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Document Abstract

In the frame of the INSIGHT project, a Workshop has been jointly organised with the Health-code
project, coordinated by University of Salerno and having the same approach for PEMFC.

The workshop has been held in Brussels on November 13th, the day before the Program Review
Days of the FCH-JU.

The objectives were to give an overview on the current status and the most recent advancements
on monitoring, diagnostics and control of both PEMFC and SOFC.

This deliverable gives an overview of the workshop. It describes the purpose, the achievements, the
organization and the final outcomes of the event.

Figures about participants are provided in order to point out the interest among the topics
presented during the joint workshop.

The information contained in this report is subject to change without notice and should not be construed as a commitment by any members of
the INSIGHT Consortium. The INSIGHT Consortium assumes no responsibility for the use or inability to use any procedure or protocol which might
be described in this report. The information is provided without any warranty of any kind and the INSIGHT Consortium expressly disclaims all
implied warranties, including but not limited to the implied warranties of merchantability and fitness for a particular use.
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The INSIGHT project aims at developing a Monitoring, Diagnostic and Lifetime Tool (MDLT) for
Solid Oxide Fuel Cell (SOFC) stacks.

The workshop presented the most recent advancements concerning research on monitoring,
diagnostics and control of both PEMFC and SOFC. It was jointly organized by the HEALTH-CODE
and INSIGHT projects. Both projects provide advanced monitoring and diagnostic solutions
towards improved performance, better management and maintenance scheduling, aiming at
higher reliability and increased lifetime of PEMFC and SOFC technologies.

The workshop gathered engineers and researchers from industry, academia and research
institutions interested in the most recent advancements on monitoring and diagnostic tools.
Emphasis was given to methodological approaches for advanced diagnosis that can help
achieving enhanced performance of both PEMFC and SOFC systems. A comprehensive overview
and the exploitation potential of the projects results were offered to the interested stakeholders
and users at various levels.

The workshop started with an overview of the projects; then, main results were reported on the
experimental activity and on various approaches for monitoring and diagnostics. Scientists and
engineers from 15 teams presented their activities, bringing their knowledge, expertise and
perspectives. Invited guests from industry offered a further look into key topics tightly connected
to monitoring and diagnostics of both PEMFC and SOFC. Exploitation and market opportunities
of the projects results were discussed with a representative from the European Commission
Support Services for Exploitation of Research Results (SSERR).

A final open discussion among the attendees was set to share experience and draft future paths
towards FC improvements via on-board diagnostics.

2. Organization

58 attendants were hosted free of charge. Coffee, beverages and networking cocktails were offered to all
participants.

a. Dissemination

The spreading of workshop information among researchers and industries had two main channels:
websites and newsletter. The former ones were:

e INSIGHT website: http://www.insight-project.eu
e HEALTH-CODE website: http://pemfc.health-code.eu

As regards the latter media channel, three announcements were sent by email to a chosen mailing list in
the period September — November 2018 (see ANNEX 1 for the extract of the newsletter).

b. Logistics

The Workshop was held in Brussels at Manos Conference Centre the day before the Programme Review
Days FCH-JU 2018 (see ANNEX 2 for the flyer). The PRD is traditionally held at Charlemagne Building. The
conference center is located in the city center (Figure 1) and it is well connected by Metro and bus service.

Insight-project.eu Page5/19
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The workshop was divided into 14 presentations which list is provided as follows, along with the related
public link on both INSIGHT and Health-Code websites (see ANNEX 3 for the agenda). The workshop got
started with FCH2 JU and ECSEL JU program presentations which were held by their project officers.

e FCH2 & ECSEL Joint Undertaking Presentation (A. Aguillo-Rullan - FCH-JU; F. Ignacio - ECSEL-JU)

e Diagnostics, Prognostics and Control of FCS: Motivations, challenges and main issues (J. Mougin

- CEA; C. Pianese - UNISA)
e Description of project HEALTH-CODE (C. Pianese - UNISA)
e Description of project INSIGHT (J. Mougin - CEA)

e EIS characterization of air- and O2-fed PEMFCs under five faulty operations (S.S. Araya - AAU)

e EIS, THD and PRBS characterization of SOFC under three faulty operations (B. Morel - CEA)

