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Abstract. Hydrogen energy is one of the alternative energy sources that will 

help overcome the scarcity of fossil fuels. One of the steps to produce hydrogen 

energy is by the electrolysis method. In this study, the electrolysis process was 

carried out with a combination of peat water and coconut water. Given that there 

are extensive areas of peat land and also many coconut trees in South 

Kalimantan, a combination of peat and coconut water is used for the electrolysis 

to promote a sustainable process.  In addition, the presence of metallic 

compounds containing Na, Mg, Al, Fe, Ca, K, and others in peat water may also 

be beneficial in the electrolysis process. These mineral compounds help in 

accelerating the formation of hydrogen gas by indirectly producing electrolyte 

properties and acting as a catalyst. From the results of the research conducted, 

as much as 155 ml of hydrogen was produced. Hydrogen gas production, 0.6 A 

of electric current, and 7.3 Watts of electric power in the 30-minute electrolysis 

process were found in sample F (1.5 L of pure coconut water). In the electrolysis 

process, peat water and coconut water, the voltage used during the electrolysis 

process was 12 V, which flowed through the cathode and anode. 
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1. INTRODUCTION 
The electrolysis process is a technique for separating water (H₂O) into hydrogen gas (H₂) and oxygen (O₂) using 

an electric current through electrodes in an electrolyte liquid medium [1]. This technology is being increasingly 

developed as an environmentally friendly method for hydrogen production, supporting the transition to renewable 

energy [2]. Recent studies have shown that the choice of electrolyte fluid greatly affects the efficiency and success 

of the electrolysis process [3]. Conventional electrolytes such as acid solutions (H₂SO₄) [4], bases (KOH), or salt 

(NaCl) have high conductivity but hurt the environment [5]. As an alternative, researchers have begun to develop 

natural electrolyte fluids such as coconut water and peat water [6]. Coconut water has a high mineral content, such 

as potassium, sodium, and magnesium, which can increase electrical conductivity and support the formation of 

hydrogen gas bubbles on the cathode [7]. Meanwhile, peat water contains complex organic compounds such as 

humic and fulvic acids, which can act as current-conducting ions although their efficiency is lower [8]. With 

additional processing, such as filtration or the addition of external electrolytes, peat water still has the potential to 

be used as a cheap and abundant local electrolyte in tropical regions. Therefore, the use of coconut water and peat 

water as electrolysis fluids is part of a green technology innovation to produce clean hydrogen sustainably [9]. 

Energy has become an essential component of all activities and plays a vital role in the economic 

development of any country. The demand for energy in all sectors is continuously increasing due to increasing 
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consumption, population growth, changing lifestyles, and technological advancements [10]. Almost every industry 

relies on energy, most of which comes from fossil fuels. Renewable energy plays a vital role in addressing all these 

issues. For this reason, the world and governments are developing new policies, especially in major industrialized 

countries, seeking to reduce their dependence on fossil fuels [11]. In an effort to boost the share of energy generated 

from renewable sources, researchers and scientists have proposed “hydrogen” for its advantageous properties. 

Hydrogen's density is lower than that of air. The gravimetric density of hydrogen is roughly double that of fossil 

fuels [12]. Hydrogen serves as a fuel that can act as an alternative to conventional fossil fuels like natural gas. 

Hydrogen is an encouraging energy carrier as it has the ability to store and provide energy in a usable format [13]. 

The energy density of hydrogen varies from 120 MJ/kg (LHV) to 142 MJ/kg (HHV) [14]. Depending on the 

method of production, hydrogen exhibits a fairly high power density and low carbon emissions throughout its life 

cycle. Hydrogen can additionally be mixed with natural gas to satisfy the fuel requirements of different energy 

systems [15].  However, hydrogen production must be environmentally and economically competitive, which has 

triggered significant research and development efforts. As an important part of the energy system, fossil fuels not 

only meet human demand but also cause ecological damage and pollution [16]. 

The development and use of alternative fuels are becoming increasingly important in global efforts to 

reduce greenhouse gas emissions [18], improve energy security, and promote environmental sustainability [19]. 

Although there are still challenges in terms of cost, infrastructure, and technology, progress continues to expand 

the use of alternative fuels in various economic sectors.  

To produce hydrogen gas as a need for self-sufficiency in new renewable energy, a method is needed to 

produce hydrogen gas in the long term [20], and an electrolyte solution that is environmentally friendly and easy 

to obtain is needed. Of the many electrolyte fluids that use chemical additives, in the research that we developed, 

the use of natural electrolyte fluids that are easy to obtain in tropical areas, namely, coconut water, as a substitute 

for the electrolyte fluid used to produce hydrogen gas. There are several studies in producing hydrogen gas that 

still use chemical additives, namely research on the productivity of hydrogen gas with a catalyst in the form of 

KOH, then with a baking soda catalyst, NaCl, and so on. 

