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Abstract – A semi-empirical mathematical model is presented in this work to predict the electro-chemical behaviour 

of an alkaline water electrolysis system. It is based on the polarisation curve and Faraday performance characteristics 

and takes into account factors such as temperature, pressure variations, and current density. Low hydrogen impurity 

levels and small voltage variations are shown by evaluation, showing good agreement with real data. The model helps 

with the design and optimisation of electrolyzers, and sensitivity analysis helps discover important operational aspects. 

It also suggests a thorough model that combines plant and stack stability that was created with Aspen Custom Modeller 

without the need for coding expertise. The study suggests a temperature rise and a pressure drop for improved system 

capacity, with an emphasis on using parametric research and simulations to maximise hydrogen generation efficiency 

and plant stability. 

 
Keywords –ASPEN Plus, electrochemical, electrolyzer, efficiency, over-potential. 
 

11. INTRODUCTION 

A key instrument in this effort is hydrogen, which has the 

ability to decarbonise difficult-to-abate industries and 

function as a low-carbon energy source [1]. Although the 

idea of a "hydrogen economy" has been around for more 

than 20 years, high manufacturing costs and a sluggish 

corporate response to climate concerns have made it less 

viable [2,3]. However, new developments in technology 

and a change in the mindset of the fossil fuel business 

have reignited interest in hydrogen as an essential 

component of the global drive towards decarbonisation. 

Numerous energy analysts predict a large rise in 

hydrogen production, despite divergent predictions for 

hydrogen consumption and disagreements over its 

applicability for different uses, such as heating and heavy 

transportation [5]. It is imperative, therefore, to conduct a 

thorough assessment of the environmental effects of 

hydrogen generation and use, taking into account 

variables other than carbon emissions [6]. While 

comparing various hydrogen generation paths has been 

the main focus of life cycle analysis research, these 

studies frequently lack a worldwide contextualization to 

ascertain their absolute sustainability [7].  

When estimating the potential environmental effects 

of hydrogen technologies, prospective life cycle 

assessments (pLCAs) are proving to be an effective tool 

[8,9]. This is because they take into account 

advancements in technology as well as the larger picture 

of global decarbonisation initiatives [10]. In these 

evaluations, harmonising methods and system limits can 

offer greater insights into how sustainable various 

hydrogen generation paths are in comparison [11,12]. In 

general, these evaluations are necessary to make well-
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informed judgements on hydrogen's place in a future 

energy system that is sustainable [13-15]. 

 

 

Fig 1.1. Different method of production of hydrogen. 

There are four basic approach for producing 

Hydrogen using electrolysis principle and, the methods 

are Simple Alkaline electrolysis, Anion exchange 

membrane (AEM), Proton exchange membrane (PEM) & 

High temperature electrolysis also known as Solid Oxide 

electrolysis [16,17]. In this paper we use simple alkaline 

electrolysis for the production of hydrogen. 

2 ALKALINE ELECTROLYSIS 

Alkaline electrolysis is a method of production of 

hydrogen and oxygen by breaking water molecules in the 

alkaline solution. The charge carrier in alkaline 

electrolysis is OH- Following reaction occur in alkaline 

electrolysis: 

Cathode: 2H2O+2e−→H2+2OH- 

Anode: 2OH−→1/2O2+H2O+2e− 
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Overall reaction: 2H2O→O2+2H2 

 

 

Fig. 1.2. Electrolytic chamber for alkaline electrolysis. 

By varying the current density, the main goal of this work 

is to thoroughly understand the properties of alkaline 

electrolyzers [17]. The knowledge gleaned from this 

work is meant to aid in the creation of an extremely 

effective PV-electrolysis-linked system [18]. The study 

examines the connection between alkaline electrolyzer 

performance and electrode size [19]. The experiment uses 

electrodes that consistently have a catalyst loading of 2 

mg/cm2 and keeps current densities between 0.2 and 0.3 

A/cm2, [20] which is a range that is shared by all the 

catalysts employed. Intriguing tendencies are revealed in 

the generated data. Up to a threshold size, the amount of 

hydrogen created initially grows proportionally with 

electrode size. Around 4.5 cm2 represents the electrode 

size at which hydrogen generation reaches this crucial 

threshold [21]. 