HW and SW for on-board implementation of EIS (G. Petrone - UNISA)
PEMFCs EIS-based diagnostics and implementation (M.C. Péra - UFC)
Perturbation based SOFC diagnostic techniques (D. Juricic¢ - 1JS)
Exploitation and market opportunities (D. Mazzella - Meta-SSERR)

Role of diagnosis, monitoring, control and maintenance for EPS commercial product (L. Cantone
- EPS)

The Role of Monitoring and Diagnosis for Fuel cell Commercialization (K. Juelsgaard-Flgche -
Ballard)

Role of diagnostics and control on future SOC products for improved performance and durability
(0. Buicheli - SOLIDPower)

Moreover, an extra presentation was held by Rolls-Royce:

Insight-project.eu

Real-time modelling of solid oxide fuel cell system for health monitoring and diagnostics (P.
Wachel - Rolls-Royce)
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4. Participants

The registration was handled by Absiskey. The registration was free of charge. The registration was made
via online form at the link http://bit.ly/workshopfcdiagnostics2018 or via direct email to UNISA

responsible.

The total registration number, before the workshop, was 67. The actual attendants were 58. The online-
registered participants came from 15 different countries all over the world (see Figure 3). Their affiliation
is shown in Figure 4. The list of registered attendants is in ANNEX 5.
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Figure 3 Attendants affiliation

Pictures of the event and its participants are showed in ANNEX 5.
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5. Demo Presentation
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During the workshop, the HEALTH-CODE main results were promoted (pictures below) along with posters
illustrating the project results for both HEALTH-CODE and INSIGHT (see ANNEX 6). Copies of the Project
flyer were also distributed to all the participants (see ANNEX 7).
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Figure 4 EIS-box demo and posters

6. Interactive debate

At the end of the workshop, an interactive debate was held and conducted by Prof. Cesare Pianese.
DirectPoll free tool was used to involve the attendants and allow them to answer questions directly via
smartphone or webpage link. The participants could join the poll through the link/qr-code showed below.

http://etc.ch/X7DK
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Figure 5 Link + qr-code for DirectPoll

The list of questions is listed below along with the answers.
ANNEX 8 shows the pictures related to the debate.

1. WITH RESPECT TO THE OPPORTUNITY OF IMPROVING FC TECHNOLOGY, HOW WOULD YOU
RATE THE ROLE OF MONITORING DIAGNOSTICS & CONTROL TOOLS.

HIGH 75.0%
MID 25.0%
LOW 0.0%
| DON'T KNOW 0.0%

2. HOW DIFFICULT DO YOU SEE THE IMPLEMENTATION OF THE HEALTH-CODE/INSIGHT MDC
HW & SW WITH RESPECT TO CONVENTIONAL ONES?

LOW 6.7%
MID 53.3%
HIGH 40.0%
| DON'T KNOW 0.0%

Insight-project.eu Page 8/19
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3. WOULD YOU BE WILLING IN PROMOTING/INVESTING IN THE SOLUTIONS PROPOSED BY
HEALTH-CODE & INSIGHT?

YES 63.3%
NO 16.7%
| DON'T KNOW 20.0%

4. WOULD YOU SUGGEST THE USE OF MDC TOOLS FOR OTHER FIELDS?

ELECTROLYSERS 33.8%
REVERSE FUEL CELLS 26.5%
BATTERIES 29.4%
OTHERS 10.3%

5.  WHICH REGION HAS THE GREATEST MARKET SHARE FOR THE MDC TOOL?

NORTH AMERICA 19.6%
SOUTH AMERICA 2.0%
ASIA 41.2%
EUROPA 23.5%
AUSTRALIA & PACIFIC ISLANDS 3.9%
| DON'T KNOW 9.8%

6. ARE YOU SATISFIED WITH THE INFORMATION GATHERED AT THE WORKSHOP?

YES 40.9%
| expected more TECHNICAL DATA 29.5%
| expected more SCIENTIFIC INFORMATION 18.2%
| expected more info on MARKET 11.4%

