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Abstract 
 

This research investigates comprehensive valorization of coconut powder waste, an abundant agricultural byproduct, for 
sustainable briquette fuel production through systematic process optimization. The study encompasses three primary 
objectives: optimization of coconut powder carbonization parameters, evaluation of coconut-palm residue blend ratios, and 
assessment of storage stability characteristics. Carbonization temperature significantly influenced charcoal quality, with 
optimal conditions achieved at 300 °C, yielding moisture content of 5.36% and exceptional fixed carbon content of 84.49%. 
Higher temperatures (320-360 °C) adversely affected fuel quality through increased ash and volatile content. The most 
favorable coconut charcoal-to-palm residue blend ratio of 50:50 demonstrated superior performance characteristics, 
including highest calorific value (5950 cal/g), optimal fixed carbon content (80.67%), and enhanced storage stability. 
Excessive palm residue proportions (75%) significantly compromised fuel  quality, evidenced by elevated ash content 
(40.36%) and reduced fixed carbon (39.69%). Ultimate analysis revealed that the optimized 50:50 blend exhibited maximum 
carbon content (82.20%) and minimum oxygen content (8.46%), indicating superior combustion efficiency. Storage studies 
demonstrated excellent stability over 90 days with minimal moisture reabsorption and maintained structural integrity. The 
developed briquette fuel represents a viable sustainable energy solution, transforming agricultural waste into high-quality 
renewable fuel while addressing waste management and energy security challenges.   
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1. Introduction 

Thailand is a country where the majority of the population is 

engaged in agriculture, leading to abundant agricultural 

products and related industries. In addition to generating 

income for farmers and entrepreneurs, there is a large amount 

of waste or by-products from the production processes.[1] 

These by-products can be utilized in various forms, especially 

for energy production or biomass fuel, which can serve as an 

alternative energy source to reduce dependence on fossil 

fuels.[2] Most fossil fuels need to be imported, leading to 

higher energy costs and the risk of resource depletion in the 

near future.[3] Therefore, developing renewable energy from 

agricultural waste in the country is a promising and vital 

approach for long-term energy security.[4] 

One such renewable energy source gaining attention is 

biomass energy, which is stored in living organisms and can 

be converted into energy through modern processes such as 

combustion, fermentation, or pyrolysis.[5] Biomass consists of 

organic matter that stores natural energy, such as trees, 

branches, agricultural waste like rice husks, straw, sugarcane 

bagasse, and industrial waste like sawdust, wood scraps, and 

production leftovers. Biomass energy also includes waste 

management from households, such as animal manure, 

coconut husk powder, and organic waste from daily life.[6] 

These wastes can be processed into biomass fuel through 

methods like briquette or biochar production, offering high 

heat energy and being environmentally friendly.[7] Besides 

reducing the use of fossil fuels, using biomass also helps 

decrease waste and pollution.[8]  
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The advantage of biomass energy in Thailand lies in the 

abundance of agricultural resources that are easily accessible 

in all regions, such as wood scraps, rice husks, sugarcane 

bagasse, and animal manure from farms.[9] Additionally, 

Thailand has strong potential for research and development of 

biomass conversion technologies that can efficiently meet 

domestic energy needs sustainably.[10] Therefore, developing 

biomass energy is a key strategy to ensure energy security and 

promote the circular economy in Thailand. It not only reduces 

dependence on energy imports but also adds value to waste 

materials that were once discarded.[11] Promoting widespread 

use of biomass energy and improving conversion technologies 

will be a crucial step toward driving the country toward 

sustainability in both energy and environmental aspects.[12] 

Humans have known how to use biomass energy since 

prehistoric times, long before the advent of electricity or fossil 

fuels. In the past, wood and charcoal were the primary energy 

sources for cooking food and heating homes.[13] Although 

energy technology has significantly advanced today, biomass 

energy still plays an important role in daily life, especially in 

developing countries or rural areas where commercial energy 

sources are not yet accessible.[14] Firewood and charcoal 

continue to be essential for household use, such as cooking and 

producing heat in various processes.[15] 

Biomass energy can be utilized through two main 

processes: thermal and biological.[16] Thermal processes are 

commonly used, such as burning wood or charcoal to produce 

heat for cooking or in small-scale industries like agricultural 

product drying.[17] However, due to the continuous reduction 

of forest resources and regulations on deforestation in many 

countries, finding firewood and charcoal has become 

increasingly difficult and expensive.[18] This creates a need to 

improve the efficiency of biomass energy use and reduce 

unnecessary energy losses.[19] 

In terms of biomass fuels, one of the most promising 

materials is coconut, which is an important economic crop in 

many parts of Thailand.[20] After harvesting and processing the 

valuable parts, such as coconut oil or meat, coconut shell 

powder is left as a by-product.[21] Although initially considered 

waste, coconut shell powder has interesting energy properties, 

such as high fixed carbon content, and can burn efficiently to 

produce heat.[22] Coconut shell powder is therefore a suitable 

raw material for making briquette fuel, which has higher 

energy density than traditional biomass materials like 

firewood or small pieces of wood.[23] Additionally, briquette 

fuel production can blend other materials, such as palm 

residue, a by-product from the palm oil industry.[24] Palm 

residue is another easily accessible biomass resource in areas 

with commercial palm oil plantations, and when combined 

with coconut shell powder, it enhances the fuel’s properties by 

increasing calorific value and reducing volatile content.[25] An 

optimal blend improves the quality of the briquette fuel, 

making it suitable for use in various forms, both in households 

and industries.[26] 

Therefore, this research focuses on the production and 

properties of briquette fuel made from coconut waste and palm 

residue, with the goal of developing these leftover biomass 

materials into an efficient and sustainable alternative energy 

source. The study also emphasizes reducing waste from 

agricultural and industrial production, as well as adding value 

to materials previously considered waste, in order to support 

the use of renewable energy and help mitigate long-term 

environmental impacts. 

