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KOPERNIKUS FLAGSHIP-PROJECT

“Power-to-X: Exploration, Validation and Implementation of P2X Concepts”

Coordination:

Consortium:

17 Research Institutes
26 Partners from Industry
3 Civil Society Organizations
— 64 Working Groups

Ridiger-A. Eichel, IEK-9

Walter Leitner, ITMC
Budget:

38.3 M€ (1t funding period of 3 years)
8.3 M€ (contribution from Industry)

Kurt Wagemann
Funding term:
10y in total (of three periods)
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EXCELLENCE INITIATIVE OF THE GERMAN FEDERAL
AND STATE GOVERNMENTS

Cluster of Excellence (2012 — 2018) Cluster of Excellence (2019 — 2025)
Tailor-Made Fuels from Biomass (TMFB) The Fuel Science Center (FSC)

Adaptive Conversion Systems for Renewable
Energy and Carbon Sources

funding:
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DAS RHEINISCHE ZUKUNFTSREVIER
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TRANSFORMATION TOWARDS SUSTAINABILITY

Status-Quo — ,Energiewende’ is mainly a Transformation of the Energy Sector

Proportion of Renewable Energies in Germany
in the sectors: Electricity, Heat and Transport

AGEE-Stat 2017
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TRANSFORMATION TOWARDS SUSTAINABILITY

Global Warming and Greenhouse-Gas Emissions

Temperature Change [°C]

C
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Climate path

Temperature change in

Previous
development

Global warming by Anthropogenic Greenhouse Gases:

Upto5° in 2100 without Mitigation Measures
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POWER-TO-X & INTEGRATED ENERGY

Transition of Key Sectors towards Sustainability

Today: Petro-Chemical Value Chains Future: P2X for Integrated Energy
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‘INTEGRATED ENERGY’ SCENARIO

Power-to-X as Key enabling Technology

Power-to-Power

Renewables —> Energy

Sector <l
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Battery storage o
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Power-to-Gas Q)
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Electrolysis
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Fuel cell
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Co-electrolysis
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©  Power-to-Chemicals Power-to-Fuels c
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Fuel storage

Bio Waste
Reduction of Industrial Carbon Footprint

Sustainable Value Generation
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CIRCULAR-ECONOMY SCENARIO

Power-to-X as Key Enabling Technology

(" Renewables ) Co-Electrolysis TR Integrated Energy
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‘POWER-TO-GAS’

Transition of the Energy Sector (‘Energiewende’)

Objectives for Chemical Energy Storage:
Intermittent Energy Supply & Consumption
Long-term (seasonal) Energy Storage by Chemicals
Reliable Energy Supply with Renewables
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POWER-TO-GAS-TO-POWER

Round Trip Efficiency

Power generation El.chem. conversion Chem. conversion Storage Re-electrification
(Renewables) (H,O-Electrolysis) (Methanation) (Gas Grid) (GuD, Gas Turbine)
X
n
o
CH;-Vector |
. & <t < | I}
(Grid Storage) < < QIJ kIJ ‘E
S
100 % n ~ 65— 80 % n ~ 80 — 85 % n ~ 85— 95 % n ~ 35— 55 % s
H,O CO,
Power generation El.chem. conversion Storage Re-electrification
(Renewables) (H,O-Electrolysis) (Cavern) (Fuel Cell)
X
=
O
H,-Vector |
(Cavern Storage) T; H, = ch
Il
S
100 % n ~ 65—80% n ~ 85— 95 % n ~ 65— 80% s
H,O
High potential of improvement: High potential of improvement:
Efficient Electrolyzer Cells Efficient Fuel Cells
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‘POWER-TO-FUELS’

Transition of the Traffic & Transportation Sector (‘Verkehrswende’)

Objectives for Synfuels:
Reduced CO,- & NO,-emissions
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Institute of Energy and Climate Research '
IEK-9: Fundamental Electrochemistry page 12 J U LI c H

Forschungszentrum



SYNFUELS

Herstellung flissiger Kraftstoffe:

— Synthetisches Kerosin und Diesel liber das Fischer-Tropsch-Verfahren

Primary Products

Fischer-Tropsch-Products
CxHy, CxH,OH

Methanol
CH5OH

SynFuels

Diesel

Kerosin

Methan (SNG)

Flussiggas (LPG)

DME / OME

— Ottobenzin Gber die Produktion von synthetisches Methanol mit anschlieBendem Methanol-to-Gasoline

(MTG)-Verfahren

institute SFRAA STURREHSLIGMEX) als Pigslersatz
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specific energy density [Wh/kg]

ENERGY DENSITY OF SYNFUELS

Energy Storage Capacities
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Synfuel Emissions (Oxymethylene ether, OME)
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Stickoxidemissionen (NO,) / g/kWh

D. Deutsch, D. Oestreich, L. Lautenschitz, P. Haltenort, U. Arnold, J. Sauer
Chemie Ingenieur Technik 2017, 89, 486—489.

ACHEN | @ A JU
R JULICH



FILLING STATION INFRASTRUCTURE (GERMANY)

Petrol Filling Station Infrastructure (existing) Hydrogen Filling Station Infrastructure (future)
www.aral.de www.linde.com
Existing infrastructure: Existing infrastructure:
14.510 petrol filling stations (2017) 17 hydrogen filling stations (2014)
Capital cost per station: = 2.5 M€ Capital cost per station: = 1.0 - 2.5 M€

planned infrastructure (2023):
400 hydrogen filling stations (invest = 400 — 1000 M€)
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‘POWER-TO-CHEMICALS’

CO, as Chemical Feedstock (‘Chemiewende’)

Objectives for CO, as Chemical Feedstock:
Chemical Production using CO,, Water and Renewables

CO, (and Biomass) as sole Carbon Source for Chemical Industry
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VALORIZATION ... VALUE CHAINS

Short History of Time — towards Power-to-Chemicals

Kohlechemie Petrochemie
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POWER-TO-CHEMICALS

Sustainable Value Chain — ,green’ syngas chemistry

S. Foit, I.C. Vinke, L.G.J. de Haart, R.-A. Eichel, Angew. Chem. Int. Ed. 56 (2017) 5402 — 5411

(L]
Institute of Energy and Climate Research page 18 '
IEK-9: Fundamental Electrochemistry J U LI c H

Forschungszentrum



‘INTEGRATED ENERGY’ SCENARIOS

Power-to-X as Key enabling Technology

Objectives for ‘Integrated Energy’ Scenarios (‘Sektorkopplung’):
Reduction of GHG emissions by input of renewables into the sectors Chemical Industry, Heat, Traffic & Transportation

CO,-conversion as chemical Storage Option
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‘INTEGRATED ENERGY’ SCENARIO

Availability of Renewables — Case Study ,Synfuels’

,Worldscale‘-Facility Topaz Solar Farm
(California, USA)

Foto: NASA

1 TWh (@ 550 MW rated power)

— ca. 40.000 t annual synfuel production

Assumption: 25 TWh = 1 Mio. t trad. fuel

,Worldscale’-Facility Alpha Ventus
(45 km north Borkum)

Foto: Deutsche Offshore-Testfeld und Infrastruktur GmbH & Co. KG Oldenburg

0.242 TWh (@ 60 MW rated power)

— ca. 10.000 t annual synfuel production
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‘INTEGRATED ENERGY’ SCENARIO

Availability of CO, as Feedstock

(X ]
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‘INTEGRATED ENERGY’ SCENARIO

Availability of Renewable Power
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OFF-GRID SCENARIOS

Decentralized or Autonomous Technologies

—
—

Scalability (‘Terawatt Challenge’)
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