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Er6ffnung 2005 10 11 CentA
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Hydrogen Center Austria centA

HYDROGEN CENTER AUSTRIA

First Austrian research center for hydrogen
with test stands and filling facility since 2005
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Activities CentA

HYDROGEN CENTER AUSTRIA

« Customer-specific test setups with electronic process control

« Conception of hydrogen-pressure systems for stationary and
mobile applications

« Thermodynamic analysis of processes and systems
« Economical and ecological analysis
« Expertise in questions of safety, standards and regulations

« Scientific research, lecturing and publications
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Habilitationskolloquium 2010 12 13 CentA
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H2 slush 2010/ 2013
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AVL FCC 2010 08 84 CentA

HYDROGEN CENTER AUSTRIA

Fuel Cell Commuter

for World Exhibition
Shanghai 2013

200 bar CGH2
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Project HYCAR 1 FVT [3 g @ggm

Multi-Flex-Fuel vehicle prototype with combustion engine for operation with

natural gas / hydrogen / gasoline
»Mixtures of Hydrogen and Methane in the Internal Combustion Engine —

Synergies, Potential and Regulations®.
International Journal of Hydrogen Energy, Vol. 37, S. 11531 — 11540, 2012
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HYDROGEN CENTER AUSTRIA

Wiener Motorensymposium 2010 04 30 @
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Lecturing and Publications

centA

HYDROGEN CENTER AUSTRIA

Austrian hydrogen conference
2005, 2007, 2009, 2012

Lecture at TU Graz:
Hydrogen in Energy
and Vehicle Technology

Helmut Eichiseder | Manfred Klell
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applied thermodynamics: st -2y 6 otecl
Klell: Wad ST ——————

. in der
Thermodynamik des Wasserstoffs, Fahrzeug

TU Graz 2010 o ke

Studybook 2012: Eichlseder/Klell:
Wasserstoff in der Fahrzeugtechnik

Erzeugung, Speicherung, Anwendung
Springer Vieweg, 3. Auflage

ut Eichlseder | Manfred Kiell

Wasserstoff
in der _
Fahrzeugtechnik

Erzeugung, Speiches
3. Auflage
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Scientific Publication
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HYDROGEN CENTER AUSTRIA

* International Journal of
Hydrogen Energy:
IJHE 39 (2014) S. 8495 — 8509:

Real Gas Analysis of a
Tank Filling Process

Thermod ic real gas lysis of a tank filling process

HYDROGEN
IENERGY

Striednig, M.; Brandstatter, S.; Sartory, M.; Klell, M. Views by geography

International Journal of Hydrogen Energy, Volume(s) 39, 18-
Apr-2014, Pages 8495-8509
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Copyright @ 2013 Elsevier B.V. Al rights reserved. Terms and conditions Support

INTERNATIONAL JOURNAL OF HYDROGEN ENERGY 39 (2014) Baos—Bs00

Available online at www sciencedirect. com

ScienceDirect

journal homepage: www.elsevier.com/locate/he

Thermodynamic real gas analysis of a tank filling
process

Michael Striednig *’, Stefan Brandstdtter ', Markus Sartory **’,
Manfred Klell """
*HyCentA Research GmbH Graz, Inffeldgasse 15, A—8010 Graz, Austria

® Graz University of Technology, I forl | Combustion Engines and Thermodynamics, Inffeldgasse 19,
A-8010 Graz, Austria

ARTICLE INFO ABSTRACT

Article history: A di ional th dy ic real gas model for a tank filling process
Received 20 December 2013 with hydrogen is presented in this paper, Ideal gas and real gas simulations are compared
Received in revised form and the entropy balance of the filling process is formulated. Calculated results are vali-
19 February 2014 dated for a type | tank (steel vessel) with measurements.
Accepted 9 March 2014 The simulation is used to ly predict the i gas p e during the
Available online 18 April 2014 fueling of | d g hydrog: ges, which must not exceed 85 *C ac-
cording to international standards. The influences of ambient temperature, initial pressure
Keywords: and pressure ramp rate on the resulting hydrogen gas temperature in the tank are
Filling process investigated.
Real gas model In experiments, the effect of pressure pulses applied in practice on the resulting gas
Refueling protocol P is i gated as is the infl of the Joule~Thomson effect of hydrogen
Numerical simulation and methane
Experimental validation Finally si and exp | results are used to develop a refueling protocol
! filling p e for hydrogen p d ind | trucks, in operation at Europe's first indoor hydrogen

filling station in Linz, Austria.
Copyright © 2014, Hydrogen Energy Publications, LLC. Published by Elsevier Ltd. All rights
reserved.
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Vision of Hydrogen Economy CentA

