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Hydrogen produced by solar and other clean energy sources is an essential alternative to fossil fuels. In this stuy,
a commercial alkaline electrolyzer with different cell numbers and electrode areas are simulated for different
pressure, temperature, thermal resistance, and electrical current. This alkaline electrolyzer is considered un-
steady in simulations, and different parameters such as temperature are obtained in terms of time. The obtained
results are compared with similar results in the literature, and good agreement is observed. Various character-

istics of this alkaline electrolyzer as thermoneutral voltage, faraday efficiency and cell voltage are calculated and
displayed. The outlet heat rate and generated heat rate are obtained as well. The pressure and the temperature in
the simulations are between 1 and 100 bar and between 300 and 360 Kelvin respectively. The results show that
the equilibrium temperature is reached 2-3 h after the time when the Alkaline electrolyzer starts to work.

1. Introduction

Environmental problems create a severe need for improved and
cleaner energy sources. Companies and researchers are continuously
working on this problem. There are two approaches for these research:
either finding and proposing novel energy sources or enhancing the ef-
ficiency of current ones. Also, the new concerning issue for environ-
mental maintenance has directed to lesser emissions of dangerous
gasses. The common proposal emphasizes energy generated from
renewable energy sources [1,2] and its following storing and carrying
based on hydrogen [3,4]. Hydrogen is an eminent energy transporter
due to its excellent energy content. It has the least energy content among
most molecules in the universe. Ramadan [5] reviewed green to green or
fully green systems. Hydrogen is produced with special kind of these
systems by solar energy. Solar energy converts to electrical energy in the
solar panels and then the obtained electrical energy is used to produce
hydrogen as an important energy source. The energy is stored without
air pollution in this method. Wind, geothermal, and wave energies are
other energy sources for green to green systems. The pumped hydro-
electric, flywheel and compressed air are the other energy storage for
green to green systems. Among these systems, the solar-hydrogen
coupling systems are the most important, and hence, the researchers
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have been working on these systems for decade [6,7]. Presently, this
substance is employed in many chemical manufacturing units, and their
productions are worked with fossil fuels. Electrochemical water splitting
is one of the important and prevalent methods for the generation of
hydrogen. In recent years, the alkaline electrolyzer has arrived at pro-
gressive economic technology to produce hydrogen.

Abdin et al. [8] proposed an improved one-dimensional mathemat-
ical model for an alkaline electrolyzer cell to produce hydrogen. The
proposed model can be used for different alkaline electrolyzer cells and
provide accurate results compared to the same experimental data sets.
David et al. [9] presented various methods for hydrogen production.
Then some new ways were proposed considering the economic issues.
Finally, some new methods were introduced to improve alkaline elec-
trolysis technology. Zakaria and Kamarudin [10] recommended a new
anion exchange membrane electrolyzer. Several polymeric membranes
were compared with each other in this study. This study has broadly
surveyed the influence of important parameters such as ion exchange
capability. Brauns and Turek [11] reviewed alkaline water electrolysis
operated with renewable energy sources like solar energy. They re-
ported that alkaline water electrolysis is a widespread technology for
hydrogen production. Milani et al. [12] have been conducted both
experimental and numerical study on the cogeneration unit of
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aluminum-water reaction. Hydrogen and aluminum were produced in
their study. This unit used aluminum as an energy source from the
aluminum recycling plant and the water was used in a closed-loop.
Omran et al. [13] proposed a new proton-exchange membrane fuel
cell unit by the variable load. The electrical current and voltage of the
cell was calculated by MATLAB software. They calculate this in the
steady-state of the cell. Hence, the variation was independent of time.
The power, current, and voltage for the start were 500 W, 12A, and 12 V
respectively.

Bideau et al. [14] proposed some equations to determine relations
between different parameters in the two classical alkaline electrolytes
(KOH, NaOH). In this study, some parameters as electrical conductivity,
heat capacity, viscosity, density, mass, and heat transfer diffusion co-
efficients were calculated with new proposed relations as a function of
electrolyte concentration and temperature. The proposed relations have
been compared with available experimental data presented by other
researchers and worthy agreement was achieved. The efficiency of an
electrolyzer mostly depends on the electrical and thermal resistances
and over-potential in the cell [15].