7. HOW WOULD YOU RATE THE CONTENT OF THE WORKSHOP?

EXCELLENT 13.3%
GOOD 60.0%
AVERAGE 26.7%
FAIR 0.0%
POOR 0.0%

8. HOW WOULD YOU RATE THE PRESENTATIONS?

EXCELLENT 3.3%
GOOD 53.3%
AVERAGE 40.0%
FAIR 3.3%
POOR 0.0%

9. HOW DID YOU KNOW ABOUT THIS EVENT?

EMAIL 20.6%
WEBSITE 8.8%
COLLEAGUES 61.8%
OTHERS 8.8%

Insight-project.eu Page9/19
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Final Program

Workshop on Monitoring and Diagnostics of Fuel Cells
Innovative on-board diagnosis towards fuel cells performance enhancement

13 November 2018 — Brussels (B)

Manos Conference Center
Chaussée de Charleroi, 135 Bruxelles B-1060

registration: http:/bit. ly/workshopfcdiagnostics2018
Info: http://pemfc.health-code.eu/ — http://insight-project.eu/

This is the last announcement for the Workshop on Monitoring and Diagnostics of Fuel Cells
organized by the FCH2-JU funded projects HEALTH-CODE and INSIGHT. The Workshop will give an
overview on the current status and the most recent advancements on monitoring,

diagnostics and control of both PEMFC and SOFC.

The final program with the list of speakers is attached to this mail and available at the link.

A comprehensive overview and the exploitation potential of the projects results are offered to the
interested stakeholders and users at various levels. Emphasis is given to methodological approaches
for advanced diagnosis that can help achieving enhanced performance of both PEMFC and SOFC
systems.

Invited guests from industry will offer a look into key topics tightly connected to monitoring and
diagnostics of both PEMFC and SOFC. Exploitation and market opportunities of the projects
results will be analysed and discussed with a representative from the European Commission Support
Services for Exploitation of Research Results (SSERR).

A final open discussion among the attendees will be set to share experience and draft future paths
towards FC improvements via on-board diagnostics. A networking cocktail has been organized for
all registered guests.

For the registration to the Workshop please visit this page

Registration is free of charge; coffee, beverages and networking cocktail will be offered to all guests.

Please circulate this message to your colleagues interested on this topic.

Looking forward to welcoming you to the Workshop,
Best regards,

Julie Mougin (Coordinator of INSIGHT)
Cesare Pianese (Coordinator of HEALTH-CODE)

More Info: Final program

Venue: Manos Conference Center,
Chaussée de Charleroi, 135
Bruxelles B-1060 Brussels
Location

REGISTRATION

Insight-project.eu Page 10/ 19
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8. ANNEX 2 — PRD 2018 Flyer

STAKEHOLDER FORUM

BRUSSELS, T6 NOVEMBER 2018

PROGRAMME REVIEW DAYS

BRUSSELS, 14, 15 NOVEMBER 2018

www.fch.europa.eu
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Workshop on Monitoring and Diagnostics of Fuel Cells

Innovative on-board diagnosis towards fuel cells performance enhancement

13 November 2018 — Brussels (B)

venue Manos Conference Center, Chaussée de Charleroi, 135 B-1060
http://www.manosconference.com
registration:  http://bit.ly/workshopfcdiagnostics2018
Info:  http://pemfc.health-code.eu/ — http://insight-project.eu/

The workshop presents the current status and the most recent advancements concerning research on
monitoring, diagnostics and control of both PEMFC and SOFC. It is jointly organized by the projects HEALTH-
CODE and INSIGHT. Both projects provide advanced monitoring and diagnostic solutions towards improved
performance, better management and maintenance scheduling, aiming at higher reliability and increased
lifetime of PEMFC and SOFC technologies.

HEALTH-CODE focuses on developing an advanced Monitoring, Diagnostic and Lifetime Tool (MDLT) for p-
CHP and backup PEMFC systems equipped with air- and O2-fed stacks, respectively. Such a tool is based on
the measurement of the Electrochemical Impedance Spectrum (EIS) while the stack is running in real
operations. EIS allows the identification of FC current status to support the detection of five stack failure modes,
as well as inferring on its remaining useful life.

