), is given by the energy released from the biomass when 

subjected to an energy conversion process (Carvajal-Jara et al., 2018), so a water boiling test method was used 

(Bailis et al., 2003) whose protocol consists of the calculation of the energy yield transmitted by the pellets 

through the stove in a heat transfer process and combustion efficiency, the measurement of the boiling time of 

500 ml of water and 4 spheres per dose, such measurement will allow the identification of the 3 types of doses 

which will be the most efficient (Figure 2). The thermochemical process required a drying process to reduce the 

% of moisture (Álvarez Rodriguez et al., 2012), it is worth mentioning that for the calculation it is necessary to 

have in advance the values of % CF and % MV. 

 

 

Figure 2: Test of boiling temperature versus burning time of spheres with 500 ml of water 

𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐 𝑃𝑜𝑤𝑒𝑟 = (82 𝑥 % 𝑓𝑖𝑥𝑒𝑑 𝑐𝑎𝑟𝑏𝑜𝑛) + (120 𝑥 %𝑀𝑉)    
𝐾𝑐𝑎𝑙

𝐾𝑔
  … … … …  (𝐸𝑞. 5) 

3. Results and discussion 

Taking advantage of the energy benefit provided by the densified biomass material, biofuel spheres were made 

from Quenual plant residue, similar to what was done by Berastegui et al., (2017) who made briquettes from 

corn tuza. Quenual residues with charcoal and clay (Shampo) after sieving, the dimensions are presented in 
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Table 1. These dimensions are similar to the results of crushing and particle classification made by Durango 

and Oquendo (2016, p.12) in their methodological sequence for the production of Pellets that were between 

+0.6 mm to + 2 mm and for the mineral coal, -1 mm to + 2 mm for the case of vegetable residue. 

Table 1: Granulometry of shampoo components. 

Components N° of mesh Diameter component N° of mesh Diameter 

Carbon minig 

10 + 2 mm Quenual 

Vegetable 

Waste 

10 + 2 mm 

18 + 1 mm 18 + 1 mm 

30 + 0.6 mm 18 - 1 mm 

 

The fractions and doses used are presented in Table 2. Values similar to those used by Rodrigues Ponte et al. 

(2019), who used sugarcane bagasse, mango prunings and cashew nuts in different doses, the difference in 

this research is that charcoal and Quenual residue were used in different granulometric doses and clay was 

used as binder. 

 

Table 2: Fractions and doses for biofuel sphere formation 

Fraction First Doses Second doses Third Doses  

Candidates (g) granulometry Candidates 

(g) 

granulometry Candidates 

(g) 

granulometry 

Quenual 100 - 1mm  100 + 2mm  100 + 1mm  

Carbon minig 50 + 2 mm  50 + 1 mm  50 + 0.6 mm  

Clay 25  25  25  

3.1 Physicochemical characteristics 

Table 3 presents the values of the physicochemical parameters obtained in the laboratory for the three doses 

with three replicates each. The calculations were performed similarly to the characterization of the biomass 

obtained from sugarcane bagasse developed by Manals-Cutiño et al. (2015, p.185-186). It is highlighted that 

the tests were made with the samples before drying, that is why the humidity results high. As for the amount of 

ash, it has high values due to the presence of mineral coal, which also has a negative influence on the calorific 

value. It can be observed that the average calorific value of the third dose is 5,038.3 Kcal/Kg, complying with 

the general classification of charcoal, according to ASTM D388-12 (Barrera Zapata et al., 2014, p.46), 

determination of the calorific value for charcoal according to NBR 8633 (T. C. G. G. R. de Andrade et al., 2013) 

and is related to the value of 19.35 MJ/kg found by Rusch et al. (2021).   

