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Positive net balance of carbon in atmosphere Carbon neutrality achieved by the transformation of C0O, into
valuable products, such as, Carbon monoxide (CO), Formic
Acid (HCOOH). Methanol (CH;0H), Methane (CH,),Ethylene
(CoH,) ...




Introduction

Zeng et al, Catalysts 2021

Cathode €O, + 2H* + 2e~ — CO + H,0
CO, +8H* +8e~ - CH4 + 2H,0 CO,RR
200, + 12H* + 12e~ — CyH, + 4H,0

2H* + 2¢~ = H, } HER



Artificial Leaf project
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Shared electrode

Sacco et al, Sust. Chem. Eng. 2020
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* Dye-sensitized solar * Electrolytic batch cell l ’_’ e
cells * Ag NPs cathode Front frame
* Pt cathode * Ptanode > Gasket
¢ TIOZ phOtO-anOde ——» Cathode

Overall Reactions -
AnOde H20 — 2H+ +%02 + 28_ " € “"; Gasket
Cathode:  CO,+2H* +2e~ ->CO+H,0 : o

2HY +2e~ > H,



COMSOL Simulation: WHY?

©, |

Predict chemical conditions in:

. : Lead the scaling-up process of
_ Predict performance of the device :
- boundary layers at interfaces the electrochemical reactor

- bulk

Before prediction, the model is
validated through experimental
results




EC Model: highlights
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Assumptions

2D model

All products and species remain in liquid phase
Catalysts are simulated through their kinetic
parameters

System is isothermal @ ambient T°

* Recirculation through inlets/outlets

* Membrane is implemented as fixed
space charge

« Stationary conditions are investigated
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Agliuzza et al, J. Phys. Energy (2024)
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Anode — Cathode domains
B

Tertiary Current Distribution (TCD) — Electrochemistry module

° Cu rrent dIStrI bUtlon 4 ng Tertiary Current Distribution, Nernst-Planck (tcd)
& Species Charges

- & Electrolyte 1

» &3 No Flux 1

» &5 Insulation 1

- & Initial Values 1

iy . . 4 2] BCs

« Eaquilibrium reactions b €3 Inflow 1

I & Qutflow 1

-—
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Anode — Cathode boundaries

Tertiary Current Distribution (TCD) — Electrochemistry module

Kinetics

Volmer Equation:  j,grtiar =

Butler

Electrochemical reactions
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Membrane Domain
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Results #1: Cell length L

L=0.6 cm
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Solar-driven CO, reduction: Experiment

50 {7 Power matching requires a suitable
—-- EC: Model ,-‘r match between the voltage-current
a0 | - EC: Experiment / points of both PV and EC modules.

The PV is made of a module of 6
Dye-Sensitized Solar Cells

30 4

* 1,,=8.6 MA (approx. 3.4 mA/cm2)
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Solar-driven CO, reduction: Model

Step 1: Define the mathematical model for the solar cell

V+IRS> 1] V + IR,

I=10,—1

Step 2: Fit the experimental data and retrieve the parameters
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Solar-driven CO, reduction: Model

Step 3: implement the mathematical equation in COMSOL and perform the time-dependent simulation
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Solar-driven CO, reduction: first results

—6.0

—6.1 4

—6.2

Current, mA

—6.3 4

T
500

T
1000

leO 2050
Time, s

T
2500

T
3000

T
3500

—3.30 1

—3.35 1

—3.40 1

—3.45 1

—3.50 4

Current Density, mA/cm2

500

1000

leO ZDbO
Time, s

2500

3000

3500

100

80 A

60

FE, %

40 ~

20~

—— H;
—e— CO
3.05

3.00 ~

Voltage, V
%]
1)
w
L

2.90 A

2.85 A
L ]

T
500

T
1000

T
1500
Time, s

T
2000

T
2500

2.80 T

T T T T T T T
3000 0 500 1000 1500 2000 2500 3000
Time, s

Approx. J=3.35 mA/cm?2

(Jrodei=3.4 MA/cm2)

T
3500

15



Conclusions and Future Perspectives
S

« A comprehensive model for the CO, electro-reduction is proposed, validated
through experimental results

« The photovoltaics module is implemented through its governing equation
* More complex electrochemical cells will be implemented (e.g. Flow Cells)

» Optimize the model to be predictive for PV-EC performance under different
incident light conditions (e.g. cloudy weather)

16
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Experimental set-up

« Catalyst: Ag NPs

» Electrolyte: 0.1M KHCO4

e L,=12cm ; L,=0.5cm

 Nafion membrane

Batch cell + electrolyte recirculation

J: Current recorded for
each Voltage applied and
normalized on the catalyst
surface area

Legend

GC

0.1M KHCO,4

v

Pump

Agliuzza et al, J. Phys. Energy (2024)
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Results #0: Cathode-Height dependancy
S

1
2.00 11
\
L The y-dependancy can be safely ignored.
o Y759 Teea
E ----------
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All the data are reported as the average
00 25 50 75 100 125 150 175 200 across the cathode height.
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Results #2: inflow velocity u; @ L=0.25 cm

Partial Current density, mA/cm?

—8— jco, V=3V
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~®- ju, V=3.8V

T
0.0134
Velocity, m/s

Dependancy on flow velocity is more
pronounced on higher voltages. The
reason is related to the fact that higher
CO, feed rates is more impactful when
there are higher rates of carbon dioxide
comsuption.




Results #3: L=0.25cm, u,=0.067 m/s @ V=3V,4V
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Results #2: inflow velocity u; @ L=0.25 cm
-
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L=0.25cm, u,=0.067 m/s

Results #4
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