Lim et al. [16] reviewed the performance of anion exchange mem-
brane as a solid electrolyte in electrolyzer uses. The enhancement of
anion exchange membrane depends on the physicochemical properties,
ion exchange capacity, etc. Also, it depends on the thermo-mechanical
steadiness in higher temperatures and pH environments. Lafforgue
et al. [17] challenged the typically thought about carbon-supported
electro-catalysts and their stability in the alkaline environment. This
thought was created due to the higher thermodynamics steadiness of
several metals at higher pH. This report proved that their typically
thought was wrong in aqueous alkaline electrolytes.

Gomez et al. [18] considered the effect of the dynamic operation on
the electrolyzer efficiency. In the previous studies, the models for the
electrical field were mostly semi-experimental and experimental re-
lations, and the dynamic operation effect was usually ignored. This
research summarized and analyzed the proposed schemes to explain the
electrical field. Also, the dynamic operation subject was emphasized,
and the latest researches modeled the dynamics approach was presented
in this study. Mohammadi and Mehrpooya [19] reviewed the perfor-
mance of different approaches of connection between electrolyzer sys-
tems and different clean and interminable energy sources, including
solar energy, ocean thermal energy, wind energy, and hydroelectric
energy. This research compared these renewable energy sources based
on how these sources can be integrated and which one has the best ef-
ficiency. Lastly, these energy sources are compared with each other by
the thermos-economical view.

In this research, a commercial alkaline electrolyzer is simulated in
different temperatures, pressure, thermal resistance, and the influence
of these parameters on alkaline electrolyzer characteristics is surveyed.
The alkaline electrolyzer that works with renewable energy sources
doesn’t have a constant electrical current. Hence, the influence of
alternative electrical current such as sinusoidal electrical current on
alkaline electrolyzer is obtained in this work. The generated and outlet
heat rate determines the cell’s steady-state temperature, and these two
important parameters are also determined in this work. In other words,
the main objective of this study is to survey the performance of an
alkaline electrolyzer with non-constant currents in a different range of
temperature and pressure.

2. System description and principle of operation
In this research, an alkaline electrolyzer is simulated in different

conditions. The characteristics of this alkaline electrolyzer are displayed
in Table 1.
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Table 1
The characteristics of the simulated alkaline electrolyzer.
Cell pressure 1-120 The surface area of the 0.25 (m?)
(bar) electrode
Cell temperature 380-430 Thermal resistance 0.1-6.4 (K/
(X) w)
Ambient temperature 300 (K) specific heat capacity of 14.4 (kJ/kg.
Hy K)
Electrical Current 0-400 (A) specific heat capacity of 0.92 (kJ/kg.
0, K)
Overall thermal 625 (kJ/K) specific heat capacity of 4.18 (kJ/kg.
capacity H,0 K)
KOH concentration 30 Water Latent heat 2420 (kJ/kg.
K)
Number of cells 20-25

3. Mathematical modeling of the alkaline electrolyzer: thermal
performance

This section tries to mathematically present the thermal performance
and related electrochemical properties of a single alkaline electrolyzer
cell according to empirical expressions. Then the final goal is to estimate
the instant temperature of the cell regarding the supplied current. To
start the model, we state the thermal energy balance of the cell. The
amount of energy entered to and generated within the cell is equal to the
amount of thermal energy consumed and stored as well:

E;,, + Egen = .(mt + E.vt (1)

As long as the cell generates heat during the electrochemical process
and the temperature goes up, stored energy equals the amount of
generated thermal energy through passing electrical current to
commence the process. At the same time, a specified quantity will
dissipate to the ambient due to lower temperature. We assume that
ambient temperature is lesser than the operating temperature of the
electrolyzer, so no thermal energy is entered into the control volume. So:

E.\r = ‘gen - Eam (2)

We can assume a lumped thermal capacitance model [20] to express
the amount of stored energy. It considers no temperature gradient
within the cell and the spatial distribution of temperature is not mean-
ingful. Then this temperature is a kind of average temperature assigned
to the cell. So we can write:

