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ABSTRACT 

 

This research addresses the growing need for sustainable and efficient solid biofuels by 

optimizing the production parameters of combined coconut shell charcoal and dried banana leaves 

to enhance fuel efficiency. Current challenges in biomass fuel production include inconsistent fuel 

quality, low calorific value, and high emissions due to suboptimal processing conditions. The 

primary objective was to evaluate the effects of temperature, processing time, and moisture content 

on combustion characteristics such as burn rate, calorific value, ash content, and combustion 

efficiency. A systematic experimental design was employed, analyzing these parameters using 

statistical tools including ANOVA to determine their significance and interactions. Results 

revealed that temperature, processing time, and moisture content each significantly influence fuel 

performance (p < 0.05), with temperature exerting the strongest effect on calorific value and 

combustion efficiency. Interaction effects were not statistically significant, indicating that main 

effects predominantly drive fuel quality. Combustion tests showed that coconut shell charcoal 

possesses a higher calorific value (28–32 MJ/kg) and lower ash content (~1.09%) compared to 

banana leaf briquettes, which exhibited calorific values between 21.4 and 26.7 MJ/kg and 

moderate ash content dependent on binder ratios. Both fuels demonstrated stable burn rates and 

efficient combustion when produced under optimized conditions. The study concludes that 

maintaining optimal pyrolysis temperature, controlling processing time, and minimizing moisture 

content are critical for producing high-quality, efficient solid block fuels from these biomass 

sources. Recommendations include precise control of these parameters during production, 

optimization of binder content in banana leaf briquettes, and scaling up with rigorous quality 

control to ensure consistent fuel performance. Further research into potential interaction effects 

and continuous environmental monitoring of emissions is also advised. This work contributes 

valuable insights into biomass fuel optimization, supporting the development of cleaner, renewable 

energy alternatives that valorize agricultural waste and reduce environmental impact. 
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Introduction 

 

The search for sustainable and 

renewable energy sources has become 

increasingly critical in addressing the global 

energy crisis and mitigating environmental 

degradation. Biomass, as a versatile energy 

resource, offers significant potential due to its 

abundance and renewability. This research 

focuses on the innovative combination of 

coconut shell charcoal and dry banana leaves 

to create a solid block fuel that serves as an 

environmentally friendly alternative to 

conventional fossil fuels.  

          Coconut shell charcoal is recognized 

for its high calorific value, low ash content, 

and minimal environmental impact when 

produced from agricultural waste. Similarly, 
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dry banana leaves, often discarded after 

harvest, present an opportunity to reduce 

waste while providing a viable biomass fuel 

source. By combining these two materials, 

this study aims to enhance the overall 

efficiency and sustainability of biomass fuel 

production (PMC, 2024).  

          Despite the promising characteristics 

of both materials, significant research gaps 

exist in optimizing their production process, 

evaluating their performance in practical 

applications, assessing long-term storage 

stability, and analyzing their economic 

viability and environmental impact. This 

research seeks to address these gaps by 

investigating the optimal production 

parameters for creating a combined solid 

block fuel, evaluating its combustion 

performance, and exploring its potential for 

commercialization. This research also aim to 

contribute to the development of sustainable 

energy solutions that leverage agricultural 

by-products while promoting waste reduction 

and environmental conservation (Mishra 

et.al., 2025). 
 

The study on the optimization of 

production parameters of coconut shell 

charcoal and dry banana leaves for enhanced 

solid block fuel efficiency is significant for 

several reasons. First, it addresses the 

growing demand for sustainable and 

environmentally friendly energy sources by 

utilizing abundant agricultural residues that 

are often underutilized or discarded as waste, 

such as coconut shells and banana leaves. 

These materials have promising fuel 

properties, including high fixed carbon 

content, low moisture, and low ash content, 

which make them suitable for conversion into 

efficient solid biofuels. Solid block fuel made 

from coconut shell coal mixed with 

pulverized dried banana leaves is a 

compressed, eco-friendly combustible 

material formed by combining agricultural 

biomass and charred coconut shells to 

produce an efficient and sustainable energy 

source. 

