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Abstract- The level of non-renewable energy reserves is currently low, necessitating the need for alternative sources such as 

renewable energy.  Renewable energy sources are natural and readily available. For instance, coconut shells are widely available 

throughout Indonesia and can be used as a renewable energy source. This study aims to determine the value of electrical energy 

generated from coconut shells with various compositions. The research method employed the experimental method. Initially, the 

coconut shell material was transformed into bio briquettes, which must adhere to the Indonesian National Standard 01-6235-

2000, with a maximum water content of 8%, to be considered of good quality. A test was conducted using a biomass stove to 

determine the combustion rate. The results indicate that coconut shell-based bio briquettes have better quality. For a mass of 200 

grams, the water content was 6.48%, and the cellulose value was 35%. The resulting calorific value was 5664.8 cal/gram, and 

the burning rate was 0.236 gram/minute. The Thermoelectric Module can convert energy from coconut shell bio briquettes 

weighing between 200-400 grams into an average of 13.35 Wh of electrical energy. 

Keywords: renewable energy, coconut shell, thermoelectric, energy resources, electrical energy. 

 

1. Introduction 

The use of fossil fuels has led to significant  

environmental pollution and energy security issues [1], [2]. 

Greenhouse gas emissions resulting from the use of fossil 

fuels can cause global warming, which in turn can lead to 

cognitive and behavioral development disorders, respiratory 

diseases, and other chronic illnesses [3], [4]. Furthermore, the 

decreasing reserves of fossil fuels raise concerns about their 

resilience and sustainability. As a result, it is imperative to 

develop new and renewable sources of energy [5], [6], [7]. 

In Indonesia, Government Direction of the Republic of 

Indonesia Number 79 of 2014 outlines policies for new and 

renewable energy as part of the National Vitality 

Arrangement. In this regard, the aim is to achieve a minimum 

of 23% of modern and renewable energy by 2025 and at least 

31% by 2050. Conversely, there is a target to reduce 

dependence on oil and coal by 20% and 25%, respectively [8], 

[9]. To meet long-term energy needs and prevent 

environmental impacts from using fossil fuels, the demand for 

renewable energy sources is expected to increase. This is due 

to the fact that the concentration of carbon dioxide (CO2) in 

the atmosphere is increasing, which can cause climate change 

[10], [11]. 

Natural raw materials and renewable energy sources in 

Indonesia are generally available in substantial quantities. As 

one of the raw materials for renewable energy sources, 

coconut trees are found in large quantities in almost all regions 

of Indonesia. The coconut tree is a plant whose parts can be 

utilized. In some communities, most coconut processing is 

only for the contents of the Coconut. In contrast, the coconut 

shell and coir are mostly left as waste. 

Coconut shells can now be used as a raw material for 

biomass. Coconut shell is a material that can produce high heat 

for a long time. To be used as a raw material for biomass, 

coconut shells are first processed into bio-briquettes. Making 

bio-briquettes begins with the drying process in the sun. After 

the raw material is sufficiently dry, the combustion process is 

carried out to turn the material into charcoal. Raw materials 

are combined in a combustion tube to keep the sample 

collected properly. The combustion process is declared 
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complete, marked by thinning smoke from the tube. The 

combustion process is shown in Fig 1.

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1. The process of burning raw materials from ingredients to charcoal 

 After the burning process, the charcoal is aerated until it 

cools. The process of making bio-briquettes from coconut 

shell raw materials involves cooling, pounding, sieving, 

mixing with water and starch glue, printing using molds, and 

drying. The quality of the bio-briquettes produced for energy 

is affected by the process of making them. Biobriquettes 

produced under high pressure will be denser and have smaller 

pores, resulting in a longer burning rate. The use of 

biobriquettes as a substitute for coal in steam power plants can 

produce electrical energy. “Fig. 2” illustrates printed coconut 

shell biobriquettes. 

 

 

 

 

 

 

 

 

Fig 2. Coconut shell-based bio briquettes. 

Bio-briquettes are a viable alternative energy source for 

several reasons [12], [13]. 

a. Biobriquettes can be made using various materials such as 

corn cobs, coconut shells, and sawdust. 

b. The fuel is easily 

c. produced and can be used practically and efficiently. Once 

finished, the briquettes only need to be burned to release 

heat energy for cooking or other purposes. 

d. Briquettes are a more economical alternative to oil and gas 

fuels, and can even be made at home. 