. dr

E, = C'hE 3
where Cy, and T are the overall thermal capacity and the average tem-
perature of the alkaline electrolyzer, respectively, the value of generated
energy directly depends on the properties of the electrochemical process
taking place within the cell and supplied current. As discussed in the
previous section, an alkaline electrolyzer doesn’t generate heat at
thermoneutral voltage while real electrolyzers always work above that
voltage. So the difference of operating voltage and thermoneutral
voltage will show the amount of power generation in the form of heat:

Epor = (V - V;j,,)l 4

where V and VY, are operating voltage and thermoneutral voltage at
temperature T and pressure P. I is the current supplied from any source
such as an electrical network or any renewable resources. The current
has the responsibility of providing required electrons to the electro-
chemical process at the electrodes to lead to valuable gasses O and Ha.
But while producing these gasses, attached bubbles are created reducing
the effective area of the electrodes. To account for this phenomenon, we
define the coefficient ¢ affecting the current effective area. Rescaling Eq.
(4), it turns into Eq. (5) as follows [21,22].
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Egen = Qgen = <V7 V;%) (1 ! 5)

,0)

6 varies between 0 and 1. Zero value shows the ideal case without any
adhered bubble, whereas in the case of 6=1, very large bubbles are
attached to the electrodes, prohibiting the appropriate chemical reac-
tion, and a higher value of heat is dissipated.

The second term in Eq. (2), the amount of dissipated thermal energy,
consists of three main terms, including heat loss to the environment,
exchanging enthalpies, and cooling effect:

Eoit = Otoss + Oexen + Oonl
ar . . (6)

C”'E = Qgen = Qioss = Qexen — Qevot

Heat loss to the ambient has two influencing parameters: tempera-
ture difference of the cell and ambient and convective heat transfer
regime of exterior surface. So we can express as follow:

: T — Tam

Oloss = R, @
where Ry, and Tgnp are total thermal resistance of convective heat
transfer and ambient temperature.

Sensible and latent heats contribute as exchanging enthalpies. En-
thalpies attributed to the exiting Hy and O, and reagent water fed into
the electrolyte to keep KOH concentration at a constant level are sen-
sible heats. Moreover, the specified amount of water turns into vapor at
different saturation temperatures and pressures, called latent heat. So
we can write:

Ovexen = 1ty Cp ity (T — Ta) + 1110, Cp. 0y (T = Tams) + 11011,0 Cp 1 0(T — Toam)
+1yapordi,0

(3

where my,, Mo,, Muy,0 and Myg,r are mass flow rate of leaving Ha, Oa,
reagent liquid water, and mass flow of evaporated water, respectively.
Cph,> Cp0,> G0 and Ay,o are specific heat capacity of Hy, O, and
reagent water and latent heat of vaporization of liquid water at the
operating temperature and pressure. Disappeared liquid water turns into
gasses and vapor. So we can establish the following mass balance:

My,0 = My, + N, + Myapor ()]

Mass flow of water, Oz, and Hy can be evaluated conveniently ac-
cording to Faraday’s law:

. Ing
, = ——N, 10
"o = 4F a0
. Ing
rig, = 5 Ne an
. Inp
= "IN, 12
Nm,0 oF c 12)

where N,, F and ng are the number of cells, Faraday’s constant, and
Faraday efficiency defined as the fraction of the actual hydrogen mass
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i? .
Np = QW) (1 +fo2T) 13)

Unidentified constants above equation have been recommended as
following [23]:

f1, =50,f, = 2.5, £ = 1,f2 = —2.5 x 107 14)

By calculating the mass flow of water, Oy and Hp, water vapor mass
flow is evaluated using Eqs. (10)-(12).