 

 Figure 1. a. Coconut water, b. electrolyte properties of coconut water  [21] 

 

Pure coconut water without additional chemicals contains mineral compounds. These mineral compounds consist 

of Mg, Na, Cl, Al, K, Ca, and so on. These mineral compounds found in coconut water have electrolyte properties; 

in the world of health, this electrolyte fluid functions to replace sweat fluid after exercise. However, the electrolyte 

fluid contained in coconut water can function as a conductor of electric current. In addition to coconut water, which 

is used as an electrolyte medium, in this study, coconut water is also combined with peat water as a combination 

of electrolyte fluid because peat water found in swamp land has electrolyte properties. In research on swamp water 

in the laboratory, peat water also has a mineral composition including Mg, K, Na, Ca, Al, Fe, and fulvic acid. 

Fulvic acid found in peat water has a magnetic field found in the aromatic ring. Aromatic rings that are magnetic 

can interfere with hydrogen bonds in water, so that they can facilitate the reduction of H₂O bonds. 
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Figure 2. a. Peat fulvic acid structure, b Peat water,  c. Peat mineral compounds structure 

Thus, the combination of electrolyte fluid from coconut water and electrolyte fluid from peat water can provide a 

positive impact to obtain maximum results through hydrogen gas production by the electrolysis method. 

Electrolysis of hydrogen gas requires electrolyte fluid to carry out the separation reaction between hydrogen gas 

at the cathode and oxygen at the anode through water media that has electrolyte properties. Water that has 

electrolyte properties can easily reduce H₂O to produce hydrogen gas. 

 

2. METHODS  

2.1. Research Variables 

Thus, this research process uses an experimental method to obtain hydrogen gas from coconut water and peat 

water. There are 6 sets of samples listed in Table 2.1. The results of the analysis of the content of peat water with 

a coconut water catalyst and pure coconut water were obtained by testing at the Balitra Banjarbaru Laboratory, 

South Kalimantan and are shown in Table 2.2. 

  

Table 2.1 Formulation of Electrolyte Mixture in Experiments 

Water Mixture Formulation 

Variable Peat Water (mL) Coconut Water (mL) 

Sample A 1300 200 

Sample B 1200 300 

Sample C 1100 400 

Sample D 1000 500 

Sample E 900 600 

Sample F 0 1500 

 

Table 2.2 Results of Peat Water + Coconut Water Composition Analysis 

 

Number 
Paramet

ers 

 

Unit 

Variable 

Sample 
A 

Sample 
B 

Sample 

C 

Sample
D 

Sample 
E 

Sample 
F 

Code 1 2 3 4 5 6 

1 K m.e L-1 3,49 4,86 5,66 7,17 8,58 24,41 

2 Na m.e L-1 0,94 0,87 0,95 1,11 1,22 4,21 

3 Ca m.e L-1 2,53 2,34 2,50 3,37 3,82 12,93 

4 Mg m.e L-1 2,64 2,01 2,53 3,21 3,50 6,91 

5 Fe m.e L-1 0,06 0,06 0,07 0,04 0,09 0,02 

6 Al m.e L-1 0,06 0,08 0,07 0,04 0,06 0,06 

 

The results of laboratory tests on the sample solution between peat water and coconut water showed that the 

higher the concentration of coconut water, the higher the overall mineral content produced at the solution 

concentration, such as K, Na, Ca, and Mg found in sample F compared to other sample concentrations. However, 

the values of Fe and Al are still relatively the same, and the smallest value is in Fe. Overall, from the results of 

laboratory tests, sample F can be categorized as the best electrolyte for the electrolysis process and can contribute 

the most to producing hydrogen gas through the electrolysis process. 

Table 2.1 shows the composition of the peat water and coconut water mixture used as the electrolyte 

variable in the electrolysis process for hydrogen gas production. In each sample, the total volume of the 
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electrolyte fluid was maintained at 1,500 mL, but with different mixture proportions between peat water and 

coconut water. By increasing the proportion of coconut water, it is expected to increase the conductivity of the 

solution and the efficiency of hydrogen production. Sample F (100% coconut water) likely demonstrated the 

highest performance in terms of gas productivity and energy efficiency. 