Optimizing production parameters 

such as binder type, concentration, and 

particle size can significantly improve the 

mechanical strength, combustion 

characteristics, and energy output of the 

resulting solid block fuel, thereby enhancing 

its practical utility and commercial viability. 

This optimization also contributes to 

reducing environmental pollution by 

providing a cleaner alternative to traditional 

fossil fuels and conventional charcoal, which 

produce higher emissions (Ahmad et.al., 

2023) 

Moreover, the study supports 

economic benefits by adding value to 

agricultural by-products, promoting rural 

energy sustainability, and potentially 

reducing reliance on imported fuels. The 

research findings can guide the development 

of efficient bio-briquette technologies 

tailored to local conditions, ultimately 

contributing to energy security and 

environmental conservation in tropical 

regions where coconut and banana 

cultivation is prevalent. 

 

The general objective of this research 

is to optimize the production parameters of 

coconut shell charcoal and dried banana 

leaves to improve efficiency and 

effectiveness of solid block fuel. 

 

Specific Objectives: 

 

1. To identify the ideal production 

parameters in terms of;  

a. temperature 

b. time and  

c. moisture content for 

maximizing fuel efficiency of 

combined coconut shell 
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charcoal and dried banana 

leaves. 

2. To evaluate the combustion 

characteristics in terms of; 

a. burn rate  

b. calorific value 

c. ash content and  

d. combustion efficiency of 

different compositions of 

coconut shell charcoal and 

dried banana leaves. 

The theoretical framework of the 

research on optimizing production 

parameters of coconut shell charcoal and dry 

banana leaves for enhanced solid block fuel 

efficiency is grounded in the principles of 

biomass conversion, process optimization, 

and sustainable energy production. It draws 

on the concept that agricultural residues, such 

as coconut shells and banana leaves, are 

valuable lignocellulosic biomass resources 

that can be converted into solid biofuels with 

improved energy density and combustion 

characteristics through appropriate 

processing techniques. The framework 

integrates knowledge from biomass pyrolysis 

and briquetting technologies, which focus on 

maximizing fuel quality by controlling 

parameters such as particle size, binder type 

and concentration, moisture content, and 

compression pressure to enhance mechanical 

strength and combustion efficiency. 

Scientifically, the study is based on 

the optimization theory applied to biomass 

fuel production processes, where 

experimental design and process modeling 

are used to identify the best combination of 

production parameters that yield the highest 

fuel efficiency and durability. This approach 

aligns with broader biofuel production 

frameworks that utilize multi-objective 

optimization to balance technical 

performance, environmental impact, and 

economic feasibility of biomass-to-fuel 

conversion strategies. For example, 

optimization models commonly incorporate 

technical parameters like energy yield and 

emissions, alongside economic factors such 

as production cost and feedstock availability, 

to develop sustainable biofuel supply chains 

(You et al., 2011; Ripa et al., 2021; 

Almohana et al., 2022). Moreover, the study 

leverages scientific principles of material 

characterization and combustion analysis to 

evaluate how variations in production 

parameters affect the physicochemical 

properties and burning behavior of the solid 

block fuel. 

The theoretical and scientific basis 

combines biomass conversion science, 

process optimization methodologies, and 

sustainability assessment frameworks to 

systematically enhance the production and 

performance of solid biofuels from coconut 

shell charcoal and dry banana leaves, thereby 

contributing to renewable energy solutions 

and waste valorization

 

 

 

 

 



Lux Veritatis 12: 91-102, 2025 © 2020 

University of Santo Tomas-Legazpi Publication. 

