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Jozef Stefan Institute

The Institute is involved in a wide variety of fields of both scientific
and economic interests as e.g.:

« physics

« chemistry

« biochemistry
- electronics and information technologies T2%
« reactor techniques |
« energy
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Department of Systems and Control

The domain of work: CONTROL OF SYSTEMS AND PROCESSES (cybernetics, informatics, automation)

Our R&D topics: Our profiles:

* General process control
[ J

* Self-learning systems

 Modelling, and optimization of (complex)
systems

e Diagnostics and Condition Monitoring

Electrical engineering
Computer science
Mathematics

Physics

Chemical technology

 Smart factories, Digitalization Staff: 25-30

* Device and product development
* Electronics development

e Control software development
 Hydrogen Technologies

(17 with PhD, currently 6 PhD students)

Info: http://dsc.ijs.si/en/
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Department of Systems and Control

Fuel cell and hydrogen activities:

e Building of prototypes, integration (fuel cell systems, fuel reformers,
electrochemical hydrogen compressors, auxiliary power units, etc.)

* Balance of plant components and systems

* Power conversion

e Automatic control of hydrogen systems (control hardware and software)
* Non-invasive condition monitoring, diagnostics, soft sensors

* Modelling, optimization, digital twins...
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Hydrogen technologies — why, how...

Used for conversion, storage and transmission of (electric) energy

Conversion of electric energy into hydrogen:

Excess green
electric energy

Natural gas,
Diesel,
Petrol,
Ethanol,
Methanol,
etc.

I Electrolyser :

(P2G)

Hydrogen

storage

H.C. fuel
reforming

C,Hy > H, + CO,

Hydrogen

Utilization of hydrogen:

Injection into natural gas
grid
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Hydrogen fuelling
stations for vehicles
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Feedstock for industrial
users
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Local cogeneration units
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Conversion back to

electricity by fuel cells
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Electrolyser

HC fuel reforming

Hydrogen compression

Hydrogen storage

Fuel cell




Hydrogen technologies — Electric grid balancing

Electric power

BaCkgrou nd production

time-table
" Renewable sources (SOIar' Wlnd' hyd ro) i Water Water flow Electric power Natural gas
H accumulation prediction market prediction market prediction
depend on weather, do not follow energy i 3
7 Level X X X
demands e i
HyEL pawer pant Hydropower optimizer
5 g ystem Status
* Hydrogen technologies (P2G) can help at grid :
Power Pressure Hydrogen
ba |a N Ci N g command utilization
commands
 Storing of excess energy and releasing during Local control] & rtem
0 system
high energy demands
Electric ¥
energy » Electrolyser hi2 > ;’é‘::;%en g‘:;ugrzg
Control requirements Other
use
* Hydrogen system (P2G) must be well

Fuel cell

coordinated with electric grid system and e system__[]
T eneecrg;l; Electric
hydrogen consumers Yy L [Ewectic
grid

e Optimizing control, considering predictions of
electric market/system (and hydropower)
* Fully automatic or decision support system

N .—“ % Slovenian
S " Research
3 Agency
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FCGEN Fuel cell-Based On-Board Power Generation
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Diesel fuel cell auxiliary power units for mobile and stationary applications (remote and off-grid areas)

Eco-friendly and efficient power supply for parked heavy duty vehicles (trucks)

System based on diesel fuel reforming and reformate fuel cells

TRL 6 prototype, 5 kW electric power

Low noise emissions, clean exhaust (no soot, no particles, no odour)

Developed within international project FP7 — FCGEN
JSI — the coordinator and technical integrator

VOLVO

Volvo Group Trucks Technology

FCH

FUEL CELLS AND HYDROGEN
JOINT UNDERTAKING



JAPUNIT an environmentally friendly and advanced auxiliary power source

based on fuel cell technology and powered by military diesel fuel. i = T gl
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* Powered by widely available military logistic fuel with possibly high sulphur
content.

e Resulting auxiliary power unit represents and alternative for existing internal
combustion engine powered generators.

* Transformation of fuel chemical energy into electric energy in an electrochemical
way, without mechanic and thermodynamic processes.

* Low thermal footprint, low noise, clean exhaust gas (no odour, no smoke, no

@@ Institut
®® ' o3ef Stefan” NATIONAL INSTITUTE
. . . OF CHEMISTRY
... Ljubljana, Slovenija

particles, no poisonous compounds).

