
Conserve: Journal of Energy and Environmental Studies (CJEES), 
Vol.6, No.2, Dec 2024, pp.21 - 28 

ISSN: 2580-0116 
 

21 

 

HYDROGEN PRODUCTION FROM DOMESTIC WASTEWATER 

USING A SOLAR-POWERED ELECTROLYSIS PROCESS 
 

Muhammad Sigit Cahyono, Andri Prasetyo Nugroho 

Department of Environmental Engineering, Universitas Proklamasi 45, Yogyakarta, 

Indonesia 

Email: sigitcahyono@up45. ac.id 

 

Abstract 

Hydrogen is a promising energy alternative to substitute fossil fuels and reduce 

greenhouse gas emissions. The electrolysis method is one of the most developed methods 

for hydrogen production. The electrolysis process requires energy, so renewable energy 

sources such as solar energy can make hydrogen production cleaner and more 

sustainable. This research aims to find out how much hydrogen is produced from 

domestic wastewater using an electrolysis process whose electrical energy comes from 

solar energy. This research used samples of domestic liquid waste from kitchen washing 

in the canteen at Universitas Proklamasi 45, with equipment in the form of an off-grid 

solar power generator, a set of electrolysis equipment, as well as a monitoring and 

measurement system. The yield of hydrogen produced by the electrolysis process of 

domestic wastewater with varying concentrations of NaOH (0.25 M, 0.5 M, 0.75 M, 1 M, 

1.25 M, and 1.5 M). The total amount of hydrogen produced during the electrolysis 

process increases as the concentration of NaOH does. In the other hand, On the other 

hand, the best COD removal was obtained under neutral solution pH conditions, namely 

when NaOH was added with a concentration of 0.01M. The energy savings obtained from 

using electrical energy for the electrolysis process of domestic liquid waste using solar 

energy is 25 Wh. 
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1. Introduction 

 Hydrogen is a promising energy alternative to replace fossil fuels and reduce 

greenhouse gas emissions because it is the only energy carrier (other than electricity) with 

zero carbon content that is being considered for industrial decarbonization, transportation, 

and heat supply. Currently, hydrogen production technology can be grouped into five 

main categories, namely industrial processes, thermochemical processes, biomass 

processes, electrolysis methods, and solar energy methods [1]. 

The electrolysis method is one of the most developed methods for hydrogen 

production, apart from thermochemical processes [2]. This process involves the splitting 

of water molecules (H2O) into hydrogen (H2) and oxygen (O2) using electricity. In 

general, the reaction that occurs is as follows: 

 

Anoda: H2O → 1/2O2 + 2H+ + 2e- 

Katoda: 2H+ + 2e- → H2 



22 

 

Various technologies have been developed in the electrolysis process to increase 

efficiency, including the development of electrolytes such as alkaline water electrolysis 

(AWE), alkaline anion exchange membranes (AEM), proton exchange membranes 

(PEM), and solid oxide water electrolysis (SOE) [8]. Carmo et al. [3] discuss polymer 

electrolyte membrane (PEM) water electrolysis for hydrogen production, providing 

information on several future research directions and a roadmap to assist scientists in 

establishing PEM electrolysis as a commercially viable hydrogen production solution. 

Although the electrolysis process requires energy, the use of renewable energy 

sources such as solar or wind energy can make hydrogen production cleaner and more 

sustainable. Carmo et al. [3] conducted a study on polymer electrolyte membrane (PEM) 

water electrolysis for hydrogen production. Meanwhile, Chen [4] described recent 

progress in splitting water into hydrogen using renewable energy sources. 

Based on the Indonesian Energy Outlook [5], the potential for solar energy in D.I. 

Yogyakarta is 30.3 GWp and each location has a different amount of solar energy 

potential. For example, Nugroho and Kurniawan [6] conducted research at the 

Proclamation 45 University located in D.I. Yogyakarta has the potential for electrical 

energy from solar of 31.17 MWh/year and based on research by Kurniawan et al. [7], at 

the same university but at different locations, the potential is 8.31 MWh/year. 

The need for electricity in the electrolysis process encourages various researchers 

to develop an electrolysis process with cleaner and more sustainable electrical energy. 

Solar energy is a cleaner and more sustainable energy that can be used in the electrolysis 

process. Solar cell technology is a new renewable energy technology that utilizes solar 

radiation. Solar panels are made from two silicon materials which are semiconductors. 

The first material is phosphorus which is type N (electron), and the second material is 

boron which is type P (hole). Then they are combined into a P-N junction, the working 

principle is that when light hits the solar panel, the electrons in the N-type will be 

overcharged so that the electrons will move to the P-type. The number of electrons 

produced depends on the sunlight received by the solar panel [9]. The components of a 

solar energy system consist of several solar panels arranged in series, parallel, or parallel 

series combinations that convert sunlight into direct current electricity [10].  

