
 

Aerospace Europe Conference 2023 

Joint 10th EUCASS – 9th CEAS Conference 
 
 
 

 
Abstract #XXX (to be filled by the organizers) 
Preferred Topics: SUSTAV / UAVFUT 
Corresponding author: POLLET Félix 
e-mail of corresponding author: felix.pollet@isae-supaero.fr 
Type: Oral 
Status of corresponding author: Student 
For student corresponding author: student member of one of the following: 3AF 
 

 

Title  

Integrating Environmental Life Cycle Assessments in the Design Optimization of Electric UAVs 

 

Authors 
Félix POLLET1*, Scott Delbecq2, Marc Budinger3, Jean-Marc Moschetta4, Thomas Planès5 

 

* Corresponding author 
1 PhD Student, ISAE-SUPAERO, Université de Toulouse, 31055 Toulouse, France, felix.pollet@isae-supaero.fr 
2 Researcher, ISAE-SUPAERO, Université de Toulouse, 31055 Toulouse, France, scott.delbecq@isae-supaero.fr 
3 Professor, ICA, Université de Toulouse, UPS, INSA, ISAE-SUPAERO, MINES-ALBI, CNRS, 3 rue Caroline Aigle, 

31400 Toulouse, France, mbudinge@insa-toulouse.fr 
4 Professor, ISAE-SUPAERO, Université de Toulouse, 31055 Toulouse, France, jean-marc.moschetta@isae-supaero.fr 
5 Associate Professor, ISAE-SUPAERO, Université de Toulouse, 31055 Toulouse, France, thomas.planes@isae-

supaero.fr 

 

Abstract 
Unmanned Aerial Vehicles (UAVs) have undergone intensive development in recent years. Owing to their cost-
effectiveness and high maneuverability, these vehicles are expected to emerge in a wide variety of applications such as 
package delivery, power line monitoring, and precision agriculture. However, UAVs face regulatory and societal 
challenges that could slow down their introduction into the markets. Their social acceptance is highly related to 
environmental concerns, for example, impacts on climate change. The relevance of UAVs will therefore depend on the 
ability to take stringent environmental limits into account right from the design phase. This requires a rigorous and 
comprehensive approach to assist manufacturers in sizing and designing eco-efficient UAVs. 
Although there are methodologies in the open literature for sizing multirotor [1–4], fixed-wing, and hybrid UAVs [5–8], 
none of them provides models for analyzing the environmental impacts during the design and sizing process. 
Environmental considerations for UAVs focus on simplified approaches estimating the in-flight energy consumption [9] 
or more complex approaches applying Life Cycle Assessment (LCA) methods to analyze the impacts of existing designs 
associated with different stages of their life cycle [10–12]. In these studies, the evaluation of life-cycle impacts is not 
linked to the sizing process. Hence, the current state of the art does not provide the capability to evaluate and minimize 
the environmental impacts of UAVs as of the conceptual design phase. Yet, solutions have already been implemented 
for conventional aircraft design problems [13], [14]. The present paper provides an approach to integrate LCA in the 
design optimization of UAVs in order to link design-related issues to environmental casualties. 
For this purpose, a numerical tool for the design optimization of electric drones, FAST-UAV, has been developed and 
implemented in previous work [1], [6], [15]. The methodology enables the sizing and evaluation of various 
configurations (multirotors, fixed-wings and hybrids) for a wide range of specifications. It relies on a multidisciplinary 
approach that includes analytical models for the propulsion, aerodynamics and structures, among others. A module for 
environmental analysis in now being implemented in FAST-UAV.  First, the environmental impacts of the components 
selected in the sizing process are evaluated with LCA methods. This allows determining which components and which 
life cycle phases are critical with respect to various environmental impact categories. Then, the analysis is integrated in 
the design optimization problem and different objective functions are compared for minimizing the environmental 
impacts at the system level. Finally, different designs are compared and sensitivity analyses are carried out for assessing 
the benefits of future technological improvements such as battery energy density on environmental performances, as 
well as parameters such as the lifetime of the UAV. 
The results will help establish guidelines for the eco-design of UAVs towards a more sustainable market. 

mailto:felix.pollet@isae-supaero.fr
mailto:scott.delbecq@isae-supaero.fr
mailto:thomas.planes@isae-supaero.fr
mailto:thomas.planes@isae-supaero.fr


2/2 

 AEC2023_abstract_pollet.docx 

 

References 
[1] S. Delbecq, ‘Efficient sizing and optimization of multirotor drones based on scaling laws and similarity models’, Aerosp. Sci. Technol., p. 23, 

2020. 

