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Abstract: Energy demand has exponentially increased with the increase in the world population and
urbanization. Renewable energy is clean, renewable, and environmentally friendly. Hydrogen production
through Proton Exchange Membrane (PEM) electrolyzer is an efficient way to produce renewable energy. The
efficiency and energy consumption of the PEM electrolyzer depends on the feed water quality. In this report,
we study the effect of pH, TDS, and conductivity on hydrogen production as well as energy consumption
during the process. pH values (3, 7, 9), TDS values (300ppm, 600ppm, 900ppm), and conductivity values
(30mS/cm, 70mS/cm, 100mS/cm) were studied to understand and optimize the hydrogen production using
PEM electrolyzer. The investigations showed that hydrogen production is significantly affected by pH, total
dissolved solids, and conductivity, and the best levels of each variable were identified by extensive testing. The
findings show both the scientific significance of proton exchange electrolysis in meeting the growing energy
demands of society as well as the importance of knowing the influence that diverse conditions have on the
creation of hydrogen. Our research, in general, contributes to the expanding body of scientific knowledge on
the topic of the effective production of hydrogen and offers useful insights for the continuation of investigation
in this field.

Keywords: hydrogen production; pem electrolyzer; proton exchange membrane; water electrolysis;
electrolytic hydrogen production

1. Introduction

For sustainable development, hydrogen will play a crucial role in the future [1]. Fuel cells use
hydrogen to generate electricity that is efficient and clean [2]. Hydrogen is the lightest gas, and any
accidental leakage will be dispersed quickly. Hydrogen is not a natural source, unlike fossil fuels.
Hydrogen is produced from other sources as currently hydrogen is produced from hydrocarbon
reforming, but the process is not clean nor renewable [3]. As an alternative hydrogen can be prepared
by using solar energy through photocatalysis, thermochemical cycles, or water electrolysis, as these
methods offer renewable and green production of hydrogen [4].

Among the renewable energy sources, hydrogen production through the electrolysis method is
highly promising due to its potential to act as an energy storage medium. Proton exchange
membrane (PEM) is one of the dominant hydrogen electrolysis technologies, due to its high
efficiency, high current density, low-temperature range, and fast response [5].

The PEM electrolyzer acts as an electrolytic conductor between a cathode and an anode. The
water molecules are passed from anode to cathode. At the cathode, the water molecule is decomposed
into electrons, protons, and oxygen [6]. The protons formed are positively charged hydrogen ions.
The electric energy fed into the system is converted into chemical energy and the electrons which had
been created exit the cell via the external circuit [7]. Later, the protons and electrons recombine and
form hydrogen at the cathode. The PEM electrolyzer works by electrochemically splitting water into
oxygen and hydrogen at their respective electrodes. Since water is the medium from which the
hydrogen is produced, its quality might affect the outcome of the electrolysis process [5]. Water
quality that may affect the PEM electrolyzer efficiency are pH, total dissolved solids (TDS), and
conductivity. pH of the electrolyte affects the hydrogen production as well as the energy
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consumption of the PEM electrolyzer [8]. A lower pH offers a low energy consumption as it reduces
the overall potential of oxygen evolution reaction (OER) but there is an issue of membrane
degradation. Another important factor is conductivity which also lowers the overall potential
consequently decreasing the energy required. There is also an asymmetric and pH-dependent
distribution of reactive excess overvoltage among hydrogen and oxygen evolution reactions [9]. High
conductivity can also degrade the membrane, so, there is a need for an optimized value of pH, TDS
as well as conductivity to ensure the enhanced performance of PEM electrolyzers. The American
Society for Testing and Materials (ASTM) recommends Type I deionized water — water containing
less than 50 ppb of total organic carbon, a resistivity of more than 1 MQ-cm, and less than 5 ug/L of
sodium and chloride content — for commercial PEM electrolyzers [10]. However, almost all water
resources are not pure, which implies that additional costs are incurred in the purification of water
for PEM electrolyzers. A study on the effect of TDS on the efficiency of photovoltaic cell shows that
a higher TDS level (0-2000ppm) in the water is preferable for better production while there was no
production when the TDS level fell to zero [11]. Similarly, a study using artificial river water (soft
water) as an electrolyte for the PEM electrolyzer resulted in the degradation of the electrolyzer
because of the increased concentration of calcium and magnesium ions. The cell performance and
mechanical life of the PEM electrolyzer were reduced [12].

Most investigations on PEM electrolysis for hydrogen production focus on the demonstration of
PEM electrolysis for hydrogen production [5], the development of new catalysts [13], and the
development of new proton exchange membrane electrolytes [14,15]. However, the optimization of
the system and the feed water is still challenging. Therefore, in this study, the effect of water quality
— with a focus on total dissolved solids (TDS), water pH, and conductivity — on the energy
consumption of the PEM electrolyzer is investigated. Here we evaluated the impact of varying pH
levels, TDS levels, and water conductivity on the efficiency of hydrogen production and the lifespan
of electrolyzer. We investigated the potential for optimizing the design and operating conditions of
the PEM electrolyzer to reduce energy consumption and improve efficiency.

