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Abstract. In a proton exchange membrane fuel cell (PEMFC), the catalyst layer (CL) and the
gas diffusion layer (GDL) are made of porous materials, the characteristics of which affect its
performance. The CL determines the ion exchange across the membrane that allows the fuel
cell reaction to occur. The GDL transfers the reactant towards the CL and electrons through
the solid part, and is important for water management and heat removal. Innovative designs
of the porosity distribution in the GDL and CL on both the anode and cathode side, is one of
the active research topics in PEMFCs. The optimization presented in this paper redesigns the
porosity distribution in the GDL and CL in order to increase the current density and reduce hy-
drogen consumption. To simulate the PEMFCs, a solver is built in the OpenFOAM environment.
This solver performs steady simulations, based on models available in the literature. Results
from this analysis tool are verified vs. other numerical results, by comparing the polarization,
i.e. the current vs. voltage curve. Here, the evolutionary algorithm-based optimization software
EASY of NTUA, which makes use of on-line trained surrogate models to reduce the number of
evaluations is used to obtain a front of non-dominated solutions. A bilinear porosity distribu-
tion (2D distribution) is used for the GDL along with a uniform distribution for the CL on both
the anode and cathode side. It is shown that some of the optimized PEMFC perform better than
the baseline one in terms of both performance metrics, with consistent changes along the entire
polarization curve.
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1 INTRODUCTION

A fuel cell is an electrochemical device that converts the chemical energy of a fuel (such as
Hydrogen, H2) into electricity through a reaction between the fuel and an oxidant. Fuel cells
constitute a clean and efficient source of energy as they produce electricity with only water and
heat as by-products, unlike traditional power generation methods that release harmful pollutants
and greenhouse gases. Proton exchange membrane fuel cell (PEMFC) is a specific variant that
uses a polymer electrolyte membrane as the electrolyte. In a PEMFC, H2 is fed to the anode
and Oxygen (O2) to the cathode, where they undergo an electrochemical reaction to produce
electricity, water, and heat [1]. These fuel cells are of interest in a wide range of applications
due to their low emissions, high power density and relatively low working temperature [2].

Numerical simulation and optimization techniques are important for the design of PEMFCs;
however, their simulation is quite challenging due to the many physics involved in it. Numer-
ical modeling of PEMFCs can be traced back to the work of Springer et al. [3]. Early models
were simplistic, based on 1 or 2-D considerations. For example, [4] developed a simplified 2-D,
isothermal, single-phase model to study the effect of conductivity, diffusivity, and compression
on current density at the interface of the gas diffusion layer (GDL) and the catalyst layer (CL).
More sophisticated models are also in use. As mentioned in [5], these mostly differ in the mod-
eling of the water transport in ionomer and two-phase flow, see [6]. The two major types of
two-phase models are the two-fluid [7] and mixture [8] ones. The latter, solves the mass, mo-
mentum, and species transport conservation equations for the two-phase mixture (liquid water
and gas) based on its mass-averaged properties while the former, solves these equations for the
gas mixture together with a separate equation for the liquid water transport. Both models are
able to accurately predict the PEMFC behavior and are widely used in the literature; the present
work makes use of the two-fluid model.

The development of CFD tools for the analysis/simulation of a PEMFC is a continuously
evolving field. Some works have used OpenFOAM for this purpose, most of them with simpli-
fied models [9, 10, 11, 12]. For instance, in [9] and [10], electrochemical reactions and charge
transport equations are not solved; [11] uses a single-phase model and [12] uses an isothermal
flow and solves only the flow related equations. In [13], the challenges of increasing power
density in PEMFCs are explored, revealing that modifying GDLs is essential as gas diffusivity
and thermal conductivity of GDLs have a significant impact on cell performance and durability.

Regarding the optimization of PEMFCs, different methods have been used in the literature to
control the structural parameters of a PEMFC stack and working conditions in order to optimize
various performance metrics of a PEMFC, such as the current density, power output, energy
efficiency and others. In [14], variance analysis, surrogate models, and NSGA-II are combined
to optimize the power density, system efficiency, and O2 distribution of a PEMFC. One of the
components that play a significant role in a PEMFC performance is GDL, which is a porous
material that not only mechanically supports the membrane electrode assembly (MEA), but
also facilitates the transfer of both heat and electrons to the bipolar plate (BP) being in contact
with the electrochemically active CL. Therefore, finding the optimal porosity distribution in the
GDL is an active research topic [15, 16, 17]. In [15], a gradient-based optimization is used to
optimize the constant porosity of the GDL. In [16], the effect of linear porosity distributions on
liquid water flux is studied. [17] optimizes a linear porosity distribution in GDL and enhances
species transport and current density. The use of a simple (linear or constant) GDL porosity
distribution can be justified by manufacturing limitations, [17].

