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Motivation
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❑ Aviation contributes to climate change by emitting various pollutants such as:

• Carbon dioxide (CO2); 34%

• Non-CO2 effects; 66%

e.g., Contrails, Nox-induced Ozone and CH4, H2O…..etc

❑ All in all, the sector currently accounts for approximately:

10% OF TRANSPORT SECTOR 
EMISSIONS

2-3% OF GLOBAL CO₂ 
EMISSIONS

3-5% OF TOTAL ANTHROPOGENIC 
RADIATIVE FORCING (RF)

D. S. Lee, D. Fahey, A. Skowron, M. Allen, U. Burkhardt, Q. Chen, S. Doherty, S…., et al., “The contribution of global aviation to anthropogenic climate forcing for 2000 to 2018,” Atmospheric Environment, vol. 244, p. 117834, 2021
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❑Mitigation Measures
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Technological solutions 

(Hybrid-) Electric aircraft

Hydrogen-powered aircraft

Alternative fuels 

Sustainable aviation fuel 

Hydrogen

Market-based measures

EU emission trading system

CORSIA

▪ Can be beneficial for non-CO2 effects

▪ Medium-to long-term measures

Operational measure

Flight Planning
▪ Feasible with existing infrastructures

▪ Relatively short-term measure

“Non-CO2 effects have a strong dependency 
on the time and Location of emissions” 

… … …
▪ Large-scale flight rerouting may

increase air traffic complexity and
compromise operational feasibility.
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❑ SAF Benefits and Limitations 

Roger Teoh, Ulrich Schumann et al. (2022). Targeted Use of Sustainable Aviation Fuel to Maximize Climate Benefits.
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❑ State of the art: Climate Optimized Flight Planning with SAF

Literature review on trajectory optimization for climate impact mitigation

STUDY

FUEL Climate effects CONSIDERED FACTORS FLIGHT PLANNING

SAF All using aCCF/CCFs model Uncertainty Methodology

(Matthes, Lührs et al., 2020) - Contr., O3, CH4, H2O, CO2 - Direct opt. control

(Yamashita, Yin et al., 2020) - Contr., O3, CH4, H2O, CO2 - Genetic algo.

(Yamashita, Yin et al., 2021) - Contr., O3, CH4, H2O, CO2 - Genetic algo.

(Lührs, Linke et al., 2021) - Contr., O3, CH4, H2O, CO2 - Direct opt. control

(Niklass, Grewe et al., 2021) - Contr., O3, CH4, H2O, CO2 - Direct opt. control

(Vitali, Battipede et al. 2021) - Contr., O3, CH4, H2O, CO2 - Direct opt. control

(Yin, Grewe et al. 2023) - Contr., O3, CH4, H2O, CO2 - Genetic algo.

(Castino 2023) - Contr., O3, CH4, H2O, CO2 - Genetic algo.

(Simorgh, Soler et al. 2023) - Contr., O3, CH4, H2O, CO2 MET Augmented Random Search

(Simorgh, Soler et al. 2024) - Contr., O3, CH4, H2O, CO2 MET Direct opt. control

(Simorgh, Soler et al. 2025) - Contr., O₃, CH₄, H₂O, CO₂ MET Augmented Random Search

(Chevallier, Guitart et al. 2025) - Contr., CO₂ MET Fast Marching Tree

(Demouge, Guitart et al. 2026) - Contr., CO₂ - Fast Marching Tree
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❑ Research Gaps and Scientific Objectives

• Existing studies on Climate-Optimized Flight planning are 

focused on kerosene-based aircraft operations;

• Need for accurate SAF emissions quantification and 
climate impact estimation;

• No studies have investigated the potential of SAF and Flight 
planning to address both CO2 and non-CO2 climate effects 
under operational and fuel availability constraints.

O.1: Climate-optimized flight planning with SAF;

O.2: Conducting large-scale analysis of the mitigation potential
of SAF and climate-optimized flight planning to inform and
support evidence-based policy decisions;

O.3: Develop AI-Based aircraft trajectory optimization that
increases the computational efficiency of the state-of-the-art
optimizers.

Research Gaps Research main objectives

Research Question How can we effectively utilize SAF and climate-optimal flight planning to maximize climate benefits while 
ensuring operational feasibility and accounting for current SAF limitations?
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General Formulation Of the Problem
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o Flight Envelope Limitationso Aircraft Dynamical Model 

o Problem formulation

Subject to:

A
B

To generate feasible and efficient trajectories between origin and 
destination pairs: 

Cost optimal trajectory Climate optimal trajectory

Simorgh, A., Soler, M., et al, 2023.

o Operating Cost: 

o Climate Impacts Estimates: aCCF, CoCiP    

o Flight  Planning objectives 
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Single Case Analysis: Methodology 
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Optimized trajectory

Robust Aircraft Trajectory 
optimizer

O.1: Climate-optimized flight planning with SAF;



Robust Optimization Of Structured Trajectories: ROOST
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https://github.com/Aircraft-Operations-Lab/roost

Features:

• A technique for flight planning that Integrates

horizontal and vertical decision-making

• Fast performance due to its GPU-based parallelization

• Considers climb, cruise, and descent phases

• Incorporates uncertainty in meteorological variables, as

well as initial flight time and initial flight mass

• Simorgh, A., Soler, M., González-Arribas, D., Linke, F., Lührs, B.,
Meuser, M.M., Dietmüller, S., Matthes, S., Yamashita, H., Yin, F. and
Castino, F., 2023. Robust 4D climate-optimal flight planning in
structured airspace using parallelized simulation on GPUs: ROOST V1.
0. Geoscientific model development, 16(13), pp.3723-3748.

