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Modelling aviation transition scenarios
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Research activities
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ISAE-SUPAERO research on air transport sustainability and technology assessment

~

Transition modelling
Technology modelling Technology assessment
Scenario simulation and assessment .
Aircraft and systems Fleet renewal
Operations Technological scenarios
Z)*( Energy Emission inventories

\ AeroMAPS /

Multidisciplinarity

Transition cost

Climate sciences Environmental sciences
Demand forecast
Climate modelling Life cycle assessment Air transport economy aqd sociology
Impact of climate change on aviation Planetary boundaries Regulation and economic schemes
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Transition modelling - Two tools

D
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Objective: simulate air transport prospective scenarios
—> Build a sectoral integrated assessment model

Development of a modular open-source framework for
performing multidisciplinary assessment of prospective scenarios

Insights: use of open-source Python frameworks (GEMSEOQ, Ica-
modeller...), dedicated user interfaces (Jupyter notebooks, GUI...)
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Planés, T., Delbecq, S., & Salgas, A. (2023). AeroMAPS: a framework for performing multidisciplinary
assessment of prospective scenarios for air transport. Journal of Open Aviation Science.
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SUPAERD
Objective: regionalising AeroMAPS

Compilation of an open-source traffic and
emissions dataset

Development of a dedicated user interface for
dataset exploration

H,AeroSCOPE te 0

Salgas, A., Sun, J., Delbecq, S., Planes, T., & Lafforgue, G. (2024). Compilation and Applications of an
Open-Source Dataset on Global Air Traffic Flows and Carbon Emissions. Journal of Open Aviation Science.
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MFSP [£/M]]

Transition modelling — A wide range of applications

Scenario simulations

Evolution of annual CO2 emissions from air transport

Comparison of mitigation strategies

— Historical emissions.

Emissions at 2019 technological level - Baseline of 3% growth
— EMISSIONS at 2019 technological level - Projections

luding all levers of i
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Some examples
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Climate sciences

-

Methodology

Development and modification of
simplified climate models
(dedicated metrics and emulators)

Validation and benchmarking

Model standardisation

Open-source release (AeroMetrics)
and integration into AeroMAPS

Input scenarios
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References: Planés et al. (2021), Arriolabengoa et al. (2024)
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Environmental sciences

-

Methodology

cycle assessment method

Dedicated framework
(Ica-modeller)

Development of a prospective life

Generic (AeroMAPS, FAST-OAD)
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Comparison of
mitigation
strategies

- Biomass
feedstock
- Electricity
source

Overall aircraft design

- Optimisation (UAV)
- Hybridisation
(CS-23)
- Missions and fuels
(CS-25)

-

Applications
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References: Pollet et al. (2024), Planés et al. (2025), Pollet et al. (2025)
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Technology modelling and assessment

-

o

Several approaches for modelling fleet

* Mean annual efficiency gains
*  Fleet renewal models with logistic functions
» Data-driven comprehensive fleet renewal
models (production, retirement, aircraft-
route allocation, productivity)

- Technology assessment

Inputs from OAD /
Airlines / Manufacturers
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Fleet renewal strategies

- lllustrative scenario for
the aircraft demand
- Optimised deliveries

and retirements
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References: Delbecq et al. (2022), Planes et al. (2023), Delbecq et al. (2023), Delbecq et al. (2024), Viry et al. (2024) Viry et al. (2025)
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Multidisciplinarity

-

Abatement costs

Simple method to evaluate individual projects

Marginal abatement cost curve for year 2032
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Abatements Costs = Cost per CO, avoided

Compare projects

Direct optimisation
Rigorous cost-efficient scenario design
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IS2 consumes 26% of biomass in IEA NZE scenario

\ 4

Cost-optimisation of blending mandates by

» Align aviation scenarios with societal carbon values constraining biomass availability (same carbon
\_ and level of ambition J U budget, ramp-up/down constraints)
References: Salgas et al. (2025), Planeés et al. (2025), Salgas (2025)
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Roadmap
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Current and future research works

*  Climate and environmental sciences S— T een
«  Climate models and metrics (benchmarking) DTU ARBUS 2 5 . - e \e
. LCI (fuels), LCIA (update for climate and others) >—= [NSA j p m‘
*  Planetary boundaries and downscaling T e i
Technology modelling and assessment = \wgz’s et al. (2025)
*  Aircraft design F. Pollet )
*  Fleet renewal: production, retirement, THALES
productivity, aircraft/route allocations 5 ‘ [ E =
«  Overview of operations efficiency TUDelft B ath .

. Contrail avoidance and SAF effects

*  Multidisciplinarity
*  Development of new models at global and route

Capacity (passengers/year)
»
Share of the ASKs (%)

Université — elicptimal] fuel: 7159 kg

levels based on socio-economic data de Lille | v co w7200k o N i
+ Sufficiency measures (e.g. quotas integrating Shmimma
sociological analyses) | Vity et al. (2023)
*  Market equilibrium and sociological indicators
*  Scheme modelling: CORSIA, EU-ETS 250 ASE
225
*  Transition modelling and framework features = 20
*  Representative scenarios ...
. Genericity, coupling, optimisation, uncertainties s s s
* Interactions between regions and stakeholders XY S o St ek
-
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