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Governing equations

We consider a gas-phase, multi-component flow in all the functional layers of the MFC

except for the current collectors (cc) and the electrolyte (elec). For the complete set of

governing equations, we consider the conservation of mass, momentum and species in the

anode and cathode gas flow fields (ff), gas diffusion layers (gdl) and catalyst layers (cl) and
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the conservation of charge in all the functional layers as

O · (ρv) = Smass(ff, gdl, cl), (1)

Op+ µ

κ
v = Smom(ff, gdl, cl), (2)

O · ni = Si, i = CO2,CO,H2,H2O (ffc, gdlc, clc), (3)

O · ni = Si, i = O2,H2O (ffa, gdla, cla), (4)

O · i(elec) = Spot(cl, elec), (5)

O · i(s) = −Spot(cc, ff, gdl, cl), (6)

where ni is the total mass flux given by the Maxwell-Stefan equation as

ni = −ρωi
N∑
j=1

Deff
ij

[
Mg

Mj

(
Oωj + ωj

OMg

Mg

)
+ (xj − ωj)

Op
p

]
+ ρvωi. (7)

Here, ωi and xj are the mass and molar fractions, Deff
ij is the effective multi-component

diffusion coefficient, while Mg is the molar mass of the gas mixture:

Mg = xN2MN2 + xCO2MCO2 + xCOMCO + xH2MH2 + xH2OMH2O, (8)

at the cathode side and

Mg = xN2MN2 + xO2MO2 + xH2MH2 + xH2OMH2O, (9)

at the anode side. Additionally, from Ohm’s law, the current conservation equations (Eqs.5

and 6) can be re-written as

O · (−σOφelec) = Spot(cl, elec), (10)
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O · (−σOφs) = −Spot(cc, ff, gdl, cl). (11)

In the above equations, ’s, elec, a, c’ refer to solid, electrolyte, anode and cathode respec-

tively; p is the pressure, v is the mass-averaged velocity vector, ρ is the density of the gas

mixture, µ is the dynamic viscosity, κ is the permeability, ni is the mass flux of species i, i is

the current density, φ is the electric potential, and S represents the respective source terms

which are defined as

Smass =


0 (ff, gdl)

Q (cl)
, (12)

Smom =


O ·

[
µ
ε

((
Ov + (Ov)T

)
− 2

3(O · v)I
)]
− cFρ√

κ
|v|v (g)

0 (gdl, cl)
, (13)

Si =


0 (ff, gdl)

Ri (cl)
, (14)

Spot =



0 (ff, gdl, cc, elec)

asiO2 (cla)

asiCO + asiH2 (clc)

, (15)

where ε is the porosity, Q is the mass source term, I is the identity tensor, Ri is the reaction

rate of species i and as is the specific surface area.

Boundary conditions

Following the Roman numerals in Fig. 1, the boundary/ interface conditions are specified

as follows:

Table S1. Boundary/ interface conditions following the Roman numerals in Figure 2.
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Position Boundary conditions

I u · ex = U in, c
g , ωCO2 = ωin

CO2 , ωCO = ωH2 = ωH2O = 0;U in, c
g = Qc

g
Whff

.

II p = pref,ni · ex = 0 .
III u · ex = U in, a

g , ωO2 = ωin
O2

; U in, a
g = Qa

g
Whff

IV u · ex = 0, i(elec, s) · ex = 0,ni · ex = 0
V φs = Ecell.

VI u · ey = 0,ni · ey = 0.
VII p|VII+ = p|VII− ,u · ey|VII+ = u · ey|VII− .
VIII i(elec) · ey = 0.
IX u · ey = 0, ωH2O = psatMH2O

pMg
,ni · ey = 0.

X φs = 0.

In the above equations, the vertical walls (IV) are impermeable to all species and are

insulated; there is no crossover of CO2, CO, H2 and O2 across the electrolyte. Water is

assumed to be in equilibrium with the water vapour in the gas phase and psat is the vapour

pressure of water vapour.

Constitutive relations

All the constitutive relations that are necessary to solve the above equations (Eqs. 1-15)

are provided in Table S2. εp is the percolation threshold porosity (here εp = 0.11) and α is a

fitting parameter for through-plane diffusion (here α = 0.785) from the Tomadakis-Sotirchos

model1, vi is the diffusion volume of molecule i, used in correlations by Fuller, Schetter, and

Giddings2 and rf is the carbon fibre radius (here rf = 4.6 µm )3.

Table S2. Constitutive relations. Reused from Wu et al.4.
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RCO2 = −aCOiCO
2F MCO2

RH2O = −
(
aCOiCO

2F + aH2 iH2
F

)
MH2O

RCO = aCOiCO
2F MCO

RH2 = aH2 iH2
2F MH2

RO2
aO2 iO2

4F MO2

RH2O = aO2 iO2
2F MH2O

Q|cathode = RCO2 +RH2O +RCO +RH2

Q|anode = RO2 +RH2O

as = 1
εclhcl

iCO = irefCO
cCO2
crefCO2

exp
(
−αCOF

RT
ηCO

)
iH2 = irefH2 exp

(
−αH2F

RT
ηH2

)
iO2 = irefO2 exp

(
−αO2F

RT
ηO2

)
ηCO = φs − φl − ECO

ηH2 = φs − φl − EH2

ηO2 = φs − φl − EO2

Dij =
1.01325×10−2T 1.75

(
1
Mi

+ 1
Mj

)0.5

p

(
v

1/3
i +v1/3

i

)
Deff
ij = ε1.5Dij

ωN2 |cathode = 1− ωCO2 − ωCO − ωH2 − ωH2O

ωN2 |anode = 1− ωO2 − ωH2O

κ = ε
8 ln2 ε

(ε−εp)α+2r2
f

(1−εp)[(α+1)(ε−εp)]2

List of other base case parameters

Table S3. List of other base-case parameters that are not varied in the study
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Parameter Value Units
crefCO2 40.9 mol m−3

cF 0.55 −
ECO −0.52 V (at pH 7 vs SHE)
EH2 −0.41 V (at pH 7 vs SHE)
EO2 0.82 V (at pH 7 vs SHE)
F 96,487 C mol−1

MCO2 44× 10−3 kg mol−1

MCO 28× 10−3 kg mol−1

MH2 2× 10−3 kg mol−1

MO2 32× 10−3 kg mol−1

MN2 28× 10−3 kg mol−1

MH2O 18× 10−3 kg mol−1

P ref 1.0 atm (abs)
pH 7.0 −
psat 3187.7 Pa (abs)
R 8.314 J mol−1

vCO2 26.9 −
vCO 18.9 −
vH2 6.12 −
vN2 17.9 −
vO2 16.6 −
vH2O 12.7 −
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