The INSIGHT project aims at developing an MDLT for SOFC stacks based on EIS, Total Harmonic Distortion
(THD) and Pseudo-Random Binary Sequence (PRBS) methods. The hardware necessary for its
implementation into a real SOFC system is improved for on-board implementation of such approaches
focusing on three different stack faults. The effectiveness of the MDLT is demonstrated through tests on a real
micro-Combined Heat and Power system.

The workshop will gather engineers and researchers from industry, academia and research institutions
interested in the most recent advancements on monitoring and diagnostic tools. Emphasis is given to
methodological approaches for advanced diagnosis that can help achieving enhanced performance of both
PEMFC and SOFC systems. A comprehensive overview and the exploitation potential of the projects results
are offered to the interested stakeholders and users at various levels.

The workshop will start with an introduction on the EU Joint Undertaking for Fuel Cells & Hydrogen (FCH)
along with a presentation of the EU JU ECSEL active in the field of Electronic Components and Systems. An
overview of the projects will start the technical session; then, main results will be reported on the experimental
activity and on various approaches for monitoring and diagnostics. Scientists and engineers from 15 teams
will present their activities, bringing their knowledge, expertise and perspectives. Invited guests from industry
will also offer a further look into key topics tightly connected to monitoring and diagnostics of both PEMFC and
SOFC. Exploitation and market opportunities of the projects results will be analysed and discussed with a
representative from the European Commission Support Services for Exploitation of Research Results
(SSERR).

A final open discussion among the attendees will be set to share experience and draft future paths towards
FC improvements via on-board diagnostics.

Registration is free of charge, please visit this page.
Coffee, beverages and networking cocktail will be offered to all guests.
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Workshop on Monitoring and Diagnostics of Fuel Cells

Innovative on-board diagnosis towards fuel cells performance enhancement
13 November 2018 — Brussels (B)

venue

http://www.manosconference.com

registration:
Info:

FINAL PROGRAM

http://bit. ly/workshopfcdiagnostics2018
http://pemfc.health-code.eu/ — http://insight-project.eu/

Manos Conference Center, Chaussée de Charleroi, 135 B-1060

Time Topic Speaker Affiliation
13:00-13:20 Registration, Coffee and Welcome
. \ ; - ; A. Aguillo-Rullan FCH-JU
13:20-13:40 FCH2 & ECSEL Joint Undertaking Presentation F. Ignacio ECSEL-JU
13:40-13:50 Diagnostics, Prognostics and Control of FCS J. Mougin CEA
: : Motivations, challenges and main issues C. Pianese UNISA
13:50-14:05 Description of project HEALTH-CODE C. Pianese UNISA
14:05-14:20 Description of project INSIGHT J. Mougin CEA
14:20-14:40 EIS che_lractenzatlon of_alr- and O2-fed PEMFCs S.S. Araya AAU
under five faulty operations
14:40-15:00 EIS, THD and PRBS oha_ractenzatlon of SOFC B Morel CEA
under three faulty operations
15:00-15:20 HW and SW for on-board implementation of EIS G. Petrone UNISA
15:20-15:40 Coffee break
. g PEMFCs EIS-based diagnostics and -
15:40-16:00 implemnentation M.C. Péra UFC
16:00-16:20 Perturbation based SOFC diagnostic techniques B. Jurigi¢ 1JS
16:20-16:40 Exploitation and market opportunities D. Mazzella Meta-SSERR
. . Role of diagnosis, monitoring, control and
180 e maintenance for EPS commercial product S Eakione =Ee
16:55-17:10 The Role gf ‘Molnitoring and Diagnosis for Fuel cell K. Juelsgaard-Flache | Ballard
Commercialization
17:10-17:25 Role of diagrjostics and control on future SOCl _ 0. Bucheli SOLIDPower
products for improved performance and durability
17:2517:40 Real-time mod_ellir_']g of solic_i oxide fuel cell system P Wachel Rolls-Royce
for health monitoring and diagnostics
17:40-18:00 Discussion among guests, partners, participants All
18:00 Closure J. Mougin, C.Pianese = CEA, UNISA

Networking cocktail

Registration is free of charge, please visit this page.