The cooling liquid, usually water, absorbs the heat to prohibit the
system from reaching a critical temperature:

Qam[ = mCWCp.CW(TCW.(mt - TCW.in) = UAyxLMTD (15)

(T = Tewow) — (T — Tewin)

LMTD =
l”l((T - Tcw,um)/(T - TCW.in))

(16

where mcw, Cp,cw, Tew,our and Tew,in are the mass flow and the specific
heat of cooling water and the outlet and the inlet temperatures of the
cooling water respectively. The inlet temperature of cooling water
usually equals the ambient temperature. UAyx and LMTD are specified
terms in the heat exchanger field of study that express the product of
thermal exchange coefficient, and the surface of the equivalent heat
exchanger, and the log mean temperature difference of the heat
exchanger. Rewriting the Eq. (16), we can express (considering Tgmp =
Tew,in):

UAnx

Mcw CpACW

Qcoul = mCWQ;,CW (1 - exl’( - )) (T - Tamb) (17)

In the following, thermos-neutral and operating voltages are dis-
cussed. Thermo-neutral voltage consists of two key parameters: high
heating voltage (VF4") at pressure P and temperature T and amount of
heating difference value from the reference temperature and reference
pressure (Hy§ — Hj\'} ), usually ambient condition (P and To) [22]:

Vi, = Vi . (H"(g) — Hj, ,l})’0> e

nF T-PiiyoKom
Hy'S) — Hy, = 42,960 + 40.762T — 0.066827° 19)

where nF=192973C/mol (n = 2 for alkaline electrolyzer electrochemical
process) and ¢ is:

saturation

Ph,0.k0H (20)

¢ = L5 P— saturation
Ph,0.k0H

saturation s 3 7

Pi.6%on is water vapor partial pressure over the electrolyte in each
_ psaturation —

electrode at P and T, and we assume that P = py'S%¢h + pn, =

p;ﬁ%’ﬁ;’}} + Do,. High heating value can be obtained as following [22]:
Vi =Vip, +fuany(T,P) 21)

where VFEY and fupv(T,P) are high heating value at temperature T and
atmospheric pressure and pressure correcting factor, respectively [22]:

10.941 x 1073 18. 10-6
funv (T, P(inbar)) = (21.661 X 10*“7M>p+ ( 878 x 10

T T

flow rate over the theoretical one (usually above 90%). Electrical cur-
rent is a known parameter for our problem, and Faraday efficiency can
be evaluated as following empirical correlation [23]:

0.339 x 1073 7.845 x 1073 1.659
- )pz (22)

Tl.S + TZ T3

Vi = 14756 +2.252 x 107*T + 1.52 x 107°T* (23)
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To evaluate saturation pressure of steam over KOH, the following
relations are applicable [24]:

pissiitny = exp(2.302a + bin pyiy) (in bar)
a = —0.0151m — 1.6788 x 1073 m® + 2.2588 x 10-5m® (X))
b=1-1.2062x 1073 m + 5.6024 x 10~*m? — 7.8228 x 10~°m*

7699.68

Pl = exp <81.6179 - —10.9InT 4 9.5891 x 10’3T> (in bar)

(25)

Where a and b are coefficients related to the KOH concentration, and
pisuration. is steam saturation pressure over pure water. These recom-
mended experimental equations can be applied for temperatures be-
tween 0 °C and 250 °C, pressures between 1 and 200 kPa, and molar
concentration range between 2 and 18 mol/Kg.

To calculate the working value of cell voltage, over-potentials at the
cell should be comprehensively calculated and added to the reversible
voltage while representing them in mathematical equations. Therefore,
the cell voltage is the sum of reversible voltage and over potentials [8]:

V=V + Vier + Voim (26)

where Vo, Vg and Vo, are the amount of open-circuit voltage or
reversible voltage, activation overpotential, and ohmic overpotential,
respectively. The reversible voltage is obtained according to the Nernst
equation as follows [8,25,26]:

N32
saturation
. RT pH,\/po; R'T (P ~ Py, O.KOH)
Voc = Ve In| —=Y—= —yre |77
oc=Ver T 5F ( " (aHzo,KOH w2 " T a0, KOH

(27)

Vi =1.5184—1.5421 x 107 X T+9.526 x 107 X T x InT+9.84 x 10~° x T*
(28)

where V5, and an,o0 kon are reversible voltage at standard conditions.
But, there are some limitations in using this relation even for those dilute
solutions or higher concentrations and even when there is net current
flow through the electrodes; because of the action of ions variations at

anode

Py Sanode
32
(1 - Emmde) A,

Reecirode = Ranode + Reanode = [1 + Kanode (T - Tref)] +

the surface of electrodes [26]. And the water activity of the KOH solu-
tion is obtained [27]:

(3.177m — 2.131m?)