Briquettes are more environmentally friendly than fuel oil and 

gas. The fire is extensive, but the smoke and what is produced 

are much less than charcoal. This can reduce carbon 

emissions, one of the leading causes of global warming. Not 

only that, briquettes can also be made from organic waste, so 

they can reduce the waste around us. 

Quality bio briquettes have smooth textures, are not easily 

broken, are challenging, are safe for humans and the 

environment, and have good burning properties. The 

combustion properties include being easy to ignite, burning 

time being quite long, not causing soot, smoke being slight 

and quickly dissipating, and producing a relatively high 

calorific value. Utilization of biomass briquettes thermally can 

take the form of pyrolysis, gasification, or ordinary 

combustion processes. 

2. Methods 

The research method uses an experimental method, namely 

conducting trials of making bio-briquettes with coconut shells 

(a) (b) (c) 

(d) (e) (f) 
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as an alternative energy substitute for non-renewable energy 

in producing electrical energy. Before carrying out the bio-

briquette calorific value test, the water content test was carried 

out on the bio-briquette samples. 

Content is a measure of the amount of water 

contained in a material. In fuel, the water content consists of 

two forms: the water content in solid fuel, namely free water 

in the pores and gaps of the fuel, and bound water, which is 

part of the chemical structure of the fuel [14], [15]. Moisture 

content measurement can be carried out with previously 

weighed samples and dried in an oven at 105 oC after 

obtaining consistency according to the sample mass. The 

percentage of water content in the material can be known from 

the change in its weight. Moisture content can significantly 

affect the combustion characteristics of biomass. During 

combustion, water vapor in the biomass will absorb heat from 

the burning material and form hot steam, thereby reducing the 

heating value of the material. This can result in incomplete 

combustion. Materials that have a high moisture content can 

have difficulty igniting. The water content of a material is 

determined using equation (1) [16] [17]. 

           𝑃𝑀𝐶 =  
𝑊1−𝑊2 

𝑊2
 𝑥 100%                  (1)                                            

Where: W1 is the initial mass of the briquette sample, and W2 

is the final mass of the briquette sample. 

The volatile matter value in biobriquettes can be determined 

by knowing compounds other than water, ash, methane, 

hydrocarbons, and carbon monoxide that will cause smoke 

when the briquettes are ignited. This is caused by a reaction 

between carbon monoxide (CO) and alcohol derivatives. The 

equation used is [18]: 

         𝑃𝑀𝐶 =  
𝑊1−𝑊2 

𝑊2
 𝑥 100%                    (2) 

 

Where: VM = volatile matter (%),  mi = initial dry mass (g) 

and mf = mass after the end of the analysis (g). 

 

2.1 Calorific Value of Biobriquettes 

The calorific value is the number of heat units produced per 

unit volume with complete combustion [19], [20]. The testing 

steps are as follows: 
 

a. Weigh the refined sample of approximately 1 gram and 

then press it into the form of a pellet. 

b. Measure 10 cm of fuse wire, connect it to each 

electrode, and apply it to the sample pellet in the bomb. 

c. Fill the bomb with oxygen to a maximum of 30 atm. 

d. Close the gas flow control, wait a few moments, then 

remove the remaining oxygen in the hose until the 

regulator shows zero. 

e. Fill the bucket with ± 1.5 liters of distilled water. 

f. Place the bucket in the calorimeter, insert the bomb into 

the bucket until it is in position, and then connect the 

cable terminal to the bomb. 

g. Close the calorimeter, connect the stirrer, and wait 5 

minutes until the temperature of the distilled water in 

the bucket does not change. 

h. Record the initial temperature on the thermometer. 

i. Press the ignition unit until the indicator light turns off; 

continue pressing ± 5 minutes. 

j. Record the temperature rise on the thermometer. 

k. Wait ±3 minutes, then record the final temperature on 

the thermometer. 

l. Open the calorimeter and remove the bomb; remove 

the remaining oxygen gas from the bomb so it is 

ultimately used up. 

m. Rinse the surface of the bomb and transfer the water 

from the bucket into the Erlenmeyer. 

n. Measure the remaining unburnt fuse wire. 

After obtaining data from temperature change values in the 

briquette test using a bomb calorimeter, the calorific value can 

be calculated using equation 3 [21]. 