A comparison between the experimental data and 

the estimated values using the suggested model has been 

done in order to verify the validity and accuracy of the 

model & there is approximately 0.75% error in 

experimental data as compared to theoretical data.  

Considering these findings, the paper admits that 

increased current densities result in higher voltage needs 

for the electrolyzer. Electrolyzer resistance and a kinetic 

parameter, K, are included in a model that is presented to 

quantify this voltage rise [22, 23]. The study's conclusion 

emphasizes the significance of choosing the best 

operating points for the PV-electrolysis coupled system 

while considering variables like hydrogen production, 

solar irradiance, and investment costs. By using a 

comprehensive approach, it is ensured that the proposed 

system would support efficient and sustainable hydrogen 

generation. 

 

 

Fig 1.3 ASPEN Plus model of alkaline electrolysis 

 

As the current density increases, so do the voltage 

requirements for the electrolyzer. This relationship was 

modelled with different electrolyzer resistances and a 

kinetic component known as "K." To get the optimum 

overall conversion efficiency, the operating point must 

minimise investment costs for the concentrated PV-

electrolysis system while optimising hydrogen output 

given solar irradiance. In general, when power is 

generated from electrochemical sources, the electrode 

operating potential is represented by the symbol "Vop," 

while the electrochemical power source's equilibrium 

potential is represented by the symbol "E." The following 

relations can be used to compute the power. [24,25]. 

P∝ (Vop−Eo)2 

The practical potential of Electrode is slightly less 

than Vop due to voltage drop caused by the resistance of 

the cell so eq(1) can be written as. 

P = K(Vop−I.R−Eo)2 

The ability of the electrolyzer to convert electrical 

energy into chemical energy is represented by the 

coefficient "K," which acts as the proportionality factor 

in power conversion. 

The values parameters used in the formula is given 

in the following table. 
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Table 1.1 Constants used in calculating various 

parameters of the electrolytic chamber. 

Terms Value Unit  

Vo 1.23 V 

s 0.3382400 V 

t1 -0.0153900 m2/A 

t2 2.0018100 m2°C/A 

t3 15.2417800 m2°C2/A 

f11 478645.74 A2/m4 

f12 -2953.15 A2/m4°C 

LHV H2 33.33  kWh/kg 

∆G 237.13 kJ 

r1 0.0000445 Ω m2 

r2 0.0000000 Ω m2/ °C 

d1 -0.0000031 Ω m2 

d2 0.0000004 Ω m2/bar 

Faraday constant 96485 C/mol 

f21 1.0396000  

f22 -0.00104 °C-1 

Delta S 0.163422 kJ/K 

∆H 293.1837460 kJ 

3. METHODOLOGY 

In this Project we use ASPEN Plus simulation software 

for our simulation. The simulation model is shown in fig 

1.3. In this model we use 35% w/v KOH for making the 

solution alkaline. We Start our simulation at 40°C and 

extend our simulation up to 80°C. We will vary the 

pressure from 2 bar to 10 bar and calculate various 

parameters. Since both oxygen and hydrogen are 

produced in the same chamber, we need a Separator for 

separating Oxygen and Hydrogen. We place two 

separator blocks for the separation of Oxygen and 

Hydrogen [26]. We use two water traps for separating 

water vapour mix with the gases. For calculating 

polarization curve we use the formula mentioned below. 

Vcell=Vrev +[(r1+d1)+r2.T+d2.p]I+s.log[(t1+t2/T+t3/T2)i+1] 

This model of an alkaline water electrolysis system 

was made using Aspen Plus and includes the alkaline 

electrolysis cell stack and plant balancing. Hydrogen and 

oxygen are produced from water via an electrochemical 

process in the cell stack, the main component of the 

system. Recirculation pumps bring the electrolyte back to 

the stack after it has been separated from the gas in the 

liquid-gas separation vessels containing the hydrogen and 

oxygen that have been produced. With the help of heat 

exchangers included into the electrolyte recirculation 

loops, the cooling circuit's cooling pump and air cooler 

circulate cooling water to remove waste heat and 

maintain a constant temperature inside the cells. 

Aspen Custom Modeller was used to develop a 

custom operation unit that would contain the alkaline 

water electrolysis stack model for system simulation in 

Aspen Plus. Included in the produced stack operating unit 

are the electrochemical model for the alkaline electrolysis 

cells as well as all the equations related to the mass and 

energy balances that occur in the stack. One may use the 

ACM tool to make a bespoke icon that links many job, 

material, or heat streams. Following simulation, the 

model is added to the standard operational unit palette and 

exported to the Aspen Plus Library. 

