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Abstract: Organic waste generally has low calorific value. Thus, an energy densification procedure is necessary before their use 

as fuel. Studies have shown that the calorific value of the mixture of charcoals can be higher than the calorific value of the isolated 

constituents. The aim of this study was to investigate the energy potential of the charcoals produced from coconut shells (CS), 

palmyra palm nuts shells (PPS), doum palm nuts shells (DPS) and their mixtures in order to identify the rate of mixture allowing the 

improvement of their calorific value. The raw biomasses were carbonized in a homemade carbonizer. The charcoals obtained were 

ground into powder. Then samples of, pure biomass charcoals (CS100, PPS100, DPS100), double mixtures of 50% of each biomass 

charcoals (CS50-PPS50, CS50-DPS50, PPS50-DPS50) and triple mixtures of (CS33-PPS33-DPS33, CS40-PPS30-DPS30, 

CS50-PPS25-DPS25, CS25-PPS50-DPS25, CS25-PPS25-DPS50) were made (the number corresponds to the content of each 

biomass charcoal in mass. Then, some of their energy parameters such as lower calorific value and energy per unit volume 

associated to bulk density were explored. The results showed that for pure samples, coconut shells charcoal presented the highest 

lower calorific value (28.059 MJ. kg
-1

), followed by charcoal (27.054 MJ/kg), then doum palm nuts shells biochar (26.929 MJ. kg
-1

) 

and finally 26.111 MJ. kg
-1

 for palmyra palm nuts shells charcoal. Similarly, with the highest bulk density of 0.625 g/cm
3
 coconut 

shells charcoal presented the highest energy per unit volume (17 536.880 J/cm
3
), whereas with the lowest bulk density of 0.415 

g/cm
3
, doum palm nuts shells charcoal presented the lowest energy per unit volume. Coconut shells biomass charcoal energy per 

volume unit was significantly higher than that of charcoal used as control (13 905.760 J/cm
3
). For samples made up of mixtures, the 

lower calorific values obtained were lower than that of the most energetic pure biomass charcoal. Moreover, by comparing these 

measurements with the weighted average values of the calorific value of the mixtures, only the samples CS50-PPS25-DPS25 

(27.623 MJ/kg) and CS40-PPS30-DPS30 (27.583 MJ/kg) showed an increase of the calorific value, higher than that of wood 

charcoal bought in the local market and used as reference (27.054 MJ/kg). However, for the others compositions, a decrease in 

calorific value was recorded. 
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1. Introduction 

World's population increase has led to an over consumption 

of fossils energies which not only run out in the short term, but 

also contribute to greenhouse gases emission. In the context of 

sustainable development, an energy transition towards low 

carbon renewable energies is essential. Among the sources of 

renewable energy, biomass is the oldest and most used today 

especially for cooking in southern countries [1, 2]. 

Biomass refers to the biodegradable part of plants and 

animals as well as biodegradable waste and residues. For 

energy production, biomass includes all organic matter 

derived from plant or animal that can be converted to energy. 

Several studies were focus on the energy recovery of 
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biodegradable residues [3–7]. Also for the search for 

alternative fuels, many researchers depend on their 

localization have evaluated the energy potential of certain 

local agricultural wastes depending on their availability in the 

region [7–12]. Others studies were focused on the optimal 

carbonization of these residues and agglomeration of biomass 

charcoals briquettes using organic or mineral binders [13–15]. 

Whether in the field of metallurgy [16–18] or in cogeneration 

[19] many researchers are interested in the production of 

biofuels from these residues [20]. By energetically upgrading 

corn cobs, Rafiq et al. [21] have shown that the yield of 

charcoal decreases as the carbonization temperature increases. 

Their study has also shown that the physicochemical 

properties as well as the structural characteristics of the 

charcoal are significantly influenced by the pyrolysis 

temperature. Han et al. [22] studies showed that in order to 

obtain, during the carbonization of the stalks of corn and 

cotton, a charcoal of better combustibility, the final 

temperature must be between 300°C to 500°C. Investing the 

potential of coconut shells as a biofuel, Yerima and Grema 

[23] concluded that it is essential and necessary to encourage 

the use of coconut shells as a domestic fuel, particularly in 

the rural areas of developing countries. 

However, the utilization of organic wastes as fuel is not 

without risks. Some of them may contain toxic elements. In 

fact, Mani et al. [24] have evaluated some combustion 

characteristics of biomass charcoals produced from coconut 

husks, corn cobs and palm kernel shells. Their work showed 

the presence of chloride and sulfur in the ash of charcoal 

from corn cobs and green coconut peels. Among the studied 

charcoals, palm kernel shells charcoal seems to be the best 

candidate as alternative fuel in replacement of wood charcoal 

due to its relatively high calorific value associated to its 

chlorine and sulfur free-content. Thus, the carbonization step 

can not only reduce the risks of toxic elements but also 

concentrate the energy density. 

