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INTRODUCTION [1]

151. Introduction: The chal lenge of decarbonizing aviation

1. Introduction:  
The challenge of decarbonizing aviation

Aviation’s climate impact is increasing

In December 2019, the European Commission put forth its Green Deal with the objective for decarbonization: 

net carbon neutrality across all sectors and EU member states by 2050. For aviation, this target is even more 

ambitious than those from the Air Transport Action Group (ATAG), which call for carbon-neutral growth from 

2020 onwards and a 50 percent reduction of emissions by 2050 relative to 2005 levels. Both of these targets put 

the aviation sector under increasing pressure to decarbonize – and do so quickly.

Per passenger, the aviation sector has become more carbon-efficient over the past three decades. Higher seat 

density and utilization, operational improvements, and technology improvements like higher engine and airframe 

efficiencies have boosted fuel efficiency per revenue passenger kilometer (the number of kilometers traveled by 

paying passengers) by approximately 50 percent. Supported by the optimization of flights, flight routing, and 

airport taxiing, this trend is expected to continue. 

Nevertheless, rising demand for air travel has led to a significant increase in direct CO
2
 emissions from 

aviation – by 34 percent over the past five years. Growing populations and prosperity will further increase 

demand, with forecasts ranging from 3 to 5 percent per year until 2050.3 Even if efficiency improvements – 

currently around 1.5 percent p.a. – accelerate to 2 percent p.a. as targeted by the ICAO, emissions from aviation 

will double to approximately 1.5-2 gigatons of CO
2
 emissions by 2050. Given the stated targets from the EU and 

ATAG, this projection underlines that further decarbonization measures will be required – also in the short-term 

already applying new fuels such as SAF.

3 IATA (2018), WWF (2020)
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Projection of CO2 emissions from aviation

1. Assumption based on growth projections from ATAG, IATA, ICCT, WWF, UN

2. ICAO ambition incl. efficiency improvements in aircraft technology, operations and infrastructure

2.5-3% of 

manmade CO2

Demand growth of 4% p.a.1 

Efficiency improvements of 2% p.a. 2

SAF and radical technology

Net-zero target

ATAG target: -50% vs. 2005
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• 3-7% of global CO2 equivalent
• 900 tons of CO2 today p.a.
• 3-5% increase of demand p.a.
• 1.5 % efficiency improvements p.a. 
• 1.5-2 gigatons of CO2 in 2050

• Neutral growth starting from 2020
• 50% emission reduction in 2050

Projection of CO2 emissions from aviation, credits:[1]

The impact of aviation on climate
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CO2 emissions per segment and range credits: [1]

Pollution analysis
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POLLUTION REDUCTION [1] 

Biofuels and synfuels
• Drop-in fuel
• Biomass production for biofuels
• Zero net impact if CO2 from direct 

air capture for synfuels
• Energy required

H2
• Not drop in fuel
• Energy required 
• Carbon-free
• Cryogenic

Synthetic fuel, credits efuelpacific.com

New fuels benchmark
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POLLUTION REDUCTION [1][3]

H2

Volumetric 
energy 
density 

75% lower 

LH2

cryogenic

21 K and 
1.25 bar

Production, 
distribution 

and  
refueling

LHV and 
HHV 3x 
kerosene

Hydrogen, credits e3g.org

H2: properties & challenges 
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AIRFRAME DESIGN[3][5]

Revolutionary aircraft Evolutionary aircraft 

Blended Wing And Body, credits [5]

Tanks integration, credits [3]

Technical specification

Hydrogen propulsion integration
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AIRFRAME DESIGN [3]

• Experience on manufacturing, 
safety and reliability 

• Faster EIS
• New systems design 
• Trade-off between range in   

kilometers and payload
• Autonomy constrains

Tanks integration, credits: [3]

Evolutionary aircrafts
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AIRFRAME DESIGN[5]

• CTW might not be suitable for 
future challenges

• Leverage of existing concept to 
exploit new design opportunities 

• Completely new manufacturing 
• Long EIS time Airframe evolution, credits: [4]

Revolutionary aircrafts 
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AIRFRAME DESIGN[5]

• Aerodynamics
• Light weight (GTOW)
• Structural loads
• Improved stability 
• Lower fuel consumption

• Compatibility with airport infrastructure
• Technology readiness level

Flying V, credits [5] Strut-braced wings, credits [5]BWB, credits: airbus.com

Revolutionary concepts
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PROPULSION SOLUTIONS

• Thrust requirements
• Emissions
• Fuel cells for commuters 

or regional aircrafts 

Change of in-flight emissions and emission related effects, credits: [6]

Fuel cell vs Gas turbine
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PROPULSION SOLUTIONS [6]

• Specific power
• Advantage on using electric thrusters
• Oxygen intake
• Thermal control

Functioning of a proton exchange membrane fuel cell, 
credits: Wikipedia

Fuel cell



Corso di Laurea in Ingegneria Aerospaziale

PROPULSION SOLUTIONS [7][8][9][10]

• Several tests with currently used engines
• No huge differences in terms of       

performance
• Lower specific fuel consumption 
• NOx and lean combustion 
• Development paths in CC

Turbofan inlet, credits: boldmethod.com

Gas turbine
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CONCLUSION

Decarbonization

Next 
future

Synfuel

H2 integration

Long-
term

Revolutionary 
concepts

H2 infrastructure

Development paths
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