HYDROGEN CENTER AUSTRIA

CO,-free
closed loop
energy cycle

—>

renewable
energy

electricity

>

Source: Zuttel 2008
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Carbon-free energy

primary energy distribution & useful
energy: carrier: storage: energy:
renewable electricity & power grid transport
sun, hydrogen natural gas household
wind, grid and industry
hydropower storages
— -
electric machines &

engines

power to
hydrogen

|
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Carbon-free mobility Centn

electricity

short driving range,
slow refuelling

hydrogen

long driving range,
fast refuelling

Y
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HYDROGEN CENTER AUSTRIA

Hy

Carnot Cycle

Chateau de La Rochepot, 12. Jhdt.
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Carnot Cycle

Famille Carnot
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Carnot Cycle
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REFLEXIONS

PUISSANCE MOTRICE

DU FEU

SUR LES MACHINES

PROPRES A DEVELOPPER CETTE PUISSANCE,

Par S. CARNOT,

ANCIEN ELEVE DE L'ECOLE POLYTEGHNIQUK.

A PARIS,

CHEZ BACHELIER, LIBRAIRE,
QUAI DES AUGUSTINS, N° 55.

1824.

-0,

Une machine thermique (ici un moteur) est un
systeme (F) qui peut effectuer un nombre indefini de
cycles, échangeant, au cours d'un cycle, une quantite
de chaleur Q) avec une source chaude (71, ala
temperature Ty) et une quantite de chaleur Q» avec
source froide @z (a la température Ts), et un travail W

avec le milieu extérieur.
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Carnot Cycle
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Détente
Isotherme
T, = cste

Compression

Adiabatique

Pression
s

Isotherme
Ty = cste Q" <0

Volume

maximal possible efficiency of the
conversion of heat into energy:
Carnot-Efficiency
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Combustion Centn

4 Nullpunkt der rel.
Habs Enthalpien

adiab. Verbrennung
S

Brennstoffzelle
Abkuhlung

Kondensationsgrenze

| feuchte Rauchgase
\

trockene Rauchgase

\/

t t t

123: combustion engine: conversion of chemical inner energy into heat into
mechanical energy
13: fuel cell: conversion of chemical inner energy into electric energy

Y
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Efficiency CentA

HYDROGEN CENTER AUSTRIA

The conversion of heat into mechanical work is limited by the Carnot efficiency,
the efficiency of a fuel cell is free enthalpy divided by enthalpy.

L
nC - T 100
0 \\
” \\\><" —
S — | ]
c T
- AG < ,/
th — S
AH 2 /
E’ 40 ’ —nc (Tu = 323.15 K)
.§

20 / — nth der Brennstoffzelle

273 523 773 1023 1273 1523 1773 2023

Temperatur in Kelvin
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Principle Electrolysis CentA

HYDROGEN CENTER AUSTRIA

Electricity is used to split water into hydrogen and oxygen. Using electricity from regenerative
sources, this method is CO,-free, costs are high, efficiency up to 70 %.

H,0 () — H, (g) + % 0, (g) AgH = 286 kJ/mol
cathode (-): . So——
4 HZO — 2 H3o+ + 2 OH— Anode + T 2e- 2e'l Kathode -

dissociation of water
2H,0* + 2e~ — H, + 2H,0 =

reduction (acceptance of electrons) .:o
net reaction: %
2H,O0() + 2e- — H, (g) + 20H" (aq)

anode (+):
20H (aq) - HO()+%0O,(g)+2e"
oxidation (donation of electrons) 20H 5 H,0+%0,+2e 2H,0+2e — H,+2OH-
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Principle Fuel Cell CentA

HYDROGEN CENTER AUSTRIA

The combination of hydrogen and oxygen yields electricity.