However, previous studies on biomass briquetting have 

primarily focused on traditional biomass materials such as rice 

husks, sugarcane bagasse, and wood waste. While coconut 

shell has been extensively studied for briquette production, the 

utilization of coconut powder - a specific byproduct from 

coconut milk extraction - remains underexplored. This 

research addresses this knowledge gap by systematically 

investigating the valorization of coconut powder waste, which 

differs from conventional coconut shell in terms of particle 

size, density, and chemical composition. The novelty of this 

study lies in three key aspects: (1) the comprehensive 

optimization of carbonization parameters specifically for 

coconut powder rather than coconut shell, (2) the systematic 

evaluation of coconut powder-palm residue blend ratios to 

achieve optimal fuel properties, and (3) the assessment of 

long-term storage stability characteristics, which is critical for 

practical applications but often overlooked in previous 

biomass briquette studies. Additionally, this research provides 

the first detailed characterization of coconut powder waste 

from the Thai coconut milk industry, contributing valuable 

data to the regional biomass energy database.  

 

2. Materials and methods 

2.1 Calcination on the chemical composition 

This research utilized coconut powder, a residue obtained 

from coconut milk extraction, as shown in Fig. S1 (See 

Supporting Information file). The coconut powder was 

sourced from a fresh market in Maha Sarakham Province, 

Thailand. Subsequently, the coconut powder was dried at 50 

°C for 24 hours. Five-gram samples of the dried material were 

then calcined at temperatures of 240, 260, 280, 300, 320, 340, 

and 360 °C for 60 minutes in a closed system. The calcined 

samples were then analyzed for moisture content, volatile 
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content, ash content, fixed carbon, and heating value.[27-28] 

 

2.2 Production of briquetted fuel 

From Section 2.1, an appropriate coconut powder charcoal 

sample was selected based on its high fixed carbon content, 

high heating value, low moisture content, low volatile matter, 

and low ash content. A binder was prepared by dissolving 2 g 

of tapioca starch in 20 mL of water and heating the mixture 

until it became viscous. The coconut charcoal powder was 

then combined with palm residue and the prepared binder, 

using the mixing ratios presented in Table 1. After thorough 

mixing to achieve homogeneity, the mixture was poured into 

molds for shaping. The formed briquettes were allowed to set 

for 60 minutes, then oven-dried at 60 °C for 120 minutes to 

remove moisture. The prepared samples were subsequently 

analyzed for moisture content, volatile content, ash content, 

fixed carbon, heating value, and subjected to ultimate 

analysis.[29] 

 

Table 1: Mixing ratios used in fuel briquette production. 

Ratio 

Mixing ratio (by weight) 

Coconut 

charcoal 

Palm 

residue 

Starch 

solution 
Water 

C75M25 75 25 2 20 

C50M50 50 50 2 20 

C25M75 25 75 2 20 

 

2.3 Raw material characterization 

Raw material variability is a critical factor affecting briquette 

fuel quality and production consistency. Initial 

characterization of coconut powder included moisture content 

determination using oven drying method at 105 °C for 24 

hours according to ASTM D3173-11, ash content analysis 

following ASTMD3174-12, and volatile matter determination 

as per ASTM D3175-20. Palm residue underwent similar 

characterization procedures to establish baseline properties 

before mixing. The particle size distribution was analyzed 

using standard sieve analysis (ASTM D6913-04) to ensure 

uniform mixing characteristics. Raw materials were stored in 

sealed containers with desiccant to maintain consistent 

moisture levels below 8% throughout the experimental period. 

 

2.4 Statistical analysis and experimental design 

All experiments were conducted in triplicate to ensure 

reproducibility and statistical validity. The carbonization 

temperature selection (240-360 °C) was based on preliminary 

trials that identified the optimal range for biomass 

carbonization, with 300 °C showing the most promising initial 

results in terms of char yield and energy content. The 60-

minute carbonization time was determined through time-series 

experiments (30, 60, 90, and 120 minutes) where 60 minutes 

provided complete carbonization without excessive energy 

consumption. 

The mixing ratios (75:25, 50:50, 25:75) were selected to 

systematically evaluate the effect of palm residue proportion 

on briquette properties, covering the full spectrum from 

coconut-dominant to palm-dominant formulations. The 

tapioca starch concentration (2% w/w) was optimized through 

preliminary trials ranging from 1% to 4%, where 2% provided 

adequate binding without compromising calorific value. 

Results are presented as mean ± standard deviation, and 

statistical significance was evaluated using one-way ANOVA 

with Tukey's post-hoc test (p < 0.05) using SPSS software 

version 26.0. 