Coffee, beverages and networking cocktail will be offered to all guests.

HEALTH-CODE: AAU, Aalborg University (DK); AK, Absiskey (F); BPSE, Ballard Power System Europe (DK); BIT, Bitron Industrie S.p.A. (I); EIFER, European Institute
for Energy Research (D); EPS ELVI ENERGY, Electro Power System S.p.A. (1); UFC, University of Franche-Comté (F); UNISA, University of Salerno (1).
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10.ANNEX 4 — Registered Participants list
Name First name Email Institution Country
Adinolfi Ennio Andrea eadinolfi@unisa.it UNISA Italy
Aguillo-Rullan Antonio Antonio.AGUILO-RULLAN @fch.europa.|FUEL CELLS AND HYDROGEN JOINT UNDERTAKING (FCHBelgium
Araya Samuel Simon ssa@et.aau.dk Aalborg University Denmark
Bar Christian Christian.Bar@gru.bitron-ind.com BITRON
Beretta Davide davide.beretta@eifer.org EIFER Germany
Biswas Indro indro.biswas@dIr.de Deutsches Zentrum fir Luft- und Raumfahrt (DLR) Germany
Bos Albert albert.bos@hyet.nl HyET Hydrogen BV The Netherlands
Brockhoff Danny danny.brockhoff@nedstack.com Nedstack The Netherlands
Biicheli Olivier olivier.bucheli@solidpower.com SOLIDPower Switzerland
Buday Vladimir v.buday@fuelcellpowertrain.de FCP Fuel Cell Powertrain GmbH
Burdin Blagoy b.burdin@iees.bas.bg Institute of Electrochemistry and Energy Systems Bulgaria
Caliandro Priscilla priscilla.caliandro@epfl.ch Ecole polytechnique fédérale de Lausanne (EPFL) Switzerland
Cantone Lorenzo lorenzo.cantone @eps-mail.com EPS Elvi Energy Italy
Castanheira Luis luis.castanheira@npl.co.uk National Physical Laboratory UK
Costa Rémi remi.costa@dlr.de Deutsches Zentrum fir Luft- und Raumfahrt (DLR) Germany
Csaky Robert r.csaky@proton-motor.de Proton Motor Fuel Cell GmbH Germany
Danés Nathan nathan.danes@plasticomnium.com Plastic Omnium Belgium
d'Arbigny Julien Julien.Darbigny@zodiacaerospace.conZodiac Aerospace France
Dedeurwaerder Jurgen jurgen.dedeurwaerder@plasticomniur|Plastic Omnium Belgium
Djemili Issam issam.djemili@plasticomnium.com Plastic omnium advanced innovation and research Belgium
Esmeral Rojas Maria Paula maria.paula.esmeral.rojas@external.t{Toyota Motor Europe Belgium
Foit Severin s.foit@fz-juelich.de Forschungszentrum Jilich Italy
Gallo Marco magallo@unisa.it Universita degli Studi di Salerno (UNISA) Italy
Gawet tukasz lukasz.gawel@pg.edu.pl Gdarnisk University of Technology Poland
Gazdzicki Pawel pawel.gazdzicki@dlr.de German Aerospace Center (DLR) Germany
Guérard Olivier AK France
Hagen Anke anke@dtu.dk DTU Energy Denmark
Harvey David k.schubert@fuelcellpowertrain.de FCP Fuel Cell Powertrain GmbH Germany
Harwood Richard richard.harwood@rrfcs.com Rolls-Royce Fuel Cell Systems UK
Hielscher Sebastian sebastian.hielscher@ikts.fraunhofer.d|Fraunhofer IKTS Germany
Hody Stéphane stephane.hody@engie.com ENGIE LAB CRIGEN France
Hordé Théophile theophile.horde @safrangroup.com  |Safran Power Units France
Ignacio Francisco Francisco.lgnacio@ecsel.europa.eu ECSEL Belgium
Janicka Ewa ewa.janicka@pg.edu.pl Gdansk University of Technology Poland
Juelsgaard Kristina kfj@ballardeurope.com Ballard Europe Denmark
Juricic Dani dani.juricic@ijs.si Jozef Stefan Institute (1JS) Slovenia
Kim Jung-Sik j.kim@lboro.ac.uk Loughborough University UK
Kupecki Jakub jakub.kupecki@ien.com.pl Institute of Power Engineering (IEN) Poland
Lang Michael michael.lang@dIr.de German Aerospace Center (DLR) Germany
Laubenheimer Michael C. michael.laubenheimer@ec.europa.eu|European Commission - DG Research & Innovation Belgium
Lust Enn enn_lust@ut.ee University of Tartu, Institute of Chemistry Estonia
Makkus Robert robert.makkus@hygear.com HyGear The Netherlands
Matute Guillermo guillermo.matute@inycom.es Instrumentacién y Componentes S.A. (INYCOM) Spain
Mazzella Dario d.mazzella@meta-group.com Meta-Group Belgium
McPhail Stephen stephen.mcphail@enea.it ENEA Italy
Mielniczek Michat michal.mielniczek@pg.edu.pl Gdanisk University of Technology Poland
Mitzel Jens jens.mitzel@dlIr.de German Aerospace Center (DLR) Germany
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START DATE January 2017
DURATION 36 months
WEBSITE www.insight.eu