 

2.2. Research Mechanism 

In the research process using water electrolysis, the main thing to do is to determine the concentration of mineral 

content in coconut water and peat samples. This is done in order to find out the variables used to collect data 

accurately. After knowing the concentration of mineral content, then one by one the samples are electrolyzed by 

flowing 12 V DC electric current through the cathode and anode electrodes. From the electrolysis process, 

hydrogen and oxygen gases are obtained, which are collected in the tube. The method for measuring the volume 

of hydrogen gas is by observing the decrease in the water level in the tube, which has previously been marked with 

a measuring instrument in the form of milliliters. The decrease in water pressure is caused by the pressure of the 

hydrogen gas produced. The amount of water reduction is interpreted as the amount of hydrogen gas produced in 

mL units. In addition to measuring hydrogen gas productivity, this study also measured the pH of the solution 

before and after the electrolysis process and changes in current and power during the electrolysis process. 

 

1. Socket 

2. Power supply  

3. Wiring   

4. Multimeter 

5. Electrode   

6. Reactor  
 

 

 

 

 

 

 

 

Figure 3. Research installations 

   

3. RESULTS AND DISCUSSION 

3.1.  Hydrogen Production 

The results of hydrogen gas production tests from six different samples, tested at different times, are as follows: 

 

 

Figure 4. Hydrogen gas production results 
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Figure 4 shows the highest hydrogen gas production results in sample F with 155 ml of hydrogen gas production 

in a 30-minute electrolysis process, compared to sample A, which produces 20 ml of hydrogen gas; sample B, 

which produces 24 ml of hydrogen gas; sample C, which produces 30 ml of hydrogen gas; sample D, which 

produces 39 ml of hydrogen gas; and sample E, which produces 50 ml of hydrogen gas using peat water with the 

addition of a coconut water catalyst. The difference in the ability of pure coconut water with peat water with the 

addition of a coconut water catalyst to produce hydrogen gas is influenced by the electrolyte content in it, thus 

affecting the productivity of hydrogen gas. Pure coconut water naturally contains potassium, sodium, chloride, 

magnesium, and so on, while peat water, with the addition of a catalyst, contains lower electrolytes compared to 

pure coconut water. When coconut water is electrolyzed, the dissolved ions increase the electrical conductivity, 

allowing electric current to flow more easily [22]. This results in a more efficient electrolysis process where 

more ions can react and produce more hydrogen and oxygen gas. In contrast, samples A, B, C, D, and E, 

containing peat water with the addition of a coconut water catalyst, have lower electrolyte content than sample 

F, which is only pure coconut water, so the electrical conductivity is lower and the electrolysis process is less 

efficient, resulting in less hydrogen gas. Therefore, pure coconut water tends to produce more hydrogen gas 

because of its ability to carry an electric current better due to its higher electrolyte content [23]. 

 

3.2. Electric Current 

The flowing current varies in each sample. In sample A, the flowing current is 0.11 A after electrolysis for 30 

minutes; in sample B, the flowing current is 0.14 A after electrolysis for 30 minutes; in sample C, the flowing 

current is 0.21 A after electrolysis for 30 minutes; in sample D, the flowing current is 0.23 A after electrolysis 

for 30 minutes; in sample E, the flowing current is 0.25 A after electrolysis for 30 minutes; and in sample F, the 

flowing current is 0.60 A after electrolysis for 30 minutes. This difference is due to the content of electrolyte 

concentration in it. Sample F only uses pure coconut water without any mixture, while the other samples use a 

mixture of peat water and coconut water. It can be seen in the graph above that the more coconut water is mixed, 

the higher the current flows. This is due to the high concentration of natural electrolytes in coconut water, such 

as potassium, sodium, and chloride [24]. These electrolytes can increase the conductivity of the solution, 

allowing electric current to flow more easily through the solution. This makes coconut water usable as a natural 

catalyst or directly electrolyzable to produce hydrogen gas. During electrolysis, the current flowing for 5 minutes, 

10 minutes, 15 minutes, 20 minutes, 25 minutes, and 30 minutes varies due to the influence of the solution 

reaction. 