• González-Arribas, D., Baneshi, F., Andrés, E., Soler, M., Jardines, A., &
García-Heras, J. (2023). Fast 4D flight planning under uncertainty
through parallel stochastic path simulation. Transportation Research
Part C: Emerging Technologies, 148, 104018.

https://github.com/Aircraft-Operations-Lab/roost
https://github.com/Aircraft-Operations-Lab/roost
https://github.com/Aircraft-Operations-Lab/roost
https://github.com/Aircraft-Operations-Lab/roost
https://github.com/Aircraft-Operations-Lab/roost


PhD Doctoral Meetings 2026 |PhD Program in Aerospace Engineering

Single Case Analysis: Results
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Midday Assessment: Departure @ UTC 12h00

❑ Date: Jan 2nd , 2023

❑ Optimization Framework: ROOST

❑ Flight: Frankfurt                 Kiev

❑ Fuel types: Kerosene, 50% Kerosene - SAF Blend, 100% SAF

❑ Aircraft: A320-231 (engine: V2500-A1)

❑ Climate Impacts: Gridded CoCiP

FL380

FL360 • Higher cruise altitude for the Cost 
Optimal trajectory and the 
climate-optimal trajectory of 
100% SAF operation;

• The flights operated with 50%  SAF 
and full kerosene tend to fly at 
slightly lower altitude.

For this specific scenario of flight, day 
and departure time, the vetical profile 
shows:
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Single Case Analysis: Results

+3 SOC

>-90%
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❑ Results & Insights Phase 1: Single-flight experiments (2023)

❑ Insights:

• Within each individual case, increasing SAF blending tends to reduce
contrail energy forcing when the effect of the contrail in that specific
flights (which dependent on the atmospheric conditions, locations
and time of Emission) is warming.

• We can see a substantial reduction in the contrail Energy forcing as
SAF blends increases for warming contrails

• And that for both cost and climate optimal trajectories

• It is clear that climate-optimal routings lead to noticeable
differences in contrail forcing compared to cost-optimal trajectories.

• However, in case the effect is cooling, the benefits is reduced given
that the initial number of ice water concentration is reduced and in
turn it shortens the lifetime of the formed persistent contrails.

Jan 2nd , 2023

March 14th, 2023

March 18th, 2023



❑ Decision Making Framework
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………………….

Considering optimizing N flights using the proposed approach, for each flights several alternative exists for both routing options and blending 

ratios: 

inputs
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For the optimal selection of one alternative per flight based on the criteria discussed earlier, we define 

a vector of binary decision variables for all alternatives across all flights, i.e.,

is a binary variable that indicates whether the kth flight adopts routing option r with a blending ratio of b%.

Based on these definitions, the decision-making problem is simply stated as follows:

With: 

❑ Decision Making Framework

Max increase in operating cost

SAF capacity constraints

Allowable
rerouting



❑ Aggregated Analysis: Results
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Monthly Assessments: Departure @ 00h00 UTC & 12h00 UTC

❑ Date: 1st Jan – 31st March

❑ Optimization Framework: ROOST

❑ Flight: Top 10 European routes

❑ Fuel types: Kerosene, 50% Kerosene - SAF Blend, 100% SAF

❑ Aircraft: A320-231 (engine: V2500-A1)

❑ Climate Impacts: Gridded CoCiP

Research Question How can we effectively utilize SAF and climate-optimal flight planning to maximize climate benefits while 
ensuring operational feasibility and accounting for current SAF limitations?

35%

75%

100%

▪ Climate optimal 1: +0.05% SOC, 1% SAF Cap, 2% Max Rerouting 

▪ Climate optimal 2: +0.1% SOC, 2% SAF Cap, 4% Max Rerouting 

67%

102%

122%

• From 20% SAF Availability onwards, increasing the 
production of SAF does not translate in any additional  
climate benefits. 
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Ongoing Work: Proposed Solution Based on PiNNS
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Main Limitation of the Current Optimizers:

• The limitation of the current optimizer are essentially the computation cost when performing large scale analysis over 
several years and for thousands of flight, 

Optimized Trajectory 

• To overcome this challenge, we aim to develop an AI-driven framework capable of significantly accelerating 
climate-optimal trajectory generation while maintaining high solution quality.

❖ O.3: Develop AI-Based aircraft trajectory optimization that increases the computational efficiency of the state-
of-the-art optimizers.
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Achievements & Contributions
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Thank you! 
Questions?
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