
SOFC Model and Simulation, Díaz B. et al. 1

Role of ammonia decomposition in the 

operation of DA-SOFC: numerical and 

experimental study

Brayn Díaz1*, Yuniel Martínez1,2, Catalina Arcila2, Loreto Troncoso1,3, Diego 

Celentano1,2, Magdalena Walczak1,2

1Millenium Institute for Green Ammonia
2Pontificia Universidad Católica de Chile

3Universidad Austral de Chile



SOFC Model and Simulation, Díaz B. et al. 2

CONTENTS
MOTIVATION

METHODS

EXPERIMENT

SIMULATION

IMPLEMENTATION

RESULTS 

DISCUSSION 

CONCLUSIONS

OUTLOOK  



SOFC Model and Simulation, Díaz B. et al. 3

MOTIVATION

High efficiency

Fuel flexibility 

High temperature

High cost

Stability and degradation

Operational difficulties

Advantages | Driving force

Disadvantages | Opportunities

The promise of solid oxide fuel cells (SOFC)   

Challenge | Objective 

Reduce operating temperature while minimizing degradation and 

improving both efficiency and power output
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MOTIVATION

Ammonia cracking

NH3

H2

N2

▪ Endothermic reaction.

▪ Occurs at high temperature (𝑇 > 500 °C)

▪ Catalysts are often used, Nickel being a popular 

choice.

▪ Many intermediate steps, simplification is desirable.

▪ Adsorption steps result in degradation (corrosion).
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MOTIVATION

Our future
Types of ammonia SOFC    

Rathore et al. Int J Hydrogen Ener 2021, DOI: 10.1016/j.ijhydene.2021.08.092

Classification according to location of ammonia cracking 
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METHODS

Experiment

Experimental setup @UACH (courtesy of

prof. Loreto Troncoso)

Cathode: SrCo0.95 Re0.05 O(3−δ)

Electrolyte: LSGM

Tubes: Alumina

Anode: Ni-GDC

Furnace 

Current collectors
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METHODS

Experiment

Furnace 

▪ Both pure H2 and pure NH3 used as fuel.

▪ Furnace temperature set to 𝑇fnc = 650 °C,

700 °C and 750 °C.

▪ Applied a potential 𝑉cell in the 0.22 V ~ 1.1 V range 

and measured current and power outputs.
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METHODS

Simulation

Cathode: SrCo0.95 Re0.05 O(3−δ)

Anode: Ni-GDC anode 

Electrolyte: LSGM

Species

Heat Flow

Current

Full 3D geometry Multiphysics

Tubes: Alumina

Ring: alumina
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Air phase

Fuel phase

Electrochemical reactions

Equilibrium potentials

Overpotential

Current density

Electrochemistry

Current

Species transport 
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Heat transfer
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H2, H2O
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Air phase

Fuel phase

Molar source/sink due to electrochemical reactions

Anode

Cathode

Mass source

Electrochemistry

Current

Species transport 
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Fuel phase

Ammonia cracking reaction

Reaction rate

New sources and sinks
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Air phase
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Heat sinks and sources

Total source

Chemistry

Current

Species transport 

Fluid flow

Heat transfer
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METHODS

Coupling strategy 

Addition of new species implicitly affects the entire system:

▪ Density.

▪ Dynamic viscosity.

▪ Diffusion coefficients.

▪ Thermal properties.

▪ Mass sources for momentum equations.
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COMSOL 

Multiphysics®

Electrochemistry

Current

Species transport 

Fluid flow

Heat transfer

Active domains



SOFC Model and Simulation, Díaz B. et al. 23

METHODS

Implementation

COMSOL 

Multiphysics®

Electrochemistry

Current

Species transport 

Fluid flow

Heat transfer

Active domains

Coupling of cracking and 

electrochemical reactions
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METHODS

Implementation

COMSOL 

Multiphysics®

Electrochemistry

Current

Species transport 

Fluid flow

Heat transfer

Active domains

Only one reaction
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METHODS
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METHODS

Implementation

COMSOL 

Multiphysics®

Electrochemistry

Current

Species transport 

Fluid flow

Heat transfer

▪ Independent solution of physics to generate 

initial condition for coupled model. 

▪ Parameter sweep with 𝑇fnc =
750 °C, 700 °C, 650 °C and 𝑉cell =
0.22 V, 0.32 V,… , 1.02 V, 1.12 V

▪ Solution of coupled model from furthest to 

nearest to equilibrium.
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METHODS

Parameters

At 𝑇 = 800 °C, it is 

approximately σion ≈ 6 S/m

Parameter
Material

Anode Electrolyte Cathode Tubes

σion
𝑆

cm
71 ∙ exp −

62948

𝑅𝑇
[1] ≈ 3.25 ∙ 10−2 10−2 [3] N//A

σele
𝑆

cm
3.27 − 10.653 ∙ 𝑇 [1] N/A ≈ 43 N/A

𝑖0,ref
A

cm2
0.4 [3] N/A 12 [3] N/A

𝜌
kg

m3
6870 [2] 3900 3900 3900 [4]

Κ
W

mK
6 [2] 27 27 27 [4]

C𝑝
J

kg K
595 [2] 900 900 900 [4]