 

 

Figure 5. Comparison of electrolysis currents 

 

 

3.2. Power 

Figure 4.2 It can be seen that the power produced varies in each sample. In sample A, the power produced is 1.3 

watts after electrolysis for 30 minutes; in sample B, the power produced is 1.7 watts after electrolysis for 30 

minutes; in sample C, the power produced is 2.5 watts after electrolysis for 30 minutes; in sample D, the power 

produced is 2.8 watts after electrolysis for 30 minutes; in sample E, the power produced is 3.0 watts after 

electrolysis for 30 minutes; and in sample F, the power produced is 7.3 watts after electrolysis for 30 minutes. This 

difference is due to the content of electrolyte concentration in it. Sample F only uses pure coconut water without 

any mixture, while the other samples use a mixture of peat water and coconut water. It can be seen in the graph 

above that the more coconut water is mixed, the higher the power produced. This is due to the high concentration 

of natural electrolytes in coconut water, such as potassium, sodium, and chloride. These electrolytes can increase 

the conductivity of the solution, allowing electric current to flow more easily through the solution [25]. This makes 
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coconut water usable as a natural catalyst or directly electrolyzable to produce hydrogen gas. During electrolysis, 

the power generated from 5 minutes, 10 minutes, 15 minutes, 20 minutes, 25 minutes, and 30 minutes varies due 

to the influence of the solution reaction. 

 

Figure 6. Comparison of electrolysis process power 

 

4.  CONCLUSION  

Although the electrolysis results showed that coconut water performed better in terms of current, voltage, and gas 

productivity, the use of peat water still produced measurable electrolysis results. This evidence indicates that peat 

water has limited electrolyte potential. The organic and mineral content of peat water allows for electrochemical 

reactions, but not as efficiently as coconut water. Therefore, peat water has the potential to be used as an alternative, 

inexpensive, and abundant local electrolyte solution. However, further optimization, such as the addition of 

external electrolytes or pretreatment, is needed to increase its efficiency in the electrolysis process. Therefore, 

coconut water plays a significant role as an electrolyte supplement to produce hydrogen gas in the electrolysis 

process when combined with peat water. 

 

5. REFERENCES 

[1] K. Scoot, “Introduction to electrolysis, electrolysers and hydrogen production,” Electrochem. Methods 

Hydrog. Prod., no. 25, pp. 1–27, 2019, [Online]. Available: www.rsc.org 
[2] C. Acar, Y. Bicer, M. E. Demir, and I. Dincer, “Transition to a new era with light-based hydrogen production 

for a carbon-free society: An overview,” Int. J. Hydrogen Energy, vol. 44, no. 47, pp. 25347–25364, 2019, 

doi: 10.1016/j.ijhydene.2019.08.010. 

[3] A. O. O. Bahdad, Y. Li, and T. Van Nguyen, “ Characterization of the electrochemical behavior of MnSO4 

with and without TiOSO4 in H2SO4 Solution ,” J. Electrochem. Soc., vol. 168, no. 7, p. 070524, 2021, doi: 

10.1149/1945-7111/ac0e4e. 

[4]  A. Bazarah, E. H. Majlan, T. Husaini, A. M. Zainoodin, I. Alshami, J. Goh, and M. S. Masdar, Factors 

influencing the performance and durability of polymer electrolyte membrane water electrolyzer: A review, 

International Journal of Hydrogen Energy , vol. 47, pp. 35976-35989, 2022 

https://doi.org/10.1016/j.ijhydene.2022.08.180.  

[5] T. P. Shannon, S. J. Ahler, A. Mathers, C. D. Ziter, and H. A. Dugan, “Road salt impact on soil electrical 

conductivity across an urban landscape,” J. Urban Ecol., vol. 6, no. 1, pp. 1–8, 2020, doi: 

10.1093/jue/juaa006. 

[6] M. S. El Halimi, A. Zanelli, F. Soavi, and T. Chafik, “Building towards Supercapacitors with Safer 

Electrolytes and Carbon Electrodes from Natural Resources,” World, vol. 4, no. 3, pp. 431–449, 2023, doi: 

10.3390/world4030027. 

[7] H. H. Halim et al., “Ergogenic attributes of young and mature coconut (Cocos nucifera l.) water based on 

physical properties, sugars and electrolytes contents,” Int. J. Food Prop., vol. 21, no. 1, pp. 2378–2389, 2018, 

doi: 10.1080/10942912.2018.1522329. 

[8] D. Wu, Y. Lu, L. Ma, J. Cheng, and X. Wang, “Preparation and molecular structural characterization of fulvic 

acid extracted from different types of peat,” Molecules, vol. 28, no. 19, 2023, doi: 

10.3390/molecules28196780. 

[9] A. Franco and C. Giovannini, “Recent and future advances in water electrolysis for green hydrogen 

generation: critical analysis and perspectives,” Sustain., vol. 15, no. 24, 2023, doi: 10.3390/su152416917. 

[10] N. Abas, A. Kalair, and N. Khan, “Review of fossil fuels and future energy technologies,” Futures, vol. 69, 

pp. 31–49, 2015, doi: 10.1016/j.futures.2015.03.003. 

