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Transformed Energy Forms in Croatia

., Hydrogen as fuel is already in the plag
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Hydrogen and Fuel Cells R&D in Croatia

Laboratory for New (Thermo) Energy Technologies (F.Barbir)
Faculty of Electrical Engineering, Mechanical Engineering
and Naval Architecture, University of Split

m Mechanical engineering aspects of PEM fuel cell design and operation
m Fuel cell applications: vehicles, boat, back-up power

Laboratory for Power Engineering, Faculty of Mechanical

Engineering and Naval Architecture, University of Zagreb
m Electrolyzer R&D and its coupling with PV

Laboratory for Renewable Energy Sources (LARES),

Faculty of Electrical Engineering, University of Zagreb
m Fuel cell control and power electronics

Koncar Institute for Electrical Engineering, Zagreb
m Fuel cell and electrolyzer control
B System integration

Croatian Hydrogen Energy Association - inactive



Laboratory for new
0/\ (thermo) energy technologies

Chair for thermodynamics, thermotechnics and heat engines
Department of mechanical engineering

Faculty of electrical engineering, mechanical engineering and naval architecture

University of Split '

Activities:

B Testing and characterization of (PEM) fuel cells

B Effect of operational parameters on fuel cell performance

B Thermal effects on cell and stack level

B Flow field configuration

B Flow of reactants through the stack _

B Fuel cell applications (motorcycle, boat) Equipment:

B Fuel cell test station
B up to 8 cells
Eregulation and measurements of

operational parameters
E Controllable electronic load
B Built-in EC impedance spectroscopy
B Single cell hardware (50cm?) X2
s2ea\ FlLaboratory hydrogen generator (electrolyzer)

- e E1 kW complete fuel cell system (Nexa) X2

o B Electronic load
EDC/DC converter
B metal hydride bottles

B 1 kW fuel cell stack




Fuel Cell Activities at FESB E (f“‘

Current Projects ﬁf

E Water and Heat Management and Durability of PEM Fuel Cells, Croatian
Science Foundation, 2014-2018

B Research and Development of Hydrogen Energy System in Conjunction with
Renewable Energy Sources, EU Regional Development Fund through Central
Financing and Contracting Agency (SAFU), 2014-2016

E System Automation of PEMFCs with Prognostics and Health management for
Improved Reliability and Economy (SAPPHIRE) EC FCH Joint Undertaking
(FP7), 2013-2016

B Automotive Derivative Energy System (AutoRE) EC FCH Joint Undertaking
(Horizon2020), 2015-2018

E Giantleap Improves Automation of Non-polluting Transportation with Lifetime
Extension of Automotive PEM Fuel Cells, EC FCH Joint Undertaking
(Horlzon2020) 2016-2019
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wind turbine on,the FESB roof
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Connected to the hydrogen
energy system in the lab
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pure Ppure H, Energy lab

Newest Addition to the Lab

Electrolyzer single cell
test station

\

PN

: =
=
\

Electrolyzer Control for renewable
hydrogen energy system



Hydrogen energy syste
on any scale!

I
- _ solarthermal
~/ 7 - gl DCLJZ2 (R
=/ SYANNE ACLJ2 (i NP
Win_d H, storage Toplinski
turbine v _ g L2 0 N2 O
————)

-

baternes

electrolyzer fuel cells

hydrogen

refueling hydrogen >’

stations vehicles @ O ' E
(2]



otorcycle - ATV

fpowerean m
w}{‘ A |
: Yy s pr .

PERTINT



Q/\ Laboratory for new energy technologies




O/\ Laboratory for new energy technologies

FUEL CELL AS A PART OF POWER SUPPLY OF
A REMOTE TELECOMMUNICATION BASE STATION
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@ LABORATORY FOR RENEWABLE ENERGY SOURCES (LARES)
FACULTY OF ELECTRICAL ENGINEERING AND COMPUTING, ZAGREB

Air chamber

FREQUENCY
COMNVERTER

——

FREQUERCY
CONVERTER

GRID

ELECTROLYZER




KONCGAR |

- za elektrotehniku |

P ~
o

A
S

!'&!ﬂgr

~

- el . NS -

o r

N

-

- /_)".
Ry
S

!f‘K‘ et

s el e S y




Ko

nl ar

and

Decentr al

| Sed

Solar energy

A 4

Inverter

Electricity

!

Wind energy

\ 4

Inverter

!

|

Inverter

!