             𝐶𝑉 =
𝐵𝐹 𝑥 ∆𝑡−2.3 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑤𝑖𝑟𝑒

𝑊
                    (3)                                                      

Where: CV= calorific value, BF= Burn Factor, ∆t= Change of 

temperature (t2 – t1) oC, W=mass of the sample used and BF 

= constant = 13,257.32 

 

2.2 Burning Rate 

Testing the combustion rate is done manually using a briquette 

furnace. Where is the flame duration of each biobriquette 

mixture assessed to determine which one is more durable to 

flame? Before carrying out mass testing, each sample is 

weighed. Then each sample was burned to ashes. The burning 

time is calculated using a stopwatch, and the mass of ash is 

weighed again to determine the difference in the mass burned. 

This burning rate test is intended to determine the level of bio-

briquette fuel efficiency. The equation used to obtain the 

combustion rate value is [22], [23]: 

         𝐵𝑅 =  
𝑄1−𝑄2

𝑇
                     (4) 

Where: BR = combustion rate (g/min), Q1 = initial weight of 

material before combustion (g), Q2 = final weight of material 

after combustion (g), and T = total burning time (minutes). 

 

2.3 Heat Conversion of Biobriquettes into Electrical 

Energy 

Changing over bio briquettes warmth into electrical vitality is 

carried out employing a thermoelectric generator. A 

thermoelectric generator could be a solid-state gadget that 

changes over warm flux (temperature contrast) into electrical 

energy. The working guideline of the thermoelectric generator 

is that when there's a temperature distinction between two 

diverse materials (metals or semiconductors), a voltage will be 

produced, specifically the Seebeck voltage. This marvel is 

connected to thermocouples, which are broadly utilized for 

temperature estimation. Based on the Seebeck impact, 

thermoelectric gadgets can act as control generators [24]. 
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Fig 3. The working principle of Thermoelectric Generator 

 

2.4  The thermoelectric generator 

Heat is transferred at the rate of QH from a high-temperature, 

warm source. The warm exchange TH is rejected at the QL 

level for the low-power sink TL from the cold room with a 

criticism impact. The exchanged heat causes an electric 

current to stream within the circuit. Utilizing the laws of 

thermodynamics (the rule of vitality change), the distinction 

between QH and QL is the yield electric control Wß. The 

control cycle is exceptionally comparable to the control cycle 
of a motor, so a thermoelectric control plant can be considered 

a one-of-a kind warm motor [25]. The thermoelectric 

execution is communicated by condition 5. [26] 

                       𝑍 =
𝑎2

𝑘 𝑅
                  (5) 

Where: Z is the dimensionless figure of merit thermoelectric, 

α is the regression coefficient of: 

            

                   𝛼 =
∆𝑉

∆𝑇
                   (6) 

R is the electrical resistivity, and K is the total thermal 

conductivity; The merit number can be changed to 

dimensionless by multiplying by T (the average absolute 

temperature of the hot and cold plates of the thermoelectric 

module, K), namely: 

                 𝑍𝑇 =  
∝2𝑇

𝑘𝑅
                 (7) 

                                      

                𝑇 =  
𝑇𝐻+𝑇𝐿

2
                 (8)                                

The condition 
𝑎2

𝑅
 is called the factored power. In general, 

thermoelectric power plants exhibit low efficiencies due to the 

current thermoelectric materials' relatively small dimensions 

(ZT = ≤ 1). The thermoelectric work process of converting 

heat into electrical energy is shown in Fig 4. 

 

 

 

 

 

 

 

 

 

 

 

Fig 4. Heat conversion process 

electricity using a thermoelectric 

 

3. Results and Discussion 

The results of testing the water content, calorific value, and 

burning rate of biobriquettes from coconut shells are as shown 

in “Table 1”. 

Table 1.  Test results for water content, calorific value, and 

burning rate of coconut shell biobriquettes 

Massa  
Sample (gr) 

tapioca  
glue (gr) 

Sago 
Glue (gr) 

moisture  
content (%) 

calorific  
value (cal/gr) 

burning  
rate (gr/sec) 

200 5 5 6.39 % 5362.7 0.237 

300 10 10 7.15 % 5743.2 0.462 

400 15 15 7.47 % 6523.3 0.663 

The results of testing the conversion of the calorific value of 

coconut shell biobriquettes into electrical energy using 

thermoelectric in several samples are shown in “Table 2, Table 

3, and Table 4”. 
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Table 2. conversion of the calorific value of coconut shell bio briquettes into electrical energy for a mass of 200 gr. 