In this paper, a 3D, two-phase model is developed to perform numerical analysis for PEMFCs
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and, then, the same tool is used for optimization. This solver is developed in the OpenFOAM
environment and results are assessed with respect to (w.r.t.) other published data by comparing
the polarization curve. The PEMFC optimization focuses on the porosity distribution in the
anode and cathode GDL. The porosity distribution is parameterized using a bilinear function on
the x-z plane and kept constant in the y direction, Fig. 1. Here, a two-objective optimization
is performed using the evolutionary algorithm-based optimization software EASY of NTUA,
employing on-line trained personalized surrogate models to reduce the number of evaluations
needed to find the front of non-dominated solutions in the space of two objectives: max. current
density at a specific voltage and min. H2 consumption.

2 MODEL DEVELOPMENT

2.1 Geometry

The structure and dimensions of the PEMFC used herein, Fig. 1, is similar to the one used in
[2], the results of which are used, later on, for comparison. This geometry includes the bipolar
plate (BP), gas flow channel (GFC), GDL, and CL on both the cathode and anode sides as well
as the membrane layer. Due to symmetry, it is enough to consider only the domain of Fig. 1b,
discretized with 34800 hexahedral cells.
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Figure 1: (a) 2D schematic of the PEMFC (not in scale), with dimensions. Dashed black lines
at the top and bottom show symmetry. (b) A view of the computational grid; anode and cathode
GFC inlets are colored in blue.

2.2 Mathematical Model

The 3D PEMFC simulation makes a steady-flow assumption and relies upon the two-fluid
model. The model equations and most of the corresponding assumptions are similar to those
frequently used in publications such as [5, 18]. The main assumptions the model makes are
that the fluid is laminar and gas mixtures behave as ideal gases; GDL and CL are isotropic
and contact resistances between different layers are neglected. Since the model will be used
to support optimization runs, two extra assumptions are made to reduce complexity and, thus,
computational cost. These assumptions are: (a) water is produced in vapor phase in the cathode
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CL, and (b) the fuel cell is working at a constant temperature, thus the energy equation is not
solved. The former has been used in some papers such as [5] and the latter can be justified by
the fact that the expected temperature change in a PEMFC is relatively low and some models
are using physical properties at constant temperature. The governing equations of the model are
briefly given below:

The mass conservation equation, which is solved in the fluid domain (GFC, GDL and CL)
on both the anode and cathode side, reads

∇ ·
(
ρgU⃗g

)
= Sm, Sm =


−Svl , GDLs and GFCs,
SH2 − Svl , anode CL,
SO2 + Swv , cathode CL.

(1)

where Svl is the source due to water evaporation and water vapor condensation, SH2 and SO2

take into account the consumption of H2 in the anode and O2 in the cathode, respectively. Swv

is the source that accounts for water vapor formation.
The momentum conservation equation for the gas mixture, solved in the same fluid domain,

is expressed as

∇ ·

(
ρgU⃗gU⃗g

ε2(1− s)2

)
= −∇pg +∇ ·

(
µg∇(

U⃗g

ε(1− s)
)

)
+ S⃗u, S⃗u = −µgU⃗g

K
(2)

The gas mixture comprises the reactant gases, H2 and water vapor in the anode and, O2, N2,
and water vapor in the cathode. The conservation of chemical species equation, solved in the
same fluid domain, for the mass fraction of each species yi (with i being H2 in the anode, and
O2 and water vapor in the cathode).

∇·
(
ρgU⃗gyi

)
−∇·

(
ρgD

eff
i ∇yi

)
=Si, Si =


SO2=

−jc
4F

MO2 , cathode CL,
SH2=

−ja
2F

MH2 , anode CL,
Swv= −Svl , anode CL,
Swv= −Svl +

jc
2F

MH2O , cathode CL.

(3)

The mass fractions of N2 in the cathode and water vapor in the anode are computed since the
sum of the mass fractions of all species is equal to 1.

