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Measures to reduce the climate impact of aviation
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Decarbonization of aviation by 2050 [1]

[1] ICAO (2022): Innovation for a green transition, 2022 Environmental Report



Future targets and research objective
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➢ EU‘s 2050 Flightpath

➢ NASA‘s N+3

• CO2 emission by 75%

• NOx emission by 90%

• Noise emission by 65%

Electrified/fuel cell aircraft

• Use sustainable energy 

sources

• Produce fewer emission 

compared to conventional 

aircraft

Future trends 

in civil aviation

Objective

• Assess environmental impact of alternative propulsion system

• Parameter dependent LCI of fuel cell propulsion system (FCPS) 

to assess various flight scenarios for current and future FCPS

Emission 

reduction targets
[1]

[1] Sain et al. (2022): https://doi.org/10.25967/570151
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METHODOLOGY
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Developed tool for automatic FCPS LCI 
generation
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Fuel Cell 

Stack Data

Balance-of-

Plant Data

Fuel Cell 

System Data

Material 

Calculation

Airfox tool [1]

Inventory

Generation

[1] Schröder et al. (2024): https://doi.org/10.1016/j.enconman.2024.118338

fuel cell system sizing and 
simulation tool for aviation 
applications based on 
experimental lab data



System Description [1]
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Technological Characteristics

➢ 10 fuel cell propulsion systems

− 312 kW (3.12 MW in total)

− 7 fuel cell stacks

− 1 balance-of-plant (BOP)

(Thermal, Air, Water & Fuel Management)

Operational Characteristics

➢ Flight distance: 1000 NM

➢ Passengers: 70

[1] Schröder et al. (2024): https://doi.org/10.1016/j.enconman.2024.118338

Air Management

Thermal Management

Thermal Management

Water

Management

Fuel Cell Stack

H2 Tank

Fuel 

Management



System Description [1]
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Technological Characteristics

➢ 10 fuel cell propulsion systems

− 312 kW (3.12 MW in total)

− 7 fuel cell stacks

− 1 balance-of-plant (BOP)

(Thermal, Air, Water & Fuel Management)

Operational Characteristics

➢ Flight distance: 1000 NM

➢ Passengers: 70

[1] Schröder et al. (2024): https://doi.org/10.1016/j.enconman.2024.118338

Air Management

Thermal Management

Thermal Management

Water

Management

Fuel Cell Stack

H2 Tank

Fuel 

Management

Advantages of tool

• Applicable to various flight 

scenarios (one example)

• Easily adaptable to different fuel 

cell systems

• Automatic LCI generation



Weight Calculation of Fuel Cell Components?
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BOP data

Mass HEX Fuel Cell

Mass HEX Air

Mass Compressor

Mass cooling pump

Mass humidifier

Fuel Cell System data

No HEX Fuel Cell

No HEX Air

No Compressor

No cooling pump

No humidifier

No stacks

Stack data

Type of cell (Powercell S3 stack)

Outer Cell Length

Outer Cell Width

Active Cell Area

Endplates thickness

Cell Thickness

Gas Diffusion Layer Thickness

Polymer Electrolyte Membrane Thickness

Mass of endplates

No of cells

[1] Jiao et al. (2021): https://doi.org/10.1038/s41586-021-03482-7

[2] Garraín et al. (2011): https://doi.org/10.4236/sgre.2011.22009

[2]

[1]



Weight Calculation of Fuel Cell Components

Cell areas Equation

Total Cell Area, At L * W

Cell Area, A (L - 2* ld) * (W - 2* ld) 

Active cell area, Aa given

Non-active cell area, Ana A - Aa
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Fuel cell component Equation

Polymer Electrolyte 

Membrane

Ana,s = Ana * 33.33% 

Apem = Ana,s + Aa 

mpem= Apem * dpem *ρpem

Total Cell Area, At

Cell Area, A 

Active Cell Area, Aa

Solid share of

Non-active Cell 

Area, Ana,s

Outer Cell 

Length, L

Polymer 

Electrolyte 

Membrane

Density, ρpem 1970 kg/m3

Share of non-active area 

(solid part)

33.33 %

Cell Length deduction, ld 0.02 m

Assumptions

Area

Calculation

Outer Cell

Width, W

Weight

Calculation

Images: p-stack-v-221.pdf (powercellgroup.com).

https://powercellgroup.com/wp-content/uploads/2022/05/p-stack-v-221.pdf


Boundary conditions for LCA
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Background data: 

Ecoinvent 3.9.1 (cut-off by classification)

Impact assessment method:

EF 3.1

Functional unit: 

1 passenger kilometer

System boundary: 

Well-to-wheel

• Simplified hydrogen supply

Background data

Foreground data

Fuel Cell System

Balance-of-Plant Fuel Cell Stacks

• Heat Exchanger (air)

• Heat Exchanger (fc)

• Cooling Pump

Thermal Management

Air Management

Fuel Management

Water Management

Fuel Cell

Gas Diffusion Layer

Bipolar Plate

Catalysed Membrane

• Polymer Electrolyte 

Membrane

• Catalyst

Gaskets

Endplates

• Compressor

• Hydrogen Tank

• Tank System

• Humidifier

Sulphuric Acid

Tetrafluoroethylene

Titanium dioxide

Extrusion



Passenger kilometer calculation
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Input information Variable Value Unit Ref.

