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Motivation

With the aviation sector's commitment to achieving net zero CO, emissions by 2050, exploring sustainable alternatives is essential. The limited existing
research on fuel cell applications in aircraft necessitates a comprehensive life cycle assessment (LCA) to analyze the environmental impacts, identify key
contributors to emissions, and evaluate trade-offs compared to conventional fossil fuel systems. This assessment aims to provide insights into the
potential of fuel cell propulsion systems (FCPS) in reducing greenhouse gas emissions and advancing sustainability in aviation.

Case Study Environmental Impact Breakdown: 1 FCPS and 1 pkm

100% —
—_— Fuel Cell Propulsion 90%
system System (FCPS)
e < [?,?ﬂs » 7 Fuel Cell Stacks 80%
> 1 Balance-of- 20%
c P, Plants
2 " N > Net power 60%
output 312 kW
Fuel Cell Aircraft 50%
» 10 propulsion ¥ 40%
systems
» 1 Hydrogen e . 30%
Tank ( S -
» Design range: Air - >| Air cooler | Fuel cell cooler | - 20%
1000 NM . - |
Mandgement || - 10% g
- Water Cooling Mangégn?ent
’ N Management pump . |
PowerCell PEMFC A - @ 1 . 0%
Stack  Comerossar | i 0 1 ‘ pkm pkm FCPS pkm FCPS FCPS pkm FCPS
: . fier oo ]
» 436 cells Hypessel ' N Stack | climate change ecotoxicity:  energy resources: human toxicity: material ozone depletion
» 120 kW, max. r freshwater non-renewable carcinogenic resources:
Fuel Cell Stack .
power A for remction 1 - metals/minerals
> 41 kg = Air for cooling T
—*z;uid e He s # Hydrogen Production (Electricity) il Hydrogen Production (AEL) % Hydrogen Production (Others)
E’ggﬁjﬁ;‘znle Fuel Management Hydrogen M Bipolar Plates Catalyst Catalysed Membrane
Gasket ® Gas Diffusion Layer B Polymer Electrolyte Membrane
[1, 2] Endplates B humidifier ® heat exchanger (fc)
{ M heat exchanger (air) cooling pump B compressor
® Hydrogen Tank B Tank System
Methodology - Fueee i i Major impact contributors
AirFox [3] (passenger km)
= Well-to-wheel LCA .
« LCIA method: EF v3.1 1 FCPS: and bipolar plates
Data Transfer _ ' ] . . . .
= Ecoinvent (background 1 pkm: German wind electricity for hydrogen production
data): vV 3.9.1 ] -

[ Fuel Cell Stack Data ] i -

] Material m Simplified impact comparison
Calculation -

>
Pj) LCI | ‘) » UM] Lower impact of Fuel Cell Aircraft compared to SAF Aircraft:
Balance-of-Plant Data > Geﬁ““ - s '-C"Io; ) Mostly due to lower electricity consumption during fuel production
: LCI Tra.nsfer Brlghtwy resuits
E, >cript [ Higher impacts in comparison to fossil kerosene:

Fuel Cell Propulsion / . o . . .
System Data = e) HTC: Chromium and mercury emission from wind turbine production
MRD: Longer supply chain

/ |
Life cycle inventory (LCl) Simplified impact comparison (1 pkm)
Pvthon Tool Fuel Cell Aircraft vs. SAF (PtL) Aircraft!> ¢lvs. Fossil Kerosene Aircraft
Background data yt on 100
| Forground data Development 100
. 5 Flexible and adaptable
BoP _ FuelCellstack python tool for AirFox- W
. c
Thermal Management Fuel Cell . LCI coupllng % 10
' > Flexible, E ®
Heat Exchanger (ic) |Gas Diffusion Layer : = o
Heat Exchanger parametrizable % <
(air) Bipolar Plates datasets O 2
Cooling Pump ! . S - Fossil
Catalysed -
Memgrane (--</Tetraﬂuoroethy|ene< » Easy mpUt E 1 . kerosene
Air Management Polymer <:Titanium dioxide< modifications for E S
Electrolyte M | | _ component weight = B
Compressor Membrane <_Sulfuric a0|d< . 8 S
\ calculations ” 3
Catalyst ~<_Extrusion : ] .
Fuel Management Ay ) ! < > AUtOmatES Ilfe CyCIe g 0-1
Catalystink i i £
Hydrogen Tank additives ! inventory generation
Tank System . » Promotes data reuse
Gasket ; across applications oon
Water Management - » Accommodates climate change  ecotoxicity: energy human toxicity: material  ozone depletion
Sumidifior Endplates ' various aircraft sizes (CC) freshwater (FE) resources: non- carcinogenic resourFes: (OD)
and collector o renewable (HTC) metals/minerals
and missions (NRER) (MRD)
._____________ / ® Fuel Cell Aircraft  m SAF-powered aircraft

Schroder et al. (2024), Optimal design of proton exchange membrane fuel cell systems for regional aircraft
P Stack Datasheet, p-stack-v-221.pdf (powercellgroup.com)

AirFox (https://www.dIr.de/de/tt/forschung-transfer/forschungsinfrastruktur/modellierungswerkzeuge/airfox/airfox)
Mutel (2017), Brightway: An open source framework for Life Cycle Assessment J

Rojas-Michaga et al. (2023), Sustainable aviation fuel (SAF) production through power-to-liquid (PtL): A combined techno-economic and life cycle assessment

Bardow et al. (2021), Life-cycle assessment of an industrial direct air capture process based on temperature—vacuum swing adsorption


https://www.dlr.de/de/tt/forschung-transfer/forschungsinfrastruktur/modellierungswerkzeuge/airfox/airfox

