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Consortium

Partnership

PO1 — UNISA:
P02 — CEA:
PO3 — SP:
PO4 — BPSE:
PO5 — BITRON:
P06 — 1JS:
PO7 — VTT:
PO8 — EIFER:
P09 — UBFC:
P10 — EPFL:
P11 - FBK:
P12 — SUN:

Universita degli Studi di Salerno (IT) COORDINATOR

Commisariat a I'energie atomique et aux energies

alternatives (FR)

SolidPower S.p.A. (IT) (TERMINATED)

Ballard Power Systems Europe AS (DK)

Bitron S.p.A. (IT)

Institut Jozef Stefan (Sl)

Teknologian Tutkimuskeskus VTT Oy (Fl)
EIFER Europaisches Institut fur Energ. (DE)
Communaute d'universites et etablissements
Université Bourgogne - Franche - Comte (FR)
Ecole Polyt. Federale de Lausanne (CH)
Fondazione Bruno Kessler (IT)

Sunfire GmbH (DE)
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Partnership

Objective 1: Improve FCS performance and durability by
implementing an advanced algorithm that combines
monitoring, diagnosis, prognosis, control and mitigation
actions for both SOFC and PEMFC systems.

Objective 2: Design and engineer the hardware required for
MDPC algorithms application, with attention to sensors
reduction issues and the specific constraints imposed by stack
technologies and systems applications towards industrial
scalability.

Objective 3: Perform dedicated experimental campaigns for
stacks and system characterization and MDPC tool prototype
validation embedded on FCSs running in operational
environment.

Objective 4: Develop an advanced FCS management strategy
(supervisory level), with functionalities integrated with remote
monitoring, for future smart-grid interaction and predictive
maintenance application.
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EIS on field has been conceptualized in previous projects and tested before by HEALTH-CODE and INSIGHT
consortia leading to a Monitoring & Diagnostic Tool.

RUBY continues the development of EIS Stack monitoring for Prognostics and Control (MDPC tool) and includes
mitigation functions as well as BoP diagnostics.

Ballard Backup System Sunfire u-CHP System
PEMFC Stack p DC/DC Load SOFCStack | | p| | DC/AC Grid
BoP [lECU| MDPC |EISf BoP [|ECU[ EISf | MDPC

Main schemes of Ballard Backup System (left) and Sunfire u-CHP System (right) with the EIS perturbation (p) and
control functions (f).
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RUBY MDPC Tool main concepts: FUEL CELLSYSTEM
1. Advanced stack Monitoring via m_,_,m EOFF“NEDES'GN
. ONLINE APPLICATION
Electrochemical Impedance
Spectroscopy. - ctione i e
CONTROL MONITORING Conventional Advanced
2. Stack diagnostics via EIS. Voltage ElS
Mitigation Control Data Temperatures PRBS
3. BoP component Condition strategies decision Processing Pr:ssures THD
‘ ower etc.
Monitoring. etc.

treated data

4. BoP Fault Detection and

Isolation. Inferential N  Lifetime Features [  Features

tool estimation extraction generators

5. Prognostics of stack for
Remaining Useful Life.

Degradation (o Features Features - Inferential
6. Real Tlme Optlmlzatlon Contr()l. models extraction analysis algorithm

7. Mitigation. PROGNOSIS DIAGNOSIS

degradation features
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Activity workflow

SOFC

Design of u-CHP

Experiment
theory

Experiments

Obj. 3 PEMFC

backup

Knowledge
Experiments
Electrochemistry
EIS & PRBS theory
Degradation
Available data
System dynamics
Al/deep learning

Algorithms
Obj. 2 + Obj. 4

Systems specification
Systems limitations
HW availability
MDPC tool needs

Hardware
Obj. 1

Stack tests
System tests
Stack tests
System tests
Monitoring
Diagnosis
Prognosis
Control
Mitigation

Remote manag.