2. Experimental Design

C10 PEM electrolyzer, Electrolytic solutions, pH meter, Conductivity meter, TDS tester, Power
meter, Gas burette, pH buffer solution, Thermometer.

The PEM electrolyzer is a kind of solid oxide hydrogen production cell. For the experiments C10
model hydrogen system was used. The electrolyte used in the PEM Electrolyzer is PEM-Caustic free.
It has certain specifications like on-site hydrogen generation, automated, and site ready enclosures
The power consumed per mass of H2 Gas produced is 68.9 KWh/Kg. The temperature range of PEM
electrolyzer is 50C to 400C. Net production rate is 179 SLPM or 21.6 kg/24hr.

The PEM electrolyzer has been used to split water into oxygen and hydrogen. Two electrodes
made of stainless steel, one cathode and one anode are immersed in water. The electrode material is
welded onto rod so that the electrodes can be connected to power source easily. Power meter is used
to measure the current and voltage passing through the electrolyte. A resistive material such as
Teflon is used to separate these two electrodes. When current flows through these electrodes, water
splits into oxygen and hydrogen. As hydrogen is positively charged it is collected at the cathode while
oxygen which is negatively charged is collected at the anode. These gases flow into the measuring
device through pipes. These pipes are connected to the gas burette, a cylindrical glass tube that is
open at the top and bottom. The tube is filled with water and then inverted so that the open end is
submerged in a water-filled basin or container. The volume of water that is displaced by the gas
produced is measured as the gas is collected in the tube. The volume of gas produced can be
determined by measuring the difference in water levels before and after the gas is introduced.
Study of effect of pH, TDS, and conductivity

Different parameters such as pH, TDS, and conductivity of the electrolyte solution in PEM
electrolyzer affect the production of hydrogen and oxygen as well as energy consumption. So, in this
work, we investigated the effect of pH of electrolytes by using different pH buffers to adjust the pH
(3,7, and 11) of electrolyte. TDS values of the electrolytes were maintained at 300ppm, 600ppm, and
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900ppm. The conductivity of the electrolytic solution was adjusted to 30mS/cm, 70 mS/cm, and
100mS/cm.

4. Expected Results

4.1. Hydrogen-Oxygen Production-Impact of pH:

With the change in the pH of the electrolyte the production of hydrogen and oxygen changes.
As shown in Figure 1 production of hydrogen and oxygen as a function of time and pH, which ranges
from 3 to 11 at regular intervals. It's interesting that the initial results indicated a decline in hydrogen
and oxygen production as pH increased from 3 to 7, indicating that the electrolyzing process is
probably slow at neutral pH. Surprisingly, the results showed a significant increase in production at
a pH of 11, indicating that the alkalinity of the water samples is probably supporting the production
of hydrogen and oxygen.

Hydrogen-Oxygen Production as Function of Time
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Figure 1. Impact of pH on Hydrogen Production.

Hydrogen-Oxygen Production- Impact of TDS:

In the evaluation of three distinct TDS concentrations, 300 ppm was taken to be a low
concentration, 600 ppm the middle concentration, and 900 ppm the high concentration. The outcomes
were consistent with the research done by Abdullah et al. and his associates [7]. The results show an
increase in the production of hydrogen and oxygen because of the rising TDS concentration, which
probably acts as a catalyst to encourage the formation of hydrogen. This leads to the conclusion that
producing hydrogen from water is more advantageous at higher TDS levels, while limited
production at low concentrations suggests that there may not be any hydrogen generation at zero
TDS levels as shown in Figure 2.
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Figure 2. Impact of TDS on Hydrogen-Oxygen Production.

Hydrogen-Oxygen Production-Impact of Conductivity:

Another crucial element that might impact a PEM electrolyzer's energy usage is conductivity. A
reduced energy need can be achieved by reducing the overpotential needed for the OER at the anode,
which is shown by greater conductivity values, which also imply a higher ion concentration in the
electrolyte solution. High conductivity, however, can also raise the chance of membrane deterioration
and raise the amount of energy needed for pumping. As, the production of hydrogen depends
heavily on conductivity, and multiple studies have shown where varying conductivity was achieved
by using various solutions to boost conductivity, which in turn increases hydrogen production. Our
efforts, which analyse the water samples under three distinct conductivity values ranging from 30 to
100 at equal intervals presented in Figure 3, have shown similar results According to the findings,
after achieving a level of maximum hydrogen, there was no distinct impact of further increase in
power. For instance, according to a previous study, hydrogen production at solar radiation levels
more than 800 W/m?2 was almost same. At high radiation levels, no appreciable variations in hydrogen
production were seen [13]. It is interesting to note that once production reaches its maximum level,
there was a little decline in hydrogen output because sedimentation settles because of hydrogen
generation. However, the level of hydrogen production stayed roughly constant after achieving a
maximum level within a few hours. Also, like in prior research [15], a drop in voltage was noticed at
greater conductivity values, but production remained higher, indicating that the production of
hydrogen is a function of increased current rather than voltages.
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Figure 3. Impact of Conductivity on Hydrogen-Oxygen Production.