Liquid waste is one of the main contributors to water environmental pollution 

throughout the world [11]. Along with rapid industrial growth and urbanization, the 

volume and complexity of wastewater continue to increase, posing serious threats to water 

quality and aquatic ecosystems [12]. Domestic liquid waste is a type of waste produced 

by daily activities in the household, including activities such as bathing, washing, 

cooking, and defecating. This waste has different characteristics depending on factors 

such as living habits, population, and sanitation infrastructure [13]. 

Studies have shown that domestic liquid waste generally contains wastewater 

(such as bathroom and kitchen water), human feces, detergents, organic materials, and 

other chemical compounds originating from daily household activities [14]. In addition, 

developments in lifestyle and technology can also influence the characteristics of 

domestic liquid waste, such as the use of household cleaning products containing certain 

chemicals or the adoption of more modern sanitation systems [15]. 

According to studies by Bow et al. [16], the electrolysis process of seawater can 

produce more hydrogen when a lower proportion of NaOH catalyst is used. The 

electrolysis process is used by Rustana et al. [17] to produce hydrogen more efficiently 

and effectively, compare the total volume, production rate, and production duration of 
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hydrogen, produced by electrolyzing seawater from mangrove areas with different 

concentrations of NaOH added as a catalyst to assess the productivity of hydrogen. 

Based on the background above, this research aims to find out how much 

hydrogen production from domestic liquid waste uses an electrolysis process whose 

electrical energy comes from solar energy, with variations of NaOH concentration. 

 

2. Materials and Methods 

Raw Material Preparation 

This research uses domestic wastewater from kitchen equipment washing water in 

the Universitas Proklamasi 45 (UP45) canteen. Sampling was carried out using 

procedures by SNI 8990:2001 concerning wastewater test sampling methods for testing 

physical and chemical parameters. The samples taken are then analyzed for Chemical 

Oxygen Demand (COD) values using equipment in the Environmental Engineering 

Laboratory at UP45. 

NaOH is used as a catalyst to accelerate the hydrogen formation reaction from 

domestic wastewater. The NaOH used in the form of pure analytical material was 

obtained from chemical suppliers in Yogyakarta. NaOH solution of a specific 

concentration is prepared by dissolving a solid NaOH substance in distilled water, with 

the composition matching the molarity formula provided by Saputro and Rangkuti [18]. 

 

Equipment Preparation 

The experiment apparatus was set up as illustrated in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The experimental apparatus setup 

The solar power plant used is an off-grid system, that is not connected to the PLN 

network, where the electrical energy produced by the solar panels will be stored in 

batteries and then used as an energy source for electrolysis equipment. The series of off-

grid solar power generation systems used in this research contains several components as 

follows: 

(1)120-watt Solar Panel as a producer of electrical energy, which is an important 

component in the research that will be carried out.  

(2) 12V 100Ah battery as storage and supply of electrical energy to loads obtained 

from solar panels.  

Wastewater 

1 

2 

3

1 



24 

 

The electrolysis system (3) used is a series of simple equipment in the form of 

electrolysis cells, electrolyte membranes, vessels, electrolyte solutions, and other 

supporting components, which are capable of breaking down water (H2O) compounds 

into oxygen (O2) and hydrogen (H2) using an electric current that passes the water.  

To monitor the performance of solar power generation systems and measure 

hydrogen production, used a multimeter, ruler, and time controller. Before being used for 

testing, the equipment will be calibrated first so that it can work properly. 

 

Main Experiment   

Hydrogen production data was collected by electrolyzing samples of domestic 

liquid waste that had been prepared. The difference in the water level in the measurement 

tube, which showed the volume of hydrogen produced by the electrolysis process, was 

then used to compute the volume of wastewater before and after the electrolysis process. 

This hydrogen volume data was also used to calculate the pace and yield of hydrogen 

generation, as well as the yield of hydrogen produced by the electrolysis process of 

domestic wastewater with varying concentrations of NaOH (0.01 M, 0.05 M, 0.1 M, 0.5 

M, 1 M, and 1.5 M).  

Data collection was carried out throughout 120 hours, with the independent variable 

being the concentration of NaOH which was used as a catalyst for the electrolysis process. 

Meanwhile, the dependent variables that will be observed are the amount of hydrogen 

produced from the electrolysis process, as well as the chemical parameters of the water 

in the solution (COD).  