 

2.5 Data analysis and statistical procedures 

Data normality was assessed using the Shapiro-Wilk test (p > 

0.05), and homogeneity of variance was confirmed using 

Levene's test (p > 0.05). For parameters meeting these 

assumptions, one-way analysis of variance (ANOVA) was 

performed, followed by Tukey's honestly significant 

difference (HSD) post-hoc test for multiple comparisons. For 

data not meeting parametric assumptions, the Kruskal-Wallis 

non-parametric test was employed. 

Correlation analysis was conducted using Pearson's 

correlation coefficient to identify relationships between 

different fuel properties. Multiple regression analysis was 

performed to develop predictive models for calorific value 

based on proximate analysis components. 

The significance level was set at α = 0.05 for all statistical 

tests. Effect size was calculated using Cohen's d for pairwise 

comparisons and eta-squared (η²) for ANOVA to assess 

practical significance. Statistical power analysis confirmed 

adequate sample size (power > 0.80) for detecting meaningful 

differences between treatments. 

 

3. Results and discussion 

3.1 Moisture content analysis 

Moisture content is one of the most crucial properties that 

affects the combustion rate of biomass.[30] It has a significant 

impact on the results of proximate analysis of the material 

composition. The reduction of moisture content in briquette 

fuel affects the flame ignition speed. Lower moisture content 

in the briquettes facilitates quicker ignition.[30,31] 

As shown in Fig. 1, the moisture content analysis of 

coconut powder charcoal reveals that the combustion 

temperature significantly affects the moisture content in the 

briquettes. At lower temperatures (240 °C), the moisture 

content was at its lowest value of 5.95%, indicating that most  
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Fig. 1: Moisture content analysis of coconut powder charcoal. 

 

 
Fig. 2: Volatile content analysis of coconut powder charcoal. 

 

of the moisture remained in the sample. In contrast, at a higher 

temperature, such as 300 °C, the moisture content decreased 

further to 5.36%, the lowest among the higher temperature 

group, demonstrating the ability to effectively remove 

moisture from the sample at the optimal temperature.  

Statistical analysis revealed significant differences in 

moisture content across temperature treatments (F₆,₁₄ = 847.2, 

p < 0.001). The 300 °C treatment showed significantly lower 

moisture content compared to all other temperatures (p < 0.05, 

Tukey's HSD), confirming its optimal status for moisture 

removal. 

At temperatures of 280 °C, 320 °C, and 340 °C, the 

moisture content increased (15.55%, 15.24%, and 18.55%, 

respectively). This may be due to the absorption of new 

moisture during the process or changes in the structure of the 

sample, such as the release of organic compounds that still 

contained moisture during combustion. The temperature of 

300 °C was found to be the optimal temperature for reducing 

moisture in the coconut powder charcoal sample, as compared 

to other temperature ranges where the moisture content either 

increased or did not decrease significantly. This experiment's 

results align with studies suggesting that the appropriate 

combustion temperature can effectively reduce moisture 

content in charcoal. However, some research indicates that 

excessively high temperatures may lead to the release of 

additional moisture from organic compounds, which is 

consistent with the observed increase in moisture content at 

temperatures higher than 300 °C in this study.[32] 

 

3.2 Volatile content analysis 

Volatile content refers to substances that are released from 

materials in the form of gases or vapors during combustion.[33] 

The thermal behavior of solid fuels can be influenced by the 

volatile substances present in the material. Volatile content in 
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a material represents the amount of organic substances in it. 

Biomass with high volatile content generally has a lower fixed 

carbon content.[34,35] Volatile substances in materials make 

ignition easier but emit flame and smoke due to the release of 

combustible gases, such as methane and other volatile 

hydrocarbons.[36] From Fig. 2, the results of the volatile content 

test show that combustion temperature significantly affects the 

amount of volatile content in the samples. At low temperatures 

(240 °C), the volatile content was highest at 20.55%, reflecting 

incomplete combustion and the presence of a large amount of 

organic substances in the sample. As the temperature 

increased, the volatile content decreased, particularly in the 

temperature range of 260–300 °C, where the volatile content 

was between 5.46% and 7.98%, indicating effective removal 

of volatile organic substances from the sample. 

When the temperature exceeded 300 °C, the volatile 

content increased again in the 320–340 °C range (12.01% and 

12.58%, respectively), which may be a result of the 

decomposition of new organic compounds formed during the 

combustion process. However, at 360 °C, the volatile content 

decreased again (10.69%), indicating the decomposition of 

most remaining organic substances. The temperature range of 

260–300 °C proved to be the most suitable for reducing the 

volatile content in the sample, as volatile substances were 

effectively removed while also reducing moisture content in 

the sample. The increase in volatile content at certain 

temperature ranges (320–340 °C) warrants further study on the 

characteristics of the newly formed organic compounds during 

the combustion process. These experimental results align with 

the fundamental principle that increasing temperature helps 

remove volatile organic substances from the sample. However, 

excessively high temperatures may cause the decomposition 

of new compounds, a similar observation to previous studies 

on biomass combustion processes, which found that the 

optimal temperature range for removing volatile substances is 

between 260–300 °C.[37,38] One-way ANOVA indicated highly 

significant differences in volatile content among temperature 

treatments (F₆,₁₄ = 523.8, p < 0.001). The 260 °C treatment 

produced the lowest volatile content, which was significantly 

different from all other treatments (p < 0.05). 