| o e
MAIN OBJECTIVES

To implement an advanced
Monitoring, Diagnostic and
Lifetime Tool to prolong SOFC
lifetime by 5% and increase
availability by 1%.

To develop the hardware for the
implementation  of  advanced
Monitoring, Diagnostic and Lifetime
algorithms on real SOFC system
with low cost (less than 3% of
system cost).

To identify control actions able
to mitigate the impact of both
degradation mechanisms and
faults on performance and
durability of SOFC.

ImplementatioN

in

real

SOFC Systems

FCH

o
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of

monltoring and diaGnostic tools using signal
analysis to increase tHeir lifeTime

OVERVIEW OF THE GOAL

The INSIGHT project aims at developing a Monitoring, Dlagnostlc and Llfeume Tool [MDLT] for Solid Oxide Fuel Cell [SOFC) stacks. To

achieve a cost-efficient and robust solution, two ad

d, Total Harmonic Distortion (THD) and

will be exploi

Electrochemical Impedance Spectroscopy (EIS), in addition lo convennonal stack dynamic signals analysis. The project will implement
prediction methodologies and demonstrate their effectiveness by on-field tests on a real micro-Combined Heat and Power (p-CHP) system
for residential applications [ie small power, typically 2,5kW electric).

Distortion

7
Total Harmonic
(THD)

Advanced
Monitoring,
Diagnostic and
Lifetime Tool (MDLT)

Impedance
Spectroscopy

“/ Electrochemical
(EIS)

CONCEPT

On-field
operating
SOFC Stack

CHP stationary applications

On-field
demonstration on a
2,5kW SOFC system

Embedded INSIGHT's
MDLT

Level f

INSIGHT concept to prolong the stack State-of-Health (SoH), hence prolonging Lifetime and

increasing the SOFC system’s availability.

METHODOLOGY

N N
Experimental testing and
caltbration Hardware development
\ 4/ 4
p 2 . )
Algorithms development Systsm '“'e!?'a"”
and Testing
Monitoring & Validation of algorithms
Diagnostics algorithms on lab scale system ¥
Lifetime aigorithms Integration / testing in
a commercial system
\ s LS = w

INSIGHT's methodology overview (solid lines mean inputs, dotted lines mean feedback).

The INSIGHT project will develop both hardware
components and algorithms to monitor, detect
and finally correct defects that can occur in SOFC
stacks. This will help to increase the durability
and reliability of SOFCs systems, and at the same
time decrease their total cost of ownership, by
decreasing the needs to change the stacks and
thus the maintenance costs.

To achieve and maintain a good State of Health
[SoH) of the stack over long operating time, the
INSIGHT concept is based on the following steps:

Monitoring: it will generate a set of data, which
needs to be further analysed and treated.

Detection and isolation of faults based on two
levels of diagnostics using EIS / THD and
conventional stack signals analysis applied on the
set of data provided by monitoring.