[2] S. Oh, M. Kim, H. Kim, D. Lim, K. Yee, and D. Kim, ‘The Solution Development for Performance Analysis and Optimal Design of 
Multicopter-type Small Drones’, in 2020 International Conference on Unmanned Aircraft Systems (ICUAS), Sep. 2020, pp. 975–982. doi: 

10.1109/ICUAS48674.2020.9213985. 

[3] D. Bershadsky, S. Haviland, and E. N. Johnson, ‘Electric Multirotor UAV Propulsion System Sizing for Performance Prediction and Design 
Optimization’, in 57th AIAA/ASCE/AHS/ASC Structures, Structural Dynamics, and Materials Conference, San Diego, California, USA, Jan. 

2016. doi: 10.2514/6.2016-0581. 
[4] M. Gatti, ‘Complete Preliminary Design Methodology for Electric Multirotor’, J. Aerosp. Eng., vol. 30, no. 5, p. 04017046, Sep. 2017, doi: 

10.1061/(ASCE)AS.1943-5525.0000752. 

[5] K. Fayez, Y. Leng, T. Jardin, M. Bronz, and J.-M. Moschetta, ‘Conceptual Design for Long-Endurance Convertible Unmanned Aerial 
System’, in AIAA Scitech 2021 Forum, 0 vols, American Institute of Aeronautics and Astronautics, 2021. doi: 10.2514/6.2021-1059. 

[6] F. Pollet, S. Delbecq, M. Budinger, J.-M. Moschetta, and J. Liscouët, ‘A common framework for the design optimization of fixed-wing, 

multicopter and VTOL UAV configurations’, in 33rd Congress of the International Council of the Aeronautical Sciences, Stockholm, 
Sweden, Sep. 2022. Accessed: Nov. 09, 2022. [Online]. Available: https://hal.archives-ouvertes.fr/hal-03832115 

[7] P. Stahl, T. Seren, C. Roessler, and M. Hornung, Development and Performance Comparison of Optimized Electric Fixed-Wing VTOL UAV 

Configurations. 2018. 
[8] M. Tyan, N. V. Nguyen, S. Kim, and J.-W. Lee, ‘Comprehensive preliminary sizing/resizing method for a fixed wing – VTOL electric UAV’, 

Aerosp. Sci. Technol., vol. 71, pp. 30–41, décembre 2017, doi: 10.1016/j.ast.2017.09.008. 

[9] A. Goodchild and J. Toy, ‘Delivery by drone: An evaluation of unmanned aerial vehicle technology in reducing CO2 emissions in the 
delivery service industry’, Transp. Res. Part Transp. Environ., vol. 61, pp. 58–67, Jun. 2018, doi: 10.1016/j.trd.2017.02.017. 

[10] N. André and M. Hajek, ‘Robust Environmental Life Cycle Assessment of Electric VTOL Concepts for Urban Air Mobility’, in AIAA 

Aviation 2019 Forum, American Institute of Aeronautics and Astronautics. doi: 10.2514/6.2019-3473. 
[11] M. A. Figliozzi, ‘Lifecycle modeling and assessment of unmanned aerial vehicles (Drones) CO2e emissions’, Transp. Res. Part Transp. 

Environ., vol. 57, pp. 251–261, Dec. 2017, doi: 10.1016/j.trd.2017.09.011. 

[12] J. K. Stolaroff, C. Samaras, E. R. O’Neill, A. Lubers, A. S. Mitchell, and D. Ceperley, ‘Energy use and life cycle greenhouse gas emissions of 
drones for commercial package delivery’, Nat. Commun., vol. 9, no. 1, p. 409, Feb. 2018, doi: 10.1038/s41467-017-02411-5. 

[13] A. Johanning and D. Scholz, ‘A first step towards the integration of life cycle assessment into conceptual aircraft design’, 2013. Accessed: 

Jan. 30, 2023. [Online]. Available: https://www.semanticscholar.org/paper/A-FIRST-STEP-TOWARDS-THE-INTEGRATION-OF-LIFE-
CYCLE-Johanning-Scholz/1ac18b6c17dfcfa57d10055e1699912268e5cd31 

[14] A. Fabre, T. Planès, S. Delbecq, V. Budinger, and G. Lafforgue, ‘Life Cycle Assessment models for overall aircraft design’, in AIAA 

SCITECH 2022 Forum, American Institute of Aeronautics and Astronautics. doi: 10.2514/6.2022-1028. 
[15] F. Pollet, S. Delbecq, M. Budinger, and J.-M. Moschetta, ‘Design optimization of multirotor drones in forward flight’, in 32nd Congress of 

the International Council of the Aeronautical Sciences, Sep. 2021. 

 