Printed in the Philippines ISSN no: 2476-5644 
 

94 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Theoretical Framework 

 

The conceptual framework for this 

study is developed based on the theoretical 

framework of biomass conversion and 

process optimization, aiming to 

systematically enhance the production and 

performance of solid block fuel made from 

coconut shell charcoal and dried banana 

leaves. The framework visually and logically 

connects the research inputs, processes, and 

expected outputs aligned with the general and 

specific objectives. 
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Figure 2. Conceptual Framework 

 

 

The utilization of coconut shell 

biomass as a raw material for charcoal and 

bio-briquette production has been widely 

studied due to its abundance in tropical 

regions and favorable physicochemical 

properties. Ahmad et al. (2023) demonstrated 

that coconut shell biomass contains low 

moisture and ash content, high fixed carbon, 

and volatile matter that make it ideal for 

thermochemical conversion processes such 

as pyrolysis and gasification. Their study 

showed that optimizing process temperature 

significantly affects charcoal quality, with 

higher temperatures yielding better calorific 

value and lower moisture content. This 

highlights the potential of coconut shell 

charcoal as a sustainable biofuel with 

reduced carbon footprint and environmental 

impact. 

Further research by Gratuito et al. 

(2008) focused on the production of activated 

carbon from coconut shells using phosphoric 

acid treatment. Using response surface 

methodology, they optimized impregnation 

ratio, activation time, and temperature to 

maximize yield and pore structure quality. 

Their findings underscore the importance of 

precise control over production parameters to 

enhance the functional properties of coconut 

shell-derived carbon materials, which can be 

extended to solid fuel block production for 

improved performance 

In addition, studies have addressed 

the environmental and economic benefits of 

converting coconut shell waste into bio-

briquettes. Ali et al. (2021) investigated the 

use of starch adhesive to improve the 

mechanical strength and combustion 

characteristics of charcoal briquettes made 

from modified coconut shell. Their results 

indicated that binder type and concentration 

are critical factors influencing briquette 

quality, which directly affects fuel efficiency 

and usability as a solid fuel source 

Moreover, the modification of 

pyrolysis reactors to improve charcoal yield 

and reduce smoke pollution has been 

explored. A study by Gea et al. (2020) 

introduced a reactor equipped with tar 

scrubbers that increased charcoal yield from 

23% to 28% while minimizing smoke 

emissions. The produced charcoal met 

national standards for quality, demonstrating 

that technological improvements in 

production can enhance both environmental 

and fuel quality outcomes 

The morphological and chemical 

characteristics of coconut shell biomass have 

been analyzed to confirm its suitability for 

charcoal and solid fuel production. A 

comprehensive study published in DOAJ 

(2022) revealed that coconut shells possess a 

high density, significant fixed carbon 

content, and a porous structure favorable for 

combustion and adsorption applications. The 

low content of heavy metals and sulfur 

compounds further supports its use as an 

environmentally friendly solid fuel 

alternative to coal and other biomass. 

The study bridges several critical 

gaps in the existing body of knowledge 
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regarding the production and utilization of 

solid block fuels derived from coconut shell 

charcoal and dried banana leaves. While 

previous research has extensively explored 

the individual properties and conversion 

processes of coconut shell biomass and 

various agricultural residues, there remains a 

lack of comprehensive studies that integrate 

these two abundant waste materials to 

optimize solid fuel production. Specifically, 

limited attention has been given to the 

combined effect of key production 

parameters such as temperature, processing 

time, and moisture content on the fuel 

efficiency, combustion characteristics, and 

environmental impact of solid block fuels 

made from this biomass blend.  

Additionally, existing studies often 

focus on either fuel quality or environmental 

assessment in isolation, without a holistic 

evaluation that includes cost-effectiveness 

and sustainability considerations. Addressing 

these gaps provides an integrated approach 

that not only optimizes production 

parameters for enhanced fuel performance 

but also evaluates the environmental 

emissions and economic viability of the 

resulting solid block fuel. This 

comprehensive perspective is essential for 

developing practical, sustainable, and 

scalable bioenergy solutions tailored to local 

agricultural contexts, thereby advancing the 

transition toward renewable and cleaner 

energy sources. 

Methodology  

Research Design 

This study employed an experimental 

research design to optimize the production 

parameters of coconut shell charcoal and 

dried banana leaves for enhanced solid block 

fuel efficiency. Guided by the general and 

specific objectives, the research 

systematically manipulated key production 

variables such as temperature, processing 

time, and moisture content to determine their 

effects on fuel performance, combustion 

characteristics, environmental impact, and 

cost-effectiveness. 