The liquid water transport equation is solved in the same fluid domain and reads

∇ · (ρl
Klµg

Kgµl

U⃗g)−∇ · (ρl
−K0s

3

µl

∂pc
∂s

∇s) = Svl (4)

The electronic charge (ϕele) equation solved in the BPs, GDLs and CLs, and the ionic charge
(ϕion) equation solved in the CLs and membrane read

∇ · (σeff
ele ∇ϕele) = Sele (5)

∇ · (σeff
ion ∇ϕion) = Sion, Sele = −Sion =

{
ja , anode CL
−jc , cathode CL

(6)

Note that if the expression of a source term in any of the above equations is omitted in a spe-
cific domain this implies a zero value there. In the above equations, ρg and U⃗g are the density
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and velocity of the gas mixture respectively, pg, ε, s, µ, ϕele and ϕion are the gas mixture pres-
sure, porosity, liquid water saturation (fraction of the void volume occupied by liquid water),
dynamic viscosity, electric and ionic potential, respectively. The rest of the variables with their
mathematical expressions are included in table 1 while operational and physical properties of
the case are listed in table 2. To solve the above equation, either the operating current density
(I) or the PEMFC potential (Ecell) must be set and the other results from the simulation. In this
study, Ecell is set and I is computed by

I =
Ia + Ic

2
,where Ia =

1

AMEA

∫
ΩACL

jadΩ and Ic =
1

AMEA

∫
ΩCCL

jcdΩ (7)

where AMEA, ΩACL and ΩCCL are the electrode active area and the volume of the anode and
cathode CL, respectively. Upon convergence, Ic and Ia get almost identical values.

Parameter, symbol Expression
Molar fraction of species i, xi xi =

yi

Mi
/
∑

j
yj

Mj

Gas mixture density, ρg ρg = pg/RT
∑

j
yj

Mj

Source due to the evaporation/condensation,
Svl, [7]

Svl =

{
γcond ε (1− s)

xwv(xwvpg−psat)
RT MH2O xwvpg > psat

γevap ε s ρl(xwvpg − psat) xwvpg < psat

Saturation pressure, psat[atm]
log10 psat = −2.1794 + 0.02953(T − 273.15)

−9.1837 · 10−5(T − 273.15)2 + 1.4454 · 10−7(T − 273.15)3

Volumetric reaction rate in anode, ja[ A
m3 ], [1] ja = (1− s)jref0,a (

CH2

Cref
H2

)0.5[exp( 2αaF
RT ηact,a)− exp(−2αcF

RT ηact,a)]

Volumetric reaction rate in cathode, jc[ A
m3 ], [1] jc = (1− s)jref0,c (

CO2

Cref
O2

)[−exp( 4αaF
RT ηact,c) + exp(−4αcF

RT ηact,c)]

Anode overpotential, ηact,a ηact,a = ϕele − ϕion

Cathode overpotential, ηact,c ηact,c = ϕele − ϕion

Gas species concentrations, Ci Ci = ρgyi/Mi

Gas phase relative permeability, K[m2] K = Kg = K0(1− s)3

Liquid water relative permeability, Kl[m
2] Kl = K0s

3

Capillary pressure, pc[pa] pc = σcosθ
(

ε
K

) 1
2 J(s)

Leverett function, J(s) J(s) =

{
1.417(1− s)− 2.12(1− s)2 + 1.263(1− s)3 θ < 90

1.417s− 2.12s2 + 1.263s3 θ >= 90

Effective diffusivity of species i, Deff
i [m

2

s ] Deff
i = (1− xi)/

∑
j,j ̸=i

xj

Deff
ij

Effective binary diffusivity of component i on
component j, Deff

ij [m
2

s ], [5]
Deff

ij = Dij(
T

Tref
)1.5(

pref

pg
)ε1.5(1− s)1.5

Effective electronic conductivity, σeff
ele [7] σeff

ele =

{
σBP
ele in BP

(1− ε)1.5σ
GDL/CL
ele in GDLs and CLs

Effective ionic conductivity, σeff
ion [7] σeff

ion =

{
σi = (0.514λ− 0.326) exp[1268( 1

303 − 1
T )] in Membrane

[(1− ε)εNaf
pell ]

1.5σi in CLs
Water activity, aw aw = xwvpg/psat + 2s

Membrane water content, λ λ =


0.043 + 17.81aw − 39.85a2w + 36a3w 0 < aw ≤ 1

14 + 1.4(aw − 1) 1 < aw ≤ 3

16.8 aw > 3

Nernst potential, ENernst, [1] ENernst = 1.23− 0.9× 10−3(T − 298) + RT
2F ln(

pH2

pref
(
pO2

pref
)0.5)

