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Abstract 
 

Hydrogen production by water electrolysis using renewable energies with the addition of some metal oxides as photocatalyst are an 

alternative solution to problems related to the use of fossil fuels. 

In this paper, an experimental study was conducted to test the effect of some factors influencing hydrogen production rates and water 

electrolysis performance, namely. Nature and concentration of metal oxides, when we use three metal oxides (ZnO, Al2O3 and MnO2) 

as photocatalyst materials in water electrolysis process assisted with solar energy, was carried out at Ouargla University (Algeria). 

The results showed that 10g/l of MnO2 with a concentration of 30g/l KOH as an electrolyte, increases hydrogen generation by 

30% compared with the yields of conventionel electrolyser. These results are encouraging to develop research and contribute to 

future challenges in this field, especially on practical operation. 
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1.  Introduction 

The problems of climate change, air pollution, and energy insecurity are due primarily to the combustion of fossil 

fuels mainly coal, oil, and natural gas [1]. In order to avoid serious environmental and economic damages from energy 

use, humans must stop using fossil fuels altogether, as soon as possible [2]. 

Hydrogen is the ideal fuel for the future because it is clean, energy-efficient, and abundant in nature [3-4]. While 

various technologies can be used to generate hydrogen, only some of them can be considered environmentally friendly 

[5]. 

Recently, hydrogen generated via water electrolysis using metal oxides as photocatalyst assisted by solar energy has 

attracted tremendous attention and has been extensively studied because of its great potential for low-cost and clean 

hydrogen production [6-7]. 

Many factors affect the water electrolysis process in presence of some metal oxides namely: temperature [8], electrolyte 

concentration [9], metal oxides concentration, and their nature [10]. 

In this research, an experimental study on hydrogen production from water electrolysis assisted by solar energy, using a 

ZnO, Al2O3, and MnO2 as photocatalyst. 

The study consists of seeing the influence of various parameters and conditions affecting production efficiency during 

the water electrolysis process. 

2. Experimental procedure  

The experimental set up consists of four electrolyzers connected in parallel (E1), (E2), (E3) and (E4), an electric current 

source, a voltmeter (V), DC generator, four Amperemeters (A1), (A2), (A3) and (A4) and a stopwatch, see Fig. 1. The four 

electrolyzers have the same characterization; their electrodes are connected directly to the DC power supply array. 
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The generated gases (hydrogen and oxygen) are recovered separately in glass cruets. they operate under the same 

thermodynamics conditions (ambient temperature and atmospheric pressure).  All runs started at 8.00 am and terminated 

at 5.00 pm local time. 

 During experiences, the measurements of solar irradiance, ambient temperature were made regularly. Electrolyte 

temperature, the volume of generated hydrogen were also monitored. 

 

     Fig. 1. Cross section of schematic sketch. 

 

2. Results and Discussion 

 

 

Fig. 2. Typical measured of ambient temperature and solar irradiance curves versus time. 

Fig. 2 displays. Ambient temperature change and solar radiation. I increased in the first half of the day to the maximum 

values at around 13.00 hours; before, they started dropping again in the afternoon. 

 

 

Fig. 3. Hourly production of hydrogen volume versus time. 

Fig.3 displays. The hourly cumulus of hydrogen production has changed over time with the presence of photocatalysts, 

the amount of production is , while 2where we note that the best amount of production is due to the presence of MnO

and ZnO compared to conventional electrolysis. 3O2less with the presence of both Al 

 



 

Fig.4. Daily of hydrogen production vs concentration of the best photocatalyst 

Fig.4. The daily yield of hydrogen production has changed with the increase in the concentration of photocatalysts, 

where we note that the highest production amount for the best photocatalyst returns to the concentration of 10 g / l, 

while the amount of production is fluctuating with the increase of the photocatalyst concentration. 

 

4. Conclusion  

This paper present an experimental study on hydrogen production from water electrolysis assisted by solar energy, 

using three metal oxides (ZnO, Al2O3 and MnO2). 

The aim of this work to observing the influence of various parameters and conditions affecting hydrogen production 

during the water electrolysis process.The results showed that 10g/l of MnO2 increases hydrogen generation by 30% 

and generally, These results are encouraging to develop research and contribute to future challenges in this field, 

especially on practical operation. 
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