Mitigation and correction: it will apply corrections
or mitigation strategies on the degraded system
to recover a good SoH or at least increase its
remaining operating time upon conditions which
are not nominal but still acceptable.

The  INSIGHT  project  will  implement
methodologies merging experimental
approaches and mathematical techniques to
develop two types of algorithms:

- algorithms suitable for monitoring, fault
detection and isolation, aiming at identifying the
metrics of major interest ;

- algorithms to estimate stack SoH and lifetime,
supported by modelling tasks linking the
degradation to its causes.

The coupling of both types of algorithms on-board
will allow proposing mitigation strategies to
recover a good, better, or at least stabilised SoH
of the stack. The so-called Monitoring, Diagnostic
and Lifetime Tool (MDLT) will be firstly validated
on a laboratory scale system. This MDLT will be
embedded into a hardware made of a single
board, which will be coupled to the power
electronic and finally integrated into a
commercial u-CHP system, the EnGenTM 2500
from Solid Power. This modified system will be
tested on-field to be representative of the real
future operation.

PARTNERSHIP

Insight-project.eu
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HTceramix SA, a SOFCpower subsidiary
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] Objectives

ImplementatioN in real SOFC Stacks lifetime
Systems of monltoring and : +5q

- - . 5
lnSl ht diaGnostic tools using signal : N
analysis to increase tHeir lifeTime: Availability
— +1 )
START DATE JANUARY 157 2017 .
DURATION 36 MONTHS Total Cost Ownership
10

M
\\,&\3

EXPERIMEN TESTING AND CALIBRATION

SOFC atCEAn
collaboration with )5,

Fuel starvation has been gradually tested with EIS and
PRBS measurements implemented every 6 h during 2000

HARDWARE DEVELOPMENT

The project hardware includes a dedicated ECU, called Bitron  + STM32F4& microcontroller equipped with an ARM Cortex M
Box, currently under development. core and a maximum clock frequency of 168 Mhz.
+ Extended RAM module for increasing the number of data
samples buffered before the post-pracessing part.

First release is planned for September 2018,

The main architecture consists of:

hortest. . * A embedded Uinux sosr (Besgle bone Blsck 31 0 U8 xchange <cnmmands and 4o between tne companens
step 0 - FUI=77.4% nominal operating conditions 750°C, high level algorithms. of the system

1=0.4 Acm-2 « A dedicated custom board (Bitron board) dedicated for data

13- FU=82.4% by decreasing H2 flow rate sampling and conversion, equipped with: The final objective of the proposed system is to provide
2a- FU=87.4% by decreasing H2 flow rate + Analoginput filters for noise attenuation. an "on site” device to increase the quality of the analysis
33 FU=92.4% by decreasing H2 flow rate + Four acquisition channels: two used for acquiring DC  Minimizing production costs. Therefore, demonstrating its
1b- FU=82.4% by increasing current signals and two for AC signals. reliability and affordability for an industry use, which nowa-

2b - FU=B7.4% by increasing current
3b - FU=92.4% by increasing current
F1- OCV after H2 supply shutdown
F2 - OCV after H2 supply shutdown

days, is limited by costly laboratory instrumentations.
The ADC conversion, made with a 24bit resolutions Sigma Delta

device by Texas Instruments, runs at a maximum sampling

rate of 75kSps.

SYSTEM
INTEGRATION
AND TESTING

ALGORITHMS DEVELOPMENT

Monitoring and Diagnostic Tools

UNISA s devel i D : Rty Loy aent oot EL

trochemical Impedance Sp!u.mscﬂpy Tha gt oo ic and fast fiti iq ir-

cuitModel (EC] states ofthe system, Thi in designing reference

patterns through which lauLLdeu:rmn o \num online El used for real ti

9f ECM parameters, then compared with their nominal mapped values. I a sensible divergence occurs a symptom arises.
L y llows afterwards State-of-Health estimation.