Table 1: Mathematical expressions associated with the proposed model.
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2.3 Boundary Conditions and Numerical Method

At the anode and cathode GFC inlets, the volume flow rate of the inlet gas is fixed which is
computed by Qina/c

= ξa/c
IrefAMEA

na/cFCH2/O2

, where a and c refer to anode and cathode and other vari-
ables are given in table 2. Also, Dirichlet conditions are imposed on the liquid water saturation
and species mass fractions (which can be computed based on the relative humidity of the inlet
gasses) while Neumann conditions are imposed on pressure. At the outlets, pressure is set to the
PEMFC working pressure while zero Neumann conditions are imposed on all other variables.
At y=0 and 2mm (Fig. 1a), symmetry conditions are applied. At the fluid-solid interfaces, a
zero Dirichlet condition is imposed on the velocities and zero Neumann conditions on pressure,
liquid water saturation and species mass fractions. For the boundary conditions of the electric
potential, a zero Dirichlet is set at the cathode BP end-surface. At the anode BP end-surface,
the total cell potential loss is imposed, (ϕele=ENernst−Ecell). On the external boundaries, there
is a zero flux condition for the ionic potential.

Parameter, symbol Value Parameter, symbol Value
Faraday’s constant, F

[
Coulomb

mol

]
96485.34 Universal gas constant, R

[
J

mol K

]
8.314

Condensation rate, γcond
[
s−1
]
, [7] 1 Evaporation rate, γevap

[
1

Pa.s

]
5×10−5

Molar mass of water, MH2O

[
g

mol

]
18.016 Molar mass of H2, MH2

[
g

mol

]
2.016

Molar mass of O2, MO2

[
g

mol

]
32 Molar mass of N2, MN2

[
g

mol

]
28.02

Absolute permeability, K0

[
m2
]

3 ×
10−12

Reference temperature, Tref [K] [5] 333.15

Bulk diffusivity O2 in water vapor,
DO2−H2O

[
m2

s

]
[5]

2.82 ×
10−5

Bulk diffusivity O2 in N2, DO2−N2

[
m2

s

]
[5]

2.2 ×
10−5

Bulk diffusivity water vapor in N2,
DH2O−N2

[
m2

s

]
[5]

2.56 ×
10−5

Bulk diffusivity H2 in water vapor,
DH2−H2O

[
m2

s

]
[5]

9.15 ×
10−5

Reference pressure, pref [atm] [2] 1 Surface tension, σ
[
N
m

]
[5] 0.0625

Electronic conductivity of BP, σBP
ele

[
S
m

]
[2]

8.3×104 Electronic conductivity of GDL, σGDL
ele

[
S
m

]
[2]

5000

Electronic conductivity of CL, σCL
ele

[
S
m

]
[2]

1000 Volume fraction of nafion in CL,εNaf
pell 0.3

Cathode reference exchange current den-
sity, jref0,c

[
A
m3

]
[5]

120 Anode reference exchange current density,
jref0,a

[
A
m3

]
[5]

5× 108

Reference molar concentration for O2,
Cref

O2

[
mol
m3

]
[5]

3.39 Reference molar concentration for H2, Cref
H2[

mol
m3

]
[5]

56.4

Anode transfer coefficient, αa [5] 0.5 Cathode transfer coefficient , αc [5] 0.5

liquid water contact angle, θ [degree] 120 Reference current density Iref
[

A
m2

]
10000

Cathode stoichiometry, ξc [2] 2 Anode stoichiometry, ξa [2] 1.5
CL porosity, εCL [2] 0.475 GDL porosity, εGDL [2] 0.55
nc 4 na 2

Table 2: Data for the baseline case.

The discretization and solution of eqs. 1 to 6 is performed in the open source tool Open-
FOAM, using the finite volume method and the SIMPLE algorithm. All equations are solved
using the PBiCGStab solver. In each iteration, an inner loop is necessary to make the liquid
water equation, eq. 4, converge, due to its high non-linearity. The steps of the solution loop are
outlined in Fig. 2.
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Figure 2: Flow diagram of the solution procedure.