A

Electrical

energy storage

Hydrogen

v

Inverter

\ 4

Inverter

A

Electrolysis

Fuel Cell Stack @

A

tradition. knowledge. responsibility.

tradicija. znanje. odgovornost

KONCAR

Electrical Engineeri

ng
INSTITUTE



Perspectives/Opportunities for Hydrogen

and Fuel Cells in Croatia

m Utility vehicles (onrroad and offroad)
m Hydrogenrefueling infrastructure
m Grid balancing

m Islands
m Hydrogenboats
m Natural gas
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Croatia has some highly innovative
electric vehicle companies

@ DOK-ING
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Why not multi-purpose vehicles

E Delivery vehicles for small Dalmatian towns

E Vehicles for garbage removal and street-cleaning

E Vehicles for transportation of tourists (port-hotel; hotel-beach;
within national parks)

B Vehicles for carrying luggage, laundry, etc.

E Maintenance vehicles (forests, parks, hotels, golf-courses)

E Utility vehicles at the airports

E Material handling vehicles (fork-lifts)




@ energy partners

West Palm Beach, FL

GreenCar, 1993 19922001

First World Car Powered
by PEM Fuel Cells!

—

John Deere Gators, 1996-2001

Three vehicles; several generations
demonstrated at Palm Springs airport

Genesis, 1994

People mover; demonstrated
at Atlanta Olympic Games 1996




INTERNATIONAL CENTRE
FOR HYDROGEN ENERGY TECHNOLOGIES

A project by United Nations Industrial Development Organisation

supported by TurkS|h Mlnlstry of Energy and Natural Resources _

.......

H, OLIFT

HHHIIHIHHII o FUNUAOA
IIIIIIIIIIII!I @ @ [



http://www.unido-ichet.org/ichet.org/about_ichet/donors/donors.html
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s onNA 2310201, | 1752
DALMAG IJA EKIPA S FESB-A KONSTRUIRA PRV SPLITSKI BOLID ZA UTRKU NA BRITANSKOM
"SILVERSTONEU™

Splitski studenti grade formulu: Bolid ¢e za 3,2

sekunde moci potegnuti brzinu od 100 km/h
FESB students are building a formula vehicle
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H)’S A Syst ems HySA Systems Competence Center

~ University of the Western Cape, Bellville, South Africa
Hydrogen South Africa
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Croatia is developing an electric vehicles refueling network
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Why not a hydrogen refueling network

V1 16 millions of tourists (about 3 times more than total population of Croatia),
V Fuel cell vehicles alreadv commercial )
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Electricity Generation in Croatia

Kapaciteti za proizvodnju elektricne energije | RaspoloZiva snaga Udio Proizvedena elektricna energija u 2013.
Electricity generation capacity Available power (MW) | Share (%) | Electricity produced in 2013 (GWh)

Hidroelektrane (HE)

Hydro power plants (HPP) =k 92,0 8 054
Termoelektrane (TE)

Thermal power plants (TPP) e 3.2 2629
TE Plomin d.o.0. (B) 199 i6 e

TE Plomin Lid.

Ukupno u Republici Hrvatskoj
Total in the Republic of Croatia

Nuklearna elekirana Krsko (NE Krsko) — 50%
Nuclear power plant KrSko (NPP Krsko) 348 8.3 2518

- 950%

UKUPNO
TOTAL

Izvor | Source: HEP, HROTE

Gross consumption 16000 GWh



Croatia has just started increasing the share of renewable energy

Power plants recently installed with guaranteed tarifs (as of beginning of 2016)

No. Installed CF Generation Share
Plants (MW) GWh %

Wind farms 19 418.0 26% 951.9 67.6%
Solar PV 1213 44.0 13% 50.1 3.6%
Small Hydro g 3.0 60% 15.7 1.1%
Biomass 10 24.6 75% 161.5 11.5%
Biogas 18 20.9 85% 155.9 11.1%
Depo-gas 2 5.5 65% 313 2.2%
Cogeneration 5 13.3 35% 40.8 2.9%
Geothermal 0 0.0 B0% 0.0
Total 1275 529.2 A 1407.2 100%

8.3% of gross power consumption in Croatia



Croatia has just started increasing the share of renewable energy

Power plants (built and to be built) with guaranteed tarifs (as of beginning of 2016)

No. Installed Generation Share
Plants (MW) GWh %

Wind farms 29 743,95 1694.4 53.8%
Solar PV 1229 54,98 62.6 2.0%
Small Hydro 18 7.919 41.6 1.3%
Biomass 67 119.927 787.9 25.0%
Biogas 55 56.668 421.9 13.4%
Depo-gas 2 5.5 31.3 1.0%
Cogeneration 5 13.293 40.8 1.3%
Geothermal 1 10 70.1 2.2%
Total 1406 1012.2 3150.7 100%

18.5% of gross power consumption in Croatia



Qi enewable Energy System for Croarfl
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