H, (9) + % O, (g) — H,O (I) AgH = — 286 ki/mol

anode (-):

H,(9) + 20H-(aq) - 2H,O0()+2e-~
oxidation (donation of electrons)

cathode (+):

HZO () + % 02 (9)+ 2e- — 2 OH- (aq) Anode - I 2e’ 2e‘1 Kathode +
reduction (acceptance of electrons) :

As the voltage of a fuel cell is low, many cells
have to be combined to form a stack.

co__ A Hy  —286-10°J/mol
z-F 2-96485As/mol

=148V

H,+2 OH —2H,0+2e" H,0 +% 0, +2 e — 2 OH-
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New Projects from 2010 CentA

HYDROGEN CENTER AUSTRIA
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Project E-LOG BioFleet | & |l -
2010 — 2016 CemEH

Austrian flagship project

- Replacement of industrial truck batteries by fuel cell-range
extender and H2-high pressure tank

« H2is produced and compressed onsite by decentralized reforming
of bio-methane

- European’s first hydrogen-indoor refueling
- Energy Globe Award Feuer 2014

2 oMV

SCHENKER powered by @ :

Slide 27


http://www.schenker.at/index.html
http://www.schenker.at/index.html

Project E-LOG BioFleet | & |l

centA

2 O 1 O - 2 O 1 6 HYDROGEN CENTER AUSTRIA
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Flottenstatistik

/FC fleet statistics 2015
/Truck on time: 28.838 h
/FC on-time: 15.368 h

Start / Stopp cycles: 36.961
/Truck power demand: < 750 W
/FC system drive cycle
efficiency max: 53 %

/Number of refuellings: ~ 4133

—
e > =
30.12.2013 01.04.2014 01.07.2014 01.10.2014 31.12.2014 02.04.2015 02.07.2015 02.10.2015
Datum
-1 —8—62 —8—63 64 —@—55 —O@—06c6 —@—5/ —@—6c8 —B—069 —@—i70 —@—il —8—72

DBJ SCHENKER ™"/
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Project Wind2Hydrogen :
2014 — 2016 centh

Conversion of renewable electricity into hydrogen for storage purposes and transport
inside the natural gas grid

-« New development of a high pressure PEM-electrolycer
« Construction of a 100-kW-pilot plant

« Operative experiences of a power-to-gas-plant with real-life load cases of
renewable energy and the feed-in of H2 into the natural gas grid

« Production of sustainable hydrogen for H2-mobility

Sponsored by resources of the climate and energy fund as part of
»ENERGY MISSION AUSTRIA*

1

] D

MY EVN > G @
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Project Wind2Hydrogen :
2014 — 2016 centh

Set up of pilot plant, operation since 08.06.2015,
official Opening by Minister Stéger on 19.08.2015

@EHEHE[E powered by ] +
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Project HIFAI - RSA

2014 — 2017 S

HYDROGEN CENTER AUSTRIA

« System integration test bench for scientific research on
150 kW PEM fuel cell systems

« Hardware in the Loop, real time simulation of vehicle, driver and
driving cycles

« Continuous tool chain for applications of fuel cell systems, from
simulation, optimization through to verification on the test bench
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Project HIFAI - RSA

2014 - 2017

centA

HYDROGEN CENTER AUSTRIA

« Optimization of energy and thermo management

 Accelerated aging test procedures

 Improved cold start behavior

« System configuration and integration of fuel cell systems for
stationary and mobile applications

« Optimization of energy efficiency of the entire system integration

test bed
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Project FCH Media mpE ReaEms
20 14 - 2016 AVL vechanii e echatonk HYDROGEN CENTER AUSTRIA

Research activities on instrumentation and

actuation of fuel cell test benches with

 High dynamic conditioning of hydrogen and
air as well as

 Dynamic flow measurement including
appropriate calibration techniques.

Kamin

-D

o | Tyoe |loemand mess || Umtnow || Seoests || Mess Tme [|Temo CU i Frowi

0.5~ 20 bar

Onime Vakws | Messages || Stmedactine Haguitation Param | Graph Page [
Outpus Pross. || Feout VEW || Test Ren || FORCED || DotaLogang | Fow Sensors | waening Inertgas Preumativersorgung
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Project FC REEV 2014 - 2016 CentA

HYDROGEN CENTER AUSTRIA

Fuel Cell Range Extended Electrical Vehicle

Extension of a battery-powered
vehicle

with a

fuel cell system (25 kW)

and a

700 bar hydrogen storage system

for extended driving range (> 400 km)

TECHNISCHE
’FA UNIVERSITAT
WIEN
rsity of Techn

M MAGNA

PROTON MOTOR
Fuel Cells - Power Systems & Automobiltechnik
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Project FCH REFuel 2015 — 2018 centA

HYDROGEN CENTER AUSTRIA

Development of a modular low-cost H2 filling station concept using
350 and 700 bar electrolysis and fuel cell range extender vehicles