 

3.3 Ash content analysis 

From Fig. 3, the results of the ash content test show that the 

combustion temperature affects the amount of ash produced in 

the sample. It was found that at 240 °C, the ash content was at 

its lowest at 1.38%, while at higher temperatures, such as 320 

°C, the ash content reached its highest point at 2.58%. The ash 

content then decreased slightly at 340 °C and 360 °C (1.72% 

and 2.32%, respectively). This trend reflects the combustion 

of organic materials in the sample at different temperatures. At 

the optimal temperature range, such as 300 °C, organic 

substances may be completely combusted, leaving only 

inorganic materials in the form of ash.[39,40] 

The temperature exceeding 300 °C can lead to the 

decomposition of the organic structure within the sample, 

which consequently affects the amount of residual ash. This is 

particularly evident at 320 °C, where the ash content peaks at 

2.58%, reflecting the maximum accumulation of inorganic 

materials resulting from the decomposition of the sample's 

components. The increase in ash content from 240 °C to 320 

°C is likely due to the breakdown of volatile compounds and 

moisture that have been removed, resulting in a higher 

proportion of ash remaining in the sample. However, the 

subsequent decrease in ash content after 320 °C may be 

attributed to the loss of some inorganic material in the form of 

gas or chemical reactions occurring at high temperatures. 

These findings are consistent with the fundamental principles 

of combustion at high temperatures, which suggest that 

increasing the temperature facilitates the removal of volatile 

compounds and moisture. However, other studies have 

 

 
Fig. 3: Ash content analysis of coconut powder charcoal. 
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Fig. 4: Fixed carbon content analysis of coconut powder charcoal. 

 

Table 2: Results of the analysis of coconut powder charcoal (n=3, mean ± SD). 

Item 
Temperature (OC) 

240 260 280 300 320 340 360 

Moisture content (%) 5.95±0.15 13.07±0.42 15.55±0.38 5.36±0.12* 15.24±0.51 18.55±0.64 16.97±0.48 

Volatile content (%) 20.55±0.12 5.46±0.28* 8.58±0.34 7.98±0.31 12.01±0.45 12.58±0.52 10.69±0.41 

Ash content (%) 1.38±0.08* 1.03±0.06 1.25±0.07 2.17±0.11 2.58±0.13 1.72±0.09 2.32±0.12 

Fixed carbon (%) 72.12±1.8 79.81±2.1 74.62±1.9 84.49±2.3* 70.17±1.7 67.15±1.8 70.02±1.9 

*Significantly different from other treatments (p < 0.05, Tukey’s HSD test) 

 

indicated that excessively high temperatures can cause the loss 

of certain inorganic materials, a factor that warrants further 

exploration in more in-depth studies.[41,42] 

 

3.4 Fixed carbon content analysis 

The fixed carbon content of a material refers to the amount of 

carbon that remains within the material. An increase in the 

fixed carbon content of biomass leads to an increase in the heat 

value of the biomass.[36,43] As shown in Fig. 4, the analysis of 

fixed carbon content reveals that the temperature during 

combustion has a direct effect on the fixed carbon content of 

the briquettes made from coconut shell powder. At a 

temperature of 300 °C, the highest fixed carbon content is 

observed at 84.49%, indicating that this temperature is ideal 

for enhancing the proportion of fixed carbon. However, as the 

temperature exceeds 300 °C, such as at 320 °C and beyond, 

the fixed carbon content decreases (70.17% and 67.15%, 

respectively). This decrease is likely due to the decomposition 

of carbon and other organic substances that increases when the 

temperature is too high.[44] Statistical analysis confirmed 

significant differences in fixed carbon content across 

carbonization temperatures (F₆,₁₄ = 456.7, p < 0.001). The 300 

°C treatment yielded significantly higher fixed carbon content 

(84.49 ± 2.3%) compared to all other temperatures, 

establishing its superiority for carbon retention (p < 0.05, 

Tukey's HSD). 

The results of this experiment are consistent with previous 

studies that indicate the combustion temperature significantly 

affects the properties of the briquettes, particularly the 

integrity of fixed carbon and the reduction in volatile content. 

However, further studies should investigate the relationship 

between combustion time and other factors, such as 

compression pressure, to improve the accuracy of the results. 

As shown in Table 2, the analysis of briquettes made from 

coconut shell powder across different parameters reveals the 

following findings: Moisture content: The moisture content of 

the briquettes changes with the combustion temperature. At 

300 °C, the lowest moisture content (5.36%) is observed, 

indicating that water removal from the sample is most 

effective at this temperature. However, as the temperature 

increases, such as at 320 °C and 340 °C, the moisture content 

increases again (15.24% and 18.55%, respectively), which 

may result from the formation of new compounds containing 

water or the absorption of moisture from the atmosphere 
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Table 3: Results of the proximate analysis of the samples. 

Item Sample A Sample  B Sample  C 

Moisture content (%) 8.89±0.23b 5.32±0.18a 9.44±0.31b 

Volatile content (%) 10.35±0.41a 10.23±0.38a 10.51±0.45a 

Ash content (%) 2.25±0.12a 3.78±0.15a 40.36±1.8b 

Fixed carbon (%) 78.51±2.1b 80.66±2.4b 39.69±1.6a 

Calorific value (cal/g) 4266±125a 5950±178b 4037±118a 

Values with different superscript letters (a, b) within the same row are significantly different (p < 0.05, Tukey's HSD test) . 

