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Innovative reuse of the
central landfill site Leppe

Dr. Pascal Beese-Vasbender
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Viaste Management and Concepts

VR
Waste and Environmental Consutting

Recovery and Treatment of Viaste

site of learning

* Education at an authentic location
« from kindergarten to secondary school

*  Promoting environmental awareness
« Encouriging the interest in natural science
«  Supporting hands-on occupational orientation

* Offering dynamic and up-to-date events
« Littie Scientists' House, environmental olympics...

and Center

ial area, leisure / and culture Dy o
Technology Technology
Arts Sciences Arts Sciences

Application-oriented research for circular economy TH Kaln

* Interdisciplinary research projects in environmental technologies

Fermentation of biomass to biogas

Biomass incineration

Treatment of wastewater and landfill leachate
Hydrothermal carbonization

Gasification of residual biomass

Pyrolysis

H, production from biomass and wastes
Sorting and recycling of construction wastes
Automation for process optimization

Life Cycle Assessment

laboratory

to
pilot plants

- research concept

e—
0. green waste,

residual wood, screenings,
biouwaste, sawags Sisdgs,

metaliic raw
materials

Secondary raw
materials

balancing, LCA, efficiency,
economic and sociological considerations

Partner of

sty & NRWBANK
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Zi Fraunhofer
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Comming up

Extension of the touristic area and solar energy production
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Structure of the HC-H2

H2 Innovation center = Cooperations with core partners
Institute for a sustainable hydrogen

economy (INW)
of Forschungszentrum Jilich

Contisty proviting core of the HC-H2

H2 Demonstration region
With partmers from industy, academia &

Helmholtz-Cluster
=&

Hydrogen

For a sustainable and infrastructure-compatible hydro

iflincwz

Chemical hydrogen carriers Structure of the HC-H2

Enabling long-term storage and long-distance transportation H2 Demonstration Region

In the final stage: 15 - 20 innovative H2 demonstrators of relevant size, distributed across the
g bydragen Rhenish mining area: anchor for company settlements and start-ups.
pressare catayst,

reat production
O\
[ derivatives\ Start: 15112022 Multi-SOFC - Power and heat generation
from hydrogen derivatives

Upcoming: Many project ideas in pipeline, e.g.
- Biomass to Hydrogen
*+ Hydrogen from DME

- MeOH and DME + Hydrogen applications in high temperature processes

- cHa(SNG)
- LoHe

iinone

High-temperature (co-)electrolysis for Power-to-X
Sustainable Syngas Production in Power-to-X Technologies

KOPERNIKUS
_ T)) PROJEKTE
« Syngas is a mixture of carbon Kopernikus P2X o Zukunit unseser Emargie
monoxide and hydrogen Exploration, validation and implementation of "Power-to-X" concepts
(CO/H,), which is an important =S @ aw Coordination
base chemical for chemical - B s s e
industry

Kurt Wagemann (DECHEMA)
» High-temperature co-electrolysis

8t tunding period Q016-19)
offers a sustainable technology

ghts of current R&D activities at IEK-9

2nd funding period (ﬂme zar

for syngas production using 08 Mo
Visit of the delegation of the National Science and Technology Council (NSTC) Taiwan ronewablo energy S onding perid (2 thmzoslﬁ
November 14th, 2023 I LG.J. (Bert) de Haart and H. Tempel "
| Forschungszentrum Jalich, IEK-9 Fundamental Electrochemistry "™ |Il“i“!“\?“1‘
@) JiLicH e pe @) JiLicH
Momborof he Hembots Assciotion bl oo [PR— Page3 ek P Sy Peckmgssesiin

Development status of high temperature co-electrolysis

Summary cell, stack and process development i IpERNIKE
= high-temperature co-electrolysis offers a sustainable technology for syngas production
using renewable energy

* with high-temperature co-electrolysis the produced syngas can be tailored to the ~
desired Hy/CO ratio from 1/1 to 4/1 without any loss in performance SV R 3 nh@& ﬂ m

) Low-temperature alkaline and waste water electrolysis and CO,-reduction
« thermodynamic modelling of the co-electrolysis process shows that the Hy/CO ratio of the
product gas is governed by the RWGS equilibrium

Visit of the delegation of the National Science and Technology Council (NSTC) Taiwan
November 14th, 2023 1 H. Tempel

+ degradation remains an issue, alternative electrode materials necessary | Forschungszentrum Jillich, IEK-9 Fundamental Electrochemistry