REPUBLIC OF SLOVENIA
MINISTRY OF DEFENCE

| EUROPEAN
DEFENCE
AGENCY
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C E RACO N Integration and control of liquid fuel processor based on ceramic micro-systems

CH.OH ®
Combustor Ref r | PROX
= =
w
NN

y

Reactor unit

| Control unit \ \\\\ (N
@:esa oy

e Miniature methanol reformer for fuel cells with electric power up to 100 W

§==%

 Complete system setup, including catalytic heater, evaporators, steam reforming reactor, CO removal reactor (PROX),
actuators and sensors, electronic control unit, thermal insulation

* Reactors implemented in low temperature cofired ceramics (LTCC)

» System thermally self sustainable, developed to the technology readiness level (TRL) 6-7 |
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* Financed by the European Space Agency (ESA)

* Consortium:
- Jozef Stefan Institute, Dept. of Systems and Control, Dept. of Electronic Ceramics,
- National Institute of Chemistry Slovenia, Lab. of Catalysis and Chemical Reaction Eng.,
- Hipot RR.
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M E M P HYS Membrane-based purification of Hydrogen system
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anode  electrolyte cathode

Electrochemical compression principle, no moving parts

e Pressure up to 1000 bar, hydrogen flow proportional to DC current
Electric energy recovery during decompression

Silent operation, more efficient than mechanical compressors

g * Financer European Commission / Horizon 2020

&| °* Consortium:
'g" * HyET, Netherlands

§£ * Jozef Stefan Institute, Department of Systems and Control, Slovenia

o= * Imperial College London, United Kingdom

3 Jilich, G

T * Jilich, Germany

8(% * Duale Hochschule Baden-Wiirttemberg FGH FUEI— CEI-LS AND HYDRUGEN
i Mannheim, Germany JU|NT UNDERTAK'NG

* Borit, Belgium




Condition monitoring of Fuel Cells and Electrolysers

% 25 Goals
N e * Non-invasive condition monitoring,
L/ - w0 s diagnostics, RUL, PHM
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00 05 10 15 20 25 30 Methods
Time [s]
Excitation with DRBS Impedance values through CWT Estimate empirical CDFs ° Fa St e I eCt rOCh emica I Im DEda nce
Y spectroscopy
Fault identification < ECM parameter estimation Statistical analysis

* Transfer function estimation (wavelets)
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0 a 0 3;‘ k : * ECM parameters estimation
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Current excitation signals, cell voltage
responses

Applies to electrochemical systems:
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* Fuel cells, Electrolysers, Electrochemical
compression, Batteries ...
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Cell voltage monitor PS with excitation capabilities
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Demonstration of hydrogen technologies at JSI
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Fuel cell, electrolyser, fuel reformer, solar panels, batteries, H2 storage (pressurized tank, metal-hydride
storage), power management, automatic control, remote supervision, sensors, ...
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REPUBLIC OF SLOVENIA
MINISTRY OF DEFENCE
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Selected publications about Hydrogen technologies
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International projects about Hydrogen technologies

Acronym Description JSl role in the
project
FCGEN Fuel Cell-Based On-Board Power Generation Coordinator
FLUMABACK Fluid Management Improvement Component for Back-Up Fuel Cell Systems Member ‘067
DIAMOND Diagnosis-aided Control for SOFC Power System Member @ | FUELCELLS AND HYDROGEN
INSIGHT Implementation in real SOFC systems of monitoring diagnostic tools using signal analysis to Member
increase their life Time
Membrane-based purification of Hydrogen system : A orion
M E M P HYS Coord I nator :uropea:?lzn(i)on Funding
i for Research & Innovation
RUBY Robust and reliable general management tool for performance and dUraBility improvement Member
of fuel cell stationarY units @ ‘ FUEL CELLS AND HYDROGEN
JOINT UNDERTAKING
REACT REliable Advanced Diagnostics and Control Tools for increased lifetime of solid oxide cell Coordinator
9 Technology
2
lf IAPUNT 1 Development of an Innovative Auxiliary Power UNIT for military purposes based on high- Member ' SEEEIGE@N
;'3 temperature PEM fuel cell and reforming technology for military logistic fuels - AGENCY
g CERACON Integration and control of liquid fuel processor based on ceramic micro-systems Coordinator @sa
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Partners on the field of Hydrogen technologies
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Financing

REPUBLIC OF SLOVENIA
MINISTRY OF EDUCATION,
SCIENCE AND SPORT

Slovenian

N g Research

FCH FUEL CELLS AND HYDROGEN " Agency
JOINT UNDERTAKING
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