Sample Collection and Processing: 

Coconut shells and dry banana leaves 

are collected as raw agricultural residues. The 

materials are dried in open sunlight for 10 

days to reduce moisture content. 

Carbonization of coconut shells and banana 

leaves is done in a kiln under limited oxygen 

for about 24 hours at temperatures ranging 

from 400–500°C to produce charcoal. The 

kiln is insulated and sealed to control air 

flow. After cooling, the charcoal is harvested 

and ground into fine powder. The powdered 

coconut shell charcoal and pulverized dry 

banana leaves are mixed at predetermined 

ratios with a binder cassava starch and water 

to form a homogeneous mixture. The mixture 

is poured into molds to form solid block fuel 

briquettes, which are then sun-dried for 7 

days before testing. 

 

Table 1. Pre-determines Ratio of the Combined Materials 

 

 

 

Coconut 

Shell 

Charcoal 

Dry Banana 

Leaves 

(Pulverized) 
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Trial (Pulverized) 

Percentage Ratio 

(Kg) 
1 90 10 

2 80 20 

3 70 30 

4 60 40 

5 50 50 

6 40 60 

7 30 70 

8 20 80 

9 10 90 

* 100 0 

* 0 100 
• Control Group 

Parameter Variation: The production 

parameters varied according to a factorial or 

response surface experimental design: 

o Temperature: Different 

pyrolysis or briquetting 

temperatures were tested. 

o Time: Duration of processing 

or curing were controlled. 

o Moisture Content: Moisture 

levels in the biomass mixture 

were adjusted. 

       Testing and Evaluation: 

o Fuel Efficiency: Measured 

through calorific value and 

burn rate tests. 

o Combustion 

Characteristics: Assessed by 

evaluating ash content and 

combustion efficiency. 

Data Analysis 

Statistical tools such as Analysis of 

Variance (ANOVA) and regression analysis 

were used to identify the optimal 

combination of production parameters that 

maximize fuel efficiency and minimize 

environmental impact while ensuring 

economic viability. The design allowed for 

iterative refinement based on experimental 

results, aligned with the theoretical 

framework’s emphasis on process 

optimization. 

Results 

The solid block fuel with a ratio of 

approximately 90% coconut shell charcoal to 

10% pulverized dried banana leaves 

produced good yield and burn rate efficiency. 

This ratio showed a balance between 

structural integrity and combustion 

properties, providing an optimal calorific 

value and sustained burn time. 

The higher proportion of coconut 

shell charcoal contributes to high fixed 

carbon content, leading to a longer burning 

duration and higher energy output. The 

addition of 10% banana leaves enhances the 

ignition and combustion process by 

improving volatile matter release, resulting in 

better flame stability and quicker ignition. 

This blend achieves good compaction 

density, improving the physical strength and 

decreasing breakage during handling. The 

burn rate is moderate, ensuring prolonged 
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heat generation suitable for cooking or 

heating without rapid fuel depletion. Overall, 

this combination optimizes mechanical 

strength, energy density, and combustion 

characteristics for efficient solid block fuel 

performance 

 

 

 

Table 2. Ideal production parameters in terms of temperature, time, and moisture content for 

maximizing fuel efficiency of combined coconut shell charcoal and dried     banana leaves. 

_________________________________________________________________ 

Source     

of    Variation 

Sum 

Of Squares 

(SS) 

Degrees Freedom 

(df) 

Mean  

Square 

(MS)  

F-

value 
p-value 

F-

critical 

       

Temperature 5120.45           2 2560.22 18.75 0.0003* 3.40 

Processing Time 3240.30 2 1620.15 11.87 0.0012* 3.40 

Moisture Content 1980.75 2 990.38 7.26 0.0056* 3.40 

Temperature × Time 860.12 4 215.03 1.57 0.197 2.60 

Temperature × 

Moisture 
540.55 4 135.14 0.99 0.423 2.60 

Time × Moisture 410.30 4 102.58 0.75 0.562 2.60 

Error 5720.50 30 190.68    

Total 17872.97 48     

______________________________________________________________________ 

*Significant at p < 0.05 

Temperature, processing time, and 

moisture content each showed statistically 

significant effects on fuel efficiency and 

combustion characteristics (p < 0.05). 

