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PROJECT HIGH-LEVEL OBJECTIVES

* Enhanced, multidimensional Failure Mode and Effects Analysis (FMEA)\ 2>
matrix for SOC stacks tested in the field: ¢‘4/
stack operation = performance monitoring = post-mortem analysis <,

* Prioritization of dependent and independent variables causing observed
degradation

e AST protocols that address realistic failure modes of fuel electrode,
oxygen electrode and interconnect in power-to-X (P2X) and combined
heat and power (CHP)

* Target AST durations < 3000 hours <> real-world stack < 40,000 h
identifying transfer functions of degradation measured in AST to real-
world behaviour within a £15% uncertainty margin

* Remaining Useful Life (RUL) prediction models based on operating prof'&
2,

(including accelerated stress conditions) in real-time

* Ageneralized methodology for the definition of ASTs submitted for
standardization to the International Electrotechnical Commission (IEC) 2 ~ir
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PROJECT APPROACH
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SOC stacks 80,000 h

Failure modes

governed by:

* variance in
component
manufacturing or

e Cr evaporation

Data inventory

* FMEA

¢ Book of Samples

¢ Handbook of Protocols
¢ Running data bank

* Understanding of most
critical failure modes in
the critical components
of the stack
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IMPLEMENTATION
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\ experiment /
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CONFIDENTIAL
WP2: DATABASE, DOE AND PROTOCOL DEVELOPMENT

* To gather, organize and safely store: (i)

project input data/information; (ii) New Sample  —————— INtroduction of data ™
data/results generated during the Ssmples List ————#= Check of data

implementation of the project; (iii) project Samgples i“'“'"!r'!
output data/results. Data Ban == Data Base
P Handbook of Protocols

Knowledge pool
* To provide a framework ensuring efficient Modeling Data
data exchange between partners. Project Resources Pool —
Security
Internal Communication
Log out

.
pad %\,—/’\

Test input parameters Comments/suggestions for the 3" and last campaign

* To programme experiments in a cyclic & 2 | S | EEL R

changes of the c

Internal
Communication

* To analyse all relevant input
data/information from previous projects.

lector
efined by the thermoneutral

The tempe:
d roac h ol Temperature 800-850°C voltage. The temperature gradient should be
. 7 minimized along the short stack

gso’c
Pressure ambient

Heating up with forming gas feed (5% H; in

Start-up N,) up to 800 °C

Stack received from SF is already reduced

Switch off all inlet gas flows by closing the

* To formulate replicable AST protocols, with
definition of the accelerating factors.

Electrochemical

leakage test (ELC) ok

fuel and air flows and apply a

cun of 0.2 Afem’

- Operate during 100 h

- Record i-V curve with a scan rate of 0.01
re decreased from 850

in-situ overpotential aging (EIFER)

. . Initial performance
* To describe a generic methodology for
the definition of AST protocols for SOC
samples/time
Dry 60/40 H,/N, - SOFC (80% FU)
fus e X = 13.989 mmol h* cm®
o A |=
ez =2332mmolh”em”
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fip ooy o2 X=0 mmol h* em™
oxidant fueponn X = 178.5 mmol h* em™ ok
P osactnom Mot The stack will be operated at high current density in
current density e :

H electrolysis mode only to correlate the aggravating
j=-09 4 cm” - SOEC (+0.4 vs. standard) de

a parameter to one operation mo
I— 2+ /1000 h (first degradation evaluation) /
P! 2000 h {second evaluation)
o
*
*
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WP3: EXPERIMENTATION

* To supply test samples to study specific degradation

mechanisms. { PO f e N 0o,

* To design and develop systematic tests, both ex situ and in oy =

situ, on components and short stacks based on WP2 A\ %oy

analysis. R

* To supply WP4 (Post-test analysis) with well-documented, ] IN SITU I Cluir |
tested samples for further microstructural and physico- TN S =l e -
chemical analysis. — e

* To generate measurement data for WP5 (Modelling) and
WP2

Ex Situ .
SOC components In S.Itu
are aged out of Ageing
the cell frame strategies of
2 Different environment and single SOC
reassembled in a components
approaches SRU or Stack to are
check the implemented
2EY Rl directly in SRUs
occurred in the
or stacks

ageing process




WP4: POST-TEST ANALYSIS

* To investigate and characterize macro- and micro-samples
after experiments.

* To identify weak spots in the stack components (i.e. fuel
and oxygen electrodes, interconnect, and their interfaces).

* To correlate changes in materials or degradation effects to
real-life events observed during the experiment.

* To transfer morphological, microstructural and chemical
data to WPS5 for the refining of the modelling process.
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CONFIDENTIAL

WP5: MODELLING

v Triangular Potential Waveform a) I Cuxve
12}

* [dentification of the main degradation parameters s »
from available data and high-level physical models.

Volage nV

* Development of grey-box (i.e. simplified) degradation welTm | [Eae ] Tme| T e
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FINAL STEPS...

Results from in situ and ex situ final campaigns...

...characterization results of accelerated stress-tested samples and stacks...

Harmonized AST protocols
&
Final version of models

incl. degradation functions
validated accelerating factors
RUL estimation

A generalized methodology for the definition of ASTs submitted for
standardization to the International Electrotechnical Commission (IEC)
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