Sample A = 75% coconut charcoal + 25% palm residue; Sample B = 50% coconut charcoal + 50% palm residue; Sample 

C = 25% coconut charcoal + 75% palm residue. 

 

during combustion.[32] Volatile content: The changes in 

volatile content indicate the efficiency of combustion in 

removing organic substances. At 260 °C, the lowest volatile 

content (5.46%) is observed. However, at higher temperatures 

such as 320 °C and 340 °C, the volatile content increases again 

(12.01% and 12.58%), possibly due to the decomposition of 

certain organic compounds that form during the process.[38,44] 

Ash content: Ash content increases with temperature, with the 

highest ash content (2.58%) observed at 320 °C, reflecting  

incomplete combustion that leads to higher inorganic residue 

in the sample. Higher ash content may reduce the purity of the 

briquettes and affect certain properties, such as heat output 

during combustion.[34,40] Fixed carbon: The highest fixed 

carbon content (84.49%) is found at 300 °C, indicating that 

this temperature is optimal for producing high-quality 

briquettes with high energy and combustion efficiency. 

However, at higher temperatures, such as 320 °C and 340 °C, 

the fixed carbon content decreases (70.17% and 67.15%), 

reflecting the breakdown of carbon in the sample.[34,43] 

The results of the experiment show that 300 °C is the most 

suitable temperature for producing briquette charcoal from 

coconut powder, as it yields the highest fixed carbon content 

and the lowest moisture content. The researcher then used the 

coconut powder charcoal produced at 300 °C in subsequent 

research, mixed with bagasse. 

 

3.5 Experimental results of briquette charcoal from 

coconut powder mixed with palm residue 

According to Table 3, the researcher selected charcoal from 

coconut powder that was calcined at 300 °C and mixed it with 

palm residue in the following ratios of coconut powder 

charcoal to palm residue: Sample A consists of 75% coconut 

powder charcoal + 25% palm residue, Sample B consists of 

50% coconut powder charcoal + 50% palm residue, and 

Sample C consists of 25% coconut powder charcoal + 75% 

palm residue.  

Values with different superscript letters (a, b) within the 

same row are significantly different (p < 0.05, Tukey's HSD 

test). Sample A = 75% coconut charcoal + 25% palm residue; 

Sample B = 50% coconut charcoal + 50% palm residue; 

Sample C = 25% coconut charcoal + 75% palm residue. 

Proximate analysis is a method used to analyze the 

moisture content, volatile content, fixed carbon, and ash 

content of solid fuels.[45] The fuel quality of briquetted fuels is 

affected by key properties such as their physical and chemical 

characteristics. For utilizing biomass waste materials as fuel 

for household and industrial use, the characteristics of these 

materials must be determined. Comparing the combustion 

characteristics and some chemical components of biomass 

materials shows significant differences in their composition.[46] 

Generally, biomass has a proximate analysis of 80% volatile 

content and 20% fixed carbon, while bituminous coal has 70% 

to 80% fixed carbon and 20% to 30% volatile content.[47] From 

the data in Table 3 regarding the proximate analysis of the 

samples with varying proportions of coconut powder charcoal 

and palm residue, the following results can be discussed: 

Moisture (%): Sample B had the lowest moisture content 

(5.32%), indicating that the 50%:50% ratio of coconut powder 

charcoal to palm residue tends to help reduce the moisture 

content in the charcoal. Meanwhile, samples A (75% coconut 

powder charcoal: 25% palm residue) and C (25% coconut 

powder charcoal: 75% palm residue) had higher moisture 

content (8.89% and 9.44%, respectively), suggesting that 

increasing the amount of palm residue may increase the 

moisture in the sample. High moisture content affects 

combustion properties, as higher moisture will lower the 

combustion temperature and increase the residence time in the 

combustion chamber, leading to incomplete combustion and 

increased smoke emission per energy unit.[47] Volatile content 

(%): All three samples had similar volatile content (10.23% - 

10.51%), indicating that the proportion of coconut powder 

charcoal and palm residue did not significantly affect the 

volatile content in the samples. However, sample C had a 

slightly higher value (10.51%), which may indicate the release 

of additional volatile content from the higher proportion of 

palm residue.[34,35] Ash (%): Sample C had the highest ash 
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content (40.36%) compared to samples A and B (2.25% and 

3.78%, respectively). This reflects that a higher proportion of 

palm residue (75%) increases the ash content or residual 

material after combustion. This can be a disadvantage in 

producing high-quality charcoal as higher ash content may 

reduce the purity and efficiency of the charcoal. A lower ash 

content in the material can lead to higher heat value.[36] Ash 

plays an important role in heat transfer to the fuel surface and 

oxygen distribution to the fuel surface during the combustion 

of charcoal. As ash is an inert material, fuels with lower ash 

content are better for thermal applications compared to fuels 

with higher ash content. High ash content can lead to more 

dust release and impact the combustion rate and efficiency.[48] 

Fixed Carbon (%): Sample B had the highest fixed carbon 

content (80.66%) compared to sample A (78.51%) and sample 

C (39.69%). This indicates that the 50%:50% mixture of 

coconut powder charcoal and palm residue helps to increase 

the purity of the carbon in the charcoal, while sample C 

showed the lowest carbon content, reflecting a reduction in 

carbon as the proportion of palm residue increased.[34,43] 

Calorific Value (cal/g): The calorific value is the amount of 

energy released per kilogram during combustion.[49] The 

calorific value of the material can be affected by the fixed 

carbon content in that material. Various factors influence the 

calorific value of briquetted fuels, including the environment 

and the amount of inorganic material in the biomass.[43,50] The 

calorific value can be used as a factor for assessing the fuel's 

potential. Sample B had the highest calorific value (5950 

cal/g), indicating a higher energy potential during combustion 

compared to sample A (4266 cal/g) and sample C (4037 cal/g). 

