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lean Hydrogen

Project overview
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Partnership

‘wee  The aim of the project

Renewable electricity

Power and heat
for buildings

9 Co-funded by
% the European Union

-l aF AV

SOE system:
power to H,

=

» s

storage

H, mobility
rSOC ¢ stem: « ( ) K j
powertot to power

\_ J

REACTTwill realize a Monitoring, Diagnostic, Prognostic

MDPC embedded and Control Tool (MDPC) for SOE and rSOC stacks and
module systems. Its hardware platform will embed diagnostics
< and prognostics algorithms, and interact with the system

power converters without modification.
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Objectives

* Protocols design
* Testson short stacks and stackboxes

v}ata for design

Objective 1: Improve durability and Objective 2: Advanced control strategy
reliability of SOE and rS0OC
Coordination

e Objective 1: Improved durability,
reliability and maintainability of SOE

and rSOC stacks by developing
innovative algorithms for diagnostics Prognostics —
and prognostics of their remaining - |‘ Real-time | [0
useful life. Diagnostics | “”“% decsion

* Objective 2: Advanced control strategy onitorin control
with self-optimizing and fault-tolerant . NS / = >/
features : 7

e Objective 3: Hardware module for MDPC ool for
lab validation

implementation of the monitoring,
diagnostics, prognostics and control

* Objective 4: Characterization of stacks [Firmware |

Control board Stack excitation module

| Algorithms codes

inta system and proof-of-con

Demonstration == e : :
on real SOE = B
and r50C systems [ ;

Objective 4: Experimental testing campaigns

and systems in SOE and rSOC nominal T
cept Y —— —~

and faulty conditions and validation of
the product prototype

TRL&

"--"‘mﬂ‘
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) Clean Hydrogen
artnership

Co-funded by
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Project structure

Project managemet (WP1)
) )

4 : :
Experimental testing (WP2)
Short Stacks

Datasets

\

reac(it)

s

I
/ Algorithms design (WP4, WP5)

Monitoring l

Diagnostics l

<

Prognostics l

Coordination control l
*----
Real time optimization

Mitigation strategy

Tracking control

MDPC board development (WP3)

Hardware

Software l

4

_tardware

P

Dissemination, communication, standardization and exploitation (WP7)

System integration and validation (WP6)

Laboratory

N

Validation
of MDPC

Integration and validation on
SOE and rSOC whole systems

4
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{smee  Ties with other EU projects reac(t+)

INSIGHT

DIAMOND

AD ASTRA

D-CODE

HEALTH- CODE

RUBY

Sl Co-funded by
the European Union

EIS and PRBS measurements on SOFC short stack and full-stack, diagnostic
algorithms, prognostic algorithms, mitigation strategies, HW modifications
for on-board measurements, SW implementation.

stack and system diagnostic algorithms, system control algorithm, on-
board implementation.

Accelerated stress testing protocols for SOFC/SOEC cells and stacks,
degradation models, stack diagnostics.

PEMFC - EIS board, power electronics, monitoring and diagnostic
algorithms

PEMEFC - EIS-based monitoring and diagnostics, power electronics,
advanced EIS board, fault testing and experiments

EIS and PRBS measurements on PEMFC and SOFC full stacks and systems,
diagnostics, prognostics, mitigations strategies, control, HW design, SW
implementation, 1 year testing on field, SOFC system certification.
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Clean Hydrogen
Partnership

Manufacturing cost of the

MDPC HW
1 Increase of the overall manufacturing cost due to the Manufacturing cost of the -
inclusion of the MDPC tool excitation module
SW cost
Cost of integration
Production loss %/1000h
2 Improve stack performance and system availability o
System availability %
3 Improve system efficiency Electricity consumption @rated kWh/kg
capacity
Electricity consumption @rated
lcity ption @ KWh/kg
capacity
i ' €/(kg/d)/year
4  Improve SOEC system productivity Operation and maintenance cost %
Cost of hydrogen production €/kg
TCO %
5 Improve durability Stack estimated lifetime years

Co-funded by
the European Union

Less than 3%

1.2
98
39

39

120
Decrease by 10%

na
-15%
+5%
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CEA test bench

Co-funded by
the European Union

s EXperiments on stacks

Short stack from
SP

* 6cells

e 55V DC

Stackbox from SP

e 70cells
* 91V DC output
voltage

(thermoneutral)
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Segmented cell test in a 4-cells stack (EPFL)