Apy0.k0H = exp( —0.05192m +0.003302m> + T

> (29)

which is acceptable for temperatures between 0 °C and 250 °C, pressures
between 1 and 200 kPa, and molar concentration range between 2 and

__ panode cathode ~— __ Pelectrolyer, ref
Re[ectm[yte =R + R =

Ocathode
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18 mol/Kg.

To calculate the activation over-potential, we use the Butler-Volmer
relation for both electrodes according to the transition state theory [28,
29]. Hence, one has:

R'T :
yanode [ln (ﬁ)} )
aanudeF Iy
RT i
V(‘(‘Uhode __~L l i 31
o QAcathode F n i(c)mhode ( )

where iy is the effective exchange current density (I/A.) of the electrode
and is forecast at any temperature supposing activated mechanism [11,
12]:

. AGc (1 1 .
g =yy X exp { - R—*C (T - T_r>] 00, ref (32)

where yy, AGc, Trer and ig s are roughness factor, the free energy of
activation, reference temperature, and reference exchange current
density at Ty, respectively. To contribute the covered portion of the
electrode with bubbles, activation over-potential is rewritten as follow
[8]:

R'T i
yanode — I 33
at aanadeF [ " (i?)”()de (1 - 9(mode)> :| ( )
R'T i
vcmhode — |:1ﬂ ( > :| (34)
a Qcathode i (1 — O arnode))

Estimation bubble coverage factor (0) is important, and it has
numerous parameters such as natural or forced circulation of aqueous,
surface tension of the liquid, and so on those affect the bubble coverage
factor. Hence, an experimental relation is used to calculate the bubble
coverage factor [22-24,30].

T T 2 . 0.3 P
—97.254+182— — 84( ) X <i> X (35)
T, T Liim P — PH,0.k0H

Here ij, is the restrictive current density at 100% bubble coverage
with a usual value of 300 kAm 2 [21,31]. Ohmic over-potential is a
function of electrical current and is the sum of three main ohmic re-
sistances: these three main ohmic resistances are electrolyte resistance,
electrodes resistance, and separator resistance. [8]:

9=

[1+ Keatode (T — Trey) | (36)

where py, €, 8, k and A, are the resistivity of the one hundred percent
dense anode/cathode material at the ambient temperature, porosity,
thickness, temperature coefficient of resistivity, and external electrode
surface area, respectively. To calculate electrolyte resistance, it should
be calculated into two parts. The first part is bubble zone and the second
one is bubble free-zone for each terminal, and according to fundamental
electrical resistance and Bruggeman'’s relation, one has [8,32,33]:

l(‘athode—: ﬂ cathode 1 ﬂ cathode

1 —
ﬂam}de + +

electrolyet electrolyte

[1 + Kelectrol,\‘re (T - Trff Ae

lanode—x - ﬂanade
X +
)] {

(1 - Hanz)d(>)3/2 Ae Ae (1 - et'zltlxz)de)3/2 A“

37)
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where peiecirolyte,refs lanode — s0Tleathode — s and P are effective resistivity of
electrolytes at the ambient temperature, bubble-free zone width, and
bubble zone width, respectively. The resistance of the separator is
calculated by [8,34,35]:

2
R - T:epemtoraxfl’” ator
seperator — Felectrolyte
Dy X &, X Ay

(38)

T

where 1, ®, A and ¢ are tortuosity, wettability factors for electrolyte,
uniform distribution cross-section, and porosity, respectively. The total
resistance is calculated by

Rioat = Retectrode + Relectmlyte + R.\'epemmr (39)
where RiotalRelectrodesRelectrolyte;@NdRseperator are total, electrode, electro-
lyte, and separator resistances, respectively. The ohmic overpotential is
obtained by

Vo = Ri (40)
where V,pnis ohmic over potential “R” is total resistance, and “i” is the
electrical current.

4. Results and discussion

The proposed system has been simulated in different conditions and
the results of simulations have been displayed in this section. The main
limitation of the proposed model is its electrical current. This system is
proposed to work with solar energy and therefore, the input electrical
current is the main limitation of this system. The temperature of the
alkaline electrolyzer is considered constant in different space and it
varies with time. In other words, the mean temperature at each time is
used as the temperature of the proposed system. For future works, the
temperature field of the proposed system can be found by one of the
computational fluid dynamics methods [36] for more accuracy.