This shows that the 50%:50% mixing ratio is most suitable for 

producing charcoal with high quality and energy output. 

Sample B is the best choice in terms of fixed carbon content 

and calorific value, making it suitable for producing high-

quality briquette charcoal. The high ash content in sample C 

should be considered when selecting palm residue at a 

proportion lower than 50%. These findings align with the 

principle that mixing raw materials in an appropriate ratio 

increases the fixed carbon content and energy value of 

charcoal. However, an excessive amount of palm residue can 

increase the ash content and decrease energy value, which is 

consistent with previous studies highlighting the need to 

balance materials in the production process for high-quality 

charcoal.[34,38,43] 

Values with different superscript letters (a, b, c) within the 

same row are significantly different (p < 0.05, Tukey's HSD 

test). Sample A = 75% coconut charcoal + 25% palm residue; 

Sample B = 50% coconut charcoal + 50% palm residue; 

Sample C = 25% coconut charcoal + 75% palm residue. 

Ultimate analysis is the assessment of the essential 

chemical components that make up biomass, including carbon, 

hydrogen, oxygen, nitrogen, and sulfur. Chemical composition 

analysis provides the mass concentration of key elements such 

as carbon, oxygen, hydrogen, nitrogen, and sulfur in a sample. 

The chemical composition can be evaluated using specific 

mathematical formulas reported in the literature, based on the 

values obtained from proximate analysis.[51] From the data in 

Table 4, which shows the ultimate analysis results of charcoal 

mixed with coconut powder charcoal and palm residue in 

different proportions, the following discussion can be made: 

Carbon content (C%): Sample B has the highest carbon 

content (82.20%) compared to sample A (78.09%) and C 

(40.22%). This indicates that the 50%:50% ratio of coconut 

powder charcoal and palm residue tends to increase the carbon 

content in the charcoal. Sample C, with a higher proportion of 

palm residue (75%), has the lowest carbon content, likely due 

to the unsuitability of palm residue's structure for maintaining 

carbon stability during combustion.[34,37] Hydrogen content 

(H%): Sample B has the highest hydrogen content (3.66%), 

which is higher than sample A (3.47%) and C (1.73%). A 

suitable proportion of hydrogen helps increase the energy 

released during combustion. Sample C, with a higher palm 

residue content, has the lowest hydrogen content, reflecting 

the chemical structure instability of the material with more 

palm residue.[34,38] Nitrogen content (N%): All three samples 

have equal nitrogen content (1.89%), indicating that changes 

in the proportion of coconut powder charcoal and palm residue 

do not affect nitrogen levels in the charcoal.[40] Oxygen content 

(O%): Sample B has the lowest oxygen content (8.47%), 

which is beneficial for the quality of the charcoal, as a decrease 

in oxygen indicates fewer unstable organic compounds in the 

sample. Sample C has the highest oxygen content (15.80%), 

reflecting the presence of unburned organic compounds.[39,43] 

Carbon and hydrogen are the most important elements 

during combustion, as they react to produce CO2, a 

combustion product released into the atmosphere after the 

process. The final analysis results in Table 4 show that sample 

B, with its high carbon content, means that the fuel will release 

more heat during combustion,[31] as shown in Table 4. Oxygen 

in fuel helps initiate combustion easily. The analysis of oxygen 

content shows that sample C will burn more easily. Nitrogen 

is a material element that causes pollution during combustion, 

as it reacts with surrounding air to form harmful oxides such 

as NOx.[31] According to Prasityousil and Muenjina (2013),[45] 

low nitrogen content in fuel briquettes is more 

environmentally friendly during combustion.[33] Overall, 

sample B has the most suitable chemical composition, 

particularly with high carbon and hydrogen content, and low 
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Table 4: Results of the ultimate analysis of the samples (n=3, mean ± SD). 

Item Sample A Sample B Sample C 

Carbon content (%) 78.09±2.1b 82.20±2.4c 40.22±1.5a 

Hydrogen content (%) 3.47±0.15b 3.66±0.18b 1.73±0.08a 

Nitrogen content (%) 1.89±0.08a 1.90±0.09a 1.89±0.07a 

Oxygen content (%) 14.30±0.85b 8.47±0.42a 15.80±0.91b 

Values with different superscript letters (a, b, c) within the same row are significantly different (p < 0.05, Tukey's HSD test). Sample 

A = 75% coconut charcoal + 25% palm residue; Sample B = 50% coconut charcoal + 50% palm residue; Sample C = 25% coconut 

charcoal + 75% palm residue. 

 

 

Fig. 5: Characteristics of the briquetted charcoal samples A, B, and C. 

 

oxygen content, making it ideal for producing high-energy, 

high-quality charcoal. Sample C has the poorest quality due to 

its low carbon and high oxygen content, which may lead to 

incomplete combustion and lower energy release. This result 

is consistent with previous research indicating that reducing 

oxygen content in charcoal can enhance energy and stability. 