[1] Wehrle et al., Appl Energy 2024, DOI:10.1016/j.apenergy.2024.123646

[2] Zhang et al., Heliyon 2024, DOI: 10.1016/j.heliyon.2024.e37271

[3] Díaz et al., J Power Sources 2024,  DOI:10.1016/j.jpowsour.2024.234493

[4] COMSOL internal database. 
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RESULTS

Our futureMesh validation using NH3 Final mesh
246,178 domain elements

31,303 boundary elements

2,167 edge elements
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RESULTS

Our futureConvergence, H2

750 

°C 700 °C
650 °C

0.22 V

1.12 V
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RESULTS

Our futureConvergence, NH3

750 °C
700 °C

650 °C

0.22 V

0.32 V
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RESULTS

Our futurePower and polarization curves, H2

Experiment Simulation
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RESULTS

Our futurePower and polarization curves, NH3

Experiment Simulation
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RESULTS

Our futurePower gap, experiment

𝑇fnc = 650 °C 𝑇fnc = 750 °C𝑇fnc = 700 °C
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RESULTS

Our futurePower gap, simulation

𝑇fnc = 650 °C 𝑇fnc = 750 °C𝑇fnc = 700 °C
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RESULTS

Our futureAverage anode temperature, simulation

H2

NH3
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RESULTS

Our futureEffect of heat sources at 𝑻𝐟𝐧𝐜 = 𝟕𝟓𝟎 °𝐂 , 𝑽𝐜𝐞𝐥𝐥 = 𝟎. 𝟐𝟐 𝐕, NH3
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RESULTS

Our futureEffect of heat sources at 𝑻𝐟𝐧𝐜 = 𝟕𝟓𝟎 °𝐂 , 𝑽𝐜𝐞𝐥𝐥 = 𝟎. 𝟐𝟐 𝐕, NH3

Joule

 ✓

C
ra

c
k
in

g 
Tand ≈ 561 °C
Total heat source ≈ 0 W/m3

Tand ≈ 601 °C
Total heat source ≈ 3.18 ∙ 107 W/m3

✓
Tand ≈ 514 °C
Total heat source ≈ −3.38 ∙ 108 W/m3

Tand ≈ 534 °C
Total heat source ≈ −4.38 ∙ 108 W/m3
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RESULTS

Our futureTemperature, 𝑽𝐜𝐞𝐥𝐥 = 𝟎. 𝟐𝟐 𝐕, NH3

𝑇fnc = 650 °C 𝑇fnc = 750 °C
°C

°C
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RESULTS

Our futureVelocity, 𝑻𝐟𝐧𝐜 = 𝟕𝟓𝟎 °𝐂 , 𝑽𝐜𝐞𝐥𝐥 = 𝟎. 𝟐𝟐 𝐕

H2 NH3



SOFC Model and Simulation, Díaz B. et al. 42

RESULTS

Our futureNH3 molar fraction, 𝑽𝐜𝐞𝐥𝐥 = 𝟎. 𝟐𝟐 𝐕

𝑇fnc = 650 °C 𝑇fnc = 750 °C
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RESULTS

Our futureH2O concentration, 𝑻𝐟𝐧𝐜 = 𝟕𝟓𝟎 °𝐂

𝑉cell = 0.22 V 𝑉cell = 1.12 V

H2

NH3
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DISCUSSION

▪ Temperature in the air around the inlet is close to ambient, 

as expected.

▪ Temperature field reflects the gradient between the furnace 

and ambient temperature.

▪ The effect of polarization voltage on ammonia 

decomposition is negligible compared to the effect of 

temperature.

▪ Water generation appears to be less sensitive to polarization 

voltage if ammonia is used as fuel.

Observations
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DISCUSSION

▪ Higher cracking reaction rate translates to a larger heat sink, resulting in 

lower anode temperature and thus slowing down the reaction.

▪ Higher overpotential results in a larger heat source. 

▪ The two competing effects in the studied SOFC do not balance each 

other. The cooling effect of endothermic reactions is dominant, limiting the 

efficiency of the cell.

Observations
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DISCUSSION

▪ Model stability and convergence:

Challenges

❑ Solver will often arrive at diverging quantities.

❑ Expressions with a denominator that can become 

zero should be avoided for this reason.

❑ Initial conditions are also important.

▪ Missing parameters:

❑ Some are difficult to measure, e.g. ionic 

conductivities and exchange currents.

❑ Parameters that affect multiple physics 

interfaces should be prioritized, like 𝑟NH3
.
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CONCLUSIONS

The power loss on transition from H2 to NH3 as fuel could be attributed in 

part to ammonia cracking, as demonstrated by the simulations. However, 

this could be overcome by purposeful cell design. 

▪ Hydrogen has better power output in the 650 °C ~ 750 °C temperature range.

▪ Simulated polarization curves reproduce experimental results without the need to 

adjust individual parameters.

▪ Competition between electrochemical and cracking reactions may be limiting to 

the efficiency.

▪ Multiphysics simulation lets us gauge the impact of each reaction individually, which 

is necessary for optimization and not possible experimentally.

Summary

Conclusion
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OUTLOOK

Our futureWith correct parameters multiphysics models can:

− Visualize distribution of species

− Visualize distribution of electric currents 

− Visualize distribution of temperature

− Identify location of e-chem activity and rate limiting processes 

− Design stack geometry for optimum efficiency

− Minimize experimental effort in material design

− Generate data for AI-enhanced models

− Project useful life from thermal stresses upon heating/cooling 

− Project performance for multi-fuel applications

W
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Our future
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