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Analysis of the hydrogen production system using a polymer membrane electrolyzer
and its transfer to the natural gas pipeline
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ABSTRACT: One of the methods for producing hydrogen is using a polymer membrane electrolyzer
with photovoltaic panels. To avoid hydrogen storage and achieve decarbonization, injecting hydrogen
into the urban gas pipeline is an effective solution. This study examines the injection of hydrogen into
the urban gas pipeline and determines that to keep the injected hydrogen flow rate below 10% of the gas
flow rate, a production of 20.69mole/s of hydrogen is required. According to mathematical modeling,
to produce the necessary hydrogen, 3,230 cells with an area of 2,500cm2 should be used. The injection
pressure of hydrogen is 17.23 bar. To achieve this pressure, an electrochemical compressor with 1,600
cells and an area of 2,500cm?2 is used. The power consumption of the electrolyzer and compressor for
injecting 9.5% hydrogen during maximum solar radiation, accounting for losses, is 6.64MW. To generate
this power with a photovoltaic system, 12,991 STP550S-C72/Vmh panels are needed. Considering the
electrolyzer pressure of 17.23 bar, the compressor can be eliminated, allowing the use of a high-pressure
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1- Introduction

The importance of hydrogen gas in industry has led to a
focus on producing green hydrogen using electrolyzers and
renewable fuels. Among the various methods of producing
green hydrogen, the use of water electrolysis through
electrolyzers accounts for the largest share of hydrogen
production. Polymer membrane electrolyzers, known for
their high efficiency, short response times, low operational
pressure, and smaller geometric dimensions compared to
other electrolyzers, have gained attention and can be coupled
with renewable energy sources. In electrolyzers, hydrogen is
produced. If hydrogen needs to be stored, storage tanks are
required. One method of utilizing hydrogen is to inject it into
the municipal gas pipeline, which necessitates increasing its
pressure using mechanical or electrochemical compressors.
Electrochemical compressors are favored due to their low
power consumption and fewer moving parts, resulting in
a longer lifespan [1]. Future studies by Atitlan et al. [2] on
using hydrogen as an alternative fuel in the shipping industry,
Briguglio et al. [3] on the use of thin membranes, Chen and
Fuller [4] regarding membrane resistance, Moradi Nafchi et
al. [5] on thermodynamic analysis of electrolyzer and solar
systems, Zhao et al. [6] on comparing hydrogen produced
from fossil fuels with green hydrogen, Strobel et al. [7] on
compressing hydrogen for automotive fuel applications,
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Xuemei et al. [8] on suitable membranes for compressors,
Casati et al. [9] regarding membrane water content control,
Lee and Huang [10] on optimizing gas diffusion layer
performance in compressors, and Witkowski et al. [11] on
hydrogen injection into gas pipelines are noteworthy.

In the present work, a hydrogen production system using
a polymer membrane electrolyzer has been examined. To
increase hydrogen pressure, an electrochemical compressor is
used, and the required power for these two devices is supplied
by a photovoltaic system. V-I curves for the electrolyzer,
compressor, and photovoltaic panels have been determined,
which aided in the design of system to supply hydrogen equal
to 9.5% of the natural gas flow rate in a gas pipeline.

2- System and mathematical modeling

The system consists of four components: photovoltaic
panels, an electrolyzer, an electrochemical compressor, and
a gas pipeline. The power produced by the photovoltaic
panels supplies the energy needed for the electrolyzer and
the compressor. The electrolyzer is responsible for breaking
down water into hydrogen and oxygen. The voltage of the
electrolyzer is referred to as the minimum voltage required
to initiate the reaction. Equation (1) expresses the voltage
required for the electrolyzer.
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Fig. 1. Effect of cathode pressure in polymer membrane
electrolyzers on output power at maximum solar radia-
tion.
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The reaction rate of the reactants must be greater than the
current rate consumed inside the electrolyzer.
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The rate of hydrogen production is equal to the rate of
water consumption.

3- Results

The required pressure for injecting hydrogen into the city
gas pipeline is 17.23 bar, and the goal of using the compressor
is to increase the pressure to reach this level. The pressure of
the hydrogen produced at the cathode of the electrolyzer is
considered equal to the pressure of the hydrogen sent to the
anode of the compressor. The hydrogen needed for injection
into the natural gas pipeline is compressed at the cathode
of the compressor. Figure 1 shows the impact of pressure
variations at the cathode of the electrolyzer. It is important
to note that the anode electrode pressure of the electrolyzer
is equal to the ambient pressure. In the electrolyzer, at a
constant current density of 0.5 amperes per square centimeter,
the required power at a pressure of 1 bar is 4,790 kilowatts,
and at a pressure of 17.23 bar, it is 8,890kW. In other words,
with an increase in the operating pressure of the electrolyzer,
the required input power increases. Figure 2 illustrates the
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Fig. 2. Changes in power consumption as a function

of the cathode pressure of the electrolyzer and anode

pressure of the electrochemical compressor under maxi-
mum solar radiation

changes in power consumption in both the polymer membrane
electrolyzer and the electrochemical compressor.

As the power increases at the cathode, or the output of
the electrolyzer, the power consumption rises; meanwhile,
an increase in pressure at the anode electrode of the
electrochemical compressor reduces the power consumption
necessary to reach the required pressure (17.23 bar).

4- Conclusion

In this article, the impact of various parameters on the
performance of the system has been examined, and the
following conclusions have been drawn:

Due to the irreversible nature of chemical reactions in
the polymer membrane electrolyzer and electrochemical
compressor, there is a drop in the activation voltages of
the anode and cathode, as well as ohmic and concentration
losses, which results in an increase in the overall voltage of
the system and its power consumption.

By analyzing the polarization curves of the polymer
membrane electrolyzer and the electrochemical compressor,
it can be observed that an increase in current density leads
to higher voltage drops and, consequently, an increase in the
overall voltage.

An investigation of the effect of pressure parameters
on the performance of the polymer membrane electrolyzer
revealed that increasing the cathode pressure from 1 bar to
17.23 bars results in an increase in the power consumption of
the electrolyzer.
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Fig. 1. The cycle of converting electrical energy to hydrogen and injecting hydrogen into
the natural gas pipeline
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Table 1. The constant values of atmospheric conditions for the photovoltaic module [26]
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Fig. 2. Comparison of the electrolyzer performance curve obtained from the present study
with the results of the reference mathematical modeling [21].
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Fig. 3. Comparison of the compressor performance curve obtained from the present study
with the results of the reference mathematical modeling [22].
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Table 2. The conditions for thermodynamic modeling of polymer membrane electrochemical com-
pressor and electrolyzer [22].
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Fig. 4. The performance chart of the compressor under the conditions presented in Table 3
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Fig. 5. The performance curve of the compressor under the conditions presented in Table 3.
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Fig. 6. The solar radiation on the maximum day (June 3), average day (November 12), and
minimum day (January 3) in the city of Isfahan
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Fig. 7. The effect of maximum (June 3), average (November 12), and minimum (January 3)
radiation intensity on the output power of the photovoltaic module.
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Fig. 8. The effect of cathode pressure in polymer membrane electrolyzers on output power at
maximum solar radiation (June 3).
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Fig. 9. The effect of anode pressure on the output power under maximum solar irradiation
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