0,00
1,00
2,00
3,00
4,00
5,00
6,00
7,00
8,00

5 ' 10 ' 15 ' 20 ' 25 ' 30 '

W
AT

T

MINUTES

POWER

Sample A

Sample B

Sample C

Sample D

Sample E

Sample F

https://doi.org/10.1016/j.ijhydene.2022.08.180


 

 

 

 

 

LOGIC 

Jurnal Rancang Bangun dan Teknologi                   Vol. 25 No. 2 July 2025 

 Journal of Engineering Design and Technology  84 

[11] A. Månberger, “Reduced use of fossil fuels can reduce supply of critical resources,” Biophys. Econ. Sustain., 

vol. 6, no. 2, pp. 1–15, 2021, doi: 10.1007/s41247-021-00088-5. 

[12] C. J. Winter, “Hydrogen energy - abundant, efficient, clean: a debate over the energy-system-of-change,” Int. 

J. Hydrogen Energy, vol. 34, no. 14 SUPPL. 1, pp. 1–52, 2009, doi: 10.1016/j.ijhydene.2009.05.063. 

[13] M. H. McCay and S. Shafiee, “Hydrogen: an energy carrier,” Futur. Energy Improv. Sustain. Clean Options 

Our Planet, pp. 475–493, 2020, doi: 10.1016/B978-0-08-102886-5.00022-0. 

[14] A. G. Olabi et al., “Large-vscale hydrogen production and storage technologies: Current status and future 

directions,” Int. J. Hydrogen Energy, vol. 46, no. 45, pp. 23498–23528, 2021, doi: 

10.1016/j.ijhydene.2020.10.110. 

[15] M. Yue, H. Lambert, E. Pahon, R. Roche, S. Jemei, and D. Hissel, “Hydrogen energy systems: A critical 

review of technologies, applications, trends and challenges,” Renew. Sustain. Energy Rev., vol. 146, no. June 

2020, p. 111180, 2021, doi: 10.1016/j.rser.2021.111180. 

[16] U. Politechnica, D. Marche, and F. O. F. Engineering, “Master ’ S Degree in Environmental Engineering 

Analysis of Performance and Features of Hydrogen,” 2022. 

[17] O. Litvak and S. Litvak, “Some aspects of reducing greenhouse gas emissions by using biofuels,” J. Ecol. 

Eng., vol. 21, no. 8, pp. 198–206, 2020, doi: 10.12911/22998993/126967. 

[18] J. Wang and W. Azam, “Geoscience frontiers natural resource scarcity , fossil fuel energy consumption , and 

total greenhouse gas emissions in top emitting countries,” Geosci. Front., vol. 15, no. 2, p. 101757, 2024, 

doi: 10.1016/j.gsf.2023.101757. 

[19] L. Proskuryakova, “Updating energy security and environmental policy: Energy security theories revisited,” 

J. Environ. Manage., vol. 223, no. May, pp. 203–214, 2018, doi: 10.1016/j.jenvman.2018.06.016. 

[20] S. K. Dash, S. Chakraborty, and D. Elangovan, “A brief review of hydrogen production methods and their 

challenges,” Energies, vol. 16, no. 3, 2023, doi: 10.3390/en16031141. 

[21] E. Gongadze et al., “Ions and water molecules in an electrolyte solution in contact with charged and dipolar 

surfaces,” Electrochim. Acta, vol. 126, pp. 42–60, 2014, doi: 10.1016/j.electacta.2013.07.147. 

[22] C. Averion, F. C. Mendoza, F. Joe Ortiz, and F. J. Balinado, “Development of an electrolytic cell using 

coconut (Cocos Nucifera) water as an electrolyte for perimeter lighting,” J. Eng. Comput. Stud., vol. 4, no. 

2, pp. 28–33, 2019. 

[23] S. P. G. G. Tista, I. G. N. N. Santhiarsa, M. R. Murti, P. W. Sunu, and W. Wardoyo, “Utilization of coconut 

shell activated carbon to generate electrical energy using sodium chloride electrolyte,” EUREKA, Phys. Eng., 

vol. 2024-July, no. 4, pp. 28–39, 2024, doi: 10.21303/2461-4262.2024.003281. 

[24] A. C. Kannangara, V. Chandrajith, and K. Ranaweera, “Comparative analysis of coconut water in four 

different maturity stages” J. Pharmacogn. Phytochem., vol. 7, no. 3, pp. 1814–1817, 2018. 

[25] M. Li, C. Wang, Z. Chen, K. Xu, and J. Lu, “New concepts in electrolytes,” Chem. Rev., vol. 120, no. 14, pp. 

6783–6819, 2020, doi: 10.1021/acs.chemrev.9b00531. 

 

 

 

 

 


