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TUM.Hydrogen & Power-to-X

4Technical University of Munich | Marcel Dossow | Jan 2022

From basic, laboratory research and pilot 

scale application to integration in the 

energy system

Illustration: Annelies Vandersickel

Research on Hydrogen and Power-to-X 
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Technical University of Munich

Sebastian Fendt
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Motivation for sustainable aviation fuels
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Pre-COVID carbon neutral growth

Illustrative 28% SAF use

Maximum 100% SAF use

Forecast on GHG emissions from international aviation

Contribution of:

…techn. Improvement

…ATM & infrastructure

SAF

Adidas 

Headquarter

SAFs only real

GHG reduction strategy

CAF spec. GHG 

emissions: 87.5g/MJ

COVID 19 effect



FT pathway and BtL modeling
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Conversion of lignocellulosic biomass through gasification and 

Fischer-Tropsch synthesis
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FT pathway and BtL modeling
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Aspen Plus BtL base case simulation
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Product yield: 0.11t/BDT 

Energy efficiency 18.5%

GHG emissions 48.71g/MJ 

BtL simulation results
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BtL base case results – carbon flow
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Base case Reference case

• Exhaust heat for torrefaction, recycle to gasification, direct FT recycle

• Hot gas filtration after gasification

• Warm AGR (ZnO, PSA)

BtL simulation results
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Aspen plus BtL simulation cases
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BtL simulation results
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BtL reference case results – carbon flow
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BtL simulation results
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Limited carbon conversion efficiency
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BtL simulation results
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A power-and-biomass-to-liquid (PBtL) approach
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Hydrogen enhancement - PBtL approach
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Aspen Plus PBtL simulation
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Hydrogen enhancement - PBtL approach

14Technical University of Munich | Marcel Dossow | Jan 2022

Aspen Plus PBtL simulation cases

PBtL case 2
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Aspen Plus PBtL case 3 results – carbon flow

Hydrogen enhancement - PBtL approach
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Aspen Plus PBtL case 3 results – energy flow

Hydrogen enhancement - PBtL approach
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Product yield: 0.57t/BDT 

Energy efficiency 45.8%

GHG emissions 150.9g/MJ 

Carbon efficiency

in product
97%

captured
3%

Electrolyzer size 320MW

H2 required 0.28t/tproduct
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Amount of required hydrogen reduced by more than 50%
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Hydrogen enhancement - PBtL approach
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Aspen Plus PBtL results comparison

Hydrogen demand in tH2/tfuel
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Aspen Plus PBtL results comparison
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Aspen Plus PBtL results comparison
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Conclusion
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BtL pathway

• Carbon conversion efficiency limited to 40%

• GHG emission reduction up to 76%

PBtL pathway

• Carbon conversion efficiency increased to 97%

• Required electrolyzer sizes are about 60%–160% of the 

biomass input: >120MW for 200MW PBtL plant

• Low emission factor needed for GHG reduction

• Use of electrolysis O2 within the process and smaller 

electrolyser sizes offer advantage over PtL process routes

Syngas-to-fuel (FT) pathway for SAF production

• Detailed process modeling shows huge potential 

of novel BtL and PtL combination.

• Novel process offers high potential to defossilize

transportation, i.e. aviation.

Dossow M, Dieterich V, Hanel A, Spliethoff H, Fend S: 

Improving carbon efficiency for an advanced Biomass-to-Liquid process using hydrogen and oxygen from electrolysis, 

Renewable and Sustainable Energy Reviews, 2021 (152) https://doi.org/10.1016/j.rser.2021.111670.

https://doi.org/10.1016/j.rser.2021.111670


Outlook – Future Work
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Next Steps:

• Dynamics of hydrogen production/availability/storage

• FutureLab H2E REDEFINE

• Electrically assisted gasification as alternative to H2 addition from electrolysis 

• Integration SOEC (Co-electrolysis) as alternative to H2 addition from electrolysis 

• Scenarios and possible locations for PBtL plant

Currently: Techno-Economic Assessment

• Process option selection

• SAF production and selling price

• CO2 mitigation price
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