Columns

+«—— 1 Segmented cell

3 Supporting full cells

@

layout of the 4-cells
segmented short stack

]
| %
Segmented <
electronic load |
Y setup \

EPFL test bench

|
Short-stack
control terminal

i Va

= 20 thermocouples & [
voltage-current probes [[*S=g
ST »

L

‘r.;;' : ['4 l'r‘.l‘ IA




Experiments (short stacks)
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Clean Hydrogen
Partnership

Experiments (segmented short stack)

Initial electrochemical characterization results: EIS in SOFC mode at 750 °C (DC: 0.5 A & amp.: 100mA)
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15

layout of the 4-cells
segmented short stack

> Consistent initial EC characterization results obtained.
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php Embedded HW design

Cloud

Wiever \ {€&—> Operator

AFD — active fault detection
PFD — passive fault detection
DP - diagnosis and prognosis

Bitron
Supervisor
Box
S
3 o
= ¢ T 2 g bP
o Sg8& N
5 :
(8]
2 Mitigation
L
module
2
— o KPI
= —
w

e AFE: Analog Front End for current and voltage
acquisition of rSOC/SOE

* New Ethernet Bridge custom for PC, Raspberry, AFE,
RTO,EM)

e DC-DC Converter (24V to 5V)

e Raspberry

The first prototype of the REACTT MDPC board
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s Excitation module reac (it

Cycle-by-cycle current sense
Auxilliary Power Supply
Output current sense 5V 12V > L
Solid-state Dc/bc ACIDG @——N }—230 v

Switches Output Filter I—(a 230V/12v DC b
x YY) . P X Raspberry Pi 3 l"3,3 v ! CCPS 3306/R :
AC —Oo—0" O—I— J_ ? Model B+ Y] POWER STAGE

3.

Rectifier

[
1
|
or DC [ PCM »| _current output stage
Power 00 = SOE 3] Voltage controlled
SOUTCE : I - —»| _current output stage
= Lo J sPI |

1A > Voltage controlled

I
I
Stack Ps : EIS exicitation 5| Voltage controlled
I
I
I

current output stage

Voltage controlled

current output stage

— »| Voltage controlled

ge limit current output stage

g Py ] Voltage controlled
SWltChlng current output stage

Controller j— e as gy S S — -

DC current setpoint
FILT | _
/ \‘_t Excitation waveform SRl A/D ::'_I Current monitoring

Current
set-point -_—

 Current
Output

! 1 |
[ |
"o Capaci | ibl SPI '
! : apacitance as low as possible 1 D/A T

I
! |

FILT | ——
Voltage monitoring

Peak current mode g
o @ DO
Synchronous switching Output Current Controller 2 > Enable
controller Ethernet = DO [N
e L=

SCHOTKY ELECTRONIC . .
DIODE - *IDEAL* DIODE - The concept: serial connection of the React
EXCITATION Dg%g @Da main power supply and the excitation Symomronmaation
. + mo dU|e with Bitron board

soc @) wide bandwidth
; operates with standard

STANDARD

VOLTAGE MODE ' .
POWER SUPPLY D1 == Cy power Suplles
WITH CURRENT | _ . .
HMTING SCHOTKY LOW IMPEDANCE no loss in efflcency
DIODE CAPACITOR
(High G, LOW ESR) @extra HW cost

X extra space /weight
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Diagnostic algorithm

System diagnosis

reac(tt

Application

FEATURES NOMINAL AND
FAULTY BEHAVIOUR MAPPING

l

(FSM) DESIGN
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Air inlet
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From microstructure to the system level
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Re[Z](Q cm®)

Local
measurements

Ni Cumulative PSD (um™)

Percolated TPB density (um2)
o el N w Y 1%} [=)] ~J ¢}

> Ni coarsening

—+— Real reconstruction
— Synthetic microstructures

LIS
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0.125

0.25
Ni particle radius (um)

E * o .