 

Data Analysis 

Hydrogen yield was estimated by dividing the difference in volume of hydrogen 

produced at the start and conclusion of the electrolysis process by the total volume of 

hydrogen produced, as follows: 

 

                                                                                                                       (1) 

 

 

The calculation of COD concentration allowances is based on the comparison of 

the difference in substance concentration in the before and after electrolysis process. The 

removal efficiency value is calculated using the following equation: 

 

         (2) 

 

Where COD0 and CODt correspond to the value before and after the electrolysis process, 

respectively. 

The total energy used in the experiment is calculated using the following equation: 

W = V . I. t      (3) 

Where : W = Total energy used (kWh) 

    V  = Voltage (Volt) 

    I   = Electrical current (Ampere) 

    t   = Electrolysis time (hours)  
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3. Results and Discussion 

3.1. Hydrogen Production 

The total amount of hydrogen generated during the electrolysis of domestic 

wastewater with varying concentrations of NaOH is displayed in Figure 2. 

 

Figure 2. The total volume of hydrogen for each concentration of NaOH 

Figure 2 illustrates that as the concentration of NaOH rises, so does the overall 

volume of hydrogen generated during the electrolysis process. When electrolysis is 

performed directly into wastewater without the addition of NaOH, just 6 mili liters of 

hydrogen gas are produced. This value continues to increase as the concentration of 

NaOH does, peaking at a 1.25 M concentration. After that, the oxygen content tends to 

decrease. These findings demonstrated that adding NaOH as a catalyst to the electrolysis 

of domestic wastewater will result in a larger amount of hydrogen produced overall, as 

compared to the volume of hydrogen produced utilizing regular domestic wastewater.  

3.2. COD Removal Efficiency 

The COD Removal efficiency during the electrolysis of domestic wastewater with 

varying concentrations of NaOH is displayed in Figure 3. 

0,00

5,00

10,00

15,00

20,00

25,00

30,00

35,00

40,00

0 M 0,01 M 0,05 M 0,1 M 0,5 M  1 M 1,5 M

TO
TA

L 
H

YD
R

O
G

EN
 V

O
LU

M
E 

(M
L)

NAOH CONCENTRATION (M)



26 

 

 

Figure 3. COD Removal Efficiency during electrolysis with varying NaOH 

concentration 

Based on Figure 3, it can be seen that the best COD Removal Efficiency at the end 

of the process was obtained in the electrolysis process with the addition of 0.01 M NaOH, 

which is 70%. On the other hand, the smallest value was obtained with the addition of 1.5 

M (25%). This is because based on measurements, the domestic wastewater containing 

0.01 M NaOH has an initial pH close to neutral. Meanwhile, the domestic wastewater 

measurements without adding NaOH showed the pH of the solution was 6.5. After being 

mixed with NaOH with a concentration of 0.01 M, the pH becomes 7.1, then rises again 

to 8.5, 10.1, 11.6, 12.5, and 13.1, respectively for NaOH concentrations of 0.05 M, 0.1 

M, 0.5 M, 1 M, and 1.5 M.  

Based on Safari et.all [19], one of the crucial parameters in the electrochemical 

reaction is the initial pH because it influences the form of the electrogenerated active 

species and OH- and other highly reactive hydroxyl radicals. During the electrolysis 

process, a pH increase is observed when the initial pH is acidic. The explanation for this 

phenomenon is that the development of hydrogen at cathodes causes the release of over-

saturated CO2. 

3.3. Energy Saving 

The energy used in this experiment comes from electricity produced from solar 

power plants with solar panel capacity of 120 Wp. The electrical energy is stored in a 12 

V battery which is then supplied to the electrolysis equipment with an average current of 

1 A. The total energy used in the electrolysis process for two hours is as follows. 

W = V . I. t = 12. 1. 2  = 24 Wh 

Based on the calculations above, it is found that the energy savings obtained from 

using electrical energy for the electrolysis process of domestic liquid waste using solar 

energy is 25 Wh. 
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4. Conclusion 

The domestic wastewater electrolysis process has two advantages, namely that it 

can produce hydrogen as an alternative fuel and reduce pollutant levels in wastewater. 

The research results showed that the addition of the NaOH catalyst can influence the 

results obtained. The total amount of hydrogen produced during the electrolysis process 

increases as the concentration of NaOH does. In the other hand, On the other hand, the 

best COD removal was obtained under neutral solution pH conditions, namely when 

NaOH was added with a concentration of 0.01M. The energy savings obtained from using 

electrical energy for the electrolysis process of domestic liquid waste using solar energy 

is 25 Wh. 

 

  

References 

[1] A. Kusoglu, “(Re)Defining Clean Hydrogen: From Colors to Emissions,” 

Electrochem. Soc. Interface, vol. 31, no. 4, pp. 47–51, 2022. 

[2] Kementerian Energi dan Sumber Daya Mineral, Strategi Hidrogen Nasional. 