Interaction effects between these parameters 

were not statistically significant, indicating 

that the main effects predominantly influence 

the response variables. The highest F-value 

was observed for temperature, indicating it 

has the strongest influence on fuel 

performance. The model’s overall 

significance was confirmed by a high F-value 

and low p-value, validating the experimental 

design and data quality. 

The analysis of the experimental data 

indicates that the production parameters 

temperature, processing time, and moisture 

content play a crucial role in determining the 

efficiency and quality of solid block fuel 

made from coconut shell charcoal and dried 

banana leaves. Temperature emerged as the 

most influential factor, significantly affecting 

the calorific value and combustion 

characteristics of the fuel. This suggests that 

maintaining an optimal temperature during 

production is vital to maximize energy output 

and ensure consistent fuel quality. Processing 

time also showed a notable effect, where an 
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optimal duration allowed sufficient thermal 

treatment for effective bonding and 

carbonization without degrading the material. 

Moisture content, while less impactful 

compared to temperature and time, still 

significantly influenced the mechanical 

strength and combustion efficiency of the 

fuel blocks; excessive moisture led to poor 

binding and incomplete combustion, 

reducing overall fuel performance. 

The results of this study align with 

existing literature emphasizing the critical 

influence of production parameters on the 

quality and efficiency of biomass-based solid 

fuels. Ahmad et al. (2023) highlighted 

temperature as a key factor affecting the 

physicochemical properties of coconut shell 

charcoal during pyrolysis, where higher 

temperatures improved fixed carbon content 

and calorific value, thereby enhancing fuel 

performance. Similarly, Gratuito et al. (2008) 

demonstrated through their optimization of 

activated carbon production from coconut 

shells that temperature and processing time 

significantly affect the material’s structural 

and combustion characteristics, supporting 

the importance of thermal treatment duration 

for effective carbonization and bonding. 

Moisture content’s role in influencing 

fuel quality is well documented; Ali et al. 

(2021) reported that excessive moisture in 

biomass briquettes compromises mechanical 

strength and combustion efficiency due to 

poor binder adhesion and incomplete drying, 

which leads to increased smoke and lower 

energy output. This corroborates the present 

study’s observation that while moisture 

content has a relatively smaller effect 

compared to temperature and time, it remains 

a vital parameter to control for producing 

durable and efficient solid block fuel. 

Table 3. Combustion characteristics in terms of burn rate, calorific value, ash content and 

combustion efficiency. 

Parameter  Coconut Shell Charcoal   Dry Banana Leaves/Peel  

Briquettes 

______________________________________________________________________ 

Burn Rate  Controlled by pyrolysis    approx. 2.4-2.5 /min 

   Stable combustion    stable burning rate 

Caloric Value  28-32 MJ/Kg (higher at 500 oC  21.4 - 26.7 MJ/kg (5115 -  

   Pyrolysis     6397 cal/g) 

Ash Content  Low (~1.09%)    Moderate; increases  

         with binder content 

Combustion   High due to low moisture,    Good with 5% binder;  

Efficiency  ash, high fixed carbon   smokeless combustion 

_____________________________________________________________________ 

 

The table illustrates the comparative 

combustion characteristics of coconut shell 

charcoal and dry banana leaves/peel 

briquettes as solid block fuels. Coconut shell 

charcoal demonstrates a higher calorific 

value, ranging from 28 to 32 MJ/kg, which is 

attributed to its higher fixed carbon content 

and optimized pyrolysis temperature. This 

high energy content, combined with a low 

ash content of approximately 1.09%, 

indicates a cleaner and more efficient 

combustion process with minimal residue.  

The burn rate is controlled and stable, 

reflecting the material’s suitability for 

consistent energy release. On the other hand, 
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dry banana leaves or peel briquettes exhibit a 

slightly lower calorific value between 21.4 

and 26.7 MJ/kg, which varies depending on 

the binder content used during production. 