.mm sontrum

PROCESS WATER CYCLE NEW Ru-Ti-O DESIGN STRATEGIES

1 M process water or sea water Goal: Increase Faraday Efficiency & Reduction of Ru content

— Approach: Optimize pore structure & more equal atom distribution
Desalination PP P P q Process parameter
<0.01 MNaCl ~2MNaCl Gradient Alloy Bulk alloy / Activity
———
All(alme ‘water electrolysis Chiorine alkaline electrolysis il
s s e . B . - More stable DSAS with less Ru [ \
o 85V @ 2Alc - Lower system costs by stack design Alloying | |
- High mslslam:e hwrards impurities - Low current densities due to molarity | stability Selectivity |
Accumulated ~0.5MNacl \ /
impurities 1.5 M NaOH

Oxidizin
RuOTiO, 9 Electrolyte composition  Anode design

Alkalng watar loctrolyss of impure water
- More stable DSAS with less Ru

- Lower system costs by stack design

- Low current densities due to molarity

=
o
p L

ity it JULICH

683 Fndamertal e recher Sorconurgezontiom

Vimbarof e Holmbait Avssciaton Page 12 Membar o te Halmhatz Asscistion Fage 17
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Creavis —
Unboxing the fi

September 2022

@ evonik

Creavis — The strategic innovation unit and business incubator of Evonik

Pioneering solutions for a

better life by ...

= Developing new, sustainable
businesses for Evonik

= Driving strategic innovation beyond
the focus of existing business

* Identifying new opportunities via a

foresight approach

Fostering extemal cooperation,

networks, and open innovation

worldwide

= Attracting and developing talents for
Evonik

@ evonik

The Creavis
approach ...

Using this approach
Creavis pursues New
Business Development
for the divisions and the
group.

® ® O

©

PR TR ST ———

focuses on new markets and
evolving value chains.

focuses on sustainable system
solutions™.

focuses on commercialization
within a 5-10-year time frame**.

is cross-industry and
interdisciplinary.

At progstsia.

@ evonix

Unboxing Defossilation

HYDROGEN ECONOMY

Enabling a green hydrogen
RENEWABLE CARBON economy as key element of a
ie-netral society wih

Closing the carbon cycle by specialty chemicals & materials
carbon capture, forthe producton, logistics &
biotechnological as wellas storage of hydrogen
chemical conversion
technologies. Creating products.

ased on new sustainable:
feedstocks

CIRCULARITY

in

existing Evonik polymer and additive markets,
‘commocty plastics, and key industry relevant metals

@ evonk

RHETICUS
Artificial Photosynthesis

Production of specialty
chemicals using carbon

dioxide & renewable
energy

Evonik Operations GmbH | Creavis Liv Reinecke| 29" November 2023

Project RHETICUS turns technical photosynthesis into industrial scale

Natural Photosynthesis.

Technical Photosynthesis - RHETICUS

Préere

S /

ey

Pr—

\=
"
@

Natural photosynthesis utiizes energy from Technical phatosynthesis utilizes energy from renewable sources to

sunlight to convert carbon dioxide (CO,) and convert CO, and water into chemicals via electrolysis and subsequent

water into organic materials i several steps. fermentation. These processes allow CO, to be recycled and used to
create valuable chemicals.

seecamy
a0 cHemcals

L8

SIEMENS
SR

(oL R —— @ evon
Specialty chemicals from CO, and renewable energy Introduction
Upscaling & Process optimization Hydrogen Economy
& Evonik Hydrogen
wISHBE ST Beiersdort @ EVONIK RHETICUS Project  SIEMENS @ evoniK Activities

* Development of

* Scale up from lab to pilot
scale

technology
inlab scale + Demonstration of Dr. Christian Daschiein
o et e process feasibility in
produet portolo, photacel
product application ﬁ November 2023
T A Libscote 2000 L scale
5. Bt ot G 24523 Rton Pt L R @ evonik -
. The membrane is the heart of the electrolyzer: DURAION® pushing the
The science of colors of a colorless gas performance of Evonik polymer and membrane competence

Approx. 55% of hydrggen generation today
s 1 - 5 -

Steam Reforming  Partial Oridation Erectralysis - Scheiiatic ool deskn O AEM leckohves DURAIO Our performance promise

Natural gas (CHy)

i )

Oil  coal (C4Hy)

Oxygen
9,

Iydrogen:
Like grey hycrogen based on fossi fusls,

Hydrogen (Hy) + Garbon monoxide /
Carbon dioxide:
(COICOy)
Grey Hydrogen
Based on ossi fusts
(signioant amous of CO, arsformed)

b e G s 8 e
Sun/Biomass/Wind
=)
‘Water Pyrolysis of methane.
B e
(H0) g
Hydrogen + Orgen - s s e oo
) ©) e e
-
Groon yorsgen:

Based on renznatie snergy

@ evonik

e ——

—— = Very high ionic
conductivity
= Excellent chemical
stabilty in aggressive
media
omcummny  wwcoexwn  x Distinguished mechanical
integrity

esAre QU TaANGLE

The DURAION® membrane of Evonik meets
triangle of membrane based water electrolysis.

quality

@ evonx

48




49