2.4 Code Verification

To verify the software programmed in OpenFOAM, the computed polarization curve is com-
pared with the numerical data of simulation performed by Yuan et. al [2]. As already men-
tioned, the geometry of the case and most of the physical parameters of the simulation model
are the same. Air and H2 with a relative humidity of 100% are fed to the cathode and anode
inlets, respectively. The working temperature and pressure are 343.15K and 1 atm, respectively.
Comparisons are shown in Fig. 3. A good agreement between the two results can be seen, given
that part of the discrepancies is due to the differences 1in the physical models used. Therefore,
the programmed software appears to be ready for running an optimization loop.
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Figure 3: Comparison of the results of the programmed analysis software and numerical data
of [2]. In this case, porosity takes on constant values, namely: εCL=0.475 and εGDL=0.55 at
both the anode and cathode.

3 OPTIMIZATION RESULTS

This section describes the optimization of the porosity distribution aiming at maximum cur-
rent density and minimum H2 consumption at constant voltage (0.6V). The second objective
stands for the difference of the incoming and outgoing H2. This work assumes that unused
hydrogen is recirculated to the inlet using a pump and is combined with fresh fuel. When
the PEMFC works in recirculation mode, extra actions (such as anode purge to take care of

1The main differences are that in [2], a mixture model is used for two-phase flow, the model is nonisothermal
and some source term’s expression, as well as ja and jc formula, are different.
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impurities accumulated within the anode) are necessary and, thus, a smart control mechanism
(responsible for both the operation of the recirculation pump and the purge valve) is necessary.
From a different gas management point of view, such an objective could also be associated with
dead-end PEMFC operation too, with the risk of hydrogen dilution, possible carbon corrosion
and performance reduction. All these important technical add-ons are beyond the scope of this
paper; the interested reader should refer to [19] or other relevant papers. Initially, a parametric
study on the porosity effect is performed. Then, the parameterization for the porosity distri-
bution is defined, followed by the optimization run. The obtained results are discussed and
compared with those of the baseline (constant) porosity distribution.

3.1 Effect of Porosity - A Parametric Study

Before proceeding to the optimization, the effect of the porosity of the anode and cathode
sides on the current density value, at 0.6V, is discussed. To this end, by keeping the porosity
on one side constant and equal to that of the baseline (εCL = 0.475 and εGDL = 0.55), the
other side’s CL and GDL porosities vary in the range [0.1-0.9] with step equal to 0.2. Fig. 4
summarizes the obtained results for both the anode (left) and the cathode (right). In either of
them, the current density is more sensitive to the εCL rather than to the εGDL value; in practice,
the smaller the εCL the better the results, at least for εGDL ≥ 0.3. The same figure also shows
that, for the anode, with a CL porosity value, as the GDL porosity rises, the current density
initially remains constant and then reduces. For the cathode, the current density increases first
and then decreases. This non-monotonic behavior indicates that there is, indeed, room for
optimization.
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Figure 4: Effect of the GDL and CL porosity of the (a) anode and (b) cathode side on current
density at voltage 0.6V.

3.2 Porosity Parameterization and Optimization Algorithm Set-up

During the optimization, εGDL and εCL on both the anode and the cathode sides are allowed
to vary. For the CLs, given their small width, a single design variable is used to define the
(uniform) porosity on each side. For the GDLs, a uniform distribution along the y direction
is assumed while on the x-z plane the porosity follows a bilinear distribution determined by 4
design variables. This results in 5 design variables on each side of the PEMFC or 10 design
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variables in total.
The optimization is carried out by means of a metamodel–assisted evolutionary algorithm

(MAEA) enhanced by the Principal Component Analysis (PCA). This is implemented in the
Evolutionary Algorithms SYstem (EASY) platform, developed by the PCOpt/NTUA. In this
work a (µ, λ)=(10, 18) MAEA (with µ parents and λ offspring) is used. The algorithm starts as
a standard EA evolving till the first 100 individuals have been evaluated on the PEMFC solver;
these are stored in a database and used for building metamodels in all subsequent generations. In
specific, personalized metamodels of local validity are used to pre-evaluate each and every new
offspring and only a few promising ones (here 2 per generation) are re-evaluated on the PEMFC
solver, enriching the database. Cost assignment in the multi-objective problem is carried out by
considering dominance and niching criteria; herein the SPEA-2 technique, [20], was used. The
PCA is additionally activated after the 3rd generation so as to enhance the MAEA. The PCA,
applied to the offspring population, is herein used to control the evolution operators. In specific,
the parent population members are transformed into a new feature space with ordered variances
(as computed by the PCA). Crossover and mutation are applied in the feature space and the
new offspring population is transformed back into the design space. By doing so, the overall
optimization algorithm converges faster, as explained in more detail in [21].