Flight distance per flight dflight 1000 NM -

Number of passengers per flight Np 70 p -

Number of aircraft fuel cell systems NFCS 10 system -

Number of stacks per fuel cell system Nstack 7 stack/system -

H₂ consumption per flight mH2 610 kg -

Fuel cell stack lifetime astack 20000 h [1]

H₂ Tank replacement per lifetime rH2tank 1 tank [2]

Trips per day Ntrips 4 d-1 [3]

Yearly travel frequency f 90 % -

Fuel cell system replacement per lifetime rFCS 0 system -

Aircraft lifetime aaircraft 20 a [4]

[1] P Stack Datasheet, p-stack-v-221.pdf (powercellgroup.com).

[2] Wehrspohn, J., et al., A Detailed and Comparative Economic Analysis of Hybrid-Electric Aircraft Concepts Considering Environmental Assessment Factors, in AIAA AVIATION 2022 Forum, 2022.

[3] Pearson, J., The World's Longest Turboprop Routes In May 2022, 2022.

[4] Krasner, H., The Lifespan of Planes: How Long Can They Stay in Service?, 2023.

𝐻2𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

kg

pkm
=

𝑚𝐻2

𝑁𝑝 ∗ 𝑑𝑓𝑙𝑖𝑔ℎ𝑡

FCS
system

pkm
=

𝑁𝐹𝐶𝑆 ∗ (1 + 𝑟𝐹𝐶𝑆)

𝑁𝑝 ∗ 𝑑𝑓𝑙𝑖𝑔ℎ𝑡 ∗ 𝑎𝑎𝑖𝑟𝑐𝑟𝑎𝑓𝑡 ∗ 𝑓 ∗ 365 ∗ 𝑁𝑡𝑟𝑖𝑝𝑠

FCstack
stack

pkm
=

𝑁𝐹𝐶𝑆 ∗ 𝑁𝑠𝑡𝑎𝑐𝑘 ∗
𝑎𝑎𝑖𝑟𝑐𝑟𝑎𝑓𝑡
𝑎𝑠𝑡𝑎𝑐𝑘

𝑓 ∗ 365 ∗ 24

− 1

𝑁𝑝 ∗ 𝑑𝑓𝑙𝑖𝑔ℎ𝑡 ∗ 𝑎𝑎𝑖𝑟𝑐𝑟𝑎𝑓𝑡 ∗ 𝑓 ∗ 365 ∗ 𝑁𝑡𝑟𝑖𝑝𝑠

H2tank
tank

pkm
=

𝑟𝐻2𝑡𝑎𝑛𝑘
𝑁𝑝 ∗ 𝑑𝑓𝑙𝑖𝑔ℎ𝑡 ∗ 𝑎𝑎𝑖𝑟𝑐𝑟𝑎𝑓𝑡 ∗ 𝑓 ∗ 365 ∗ 𝑁𝑡𝑟𝑖𝑝𝑠

https://powercellgroup.com/wp-content/uploads/2022/05/p-stack-v-221.pdf
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RESULTS
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Impact contribution of the fuel cell unit
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➢ Largest contributors: Platinum (catalyst) and stainless steel (bipolar plates)

➢ Exception: Ozone depletion from polytetrafluoroethylene



Impact contribution of the fuel cell propulsion 
system
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➢ Additional impact: Carbon fibre reinforced composite (hydrogen tank) and stainless steel (compressor)

➢ Exception: Ozone depletion from polytetrafluoroethylene



Impact contribution of H₂ production and FCPS
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➢ Largest Contributor: Electricity for hydrogen production (Swedish wind power)



Impact comparison of 1 pkm with fuel cell aircraft 
vs. conventional fossil kerosene aircraft* 
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➢ Climate change reduction: 93%

➢ Impact increases: Human toxicity, carcinogenic (200%), Material resources (1600%)
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CONCLUSION
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Summary and Outlook

Summary

▪ Automated tool that enables flexible adjustment of 

LCI to various flight scenarios for current and future 

FCPS

▪ Applied to 70 seater fully electric aircraft flying 

1000NM (biggest impact contributors):

▪ Fuel cell unit: catalyst (cat), bipolar plates (bp)

▪ Fuel cell system: cat, bp, tank, compressor

▪ Exception: ozone depletion (PTFE)

▪ Passenger km: electricity for hydrogen production

▪ Fossil kerosene comparison: >90% climate 

change reduction
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Outlook

▪ BOP inventory still rather generic and uncertain

→ more detailed inventory

▪ Impact analysis for relevant parameters like stack 

efficiency, Pt loading or different energy scenarios

→ future FCPS development guidance

▪ Include in-flight emission in LCIA

→ e.g. water vapor at high altitude



Julia Weyand

julia.weyand@dlr.de

THANK YOU! 
QUESTIONS?
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