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Figure 1: ASPEN simulation by USGM

Clamping chain
Tightening torque: 7 Nm

Mica gasket

Each pipe has a bellow to
compensate the differences in:

Flange t

* X, y+8mm
e z+x15mm

* anglex 30°

Anode outlet

Anode inlet
Cathode inlet
Cathode outlet

The following results were achieved:

KF flange to module
material: 1.4841 (AISI 314)

Fuel Input & Anodic Recirculation

SOFC Stack

Autothermal reformer

Heat Recovery System

o the system
material: 1.4841 (AlISI 314)

Air Inlet

Air Outlet
Fuellnlet
Fuel Outlet
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Figure 2: P&ID by ICI

IKTS & ELCOGEN STACK INTERFACES & PILOT PLANT REALISED

Figure 4: 3D
(below)

=== (above)

plant realised
by ICI1

Conclusion

Following final plant simulation (Figure 1),
P&ID (Figure 2) and Stack interfaces (Figure 3),

components have been selected, acquired and
installed realizing the SO-FREE prototype plant
(Figure 4) with 59-66% & 90-94% optimal
efficiencies (showed on the Table on the right).

2 stack modules with standardized interfaces has

been realized and tested (Figure 5: Elcogen tests)

LCA confirmed the importance of the system
(Figure 6 shows most impact from system

materials). 5 kWe plant cost 1s = 200 k€ (1.e. 40 k
€/kWe) but for series production and larger scale,
1.e. 0.5-5 MWe, 2 k€/kW are expected).
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Stack 2
Type: elcoStack® E3000
Serial number: 22002501300025
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Figure 5: Stack tests by Elcogen
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Figure 6: LCA by ENEA
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P&ID

MK35X Module

HT LT
CH4-H2 CH4 Hz CH4-H2 CH4 Hz
System nNelectrical 61% 66% 61% 62% 63% 59%
System Nthermal 32% 28% 31% 31% 31% 31%
Total System n 93% 94% 92% 939% 949% 90%
System UF, 92% 92% 93% 92% 91% 95%
Emissions [kg/h]co2 1.19 1.57 0.00 1.41 1.76 0.00

] E. Bocci et al., Development & Evaluation of Low-Emission, Fuel-Flexible, Modular, and Interchangeable SOFC CHP Architecture: SO-FREE Project. Energies, 2025, 18, 2273.
] A. Monforti et al., Performance Evaluation of Anode-Supported SOFC Short-Stack with Hydrogen-Natural Gas Blends as CHP, 2023 ECS Trans. 10.1149/11106.0763ecst.

] M. Noponen et al., Progress of SOC Development at Elcogen, ECS, 10.1149/ma2021-031189mtgabs.
F. Marinoa et al., Validation of Solid Oxide Fuel Cell short Stack test bench in SO-FREE Project, EFC 2023, 10.3030/101006667.
] S. McPhail et al., Designing for flexible use of hydrogen and natural gas: the SO-FREE project, EFC 2023, 10.1149/ma2023-015412 1 mtgabs.
F. Santoni et al., Compositional analysis of SOFC short stacks operating under different feedstocks: experimental analysis and model-based interpretation, EFC 2023,
] A. Alfano et al., Advancement on Fuel and Operation Mode Flexible Solid Oxide Cell Stacks and Modules, EFCF-2024 10.5281/zenodo.13679937.
] F. Marinoa et al., Evaluation of an Anode-Supported SOFC Short-Stack Operating with Different Fuel Blends as Stationary-CHP System, JES, 171, 10.1149/1945-7111/ad4783.

Acknoledgements

This project has received funding from the
Fuel Cells and Hydrogen 2 Joint Undertaking
(now Clean Hydrogen Partnership) under

Grant Agreement No 101006667. This Joint

Undertaking receives support from the
European Union’s Horizon 2020 Research
and Innovation programme, Hydrogen
Europe and Hydrogen Europe Research.




