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Primary energy Secondary energy Conversion Energy Carrier

Thermochemical Syngas
Conversion Purification

(%]
el
(%]
(%)
o
(sl

SMR / POX PSA

Pressure Swing
Adsorption

Steam Reforming
Partial Oxidation

Solar, Wind, .
Hydropower Electricity RESC

Reformer Steam
Iron Cycle

HYDROGEN

RENEWABLES

Biomass Biogas |
i Electrolysis
Biomethane
Vegetable oils
Algea from Ethanol Biochemical
sunlight conversion
Introduction
A3PS Eco Mobility 2019, Vienna

November 14, 2019 CEET

N
d Chemical Engineering
and Enviranmenial

© Graz University of Technology e =



High-Purity Hydrogen from Biogas with a Combined Reformer and Fixed-Bed Chemical Looping System

TU

Grazm
Introduction
RESC process in the context of hydrogen production pathways
Reformer Steam Iron Cycle
pd
- O 23 Fes0, +4 CO / H, 2
a o < O
w O = = <-> -
=2 Z O <
(f)g O o 3F€+4C02/H2 3
Z T
~NS IC:> 3Fe+4H,0 O
LS < <-> o
= = Q0 )
nw un Fes0, + 4 H, S
o T
A3PS Eco Mobility 2019, Vienna
November 14, 201y9 CEFT

© Graz University of Technology



TU

High-Purity Hydrogen from Biogas with a Combined Reformer and Fixed-Bed Chemical Looping System Grazm

Outline

0

)

< High-purity hydrogen from renewables
Advances in a 10 kW lab system

)

A 4

)

.0

)

High-purity H
A3PS Eco Mobility 2019, Vienna
November 14, 2019 CEET

v
8g833] Chemical Engineering
and Enviranmenial

© Graz University of Technology Tecmony



TU

High-Purity Hydrogen from Biogas with a Combined Reformer and Fixed-Bed Chemical Looping System Grazm

Advances in 10 kW lab system

Lab demonstration system
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Advances in a 10 kW lab system
Hydrogen purity
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% Low S/C ratio for optimized performance
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monoxide content K

“* Avoidance of low temperature areas in the system is crucial
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Advances in a 10 kW lab system

Hydrogen purity Hydrogen product gas stream in oxidation phase
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Hydrogen storage and long-term experience

Excerpt of long-term test series
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Graphics adapted from: Bock et al., 2019, RSC Advances, DOI:10.1039/C9RA03123E (CC BY 3.0)

% On-time hydrogen generation
e.g. for decentralized systems
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100 bar high-pressure hydrogen

Pre-pressurized H, release

% System-integrated 100 bar pre-pressurized release
demonstrated in lab system by water feed liquid
compression

% Significant energy savings for 1000 bar allocation
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Graphics from: Zacharias et al., 2019, Int. J Hydrogen Energy,
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100 bar high-pressure hydrogen

Pre-pressurized H, release
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Conclusion

*» Hydrogen from decentralized available resources for low-temperature fuel cells

“ High product gas purity (99.999%)

“ Feedstock utilization up to 60%

% Zero- or negative carbon dioxide emissions with CCS/CCU
% Loss-free energy storage

% On-time hydrogen generation

«* Pressurized release at 100 bar demonstrated
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