Thermoneutral voltage versus pressure at different temperatures is
obtained and compared with the results of Hammoudi et al. [22] for
validation in Fig. 1. Good agreement is observed. The results show that
the thermoneutral voltage decreases when pressure increases for small
pressure and is constant for large pressures. Also, the results show that
the thermoneutral voltage increases by temperature increasing. Another
validation is done with the results of Hug et al. [37]. The Faraday effi-
ciency versus electrical current at different temperatures is calculated
and compared with the results of Hug et al. [37] in Fig. 2. This figure

1.7+
a Hammoudietal. T=70 C
Our results T=70C
5 A Hammoudietal. T=150 C
1.65 Our results T=150 C
>
o
S16F
(=]
> i
1551
15 - _
1 [ 1 | = | I——
20 40 60 80 100 120
Pressure(atm)

Fig. 1. Thermoneutral voltage versus pressure at different temperatures (pre-
sent work and Hammoudi et al. results) [22].
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Fig. 2. Comparison between the results of present work and Hug et al. [37].

(Faraday efficiency).

V(V)

1 1 1 1

40 60 100
I(A)

Fig. 3. The cell voltage variation versus electrical current at different

temperatures.
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| T - | I |
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Fig. 4. Cell voltage variation versus electrical current at different pressures.
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Fig. 5. Temperature variation versus time at different electrical currents.

confirms the accuracy of the current model.

The cell voltage variation versus electrical current at different tem-
peratures is shown in Fig. 3. The cell voltage increases by electrical
current increasing and temperature decreasing. The cell voltage varia-
tion decreases at high electrical currents. The cell voltage variation
versus electrical current at different pressure is shown in Fig. 4. Ac-
cording to Fig. 4, the Cell voltage rises by electrical current increasing
when pressure increases, but results show that the cell voltage variation
by pressure is negligible.

When an Alkaline Electrolyser works, the temperature of fluid
changes with time. Hence, an Alkaline Electrolyser has an unsteady
process. Temperature variation versus time at different constant elec-
trical currents is calculated according to the mentioned relations in
Section 3 and is shown in Fig. 5. A nonlinear first-order ordinary dif-
ferential equation should be solved to obtain the temperature variation
at different times. This nonlinear equation has been solved by an espe-
cial fifth-order Runge-Kutta method numerically [38,39]. The applied
numerical method has high accuracy and it uses memory less than the
ordinary Runge-Kutta method [40].

The temperature of the Alkaline Electrolyser rises faster in high
electrical currents. When the temperature of the Alkaline Electrolyser
rises, the cell voltage decreases, and the Thermoneutral voltage

360
355 - ’
350 -
345
= A)
340 a
—~ 335F
< 330
= g
325
320 ,- - NN
315 .
i —&— 1=1005in(0.01t)
310 H —&— 1=2005in(0.01t)
i —%— 1=3005sin(0.01t)
3054 —&— 1=4005in(0.01t)
300 L1 1 !
0 1000 2000 3000
t(s)

Fig. 6. Cell voltage variation versus time at different sinusoid elec-
trical current.
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300 |
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Fig. 7. Temperature variation versus time at different thermal resistances of
the cell (sinusoid electrical current).

increases. Hence, the differences between the cell voltage decreases and
the Thermoneutral voltage decreases. The produced heat rate inside the
Alkaline Electrolyser depends on the differences between the cell
voltage decreases and the Thermoneutral voltage. As a result, raising the
temperature of the Alkaline Electrolyser reduces the produced heat rate.
Also, increasing the temperature of the Alkaline Electrolyser increases
the temperature difference between the inside and the outside of the
Alkaline Electrolyser. As a result, the outlet(deposed) heat rate in-
creases. Decreasing the produced heat rate and increasing the outlet
heat rate slows down the growth of the temperature of Alkaline Elec-
trolyser, and finally, the temperature of the container reaches the
equilibrium temperature.