The Linux-based board sends acquisition commands to
the Bitron board. Once the acquisition is completed the
data samples are stored as binary files on the Linux-based
board. Those data files are used in a second time for the
elaboration process by the algorithms developed by all
the partners. The aim here is to create a sort of interface
which can be interpreted as a standard for all the working
algorithms. The selected approach allows to minimize each Software modules complexity which are hey can be
easily tested and validated creating “ad hoc” test bustness and reliability.

The figure shows the schematics of the high level (HL) software; it has been conceived to include EXTERNAL CODE that takes as input the
acquired data for performing on the Linux-based board the diagnastic methods.

t

Validation of algorithms on lab scale system

Integration /

RU. issing sealing (EPFL) No difference are detected even by EIS with
nominal fuel flow operation at low current T H
Leskage duetomissing | e density, testingina
sealing close to the e .
flow oudlet is difficult 12 1 Wt (e D T e T 0 commercial
oUT to detect. 3 Dty
From iV curves na By increasing the conversion rate the DRT system
difference in: analysis shows a shift of the gas conversion
-0 peak (P2) and an increase of the resistances
of the anode diffusion process (P3) of the
o e s faulty element if compared with the healthy
{RUA) faulty elemert the different RUs

elements.

Experimental simulation of
= 001 ~ dlosen-real stack fallures - fus! starvation
t fensured by DTU)
S i
~Investigation of conventional
59 measurements fos Tailure
H0 0 Mn A8 470 | — ceis 764 176 780 780 BOD B10 820 dgtection on stack and cell level
tin tn

- Blectrochemcal impedance
h’umﬁ?ﬂlﬁ"\unm

| decreasing flow Inereasing :
| " | and decrease of ASR s
> a8 16 1
=47 =47 : .
w e | PERSPECTIVE oo
15 1 .
430 10 50 d60 470 480 430 762 770 7a0 790 w00 10 50 " CArbon depoairion fauk - W 2 m
tih tin AR EERRDEN | RAGEHRR O

el ulizaton (% et ulhizaon /

1

Lifetime Tools

P o onsiusoialexciation o SOFC modelBelow s h compariso
Instead of conventional sine-based EIS evaluation, 115 is coming up with e venionl v b £ o) s PRES e 5 s L.
amuch more efficientaliemaive relying on non- sll\usoldalperwrbawn
in terms of step-like ps

Features:

+ high resolution of the evaluated EIS curve

required time ta run the experiment is by 10 times shorter than in
conventional EIS

even suitably exciting current during normal operation may suit to
identify the model and hence characterise the system, the optimal
model structure can be inferred from data . )

+ the scheme i n i rial connection of QR e poametors of e proceos kel gh). Toe i b Soooush
LL:r::n:.e s presently applicable to a serial connection of QF LT X 2 theparameters of thepr igh y
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% w | ImplementatioN in real SOFC Systems
--M—i- W of monltoring and diaGnostic tools ’ .
. . A using signal analysis to increase tHeir Objectlves
insight UeTime.
Stacks lifetime
+ 5 %

Availability
+1%

Total Cost
Ownership

3 Fm ! This project has received funding from the Fuel Cells and Hydrogen Joint Undertaking (FCH JU) under grant agreement No 735918. This publication
% f reflects the views only of the author, and the FCH JU cannot be held responsible for any use which may be made of the information contained therein.

Y
The INSIGHT project develops a Monitoring, o1
Diagnostic and Lifetime Tool to prolong Solid =

Oxide Fuel Cell (SOFC) stacks lifetime.

The INSIGHT cost-efficient and robust solution >

will exploit two advanced complementary tech- @' g g
niques: | VT
- Total Harmonic Distortion *!f

- Electrochemical Impedance Spectroscopy
in addition to conventional stack dynamic signals
analysis.

The effectiveness is demonstrated by predic-
tion methodologies and on-field tests on a real
micro-Combined Heat and Power (u-CHP) sys-
tem for residential applications (ie small power,
typically 2,5kW electric).

IJS

o0
: o
L]
SOLID
POWER

@
s : O YI)
= Contact us if you want to be the first to be A Ll
'M' informed about latest results of the project.  *Fy 2. Sl
PN sinsight:

- *
i ns : h t Follow INSIGHT on the website : “ﬁ%
g www.insight-project.eu @ - p
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