
The electrochemical behaviour of an electrolyzer can be modelled using a semi-
empirical current-voltage model. One of the most widely used models is the one
proposed by Ulleberg [2], which describes the voltage of an electrolyzer according
to the parametes “s” (V) and “t” (m2/A) related to activation overpotentials and
the “r” (Ω·m2) parameter for the ohmic overpotential.

However, these parameters only depend on the temperature (T). In order to
obtain a wider model, two additional parameters have been incorporated: “j”
(Ω·m2) and “d” (Ω·m2), which represent the variation in the ohmic overpotentials
according to the electrolyte concentration (M) and pressure (p), respectively.

Regarding Faraday efficiency, it has been modelled using the equation proposed
in [2], including a linear relation for temperature (“f1”, “f2”). The pressure and
electrolyte concentration have not been included due to its slight influence:

The model constants have been calculated from experimental data obtained for
the polarization curve and the Faraday efficiency by means of a non-linear
regression using MATLAB, according to a previously established procedure [3].
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A 15-kW alkaline electrolysis test bench developed by CNH2 [1] has been used for
carrying out the experimental tests (Figure 2). This system, is a flexible and
versatile tool designed to test a wide range of alkaline water electrolysis (AWE)
cell stacks.

An alkaline electrolysis stack has been characterized at different operating
conditions for carrying out this study. The cell stack is composed of 12 bipolar
electrolysis cell stack of 1000 cm2 surface area connected in series. The
electrolyte used is a concentrated KOH solution in water. The nominal production
rate is 2 Nm3/h hydrogen (@ 400 A).

The test bench, shown in Figure 2, has been employed to evaluate the
performance of the electrolysis stack under different temperatures (55, 65, 75
°C), pressures (5, 7, 9 bar) and electrolyte concentrations (28, 35, 42 % w/w KOH).
In each of these tests the polarization curve, the purity of the gases produced and
the Faraday efficiency have been studied [4].

The National Hydrogen Center (CNH2), offers multidisciplinary know-how and comprehensive services ranging from basic
R&D to product commercialization. Particularly, the Alkaline Electrolysis Laboratory [1], is devoted to the research and
development of alkaline water electrolyzers for hydrogen production based on renewable energy sources, able to operate
under variable power conditions without prejudicing performance, working life and gases produced.

This facility, that was established in 2010, allows to characterize the performance of alkaline electrolysis cells, evaluate
their reliability and analyze the influence of the Balance of Plant (BoP) and control strategies on the system efficiency and
durability. It has as a main purpose to constitute a laboratory for alkaline electrolysis technology testing, available to the
scientific community and industry. For this, it is equipped with different test benches (developed by CNH2) that work
along the entire value chain from cell components and stack up to system design including peripherals.

The objective of this work, framed within the activities of the Alkaline Electrolysis Laboratory, is to develop a semi-
empirical mathematical model that predicts the voltage and the Faraday efficiency of an electrolyzer as a function of the
current. This model has been fitted with experimental data obtained with a 15 kW alkaline electrolyzer at different
temperatures, pressures and electrolyte concentrations.

Figure 1. General view of the Alkaline 
Electrolysis Laboratory in CNH2
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Figure 3. Calculated (line) vs. measured (dot) voltage at different temperatures (a), pressures (b) and electrolyte concentrations (c) 
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Figure 3 and Figure 4 show some results obtained with the model of the polarization curve and Faraday efficiency. As can be seen in Figure 3a, the temperature is the
operating parameter that most influences the polarization curve, while an increase in pressure from 5 bar to 7 bar has practically no perceptible influence on the stack
voltage (Figure 3b). About the electrolyte concentration, any increase above the optimum value (35% w/w KOH) implies an increase in the potential (Figure 3c). Finally, the
experimental results show that only the temperature has an effect on the Faraday efficiency (Figure 4).
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Figure 2. 15-kW electrolysis cell stack test bench developed by CNH2 

EXPERIMENTAL SETUP

2

1

f
f





2

2

i

i
F

Tff  12111f Tff  22212f

Figure 4. Calculated (line) vs. measured (dot) efficiency

The prediction accuracy of the model can be verified by comparing simulated and measured values for the polarization curves at different temperatures, pressures and
electrolyte concentrations (Figure 3) and for the efficiency at different temperatures (Figure 4). Also the RMS error has been evaluated with a result of 6.18 mV (voltage
cell) and 0.53 % (Faraday efficiency).
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