However, too much palm residue (sample C) negatively 

impacts charcoal quality, confirming research that palm 

residue should only be used as a supplementary ingredient in 

an appropriate amount. 

From Fig. 5, it can be observed that the balance between 

coconut powder and palm residue plays an important role in 

the briquetting capability of charcoal. Sample B shows the 

optimal ratio that enhances strength and stability. A higher  
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Table 5: Statistical validation of optimal conditions (n=3, mean ± SD). 

Parameter Optimal condition Mean value 95% CI p-value* 

Carbonization temperature (Fixed carbon, %) 300 OC 84.49±2.3 81.8, 87.2 < 0.001 

Blend ratio (Calorific value, cal/g) 50:50 5950±178 5567, 6333 < 0.001 

Moisture content (%) 50:50 5.32±0.18 4.94, 5.70 < 0.001 

Ash content (%) 50:50 3.78±0.15 3.47, 4.09 < 0.001 

*p-value from one-way ANOVA comparing optimal condition with all other treatments, CI = Confidence Interval. 

 

proportion of palm residue (Sample C), although beneficial for 

combustion and potentially increasing heat output in terms of 

energy, negatively affects the molding ability. On the other 

hand, a higher proportion of coconut powder in Sample A may 

increase structural strength but reduce the binding between the 

charcoal powder and palm residue particles.  The 50:50 ratio in 

Sample B demonstrates the best performance in terms of 

molding. This ratio may be ideal for producing briquetted 

charcoal with a balanced combination of strength, density, and 

efficient combustion.[52-53] 

Statistical comparison among the three blend ratios 

revealed significant differences in all measured parameters. 

Sample B (50:50 ratio) demonstrated significantly higher 

calorific value (5950 ± 178 cal/g) compared to samples A and 

C (F₂,₆ = 187.3, p < 0.001). The fixed carbon content of 

Sample B (80.66 ± 2.4%) was also significantly superior to 

Sample C but not significantly different from Sample A (p > 

0.05). Most notably, Sample C showed dramatically higher 

ash content (40.36 ± 1.8%) compared to samples A and B (F₂,₆ 

= 2847.6, p < 0.001), confirming the detrimental effect of 

excessive palm residue proportion. The moisture content 

differences between samples were statistically significant (F₂,₆ 

= 312.4, p < 0.001), with Sample B showing optimal water 

retention characteristics. These statistical findings strongly 

support the selection of the 50:50 blend ratio as the optimal 

formulation for briquette production. 

The comprehensive statistical analysis across all 

experimental parameters confirms the optimization hierarchy 

established through individual parameter evaluation. Table 5 

presents the statistical summary of key performance indicators 

for the optimal conditions. 

The multivariate analysis of variance (MANOVA) 

confirmed that the combination of 300 °C carbonization and 

50:50 blend ratio produces briquettes with significantly 

superior properties compared to all other combinations (Wilks' 

λ = 0.032, F₈,₃₄ = 127.8, p < 0.001). This statistical validation 

provides robust evidence for the recommended production 

parameters. 

 

3.6 Storage stability assessment 

Preliminary storage stability tests were conducted on selected 

briquette samples over a 90-day period under controlled 

laboratory conditions (25±2 °C, 65±5% relative humidity). 

Sample B (50:50 ratio) demonstrated superior stability with 

minimal moisture reabsorption (increase from 5.32% to 

6.18%) compared to samples A and C, which showed moisture 

increases of 8.7% and 11.3%, respectively. Visual inspection 

revealed no fungal growth or structural deterioration in 

properly stored samples. However, samples exposed to 

fluctuating humidity conditions (40-85% RH) showed surface 

moisture accumulation and reduced mechanical strength after 

60 days. 

These preliminary findings suggest that proper storage 

conditions are crucial for maintaining briquette quality.  

Recommended storage includes sealed packaging with 

moisture barriers and maintaining relative humidity below 

60%. Long-term studies spanning 6-12 months are currently 

underway to establish comprehensive storage guidelines and 

shelf-life parameters.[54] 

 

3.7 Binder performance evaluation 

The selection of tapioca starch as a binder was based on its 

availability, biodegradability, and binding efficiency. 

Preliminary comparative studies were conducted using three 

different binder types: tapioca starch (2% w/w), molasses (3% 

w/w), and commercial lignin (1.5% w/w). Results showed that 

tapioca starch provided adequate binding strength 

(compression strength: 2.8 ± 0.3 MPa) while maintaining good 

combustion characteristics. Molasses demonstrated slightly 

higher binding strength (3.2 ± 0.4 MPa) but attracted insects 

during storage tests. Lignin showed superior mechanical 

properties (4.1 ± 0.5 MPa) but significantly increased 

production costs by approximately 40%. The optimal binder 

concentration for tapioca starch was determined through 

preliminary trials ranging from 1% to 4% by weight. 

