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This project was funded by the United States Department of Energy, National Energy
Technology Laboratory, in part, through a site support contract. Neither the United States
Government nor any agency thereof, nor any of their employees, nor the support
contractor, nor any of their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by frade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or any
agency thereof.
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* SOEC systems are still in Research & Development (R&D) stage for pre-commercial testing.
* SOEC is expensive and fragile; its dynamic operability is limited.
* Excursion of local temperature gradients may lead to crack and delamination.

SOEC system shutdowns were mainly caused by Balance-of-Plant (BoP) components.

Table 1 Key performance indicators for four electrolyser technologies today and in 2050
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Siemens Westinghouse pilot demonstration NETL cvber-nhvsical svstem
220 kW Solid Oxide Fuel Cell - Gas Turbine 400 KW SOFCT Hybric
(SOFC-GT) Hybrid. '

Cost: ~$16 M Cost: ~S1TM

(Source: EE Power, 2000.)
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yond Geometry CPS approach enables:
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» Multiphysics OD and 1D real-time SOEC models
were developed.
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« Real-time execution capability was verified; local temperature gradient was obtained.

- Great flexibility — one can trade spatial resolution for better temporal resolution by tightening time
step constrains, and vice versa.

- Versatile applications — from ultrafine multiphysics distribution at micrometers intervals to ultrafast
transients at microseconds.
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(Source: Biao Zhang et al. Applied Energy, 2025.)
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1D Real-Time SOEC Model
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Effect of excess air ratio (AR) on local solid temperature gradient.

Upon a current density step change from 0.15 to 0.55 A/cm2;

+ |dentified direction change of local temperature gradient on SOEC solid materials during transients.

» This could induce alternating stresses on SOEC solid materials to (possibly) accelerate degradation.

« Higher air flow is beneficial for SOEC thermal management, thus highlighting the opportunity for
integration with furbomachinery.
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Counter-flow SOEC has a more uniform temperature distribution pattern
across the flow channel.
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Dynamic operability research is in
process.

Use non-observable parameters (e.g.,
local temperature gradient) obtained
by real-time models to inform
advanced control development.
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Hybrid Performance (HyPer) Facility at NETL
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