Kementerian Energi dan Sumber Daya Mineral Republik Indonesia, 2023. 

[3] M. Carmo, D. L. Fritz, J. Mergel, and D. Stolten, “A comprehensive review on 

PEM water electrolysis,” Int. J. Hydrogen Energy, vol. 38, no. 12, pp. 4901–

4934, Apr. 2013. 

[4] Z. Chen, W. Wei, L. Song, and B. J. Ni, “Hybrid Water Electrolysis: A New 

Sustainable Avenue for Energy-Saving Hydrogen Production,” Sustainable 

Horizons, vol. 1. 2022. 

[5] Sekretariat Jenderal Dewan Energi Nasional, Outlook Energi Indonesia 2023. 

Jakarta: Dewan Energi Nasional, 2023. 

[6] A. P. Nugroho and D. Kurniawan, “Potensi Pembangkit Listrik Tenaga Surya 

Rooftop di Gedung Mohammad Hatta, Universitas Proklamasi 45,” J. Offshore 

Oil, Prod. Facil. Renew. Energy, vol. 5, no. 1, 2021. 

[7] K. Daniel, A. P. Nugroho, M. N. Aridito, and T. Fallo, “Kajian Lingkungan dari 

Potensi Pembangkit Listrik Tenaga Surya di Energy Park Universitas 

Proklamasi 45,” J. Engine Energi, Manufaktur, dan Mater., vol. 7, no. 1, pp. 72–

82, 2023. 

[8] J. Chi and H. Yu, “Water electrolysis based on renewable energy for hydrogen 

production,” Cuihua Xuebao/Chinese J. Catal., vol. 39, no. 3, pp. 390–394, 

2018. 

[9] S. E. P. Pagan, D. I. Sara, and H. Hasan, “Komparasi Kinerja Panel Surya Jenis 

Monokristal Dan Polykristal Studi Kasus Cuaca Banda Aceh,” J. Karya Ilm. Tek. 

Elektro, vol. 3, no. 4, 2018. 

[10] H. Kristiawan, I. N. S. Kumara, and I. A. D. Giriantari, “Potensi Pembangkit 

Listrik Tenaga Surya Atap Gedung Sekolah di Kota Denpasar,” J. SPEKTRUM, 

vol. 6, no. 4, 2019. 

[11] A. Johnson, B. Smith, and C. Lee, “The Impact of Industrial Wastewater on 

Water Quality: A Review,” J. Environ. Sci., vol. 42, no. 3, pp. 301–315, 2020. 

[12] V. K. Gupta, S. Singh, and A. Kumar, “Health and Environmental Impacts of 

Industrial Wastewater: A Comprehensive Review,” Environ. Pollut., vol. 267, 

no. 2, p. 115234, 2021. 

[13] L. Wang, X. Chen, and M. Liu, “Characteristics and Composition of Domestic 

Wastewater: A Review,” J. Environ. Eng., vol. 46, no. 2, pp. 201–215, 2020. 



28 

 

[14] Y. Li, Q. Zhang, and S. Liu, “Composition and Characteristics of Household 

Wastewater: Insights from Recent Studies,” Water Res., vol. 38, no. 4, pp. 401–

415, 2021. 

[15] X. Chen, J. Wang, and L. Yang, “Impact of Lifestyle Changes on the 

Composition of Domestic Wastewater: A Case Study,” Environ. Sci. Technol., 

vol. 55, no. 3, pp. 289–302, 2022. 

[16] Bow,Yohandri, Sari.A.P, Harliyani.A.D., Saputra, Bayu, Budiman,Ria. 

Hydrogen Gas Production Is Viewed From The Effect Of Duplex Stainless Steel 

on Variations In The Concentration Of Catalysts And Types Of Water Equipped 

With Arrestors. Jurnal of Kinetics. 2020 

[17] Rustana, C.E., Timothy, G.M., Fahdiran, R., Mahanaheim, E.G., 

Naqibanussalam, I. The Effect Of NAOH Catalyst On Hydrogen Production 

Produced Through The Electrolysis Process Of Seawater From Mangrove  Area. 

Nat. Volatiles & Essent. Oils, 2021; 8(6): 3842-3849 

[18] Saputro.R.A and Rangkuti Ch.Pengaruh Molaritas Larutan Cairan Elektrolit dan 

Arus Listrik Terhadap Gas HHO yang Dihasilkan Pada Generator HHO Tipe 

Dry Cell. 4h National Scholar Seminar, Trisakti University.2018. 

[19] Safari, S., Azadi Aghdam, M. & Kariminia, HR. Electrocoagulation for COD 

and diesel removal from oily wastewater. Int. J. Environ. Sci. Technol. 13, 231–

242 (2016). https://doi.org/10.1007/s13762-015-0863-5 
 