SOFC

PEMFC

Characterization

Common
framework
—  definition and

MDPC tool
characterization
on specific faults
and degradation

at stack and

system level

power electronics
micro-controller
power electroncis

micro-controller
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Implementation and final testing

On-board
implementation
on SOFC
systems

On-board
implementation
on PEMFC
systems

1-year validation of
one system in
operational environment

1-year validation of
one system in
nominal and
faulty conditions

1-year validation of
one system in
operational environment

1-year validation of
one system in
nominal and
faulty conditions

FCSs prototypes with
embedded MDPC tool
validated
in operational
environment for
both SOFC and
PEMFC technologies
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Parfnership

WP1

PEMFC stacks and systems
i experimental characterization in

SOFC stacks and systems
experimental characterization in

Feedback from

/

..} Design and modification of power electronics and micro-controller for SOFC and PEMFC
systems;
P Implementation of MDPC tool functionalities (i.e., hardware and software) on both SOFC
and PEMFC systems;
Certification of SOFC system with embedded MDPC tool.

nominal and faulty conditions. nominal and faulty conditions.
algorithms Experimental
developers data
Design of Supervisory control and </
g Design of Monitoring, Diagnostic and mitigation strategies for SOFC and
o Prognostic algorithms for SOFC and PEMFC stack and systems;
Feedback from PEMFC stack and systems. Integratflon (:_f thel_?/IDPC tool
implementation unctionafities. MDPC tool
process algorithms

/J

Feedback from

validation tests WP7

. 1-year extensive experimental campaign of two SOFC and two PEMFC systems with
i embedded MDPC tool in operational environment, under real working profiles and in
nominal and faulty conditions;
One of the two SOFC systems certified and located at customer site;

WP8

FCS with
embedded
MDPC tool

AN

wp

Related workflow activity

Experiments

Characterization

Experiments

Characterization

Algorithms

Characterization

Algorithms

Characterization

Hardware

Implementation

Final testing
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. . E minatiotns computerg
3. SOFC stacks at lab premises experiments -
. UNER EIS control
under setting. w ZhiE  PC, Eload &
% SYSt:cr;t:c:‘l FRA system

4. SOFC systems connected to
instrumentations, one on testing.

|Flue gas out My,

5. Methodologies identified for MDPC
functions.

6. EIS board for Backup system ready.

7. Preliminary tests for monitoring and
prognostics algorithms for both PEM and
SOFC.

SUNFIRE SOFC STACK & SYSTEM
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Partnership

1. Website www.rubyproject.eu

2. Newsletter (audience of about
700 people)

Robust and rel [l igement tool for
performance and dUraBility improvement of fuel cell
stationarY unit

DURABLE AND

1. 1+2 issues (April, May and
June)

2. TBD — 3" to be sent over
before/after Workshop

3. Twitter (8 tweets sent)

4. Linkedln page

N

Home Objecti Results

v  Partners Contact Q

Robust and reliable general management tool for
performance and dUraBility improvement of fuel cell
stationarY unit
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OBJECTIVES
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DISSEMINATION

Join the Project Workshop
FROM BASIC TO APPLIED RESEARCH TOWARDS DURABLE AND RELIABLE FUEL CELLS
05 July 2022 - Lucerne (CH)

« RUBY Project

Following
10 Tweet

RUBY Project @RUBYprojectEU - 26 mag
#hydrogen #fuelcells #diagnostics #control #workshop

»A
4

RUBY project [@ sent over the 1st Newsletter*
see more: bit.ly/RUBYNWSL1

Register to the Project Workshop - 05/07/22, Lucerne (CH) @EFCForum
15 talks from 10 research institutions!
Link: rubyproject.eu/dissemination/

A‘X\ Robust and reliable general management tool

R LJ B for performance and durability improvement
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of fuel cell stationary units
WORKSHOP

FROM BASIC TO APPLIED RESEARCH TOWARDS DURABLE AND
RELIABLE FUEL CELLS

JOIN US | 5" JULY 2022 | LUCERNE @EFCFORUM
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THANK YOU FOR YOUR
KIND ATTENTION!

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now
ANV Clean Hydrogen Partnership) under Grant Agreement No 875047. This Joint Undertaking
receives support from the European Union’s Horizon 2020 Research and Innovation

r\) U BY programme, Hydrogen Europe and Hydrogen Europe Research.
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