 
No 

Mass of Sample (gr) hot side 
(oC) 

Cold side 
(oC) 

∆T 

(T2 – T1) 

Time 
(minute) 

Voltage 
(Volt) 

Current 
(Ampere) 

Power 
(Wh) 

1  
 
 
 
 
 
 
 
 
 
 

Coconut shell 200 
grams 

44 28 14 2 2 0.13  0.25 

2 46 28 16 3 2.4 0.20 0.58 

3 53 31 20 6 3 0.23 0.73 

4 55 32 21 7 3.6 0.41 1.64 

5 58 34 22 9 4.4 0.4 2.30 

6 61 34 25 11 5.7 0.70 4.19 

7 63 35 26 12 6 0.72 5.19 

8 71 35 34 14 7.7 0.90 7.27 

9 76 35 39 16 9 1 10 

10 84 36 46 18 12 1.3 17.04 

11 92 37 53 20 14 1.4 23.50 

12 105 39 68 24 15.8 1.65 26.05 

13 196 41 157 26 18 1.72 30.87 

14 205 44 163 28 20 1.76 35.21 

15 230 47 186 30 23 1.83 42.08 

Average  62,57 16,00 10,33 1,02 14,76 

 

99.64 36.29 62.57 16.00 10.33 1.02 14.76 

 

Table 3. conversion of the calorific value of coconut shell bio briquettes into electrical energy for a mass of 300 gr. 

No 
Mass of Sample 

(gr) 
hot side 

(oC) 
Cold side 

(oC) 
∆T 

(T2 – T1) 
Time 
(minute) 

Voltage 
(Volt) 

Current 
(Ampere) 

Power 
(Wh) 

1  
 
 
 
 
 
 
 
 
 
 

Coconut shell 300 
grams 

49 26 21 2 2 0.15 0.31 

2 58 32 24 4 3.5 0.24 0.90 

3 65 33 31 5 4 0.3 1.2 

4 71 33 36 8 5.4 0.52 2.860 

5 77 37 38 9 6.5 0.76 5.224 

6 80 38 40 12 7.6 0.9 7.02 

7 93 39 52 14 9.3 0.95 9.213 

8 93 40 53 15 12.5 1.2 15.22 

9 103 41 60 18 17 1.3 23.20 

10 208 43 162 20 20 1.6 35.6 

11 235 43 190 21 24 1.8 46.6 

12 50 26 21 2 2 0.15 0.31 

13 60 32 24 4 3.3 0.24 0.90 

14 65 33 30 5 4 0.3 1.2 

15 71 33 36 8 5.0 0.53 2.860 

Average  62,57 16,00 10,33 1,02 14,76 
 

91.87 35.27 54.53 9.80 8.41 0.73 10.17 
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Table 4. conversion of the calorific value of coconut shell bio briquettes into electrical energy for a mass of 400 gr. 

 
No 

Mass of Sample (gr) hot side 
(oC) 

Cold side 
(oC) 

∆T 

(T2 – T1) 

Time 
(minute) 

Voltage 
(Volt) 

Current 
(Ampere) 

Power 
(Wh) 

1  
 
 
 
 

Coconut shell 400 
grams 

54 33 20 2 3.4 0.2 1 

2 56 34 21 4 3.8 0.31 1.27 

3 63 35 27 6 4.2 0.3 1.71 

4 70 37.7 32.1 8 5.6 0.5 3 

5 80 38.6 42.2 10 7.4 0.77 5 

6 82 38 43 12 8.5 0.88 7.652 

7 93 40.8 54 14 12 1 12 

8 135 41.4 94.4 16 17.7 1.2 23.13 

9 193 41 151 18 21 0.94 20.8 

10 226 42.4 184.4 20 22 2.4 57.4 

Average  62,57 16,00 10,33 1,02 14,76 

 

105.2 38.19 66.91 11 10.56 0.85 13.29 

Graphs of the effect of temperature changes on voltage, current and electric power, as shown in Fig. 5. 

 

 

 

 

 

 

 

 

 

Fig 5. Effect of temperature on voltage, current and electric power 

 

4. Conclusion 

Based on the results of the study, it can be concluded that 

coconut husk is a material that can produce good quality 

electrical energy. Before being used as an energy source, 

coconut shell is first processed into bio-briquettes, which must 

have a low moisture content and a long burning time in order 

to achieve a high temperature. 

The energy conversion process using thermoelectricity shows 

that coconut shell bio-briquettes with a mass of 200, 300 and 

400 grams can produce an average of 13.35 Wh of electrical 

energy. To obtain more electrical energy, more bio-briquettes 

should be produced and the texture of the bio-briquettes 

should be smoother and denser. The thermoelectric energy 

conversion device should be designed for a larger capacity. 
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