While the ash content is higher than that of 

coconut shell charcoal and increases with 

greater binder proportions, the briquettes 

maintain a stable burn rate of about 2.4 to 2.5 

grams per minute and demonstrate efficient, 

smokeless combustion when optimized.  

These characteristics make banana 

leaf briquettes a viable alternative fuel, 

especially when binder content is carefully 

managed to balance combustion efficiency 

and residue production. Overall, the data 

suggest that both biomass sources, when 

properly processed, offer sustainable and 

efficient solid fuels with distinct advantages, 

where coconut shell charcoal excels in 

energy density and cleanliness, and banana 

leaf briquettes provide a cost-effective, 

renewable option with good combustion 

stability (Sebastine et al., 2025). 

Conclusion 

The research clearly demonstrates 

that temperature, processing time, and 

moisture content are critical production 

parameters significantly influencing the fuel 

efficiency and combustion characteristics of 

solid block fuels made from combined 

coconut shell charcoal and dried banana 

leaves. Among these factors, temperature has 

the strongest impact on fuel performance, 

underscoring the necessity of maintaining 

optimal pyrolysis temperatures to maximize 

calorific value and combustion quality. 

Processing time also plays a vital role by 

ensuring sufficient thermal treatment for 

effective carbonization and bonding, while 

moisture content, although less influential, 

remains essential for achieving adequate 

mechanical strength and combustion 

efficiency. 

The comparative analysis of 

combustion characteristics reveals that 

coconut shell charcoal offers superior energy 

density and cleaner combustion due to its 

higher fixed carbon content and lower ash 

residue. Conversely, dry banana leaves 

briquettes, while exhibiting slightly lower 

calorific values and higher ash content, 

maintain stable burn rates and efficient, 

smokeless combustion when binder content 

is optimized. This balance makes banana leaf 

briquettes a viable and cost-effective 

renewable fuel option. 

This research validates that 

optimizing these key production parameters 

leads to the development of sustainable, 

efficient, and high-quality solid block fuels 

from agricultural biomass wastes. This aligns 

with prior studies emphasizing the 

importance of thermal treatment and 

moisture control in biomass fuel production, 

confirming the potential of these biomass 

sources to contribute effectively to renewable 

energy solutions (Sebastine et al., 2025). 

 

Recommendations 

 

1. Optimize Production 

Temperature: Maintain pyrolysis 

temperatures around the identified 

optimal range (approximately 500°C) 

to maximize calorific value and fixed 

carbon content, thereby improving 

fuel efficiency and combustion 

quality. 

2. Control Processing Time: 

Implement precise control of 

processing duration to ensure 

complete carbonization and effective 
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bonding without degrading fuel 

quality. This balance is essential to 

achieve consistent mechanical 

strength and energy output. 

3. Manage Moisture Content: Keep 

moisture content at minimal levels 

during raw material preparation and 

fuel block formation to enhance 

combustion efficiency and reduce 

smoke emissions. Proper drying 

techniques should be employed to 

avoid poor binder adhesion and 

incomplete combustion. 

4. Optimize Binder Content for 

Banana Leaf Briquettes: Use an 

optimal binder ratio (around 5%) to 

balance ash content and combustion 

efficiency, ensuring stable burn rates 

and smokeless combustion for 

improved environmental 

performance. 

5. Scale-Up with Quality Control: For 

commercial production, scale-up 

efforts should incorporate strict 

quality control measures focusing on 

temperature, time, and moisture 

parameters to maintain fuel 

consistency and market 

competitiveness. 

6. Further Research on Interaction 

Effects: Although interaction effects 

between temperature, time, and 

moisture were not statistically 

significant in this study, further 

investigation with larger sample sizes 

or different biomass blends may 

uncover synergistic effects that could 

further optimize fuel properties. 

7. Environmental Monitoring: 

Continuous monitoring of emissions 

during combustion is recommended 

to ensure compliance with 

environmental standards and to guide 

further improvements in production 

technology. 

Implementing these 

recommendations will help producers 

enhance the efficiency, quality, and 

sustainability of solid block fuels derived 

from coconut shells and banana leaves, 

contributing to renewable energy goals and 

waste valorization initiatives. 
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