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Towards climate-neutral 
global aviation: 

Less flights, more wellbeing

SFOE Mobility Research and Innovation in Switzerland
Switzerland Innovation Park, Biel/Bienne, 12.09.2023
go.epfl.ch/aviation

http://go.epfl.ch/aviation
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NEFA Methodology

1. Analysis

a. Goals, commitments, and actions of key aviation players incl. CORSIA
b. Non-CO2 dynamic climate effects of aviation (today RFI=3)
c. Lifecycle climate and biodiversity effects of alternative fuels
d. Alternative power sources and possible efficiency gains: electric, hydrogen
e. Resource use for aviation and fairness
f. Credibility and past announcements of key aviation organizations 

2. Modeling, simulation, sensitivity analysis of NEFA

3. Policy and governance proposal development
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Typology of Climate Action

1 Sufficiency    2 Efficiency  3 Clean Energy    4 CCS            5 NET            6 SRM    7 Adaptation

Stabilize temperature

Stabilize CO2 concentration

Reduce emissions

Adapt to 
changed 
climate 

Mitigation (IPCC): reduce sources or enhance sinks Adaptation: reduce harm
5

Nick and Thalmann 2021
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Lee et al 2021
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Lee et al 2021
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Short-lived and long-lived GHG, example of methane

GWP100 or GWP20 or GWP* ?

For short-lived GHG, especially methane

CO2e* = (105 • ∆Em) + (7 • Em) 

where Em are current methane emissions and ∆Em is the absolute change in 
methane emissions over 20 years

Example: For methane from Swiss agriculture, based on the 1999-2019 period, 
when emissions slightly decreased from 160 to 155 kt CH4, 

∆Em is -5 kt CH4, and equivalent CO2 emissions using GWP* are

105*(-5)+7*155 = 560 kt CO2e
significantly less than the 155*28 = 4340 kt CO2e obtained when using GWP100

8

GWP20

GWP100

Nick and 
Thalmann 2021
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Simulation parameters
Emission reduction p.a. 8.80%

Initial emissions [Mt/p.a.] 1000
Final emissions [Mt/p.a.] 100
NE growth 2027-36 50.0%
NE growth 2037+ 25.0%
Max removals |Mt p.a.] 400
Removal cost start [$/t] 400

in year 2025
Removal cost final [$/t] 250

from year 2050
Interest rate 2.00%

Simulation results
CO₂ price [$/t] 229.87
Σ NE payments [$ bn] 3256.16
Removed excess CO₂ by 2072

Cash flow summary
Total discounted cash flow [$ bn]

Paid by fund -1816.79
Paid into fund 1816.79

Fund balance in end year 0.00



S
as

ch
a 

N
IC

K

10

Key message one

A climate-neutral aviation is a 
much smaller aviation. 

“Sustainable growth” is not 
credible; technology is unlikely to 

develop fast enough.

↑ here a 
miracle 
occurs
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Key message one

A climate-neutral aviation is a 
much smaller aviation. 

“Sustainable growth” is not 
credible; technology is unlikely to 

develop fast enough.
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Key message two

Given the risks and time shift, we propose a 
global public fund, investing $3.3 trillion over 40 

years in high-quality nature based solutions.
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Key message three

Based on its track record, 
aviation cannot be trusted 
to decarbonize voluntarily 

and must be regulated.
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Key message four

A well-designed governance ensures 
compliance, mobilizes significant resources for 
biodiversity and societal wellbeing, and gives a 

future to aviation.
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Key message five

From the perspective of main stakeholders, 
big but not insurmountable changes are 
needed, many with positive side-effects.
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Key message six

Holistically, the proposed approach reverses 
globalization and deregulation, and shifts resources 
from the top 1% to the rest of humanity, reducing 
biodiversity loss, the climate crisis, inequality, and 

improving resilience. 

It also gives a future to aviation and shows the way 
forward for other “hard to decarbonize” sectors.
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Why is wellbeing central to a sustainable society?

Wellbeing is a state of thriving, which involves full participation in society, a sense 
of prosperity and of leading a good life, based on the precondition of all needs 
being satisfied. Sustainable wellbeing extends this wellbeing to future generations. 

The concept of human needs is central to wellbeing, and the only approach that can 
define wellbeing in a broad culturally meaningful way, relevant now and far in the future. 

“Preference satisfaction”, or the different but equally subjective concept of hedonic 
happiness cannot be a basis for wellbeing, for many reasons such as limits to 
knowledge or rationality, adaptation, lack of moral distinction, or cultural differences 
(Gough 2015, 2017).
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How to analyze 
wellbeing?

Theory of human need, 
Doyal & Gough 1991
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Sufficiency framework based on satisfier orders   

1. Socio-technical provisioning systems

○ Examples: redesigning cities, relocalizating+rethinking supply chains, repurposing 
buildings and neighborhoods, rethinking services, reorganizing working time

2. Socially and culturally built activities

○ Examples: cars and non-essential flying become culturally toxic, identity and 
meaning is linked to human relationships

3. Energy and material services

○ Examples: optimized flight management reducing ton and passenger-km, 
video-conferencing

4. Specific product or technology

○ Examples: smaller and lighter car, optimized airframes and engines 

Nick 2023, (“satisfier order” adapted 
from Brand Correa et al 2020).
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High 
impact

Low 
impact

https://infoscience.epfl.ch/record/303200
https://doi.org/10.1080/15487733.2020.1816026
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Systems view, action levers, and leverage points

Systems: Leverage points

1. The power to transcend paradigms
2. Mindset, worldview, values
3. System goals

4. Power to change system structure
5. System rules
6. Structure of information flow 

7. Gain of positive feedback loops
8. Strength of negative feedback loops
9. Delays

10. Structure of stocks and flows 
11. Buffer size
12. Parameters, incentives, standards

Adapted from Abson et al. 2017, Meadows 1999

Intent

Design

Feed-
back

Para-
meters

12   11   10    9    8     7     6     5     4     3    2    1 
system

high

low

Action levers 

Coordinated action 
on multiple 
leverage points

Mindset: post-growth

System goal: 
wellbeing for all within 
planetary boundaries

Change system 
structure: via local 
deliberative 
democracy

System rules: 
resources for public 
luxury, private 
frugality 

Nick 2023 Friends of the Earth Europe 2018

https://link.springer.com/article/10.1007/s13280-016-0800-y
https://donellameadows.org/archives/leverage-points-places-to-intervene-in-a-system/
https://infoscience.epfl.ch/record/303200