3.3 Results and Discussion

As already mentioned, the objective functions are I and H2 consumption, both defined at
0.6V, to be maximized and minimized, respectively. The baseline case is the one used for
code verification with parameter values given in table 2. During the optimization, the design
variables are allowed to vary in such a way that the porosity at each and every point at the
anode’s or cathode’s GDL remains within the range of [0.1-0.9], while for the CL the range is
[0.3-0.6]. The max. number of evaluations performed by MAEA is set to 300. The front of
non-dominated solutions obtained from the optimization is shown in Fig. 5. At one edge of the
front of non-dominated solutions (solution C), a ∼25% reduction in the H2 consumption value
is observed which comes with a ∼ 13% less current density. At the other edge (solution A),
the current density is increased more than 11% while the H2 consumption is increased by more
than 60%. Of more importance are the solutions such as point B since this outperforms the
baseline configuration with respect to both objectives. Below, solutions A, B and C are further
discussed.

Comparisons of the porosity distributions between the three selected solutions are plotted in
Fig. 6. The lowest porosity of the anode and cathode CL is that of solution A where the CL
porosity went down to the lowest allowed value (εCL =0.3) whereas the baseline solution has
εCL=0.475. This is in line with the previous parametric study, which suggests a lower porosity
in the CL on both the anode and cathode, for higher current density. This also explains the
higher CL porosity for both the anode and cathode sides in solution C. In solution A, in contrast
to solutions B and C, the porosity value in most of the anode GDL area is lower than the initial
value of 0.55. This implies that, for this case, in the anode side conductivity is playing a more
important role, as lower porosity provides better electric conductivity. It can also be seen that
in solutions B and C, the cathode GDL porosity is higher close to the outlet area while, on
the anode side, the highest porosities are at the inlet. The cathode GDL porosity of solution A
changes only in the x direction remaining almost constant in the z direction.

The improved performance of the optimized PEMFCs can also be explained by the contours
of the mass fractions of the reactants H2 in Fig. 7, plotted in the fluid domain (GFC, GDL and
CL) of the anode side. As seen, in design C, the mass fraction of H2 close to the GFC outlet is
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Figure 5: Front of non-dominated solutions obtained from the two-objective optimization run.
Values are normalized w.r.t. those corresponding to the baseline PEMFC (blue square). Designs
A, B, and C (black squares, to be examined further) belong to the front of non-dominated
solutions.

higher than in the other two designs, indicating a lower consumption of reactants in the anode
CL. The lowest mass fraction of H2 can be seen at the outlet of design A with the maximum
H2 consumption. Fig. 8 shows the plots of current density in the cathode CL in the x-z plane at
y=1mm; higher values of current density appear in design A.

Though the optimization was carried out at 0.6V, it is also interesting to study the polarization
curves of the optimized designs; Fig. 9 compares the polarization curves of the baseline and
optimized designs. For designs A and B, an improved polarization performance, compared
to the baseline case, can be seen in the entire voltage region although the objective function
is defined at a single voltage. As expected, this is not the case for design C. Nevertheless, a
consistent behavior in all cases can be seen; in all cases, improving or worsening the current
density at one voltage leads to the same behavior at any voltage.

4 CONCLUSIONS

A two-objective optimization of a PEMFC was performed using the EASY software of
NTUA that makes use of metamodel-assisted evolutionary algorithms. In a first step, a PEMFC
simulation software was programmed in the OpenFOAM environment and is assessed by com-
paring the numerical results with published data in the literature. Then, a parametric study
was performed to overall investigate the effect of porosity on current density which reveals a
non-monotonic behavior, particularly in the GDL, emphasizing the importance of optimization.
In the optimization, the CL porosities on the cathode and anode side were free to change, by
though keeping a uniform distribution, whereas porosity at the GDLs followed a bilinear distri-
bution. The two objectives are the current density and the fuel (H2) consumption, at a certain
voltage. Some designs in the heart of the computed front of non-dominated solutions dominate
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Figure 6: Porosity distribution in the (left) anode and (right) cathode GDL and CL in the three
selected solutions (top) A, (middle) B and (bottom) C. For better visibility, z dimension is
scaled. Horizontal and vertical axes correspond to z and x, respectively.

the baseline solution improving both objectives by approximately 5%. Three designs selected
from the front are analyzed further. It is important that, even if the optimization took place
from a specific voltage, there is a consistent change along the whole polarization curve, in each
design.
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