Many recent researches were focused on the energy 

potential of some tropical nuts shells such us coconut shells, 

palm nuts shells and doum palm nuts shells biomass charcoal 

and briquettes issued from organic wastes used as energy 

source [25–27]. Despite their potential as energy sources, 

some combustion properties of these wastes, such as their 

moisture content, their ash content, their lower calorific value 

and their energy density may limit their use on a large scale. 

One approach to remedy the low calorific value is to mix 

properly charcoal from different biomasses. Indeed, studies 

have shown that following well-proportioned mixtures of 

biomass charcoal, the calorific value has increased [28, 29]. 

The aim of the present study was the investigation of some 

combustion properties of the double and triple mixtures of 

charcoals from coconut shells, palm nuts shells and doum 

palm nuts shells in order to identify the suitable mixture for 

sustainable energy production. The scope of work included 

the determination of moisture content, bulk density, calorific 

value, and heat per volume unit as well as the influence of 

the ratio of biomass charcoal type on the calorific value of 

mixed charcoal. The goal of this study was to develop a 

multi-mixture nuts shells biomass charcoal order to make it 

as competitive as wood charcoal, and reduce wood charcoal 

utilization as energy source. 

2. Material and Methods 

All tested raw wastes used in this work were collected in the 

Republic of Togo (West Africa). Coconut shells (CS) were 

collected from small oil mills in Hahotoe (Togo). The remains 

of palmyra palm nuts shells (PPS) were collected from farmers 

in the Savannah region (Dapaong) after germination of fruits. 

The samples of the doum palm nuts shells (DPS) were obtained 

from Kara city and its surroundings. The palm doum shells 

were collected after pulp extraction. The wood charcoal used in 

this work as control, was bought in a local market. 

The raw biomasses materials were first sun dried to 

constant mass and then carbonized in a homemade metallic 

carbonizer. The carbonization temperature was recorded using 

a k-type thermocouple. The obtained biomass charcoals were 

carried out from the carbonizer at final temperature between 

280°C and 590°C. 

The obtained charcoals were crushed and sieved into fine 

powder. All the samples were made with the obtained powder. 

Then some combustion characteristics such as moisture 

content, bulk density and lower calorific value were evaluated 

using the same methodology as describe elsewhere [7]. 

The biomass charcoals powders obtained were also 

combined in double in a ratio of 50%-50% and in triple in 

ratios of 33%-33%-33%, 50%-25%-25% and 40%-30%-30%. 

The double and triple combinations concerned only the 

coconut shells, palm nuts shells and doum palm shells. Using 

the same method as above, the lower calorific value of 8 

samples resulting from mixing of specified proportion of 

biomass charcoals powder were determined. 

3. Results and Discussion 

Figure 1 represents photographs of raw biomasses and their 

corresponding charcoal used in this work. 

 

Figure 1. Photographs of raw biomasses samples: coconut shells (a); 

palmyra palm nuts shells (b); Doum Palm nuts Shells (c); their 

correspondent charcoals (d); (e); (f) [7]. 
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Table 1 presents the parameters from proximate analysis, 

such us lower calorific value (LCV), moisture content (MC), 

bulk density (BD) and heat per volume unit (HPVU) of the 

studied charcoals. 

The results showed that coconuts shells charcoal presented 

the highest lower calorific value (28.059 MJ/kg) followed by 

wood charcoal (27.054 MJ/kg), then doum palm nuts shells 

(26.929 MJ/kg) and finally palmyra palm nuts shells (26.111 

MJ/kg) [7]. All those pure biomass charcoal could be used as 

alternative fuels in replacement of wood charcoal. 

The results of the analysis showed that among the three pure 

biomasses charcoals samples studied, PPS showed the highest 

moisture content (5.24%) followed by CS (4.55%) and lowest 

value was recorded for DPS charcoal (4.52%). The moisture 

content reported for wood charcoal used as control was almost 

two times higher than that of the three biomasses charcoals 

(9.2%). The moisture content of charcoals used in this work 

were greater than the standard limit for suitable combustibles 

[30]. The relative high moisture content recorded for the three 

pure biomass charcoals and the very high value reported for 

wood charcoal could be due to the bad protection of charcoals 

against taking moisture from the air during storage. The 

moisture absorption of charcoal from the atmosphere is rapid 

even for well protected charcoal [31]. 

Table 1. Energy parameters of the studied pure biomass charcoal samples. 

Charcoals MC (%) HCV (MJ. kg-1) LCV (MJ. kg-1) BD (g/cm3) HPVU (J/cm3) 

CS100 4.55 28.622 28.059 0.625 17 536.880 

PPS100 5.24 26.691 26.111 0.492 12 846.610 

DPS100 4.52 27.491 26.929 0.415 11 175.540 

Charcoal 9.72 27.747 27.054 0.514 13 905.760 

 

Coconut shells biomass charcoal presented the highest 

density (0.625 g/cm
3
), followed by palmyra palm nuts shells 

(0.492 g/cm
3
) and the lowest value was recorded for doum 

palm nuts shells biomass charcoal (0.415 g/cm
3
). Among the 

three biomasses charcoals studied in the present work only 

coconut shells charcoal showed a density slightly higher than 

that of wood charcoal. 