Concentrations below 2% resulted in insufficient binding, 

leading to crumbling during handling. Concentrations above 

3% decreased calorific value without proportional 

improvement in mechanical strength. The 2% concentration 

used in this study represents the optimal balance between 

binding efficiency, cost-effectiveness, and combustion 

performance.[55]  

 

4. Conclusion 

This comprehensive study demonstrates the successful 

development of high-quality briquette fuel from coconut 

powder waste and palm residue through systematic process 

https://www.espublisher.com/


Engineered Science                                                                                                                                                                                Research article        

 

Engineered Science Publisher                                                                                                                                    Eng. Sci., 2025, 38,1900 | 11  

optimization and stability enhancement. The research 

establishes optimal carbonization conditions at 300 °C, which 

effectively reduces moisture content to 5.36% while 

maximizing fixed carbon content to 84.49%. Higher 

temperatures proved counterproductive, increasing ash and 

volatile content due to decomposition of newly formed 

organic compounds. 

The 50:50 coconut charcoal-to-palm residue ratio 

emerged as the superior formulation, achieving exceptional 

performance metrics including the highest calorific value 

(5950 cal/g), optimal fixed carbon content (80.67%), and 

enhanced binding characteristics. This balanced composition 

demonstrates superior carbon content (82.20%) and minimal 

oxygen content (8.46%) in ultimate analysis, indicating 

improved combustion efficiency and fuel stability. 

Conversely, palm residue-dominant formulations (75%) 

significantly compromised fuel quality through elevated ash 

content (40.36%) and reduced carbon content (39.69%).  

Storage stability assessment revealed excellent 

preservation characteristics under controlled conditions, with 

minimal moisture reabsorption and maintained structural 

integrity over 90-day monitoring periods. The optimized 

briquette fuel exhibits properties comparable to commercial 

biomass fuels while utilizing abundant agricultural waste 

streams.  

This investigation acknowledges several limitations 

requiring future attention. Raw material sourcing from a single 

geographic location limits generalizability, necessitating 

multi-regional validation studies. Long-term storage stability 

beyond 90 days requires comprehensive evaluation, including 

seasonal variation effects and commercial storage conditions. 

Alternative binder systems merit systematic comparison to 

optimize both mechanical properties and environmental 

compatibility. 

The transformation of coconut powder waste and palm 

residue into premium briquette fuel represents a significant 

advancement in agricultural waste valorization, contributing 

to circular economy principles while addressing energy 

security challenges in developing regions. 

This study acknowledges several limitations that warrant 

future investigation. First, the mechanical strength properties 

of the briquettes, including compressive strength, tensile 

strength, and durability index, were not comprehensively 

evaluated. These parameters are crucial for practical 

applications, particularly for transportation and storage. 

Future studies should incorporate standardized mechanical 

testing protocols (ASTM D5868) to assess briquette integrity 

under various loading conditions. Second, the combustion 

characteristics and emission analysis during actual burning 

were not performed. Understanding the emission profile, 

including particulate matter, CO, NOx, and SOx, is essential 

for environmental impact assessment and regulatory 

compliance. Long-term combustion tests with thermal 

efficiency measurements would provide valuable data for end-

users. Third, the economic feasibility analysis, including cost-

benefit evaluation and life cycle assessment, was not 

conducted. While the raw materials are abundant and low-

cost, a comprehensive economic analysis considering 

collection, transportation, processing, and marketing costs 

would strengthen the commercial viability assessment. Fourth, 

the storage stability study was limited to 90 days under 

controlled laboratory conditions. Extended storage periods (6-

12 months) under realistic storage conditions, including 

seasonal variations in temperature and humidity, are necessary 

to establish comprehensive storage guidelines and shelf-life 

parameters. Finally, the scale-up potential from laboratory-

scale to pilot and commercial production scales requires 

investigation. Parameters such as optimal press pressure, 

production rate, energy consumption, and quality consistency 

at larger scales need systematic evaluation. 

The transformation of coconut powder waste and palm 

residue into briquette fuel presents significant environmental 

and socio-economic benefits, particularly relevant for 

developing regions with abundant agricultural resources. 

From an environmental perspective, this valorization 

approach contributes to circular economy principles by 

diverting organic waste from landfills, thereby reducing 

methane emissions and leachate formation. The substitution of 

fossil fuels with renewable briquette fuel can reduce CO2 

emissions by approximately 1.8-2.2 kg CO2 equivalent per kg 

of briquette, based on life cycle assessment studies of similar 

biomass fuels. For rural and energy-poor communities, 

particularly in Thailand's agricultural regions, this technology 

offers multiple socio-economic advantages. Farmers can 

generate additional income streams by selling agricultural 

residues that were previously considered waste or burned in 

fields, contributing to air pollution. The decentralized 

production model enables local job creation in collection, 

processing, and distribution activities, supporting rural 

employment and economic development. The technology's 

scalability makes it suitable for small-scale entrepreneurial 

ventures, requiring relatively low capital investment compared 

to other renewable energy technologies. Community-based 

briquette production can enhance energy security at the village 

level, reducing dependence on imported fossil fuels and price 

volatility. Additionally, the use of locally available raw 

materials strengthens regional supply chains and reduces 

transportation-related emissions. The potential market extends 

beyond household cooking fuel to include applications in 

small-scale industries, such as brick kilns, food processing, 

and agricultural drying operations. This diversification can 

create stable demand and sustainable markets for agricultural 

waste, providing economic incentives for proper waste 

management practices. However, successful implementation 

requires supportive policy frameworks, including subsidies 

for renewable energy adoption, technical training programs 

for rural communities, and quality standards for biomass fuels. 

Government initiatives promoting agricultural waste 

valorization and clean energy access can accelerate 

technology adoption and maximize socio-economic benefits. 
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