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Parametric LCA model
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Transition Scenarios

Environmental module

Component masses, UAV design
mission energy (sizing methodology)
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[1] European Commission, Product Environmental Footprint methods, 2021
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LCA results (“single” score)

Technology assumptions
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Sizing results
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Sensitivity to sizing objective
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Fig.

Transition Scenarios
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Numerous publications of air
transport prospective scenarios...
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AeroMAPS

AeroMAPS: An open-source framework for performing
multidisciplinary assessments of prospective scenarios for
air transport.
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+3% per year

—
New architectures with
20% efficiency gains in 2035

A 6.1% operational gains 2020 — 2050

82.4 — 85% load factor increase in 2050

N~

SSP2 « Middle of the road » (historical trends)
Without climate policy
Modelled with REMIND IAM

ReCiPe methods []
21 impact indicators

@

Energy mix

Case study

Scenario 1 - Fossil

100% fossil kerosene

Scenario 2 - ReFuelEU

2030 2035 2040 2045 2050

Fossil 94% 80% 66% 58% 30%
Biofuels 4.8% 15% 24% 27% 35% [forestresidues]

E-fuels 1.2% 5% 10% 15%  35% [grid electricity]

Scenario 3 - ReFuelEU Solar
ReFuelEU with e-fuels produced from photovoltaic electricity

N—

[1] Huijbregts et al., ReCiPe2016: a harmonised life cycle impact assessment method at midpoint and endpoint level, 2017
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Midpoint impacts
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Sensitivity to electricity mix (in 2050)
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Endpoint results in 2050

Midpoints Endpoints
P P Ecosystem Quality Human Health Natural Resources
Climate Toxicity —
2
(18]
Ecosystem 5
b
— 2
0]
2
Water Resources =
ke 7
Human health 48
() ®
— —— W g
o0 0
Resources
4
Land use Eutrophication ,‘ p\
- \\ | /4 Midpoint Category
{ ) ,E% & mmm Terrestrial Acidification mmm Human Toxicity (Carcinogenic)
_\\é I Climate Change 0 Human Toxicity (Non-Carcinogenic)
B Land Use m  Particulate Matter Formation
o — (E—— B Photochemical Oxidant Formation " Energy Resources (Fossil)
. Others [ Material Resources (Metals/Minerals)
D D C——

. . . " . . 20
Introduction Aircraft Design Transition Scenarios Perspectives



INSTITUTE FOR ISHE<;~/ . . . .
I \ SUSTAINABLE | 19UL 7 Influence of socio-economics & climate pOlICy

AVIATION SUPAERDO
SSP 1 - Sustainable development SSP 2 - Historical trends Socio-economic
less inequalities, less resource- for social, economic, and technology pathway
intensive lifestyles...
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Fig.: Endpoint results for Scenario 2 (ReFuelEU) and different SSP/climate policies (modelled by the REMIND 1AM)
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Conclusions & perspectives
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Pillars of environmental assessment

+ Social-LCA
+ Life Cycle Cost

S-LCA
LCA < Air transport

LCC
Systematic assessment of transition scenarios.

Integration of LCA into AeroMAPS
Release Q4 2024

<

@

Sensitivity & uncertainty analyses

Finer modelling of fuel pathways

A lCA ™
/ methods & +
Socio-economic —> i Technical
& policy context &—— modelling
f S-LCA
LCA < Aircraft design
LCC

LCA is a key enabler for integrated eco-design approaches.

v/ Conclusive study on electric UAVs

G

\_

Extension to commercial aircraft

@

& improved impact assessment methods

Comparison with environmental budgets for
“absolute” impact assessment (sustainability)

@

Consistency between air transport scenarios and
socio-economic pathways / climate policies
modelled by IAMs

@
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FAST-OAD: an open-source framework for overall
aircraft design FAST-OAD-CS25: Regional, SMR, (LR)

FAST % OAD — e ane amms

C. David et al. "From FAST to FAST-OAD: An open source fraﬁvework for rapid
Overall Aircraft Design." 2021.

Future Aircraft Sizing Tool - Overall Aircraft Design

[ coccor )
FAST-OAD is a framework for performing rapid Overall Aircraft Design.

roposes multi-disciplinary analysis and optimisation by relying on the Open! framework. . .
Hpreposes Uiy sy andepfmisaton by ehing onfhe QperiiBAO Trmevert FAST-OAD-CS23: General aviation (+ Commuter)

FAST-OAD allows easy switching between models for a same discipline, and also adding/removing/developing
models to match the need of your study.

ONERA

More details can be found in the official documentation. s . -DAH E R
https://github.com/fast-aircraft-design/FAST-OAD )

F. Lutz et al. "FAST-OAD-GA: an open-source extension for Overall Aircraft Design of

I . B General Aviation aircraft." 2022.
: I im I I m_

FAST-UAV: Multirotor, Fixed-wing and Hybrid UAVs

\
3 INSA =

F. Pollet et al. "A common framework for the design optimization of fixed-wing,
multicopter and VTOL UAV configurations." 2022.

L

T concordis
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Sensitivity to weighting of environmental objective

Sizing results

Mass
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Material
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Sustainability of last-mile delivery

LCl data
uncertainties

Multirotor UAV
(case study)

Diesel van
2-2.5tons

6%

4 kg/week (e.g., groceries)
froma 10 km store

g.km/person.year)

2%

Demand\(

Share of safe operating space
for climate change [1]

0%

I L e . |
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Vehicle carbon intensity (gCO,./kg.km)

Fig.: Share of safe operation space consumed by last-mile delivery
as a function of vehicle carbon intensity and usage intensity

27

[1] Sala etal, Journal of Environmental Management, 2020
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Sensitivity to electricity mix (in 2050)
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