Table 2 presents Moisture Content (MC), Lower Calorific 

Values (LCV) of double and triple mixture of biomasses 

charcoals. 

The moisture content of the mixed biomass charcoal 

ranged from 4.77% for CS50-DPS50 and PPS50-DPS50 to 

5.81% for CS25-PPS50-DPS25 are all lower than that of the 

wood charcoal. 

Among the double charcoals mixture, the high LCV were 

recorded for CS50-PPS50 (26.751 MJ. kg
-1

) and the lowest 

LCV was reported for CS50-DPS50 sample. For the triple 

mixture, the highest LCV was recorded for 

CS50-PPS25-DPS25 (27.623 MJ. kg
-1

) and the lowest value 

was obtained for CS25-PPS25-DPS50 sample. It is important 

to note that, for triple mixture, the samples with high coconut 

shells content resulted in high LCV value. The lower 

calorific value of mixtures CS50-PPS25-DPS25 (27.623 

MJ/kg) and CS40-PPS30-DPS30 (27.583 MJ/kg) were higher 

than that of charcoal bought at the local market and used as 

control (27.054 MJ/kg). 

Table 2. Energy parameters of the studied mixed biomass charcoal samples. 

Charcoal type MC (%) HCV (MJ. kg-1) LCV (MJ. kg-1) BD (g/cm3) HPVU (j/cm3) 

CS50-PPS50 5.49 27.338 26.751 0.551 14 739.801 

CS50-DPS50 4.77 26.282 25.713 0.499 12 830.787 

PPS50-DPS50 4.77 26.908 26.339 0.450 11 852.550 

CS33-PPS33-DPS33 4.64 27.126 26.560 0.497 13 200.320 

CS40-PPS30-DPS30 5.16 28.162 27.583 0.510 14 067.330 

CS50-PPS25-DPS25 5.69 28.214 27.623 0.524 14 474.452 

CS25-PPS50-DPS25 5.81 26.875 26.281 0.496 13 035.376 

CS25-PPS25-DPS50 5.78 26.781 26.187 0.454 11 888.898 

Table 3. Energy balance induced by mixing biomass charcoals. 

Mixed Biomass charcoals LCV obtained (MJ. kg-1) LCV Expected (MJ. kg-1) Energy balance (kJ. kg-1) 

CS50-PPS50 26.7510 27.0850 -334.00 

CS50-DPS50 25.7130 27.4940 -1781.00 

PPS50-DPS50 26.3390 26.5200 -181.00 

CS33-PPS33-DPS33 26.5600 27.0330 -473.00 

CS40-PPS30-DPS30 27.5830 27.1356 +447.40 

CS50-PPS25-DPS25 27.6230 27.2895 +333.50 

CS25-PPS50-DPS25 26.2810 26.8025 -521.50 

CS25-PPS25-DPS50 26.1870 27.0070 -820.00 

 

Table 3 presents the measured LCV, the weighted average 

LCV values and the gap between them. The results showed 

that the variation of LCV values as a function of charcoals’ 

mixture was not linear. The evaluation of this gap reveals that 

there are some mixtures that decreased the LCV while others 

enhanced it. The mixtures of CS40-PPS30-DPS30 and CS50- 

PPS25-DPS25 presented an additional energy increase of 

447.4 kJ/kg and 333.5 kJ/kg respectively. This result was 

comparable with that of Arellano et al. [29] who showed that 

the briquettes resulting from mixture of 50% in weight of 
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coconut shell, 25% of sugarcane bagasse and 25% of corn 

cobs biomasses charcoals yield better heating values 

compared to its individual constituent. The combination of 

solid biofuels could therefore represent an excellent 

alternative for increasing their calorific value. However, 

attention should be paid to the ratio of elements in the 

mixture as it has been seen in this study (table 3). 

For 6 of the 8 mixtures made, the difference between the 

measured value of the calorific value and its weight average 

is negative. This suggests that the combinations made are not 

appropriate for a higher energy value combustible. 

Among these, mixtures CS50-DPS50 and 

CS25-PPS25-DPS50 showed the highest decrease, 

respectively of 1781.00 kJ/kg and 820.00 kJ/kg. 

4. Conclusion 

This work focused on energy potential of three biomass 

charcoals mixture from some tropical fruits nuts shells 

residues such as coconut, palmyra palm nuts and doum palm 

nuts shells. Wood charcoal was used as control. Combinations 

with higher coconut shells content yielded higher calorific 

value. Coconut shells charcoal presented the highest calorific 

value. Among all mixtures, CS50-PPS25-DPS25 combination 

showed the highest calorific value for all muti-constituent 

mixtures. 

The combination of solid biofuels is therefore an excellent 

alternative for increasing their calorific value. However, 

attention should be paid to the ratio of elements in the 

combination. As, it has been found in this study, there are 

some charcoals’ mixtures which were destructive for calorific 

value. 

Further studies are necessary to determine the optimum 

mixing ratio and the suitable binder to produce more efficient 

mixed charcoals briquettes. 
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