For alkaline electrolysis cells, an electrochemical 

model has also been created that forecasts a stack's 

electrochemical behaviour under various operating 

circumstances, including pressure and temperature. The 

model is able to determine the polarisation curve, Faraday 

efficiency, and gas purity as a function of current by using 

statistical data and scientific principles. The cell voltage 

is always greater than the theoretical reversible voltage 

due to overpotentials caused by kinetic and resistive 

forces. 

All the machinery required to run the stack, such as 

the cooling loop, circulation pumps, heat exchangers, 

gas-liquid separator vessels, and deionized water supply, 

is included in the balance of plant. The process flow 

model has been created to incorporate each of the main 

elements found in a real alkaline electrolysis plant. 

Most of the plant's balancing components have been 

replicated with standard components of Aspen Plus 

software. The Aspen software predicts fluid conditions 

surrounding the system, including thermodynamic data 

for all chemical species involved in the process, in 

addition to performing energy and mass balances across 

all components and adding system boundary conditions, 

individual component efficiencies, and operating 

parameters to the process. 

4. RESULT AND DISCUSSION 

The breakdown of water is started at a voltage of 1.23V 

but due to extra resistance offered by the electrode, 

electrolytic solution and the gaseous molecules formed in 

the electrolysis an extra voltage is required for this. This 

extra voltage is known as overvoltage or overpotential as 

shown in table 1.2.  

 
Table 1.2 Cell Voltage V/s Current density at different 

Pressures at constant temp of 60°C. 

Current 

Density 

V 

(2 bar) 

V 

(4 bar) 

V 

(6 bar) 

V 

(8 bar) 

V 

(10 bar) 

1000 1.7346 1.7354 1.7264 1.7372 1.7381 

2000 1.8759 1.8777 1.8794 1.8812 1.8830 

3000 1.9770 1.9797 1.9824 1.9851 1.9878 

4000 2.0614 2.0650 2.0686 2.0722 2.0758 

5000 2.1366 2.1411 2.1455 2.1500 2.1545 

 

The graph mentioned in fig 1.4 is the curve plotted 

between overvoltage and current density of an electrolytic 

chamber at a temperature of 60°C. In this curve we see 
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that the overpotential increases with increase in current 

density. As current density increases the number of 

charges in the electrolytic chamber is also increased 

which increased the collision of the gaseous molecules 

and extra overpotential is required to start the electrolysis 

reaction. When the temperature of the electrolytic 

chamber is increased the overpotential decreases as 

shown in table 1.3 and fig 1.5. 

 

 

Fig 1.4. Plot between over-potential and the current density 

of electrode of alkaline electrolysis at 60°C. 

 
Table 1.3 Cell Voltage V/s Current density at different 

Pressures at constant temp of 80°C. 

Current 

Density 

V 

(2 bar) 

V 

(4 bar) 

V 

(6 bar) 

V 

(8 bar) 

V 

(10 bar) 

1000 1.6497 1.6506 1.6515 1.6524 1.6533 

2000 1.7886 1.7904 1.7922 1.7940 1.7958 

3000 1.8890 1.8917 1.8945 1.8971 1.8998 

4000 1.9731 1.9767 1.9803 1.9839 1.9874 

5000 2.0481 2.0526 2.0571 2.0616 2.0660 

 

 

Fig 1.5. Plot between over-potential and the current density 

of electrode of alkaline electrolysis at 80°C. 

 

The stack power is the power supplied to the 

electrolytic chamber to start the electrolytic reaction. The 

fig 1.6 given below is the plot between stack power and 

the current density at 60°C. In this plot when the current 

density increases the stack power is also increased 

because when the current density is high, high amount of 

current is required to flow through the electrode and 

power is directly proportional to the current, so power is 

automatically increases. All the pressure curve is almost 

colinear, so we can say that the stack power is 

independent of pressure. The fig 1.7 given below is the 

plot between stack power and the current density at 80°C. 

The stack power is reduced by a very little amount, so we 

conclude that the stack power is independent of 

temperature. 
 

Table 1.4 Stack power V/s Current density at different 

Pressures at constant temp of 60°C. 