 Table 3: Physicochemical parameters of biofuel "Shampoo" (Quenual with charcoal and clay) 

 First Doses Second doses Third Doses  

Parameters 
Repetitions Repetitions Repetitions 

1 2 3 1 2 3 1 2 3 

% of Moisture 47.47 51.54 52.97 50.34 49.96 54.83 48.25 52.47 53.96 

% Volatile Matter 12.36 20.78 15.82 13.86 12.55 17.78 12.05 18.17 16.99 

% of Ash 63.87 48.21 47.67 57.46 54.47 39.12 57.75 42.06 37.74 

% of fixed carbon 23.77 31.01 36.51 28.68 32.98 43.10 30.20 39.77 45.27 

Power Calorific (Kcal/Kg) 3,432.34 5039.70 4892.22 4014.96 4210.36 5667.80 3922.40 5441.54 5750.94 

 

3.2 Calorific value efficiency 

 

To determine the efficiency of the calorific value in biomass spheres using Quenual residue, the WBT test was 

performed, unlike Andrade et al. (2018) who used correlations in order to predict the higher calorific value in a 

statistical way. We can observe that the lowest time are third doses, with 6 minutes for water boiling See Table  
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Table 4: Energy efficiency of biofuel "Shampoo". 

 First Doses Second doses Third Doses  

 Temp.  

initial 

Temp.  

final 

Final boiling 

time 

Temp.  

initial 

Temp.  

final 

Final boiling 

time 

Temp.  

initial 

Temp.  

final 

Final 

boiling 

time 

 32 100 7’ 00’’ 25 101 13’ 23’’ 21 100 6’ 15’’ 

 28 101 11’ 18’’ 26 101 8’ 34’’ 21 101 5’ 36’’ 

 26 101 11’ 55’’ 22 101 7’ 13’’ 21 99 6’ 15’’ 

Average 28 100 10’ 03” 24.3 101 9’ 36” 21 100 6’ 06” 

 

The results of the research are essential to provide scientific evidence that the combustion of solid biofuels can 

be a good energy option versus conventional coal, oil and natural gas, since by replacing fossil fuels it is also 

reducing greenhouse gases. (Manzini Poli et al., 2022), is aligned with SDG7, considering the growing use of 

biomass that will guarantee sustainable energy (Galantucci and Duong, 2021); on the other hand, another 

positive environmental impact is in the potential low emissions of solid particles and gaseous pollutants 

compared to the burning of coal and oil, it is known that biomass ash acts as a sulfur capturing agent and 

mitigates carbon dioxide emissions. sulfur (Osman et al., 2021). Biofuels are economically beneficial in the 

economy of rural areas, because they reduce costs in energy consumption and heating; For Kaletnik et al., the 

use of biofuels for energy use in Ukraine allows the reduction in imports of the cost of energy (natural gas) close 

to $1.8 billion and improves the balance of payments of the state, making it possible to reduce the tariff by one 

10% (2021, p.62). Socially, it will allow the creation of new jobs in deprived areas, in industrial centers it will 

allow supporting the sustainable transition of energy management in companies, the simple and direct use of 

uncompacted wood and mineral coal could increase damage to children's health who die due to acute 

respiratory infections (ARI) as stated by Woolley et al., (2021); Therefore, the use of uncompacted quenual 

waste  in the form of pellets, briquettes or waiting, it will have a health risk, so the research provides information 

for the production of spheres and making their use more efficient, which will reduce the risk of ARI in this Andean 

population. 

Although these results show viability at the pilot level, at the industrial level, transformed biomass (pellets) is 

usually offered due to the greater need for these inputs (Cañas Asanza et al., 2015), Spain in particular has the 

installed capacity of 800,000 tons annual, the environmental economic benefits that these plants have are 

aligned with the circular economy (Herguedas et al., 2012), due to the fact that recycled wood remains are 

reused, they agglomerate factories, farms and industries for the manufacture of pellets, they reduce the GHG 

emissions and sulfur and nitrogen in biomass are lower, therefore, in combustion, it produces less oxides (Liu 

et al., 2020) 

4.  Conclusion 

y means of the tests carried out, the efficiency of the quenual residue for the elaboration of biofuel spheres 

together with mineral coal and clay as a binder in the product called "shampoo" was proved, obtaining a calorific 

value of 5,038.3 Kcal/Kg for the most optimal dose.  In addition, the quenual residue presented a calorific value 

of 8,741.88 Kcal/Kg, higher than that of mineral coal and clay. The efficiency of the binder (clay) for the 

preparation of the solid biofuel was also proven, providing a better consistency of the spheres, thus avoiding 

their destruction after the combustion process. 
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