(D Prifcontainer

(2 Zapfsaule - gasformig 350 bar / 700 bar

@ Hochdruckkomponentenprufstand NEU

¢
3
£
5
§
E
3

(@ LH2-Konditionierer

(®) LN2-Tank flussig 3 000 Liter

(® N2 Verdampfer

(@ ND-H2-Puffer 2 x 5100 Liter NEU
ctace H2 Verdichter450 bar NEU

@Gaselager 1: H2, Erdgas, CH4, H2NG, He NEU

@ Tankbefiilifahrzeug (Zonierung nur im Grundr.)
@ HD-Elektrolyse, HD-Verdicher 950 bar NEU
@ Lagercontainer NEU (Cont. versetzt)
®Brennstoﬁze\\enprufsiand 150 kW NEU

@Kﬁlteaggregat NEU

{3 Kalteaggregat NEU

@ Schutzpfosten (fur Sicherheitsabstand) NEU
@Burocoma\ner NEU (Cont. versetzt)
@Gaselager 2: H2, Erdgas, CH4, H2NG, N2 NEU

@Gaselager 3. H2, Erdgas, CH4, H2NG, N2 NEU
— @0 LH2-Kupplung NEU

Ex-Zone O

Akt B e v

G fibag

SEFL A%

technologies

asorar - Ex—Zone 1

Ex=Tone 2 (Schutzzone gem. ONORM M 7387-1)

DBJ] SCHENKER 24V &
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Project FCH REFuel 2015 — 2018 CentA

HYDROGEN CENTER AUSTRIA

Ex—Zone O

Ex—Zone 1

Ex—Zone 2 (Schutzzone gem. ONORM M 7387—1)

ANSICHT SUD-OST 1: 100

LEGENDE BAU-UND ANLAGENTEILE

[ 4
(@ Prifcontainer @ HD-Elekirolyse, HD-Verdicher 950 bar NEU ‘ I b a 9

(@) Zapfsaule - gasfarmig 350 bar / 700 bar @ Lagercontainer NEU (Cont. versetzt)

@ Hochdruckkomponentenpriifstand NEU 3 Brennstofizellenpriifstand 150 kW NEU

(@) LH2-Konditionierer @ Kélteaggregat NEU ?

(8 LN2-Tank flussig 3 000 Liter @ Kalteaggregat NEU s l l A m | Sc H E N KE R
(® N2 Verdampfer {® Schutzpfosten (fir Sicherheitsabstand) NEU techno gies

@ ND-H2-Puffer 2 x 5100 Liter NEU @ Birocontainer NEU (Cont. versetzt)

H2 Verdichter450 bar NEU (B Gaselager 2- H2, Erdgas, CH4, HZNG, N2 NEU owv

(@ Gaselager 1 H2, Erdgas, CH4, H2NG, He NEU (D Gaselager 3: H2, Erdgas, CH4, H2NG, N2 NEU D

@ Tankbefullfahrzeug (Zonierung nur im Grundr.} @ LH2-Kupplung NEU O M V

|
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Development Staff
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12

Mitarbeiter/innen
10

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Jahr

B MA weiblich

B MA mannlich
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Vision of Hydrogen Economy CentA

HYDROGEN CENTER AUSTRIA

Legend:

1. photovoltaic plant, 2. wind power plant, 3. hydropower plant,

4. energy autonomous detached house, 5. municipal storage, 6. pumped-storage power plant,
7. centralized electrolysis and methanisation, 8. hydrogen filling station, 9. gas power plant
10. energy autonomous mobile network transmission station, 11. green intralogistics,

12. natural gas/hydrogen pore storage

|
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www.hycenta.at CentRA

HYDROGEN CENTER AUSTRIA

Contact:
HyCentA Research GmbH

Assoc.Prof. DI Dr. Manfred Klell (CEO)
Inffeldgasse 15

A-8010 Graz .
centA

HYDROGEN CENTER AUSTRIA MOTIVATION STANDORT PROJEKTE v WASSERSTOFF  ORGANISATION v  DE v

0316-873-9500
klell @h ycen ta.at (\j/;/saziftilr’v%r?gr Energiespeicher }

0000

Vision

Das HyCentA (Hydrogen Center Austria) fordert die Nutzung der

. von Wasserstoff als regenerativem Energietrager. Mit einem
Wasserstoffpriifzentrum und der ersten osterreichischen
Wasserstoffabgabestelle fungiert das HyCentA als Kristallisationspunkt
und Informationsplattform fir wasserstoffbezogene Forschungs- und
Entwicklungsaktivitdten.
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