-+ Real pristine electrode ’

- e Synthetic electrodes *
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Clean Hydrogen

Partnership

Prognostic algorithms

Vref (t)

RUL

reac(it)

V(t) = Vref(t) — ARpor(t)1

Performance decay
identification

F 3

o | Lifetime estimation
o ety o baseline
& ] 10 1 12T|mm|13 AL 15 16 17 +
Conventional Nominal voltage | Lifetime estimation
measurements modelling update
pa | ECM f Polarization |
5 op E1S dhta eat-ures o.arlzalefan osses
- extraction identification
Ry R R
S P
L R. ﬂRTDT(t)
YT ] Q e &
2 3 4 g G 7 B8 a }jﬂ }f }f

Re(Z) k2] w10
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Clean Hydrogen
Partnership

Control

Coordinator controls

o.

Control layer

Remaining
useful life

Mitigation decision
support

Basic BoP and tracking

controllers

«(‘\f“f\\
Measurements.

Operator A Toutairs Uberws Tye
\

— Maintenance cre?/

7)\ /L Measurements.

» Poop R
Toutairs Ycous Tays Tinair

il

Lifetime estimation

Fault detection

and isolation

Degradation models I

Feature extraction

g 95
= 90

=[]

=== ECM, DRT

Data processing IMDA
Excitation module I

/

Conventional signals
(T, P. flow,...)
Perturbation signals

SOE / rSOC system
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BoP
components

system hyerarchy

Real-time optimization
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Setpoints

5 5 o5 pS
Taut airs Usew @ Tinair

Low-level controller

Inputs
QH,00 Gaire 1 den,

Solid-oxide electrolizer system
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- Hydrogen flow rate

4+ Stack inlet air temperature
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Real time optimizing control
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Tracking controller
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(s Project progress reac(it)

Experimental campaign on the 2 short stacks and a segmented cell stack
performed

MDPC first prototype board available

Excitation module: the first version (without communication) completed and
tested

Diagnostic algorithms: EIS and model-based algorithms under validation on the
data from experimental campaigns

Prognostic algorithms: the concept is set up

Degradation modelling: Microstructural and electrochemical modelling of Ni
mobility

Control design: first versions of the tracking controllers and real-time optimizing
control algorithms validated on the simulator
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A Dissemination and Communication Action Plan (DCAP) has
been delivered.

= Q

s 1 Dissemination and communication  reac(tt)

Develo pme nt of REACTT identity: p ro i ect | Ogo’ te m p I ates fo r reac @ RELIABLE ADVANCED DIAGNOSTICS AND CONT:EOCI;"I:OE:‘I:GFyOR INCREASED LIFETIME OF SOLID OXIDE CELL an -

deliverables and presentations, and project flyer finalized!
(D7.1)

REliable Advanced Diagnostics and Control Tools for Increased Lifetime
- of Solid Oxide Cell Technology

@t
1

Title : WHY How WHO WHEN
REACTT, with pe willrealize a Mor Dognosti.  Bymeans of hardware platform The These ambtious targets wilbe pursued RD) Insttut JOZEF STEFANISI), REACTT Is & 36 moaths project. from January the 1%
Prognostic and Control Tool (MDPC) for SO and (S0C stacks and systems to achiowe to nd ystom, incroasets  Universith Dogh Stud Di SalernofITAI, Commissariat A £norgie Mormique et aux énergies alternatives (FRAL 2021 ta the 31th of December 2023
5 3 by ogh current rellatility and extend s stack fetene Teknologian Tutkdmuskeskus VT OYIFIN, ECOLE POLYTECHNIGUE FEDERALE DE LAUSANNEICH), AGENZIA
Authors " NAZIONALE PER LE NUOVE TE PO ECONOMICO SOSTENBILE(TA) and HAUTE
- FCOLE SPECIAUSER DE U ry partrers: SOUOPOWER SAICHL BITRON

SPANTAL and AVL LIST GMEBH (DEU)

reac G‘; NEWS
= Y SRl
Development of project website: m.;:
https://www.reactt-project.eu/ -

INSTITUT JOZEF STEFAN

* Project description, promotional and educational s cea & CPEL  BuRwn
[

mak info@reactt-proectoy

material, news, links to related projects; o’ vt ENEA Hes <0

* Internal pages (knowledge exchange, documents

[

download).
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https://www.reactt-project.eu/

Thank you!

Coordinator: Pani Juricié
dani.juricic@ijs.si

WWWw.reactt-project.eu
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