Electric current is not always constant. For example, it can be sinu-
soidal. The electrical current produced by solar energy is not constant. In
this section, to investigate the effect of these currents on the charac-
teristics of the Alkaline Electrolyzer, the current is assumed to be sinu-
soidal. The results are shown in Figs. 6 and 7. The cell voltage variation
versus time at different sinusoid electrical currents is shown in Fig. 6. As
observed, the Alkaline Electrolyser’s temperature rises to an especial
amount, and then it changes sinusoidally. In other words, there isn’t any
final equilibrium temperature in this state, but the average temperature

Fig. 8. Voltage variation versus time at different thermal resistances of the cell
(constant current).
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1
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Fig. 9. Produced and disposed heat rate versus time at different thermal
resistance of the cells and constant current.

remains constant after a while. The thermal resistance of walls in an
electrolyzer is a function of their material and thickness. In this section,
the influence of this thermal resistance on the electrolyzer performance
is surveyed. Temperature variation versus time at different thermal re-
sistances of the cell for sinusoidal electrical current is calculated and
displayed in Fig. 7.

As thermal resistance increases, the outlet heat rate decreases. As a
result, the equilibrium temperature becomes higher than before.
Increasing the equilibrium temperature decreases the cell voltage and
increases the Thermoneutral voltage, thus reducing the voltage differ-
ence. Reducing the voltage difference reduces the generated heat. Also,
increasing the equilibrium temperature increases the outlet heat rate.
Hence, the electrolyzer reaches the new equilibrium temperature faster.
As a result, with a further increase in the thermal resistance of the
electrolyzer, there is not much change in the equilibrium temperature.
The cell Voltage variation versus time at different thermal resistances of
the cell is obtained and shown in Fig. 8. The cell voltage decreases over
time due to the increase in the temperature of the electrolyzer and
eventually reaches a certain value because the temperature of the
electrolyzer has reached the equilibrium temperature. As the electro-
lyzer’s thermal resistance increases, the cell voltage’s final value is
lower due to the lower equilibrium temperature of the electrolyzer. Due
to the mentioned reasons in the previous sections, with a further
reduction of thermal resistance, the reduction of the final voltage is
negligible.

The generated and outlet heat rates are obtained and displayed in
Fig. 9. The generated heat rate decreases over time. The generated heat
increases the temperature of the electrolyzer. Increasing the tempera-
ture of the electrolyzer decreases the generated heat rate and increases
the outlet heat rate. As a result, the generated heat rate decreases, and
the outlet heat rate increases until they become equal and the electro-
lyzer reaches the steady-state conditions. The steady-state conditions
happen at high heat generated rate at low thermal resistance.

5. Conclusion

In this study, commercial alkaline electrolyzers have been simulated.
Different condition as different pressure, electrical current, thermal
resistance have been considered for the simulations. The pressure and
the temperature in the simulations are between 1 and 100 bar and be-
tween 300 and 360 Kelvin respectively. The obtained results show that
the thermoneutral voltage decreases when pressure increases. Also, the
thermoneutral voltage is high in high cell temperatures. The Faraday
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efficiency increases when electrical current increases and its variation
by temperature and pressure is negligible. The cell voltage increases by
the electrical current increasing. It is low in high cell temperatures and
changes with pressure variation slightly. When an alkaline electrolyzer
starts to work, the generated heat increases cell temperature. Increasing
cell temperature decreases generated heat rate and increases outlet heat
rate. As a result, an increase in the cell temperature becomes slowly, and
finally, the alkaline electrolyzer reaches the steady-state condition and
temperature. Sinusoidal electoral current is applied in the alkaline
electrolyzer to see the influence of inconstant current on alkaline elec-
trolyzer characteristics. Results show that the alkaline electrolyzer does
not reach steady-state conditions in sinusoidal electrical current. The
results show that the equilibrium temperature is reached 2-3 h after the
time that the Alkaline electrolyzer starts to work. The results also show
that the equilibrium temperature depends on the characteristics of the
alkaline electrolyzer like thermal resistance, electrical current, and
pressure. The equilibrium temperature is between 309 and 368 Kelvin
for the simulated systems according to the results. The efficiency of an
alkaline electrolyzer depends on temperature strongly. As a result, the
mean temperature of the alkaline electrolyzer should be limited.
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