Current 

Density 

Power 

(2 bar) 

Power 

(4 bar) 

Power 

(6 bar) 

Power 

(8 bar) 

Power 

(10 bar) 

1000 1734.6 1735.4 1736.3 1737.2 1738.17 

2000 3751.8 3755.4 3758.9 3762.5 3766.14 

3000 5931.2 5939.3 5947.3 5955.4 5963.45 

4000 8245.9 8260.2 8274.6 8288.9 8303.21 

5000 10683 10705 10727.9 10750 10772.6 

 

 

Fig 1.6 Plot between Stack power and current density at a 

temperature of 60°C at different pressures. 

 
Table 1.5 Stack power V/s Current density at different 

Pressures at constant temp of 80°C. 

Current 

Density 

Power 

(2 bar) 

Power 

(4 bar) 

Power 

(6 bar) 

Power 

(8 bar) 

Power 

(10 bar) 

1000 1649.7 1650.6 1651.5 1652.4 1653.3 

2000 3577.3 3580.9 3584.4 3588.1 3591.6 

3000 5667.2 5675.3 5683.3 5691.4 5699.4 

4000 7892.7 7907.0 7921.3 7935.6 7949.9 

5000 10240 10263 10285 10308.0 10330.4 
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Fig. 1.7. Plot between Stack power and current density at a 

temperature of 80°C at different pressures. 

 

In the given fig 1.8 the plot between hydrogen flow 

with respect to the current density at different 

temperatures. The hydrogen production is totally 

dependent on the charges flow through the electrolytic 

solution. As charge density increases the charge is also 

increased so the production of hydrogen is also increased 

so the flow rate of hydrogen is also increases. After a 

great increase in current density the hydrogen flow rate is 

decreased because of extra collision of the molecules of 

the gases produced in the electrolytic reaction. 

 

 

Fig 1.8. Plot between hydrogen flow rate and current 

density at different temperature. 

 

The plot of the Faraday efficiency against the 

current density at various temperatures is shown in Figure 

1.9. The Faraday efficiency increases quickly and 

saturates at a particular current density, as is evident. Low 

current density results in higher faraday efficiency at low 

temperatures, but high current density has the opposite 

effect as temperatures rise. 

 

 

Fig 1.9. Plot between the Faraday efficiency and the 

current density at different temperature. 

 

Fig 1.10 shows the variation between the production 

of heat in the electrolytic chamber with current density at 

different temperatures. The heat produced is dependent 

on the current and the thermo-neutral voltage. As current 

density increases the heat is also increased and the 

thermoneutral voltage is decrease with increase with 

temperature, but the decrement is very little as compared 

to the increment due to increment with increment in 

current density, so the overall heat production is increased 

with increase in current density. 

 

 

Fig 1.10 Variation between the production of heat in the 

electrolytic chamber with current density at different 

temperatures. 
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Fig. 1.11. Stack efficiency at 5KW for different 

temperature and pressure. 

 

 

Fig. 1.12. Stack efficiency at 10KW for different 

temperature and pressure. 

 

 

Fig 1.13 Stack efficiency at 15KW for different 

temperature and pressure. 

5. CONCLUSION  

The Aspen Plus model for an alkaline water electrolysis 

plant is suggested in the study in order to assess the 

system's performance in various operating scenarios. 

Standard operating units are used for the other 

components in the model, and Aspen Custom Modeller is 

used to incorporate a custom model of the electrolysis 

cells as a subroutine. 

An excellent correlation between predicted values 

and experimental data was used to confirm the 

correctness of the model. Parametric research 

demonstrating that a temperature increase causes a 

decrease in the hydrogen rate because of a decrease in 

Faraday efficiency and an increase in the crossover of 

hydrogen to the oxygen side. As pressure rises, so does 

the stack voltage and the number of impurities in the 

gases that are created. 

This research introduces a new Aspen Plus model 

that allows behaviour study of alkaline electrolyte 

systems to generate hydrogen using renewable energy 

sources. The model makes it possible to identify 

significant changes that may be optimised, resulting in a 

system with increased overall usefulness and efficiency. 

The findings indicate that operating temperature has a 

bigger impact than pressure, and that 5 bar and 80C are 

the ideal operating parameters for this system, which 

would produce an efficiency that is over 58% overall. 
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