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Activities in the field of DLFCs
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Potential use cases identified

Status - Identification of Potential Applications

Electric power + Li-Ion Bat.

H2 (35 MPa) + PEMFC

H2 (70 MPa) + PEMFC

H2 (cryo) + PEMFC

eAmmonia + SOFC

eAmmonia + DL-PEMFC

eUrea + DL-PEMFC

eMethanol + DL-PEMFC

eEthanol + DL-PEMFC

eFuel + Ship ICE

eFuel + Jet Turbine

eFuel + Diesel ICE

eFuel + Otto ICE
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System 
Design

• Direct hydrogen FC
• Indirect Hydrogen FC
• Direct Liquid FC

Comparision
by

• Energy density
• Conversion efficiency
• Storage efficiency

Future 
propulsion
technology

• Energy power
• Fuel storage capacity

Outlook: Comparative Cost Analysis of Sustainable Propulsion Technologies

TME
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Status - Fuel selection

Easy handling, 

transport and storage

Promising theoretical 

energy densities

Systems with higher 

∆E0
cell than H2

Highest ∆ E0
cell for 
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AVT
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Status - Ammonia’s carbon footprint in respect to 
Synthesis routes & propulsion systems 

23 May 2023


Usage of NH3 in fuel cells can reduce CF more 

than usage of NH3 as a transport vector 


NH3 –FCEVs have lower CF than fossil Diesel-ICE and 

comparable CF to other low-carbon options!

 Depends on conversion efficiency of 
NH3 splitting and system efficiency of 
NH3 fuel cell

H2: hydrogen, NH3 : ammonia, HB: Haber-Bosch, CCS: Carbon capture and storage, FCEV: Fuel cell electric 
vehicle, ICE: Internal Combustion Engine, BEV: Battery-Electric Vehicle, CF: Carbon Footprint

LTT
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Status - Carbon footprints evaluation for different potential fuels LTT



Status - Recap of the latest results presented at the FSC conference
3 presentations and 2 posters

Use Cases 
for DLFC

Fuel Selection and 
Catalysis

e-

Life Cycle Assessment

e-
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e-

Adaptive Conversion Systems
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Outlook - Driving factors for developing DLFCs now!

Additive 
manufacturing
methods Membrane 

development

Sustainable
fuel availability

Demand to import
sustainable
energy-carrying
molecules

Decreasing
acceptance of fossil 

fuels

Changing
regulatory

Local
shortage of

green H2

e-



Outlook - Why were DLFCs neglected after the period of 1990-2000?
What is different today?

Problematic membranes:
Low stability
High fuel crossover

Catalysts…
Pt-based
Stability
Scalability of synthesis

High costs:
Low staibility of membranes

DLFCs have development
potential in the knowledge

areas of FSC PI‘s

DFT calculations to
understand limiting steps

In-Situ investigations to
identify reaction mechanisms

Catalyst materials improved (multi-
metallic, non Pt) but not enough

Improved Anion-Exchange 
membranes for alkaline media

Catalyst materials + synthesis
Overall low efficiency 

Missing regulations

New 
materials

Improved 
synthesis 
methods

Better mechanistic 
understanding

Sustainable production
routes for fuel candidates



DLFC’S ARE NOT 
EFFICIENT ENOUGH 
TODAY, TO COMPETE 
WITH HYDROGEN FC’S

Outlook - How to develop efficient DLFCs applying FSC core know-how?

CREATE AN 
UNDERSTANDING OF 
SUB-LAYING 
PROCESSES AND 
TRANSFER IT INTO 
ADAPTIVE, 
SCALABLE, 
SUSTAINABLE 
MOBILITY CONCEPTS 
FOR THE FUTURE

Catalyst Design System DesignProcess Design

New catalyst materials

DFT-calculations

Membrane development

Cell design

Stack testing

Use cases

In-situ characterization

RDE & cell testing

Ex situ characterization

CFD simulations

Additive manufacturing

Scalability concepts

CFD simulations

LCA assessment

Cost analysis
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The Fuel Science Center
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Why were DLFCs neglected after the period of 1990-2000?

EXC 2186: The Fuel Science Center                                                                                            
RWTH Aachen University                                                                                                       
Introduction | updated: 02.11.2020

Low efficiency due to:

- Low stability of membranes

- High fuel crossover

Low catalyst activity:

- High loadings

- Only Pt

- Stability

 High prices approx. 41% on catalyst material + synthesis



Slide 16

Benchmark

Emissions

Global Warming Impact

Electricity

H2 fuel cell

e-

H2

NH3 -(CH2)-CH3OH

H2 fuel cell

e-

Transport Vectors

DLFC

e-

Electricity

Electricity

H2
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