Impact of pH on Energy Consumption of PEM electrolyzer:

The pH level of the electrolyte can effectthe energy consumption of the system. The pH level
affects the conductivity of the electrolyte, which in turn affects the efficiency of the electrolysis
process. Typically, the optimal pH range for a PEM electrolyzer is between 7 and 9. At higher pH
levels, the electrolyte can become more conductive, which may improve the efficiency of the
electrolysis process. However, if the pH is too high, the membrane in the electrolyzer can become
damaged, leading to decreased performance and increased energy consumption.

On the other hand, if the pH is too low, the conductivity of the electrolyte may decrease, leading
to decreased efficiency and increased energy consumption. Additionally, a low pH can cause the
membrane to dry out, which can also decrease performance and increase energy consumption.

Figure 4 shows that at Low pH the energy consumption of PEM electrolyzer is increased. At pH
8 the energy consumption is lowest, that is 45 KWh/m3H:. As the pH increases or decreases from
this the energy consumption tends to start increasing.
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Figure 4. Impact of pH on Energy Consumption of PEM Electrolyze.

Impact of TDS on Energy Consumption of PEM electrolyzer:

Total Dissolved Solids (TDS) can have a significant impact on the energy consumption of a
Proton Exchange Membrane (PEM) electrolyzer. TDS refers to the concentration of all inorganic and
organic substances that are dissolved in water. When these substances are present in the water used
in an electrolyzer, they can affect the performance and efficiency of the electrolyzer.

The presence of TDS in water can increase the electrical conductivity of the water, which can
cause an increase in the cell voltage required for electrolysis to occur. This increase in cell voltage
results in an increase in the energy consumption of the electrolyzer. Additionally, TDS can cause
fouling of the electrodes and membrane, which can reduce the efficiency of the electrolyzer and
further increase energy consumption.

To mitigate the impact of TDS on energy consumption, it is important to ensure that the water
used in the PEM electrolyzer is of high purity and has a low TDS concentration. Water treatment
technologies such as reverse osmosis and deionization can be used to remove TDS from water, which
can improve the efficiency of the PEM electrolyzer and reduce its energy consumption as shown in
Figure 5.
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Figure 5. Impact of TDS on Energy Consumption of PEM electrolyzer.

Impact of Different Water Quality and Impact on Energy Consumption of PEM Electrolyzer:

Sea water, well water, and deionized water are three examples of the different types of water
that might affect the energy requirements of a proton exchange membrane (PEM) electrolyzer.

Dissolved salts, minerals, and other pollutants are abundant in sea water. Because of the
increased electrical conductivity of the water caused by these contaminants, the electrolyzer
experiences increased electrical resistance. Since more energy is needed to overcome the resistance,
the electrolysis process is slowed down. The higher voltages required to provide the required amount
of current flow contribute to the overall rise in energy usage.

Dissolved salts and contaminants in well water are typically much lower than in sea water.
Minerals and other things that can interfere with electrolysis may still be present. How exactly the
composition of the well water affects energy usage is a matter of some degree of uncertainty. The
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energy needed to treat well water is typically lower than that required to treat sea water or to treat
deionized water.

Deionized water is water that has had the mineral ions removed through a process called
deionization. It is also known as demineralized water and distilled water. Deionized water's electrical
conductivity is far lower than that of both sea water and well water. Therefore, it has a lower electrical
resistance during electrolysis and uses less energy to generate the same amount of current. Energy
efficiency increases when utilizing deionized water in a PEM electrolyzer.

Deionized water's poor conductivity may be good for saving energy, but it doesn't contain any
of the ions that are necessary for the electrolyzer's electrochemical reactions. Water quality needs
should be carefully considered depending on the specific design and operation of the PEM
electrolyzer system, as these ions may be important for maintaining the performance and longevity
of the electrolyzer components.

5. Conclusion

In conclusion, it is possible to conclude that proton exchange electrolysis has become the most
prominent method for the generation of hydrogen. The enormous influence that pH, total dissolved
solids, and conductivity have on the creation of hydrogen was revealed by our studies, which were
carried out under a wide range of environmental circumstances. To contribute to the progress of
scientific knowledge on the effective production of hydrogen, thorough experimentation has been
used to determine the optimal amounts of each of these variables. The findings of this study highlight
the crucial importance of understanding the influence that different conditions have on the
production of hydrogen and the scientific significance of proton exchange electrolysis in meeting the
increasing energy demands of our society.
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