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perspectives du début des années 2010 du “tout- avion” dans le souci
justement de la préservation de la planéte. Alors que la terre, ses foréts, ses
vallées et ses montagnes sont lacérées par les routes. autoroutes et le ballast
des voies ferrées dont les conséquences pour la biodiversité sont bien
connues, le ciel apparaissait comme un espace vide. capable de se
substituer aux routes terrestres par 'ouverture de nombreuses lignes
évitant ainsi [artificialisation des sols. Par ailleurs, ce phénomeéne
concerne principalement les capitales européennes. scandinaves, anglo-
saxonnes et francaise. Ni les pays d’Asie et d’Asie du Sud-Est. ni ceux
d’ Amérique du Nord et d’Amérique latine. ni I’Afrique ne se sont fait les
relais de ce mouvement.

L’enjeu pour le secteur aérien est que ce mouvement conjoncturel, porté
par une frange radicale de la société ne se banalise pas, ne s'imnstalle pas
de facon structurelle dans la société ni de fagon structurante dans le débat
public - ou lavion deviendrait clivant. le passager et l'industrie
stigmatisés, Or le discours semble avoir pénétré une large part de
I'opinion publique. En effet, une forme de consensus émerge et tous
semblent s’accorder sur quelques syjets : un taux élevé d’émission de
GES du transport aérien. la nécessité dune taxe kéroséne ou la régle de
toujours privilégier le train 4 "avion sur les trajets courts. La banalisation
d'un discours culpabilisant I’avion a eu pour principal effet de mettre en
concwrence les défenseurs de 'environnement et 'usage du transport
aérien. Cela est comme si le camp du Mal s’opposait au camp du Bien
dans un contexte ou la peur du changement climatique serait la nouvelle
“peur en Occident™ - entrainant son lot de réactions instinctives et de
comportements irrationnels - pour reprendre les analyses de historien
Jean Delumeau sur la fagon dont la peur structure les comportements
collectifs dans 1'Occident des XIV-XVIIIe sidcles'.

Si 'aviation ne fait plus partie du monde de cette jeunesse. 'enjeu est
que le discours ne devienne pas structurel dans la société, L'urgence
écologique ébranle les deux piliers de I’aéronautique. la science et le
réve : on n'adhére plus au réve et on dénonce la machine,

2
1 Jean Delumean, La peur en Occident. Une cité assiégée (XIVe-XVIIIe sigcles), 1978



II. Renverser la perspective : la science et le réve

A Fidele a ses wvaleurs. ['aviation a été pionniére dans le
développement d'une stratégie environnementale griace a des
efforts en R&D qui dessinent sa trajectoire de décarbonation

La maitrise de 'impact du transport aérien sur 'environnement est une
préoccupation ancienne des avionneurs et motoristes. Pour chaque
nouvelle génération d’avion de ligne des gains sont réalisés en matiére
d’efficacité énergétique. Selon le CGEDD « chaque nouvelle génération
apporte une amélioration de 1’efficacité énergétique d’environ 15 a 20%
par rapport a la génération précédente’”. Les auteurs précisent que
“I"efficacité énergétique en sidge/km a ainsi été améliorée de 70% depuis
Iavénement des premiers jets dans les années 1960. A titre d’exemple, la
derniére génération d’A320 du constructeur Airbus, avec le modéle
A320neo permet une amelioration de 'efficacité énergétique de 20%. 11
convient de noter que la réduction des émissions de la flotte mondiale est
conditionnée par son renouvellement qui s’opére progressivement dans
le temps.

Par ailleurs, le CGEDD remarque que “en 50 ans, la consommation de
kéroséne des aéronefs et donc les émissions de CO:2 de I'aviation ont
réduit de prés de 80% en passager’km transportés™. L’industrie
aéronautique représente “seulement 13% de la consonumation totale de
carburant™ selon I'OACI™. Les efforts engagés en matiére de R&D ont
permis, en matiére de propulsion, d’aérodynamique, des matériaux et des
systémes de réduire I'empreinte carbone du transport aérien. Ces travaux
sont coordonnés a I’échelle nationale au sein du CORAC. Le Conseil
pour la Recherche Aéronautique Civile (CORAC) regroupe les services
de I'Etat et I'ensemble des industries de la filidre aéronautique sous
I’autorité du ministére de la transition écologique et solidaire. A 1"échelle
curopéenne. ce role est dévolu a 1I'Advisory Council for Aeronautics
Research in Europe (ACARE) qui coordonne les programmes de
recherche Clean Sky et SESAR contribuant a la réduction de 'empreinte
carbone du transport aérien.

B2 Les biocarburants aéronautiques en France. Ferspectives de développement de leur production et de
leur usage a 'horizon 2020, rapport CGEDD-CGAAEE. novembre 2015

1 Efficacité des biocarburants d'aviation du point de vie de la réduction des emissions de CO2,
Note de travail de la Fédération de Russie, OACL 13 octobre 2017



Afin d'atteindre les exigences environnementales fixées au niveau
international. quatre voies d’action ont été identifides :

1/ Les progrés technologiques et les efforts en matiére de recherche et
développement (R&D) réalisés par les avionneurs et motoristes. Ils
permettront aux compagnies aériennes d'utiliser des aéronefs moins
consommateurs de carburant et done moins émetteurs de CO2. Ces
activités sont menées en France par le CORAC (Conseil pour la
Recherche Aéronautique Civile) et a I'échelle européenne par le comité
Acare (Advisory Council on Aeronautics Research in Europe) :

2/ Le développement des biocarburants aéronautiques permis par les
progrés réalisés au niveau des architectures nouvelles des avions et
moteurs :

3/ L’évolution des systémes de gestion du trafic aérien avec le
programme SESAR visant au déploiement du « ciel unique européen »
qui permettrait une réduction de 10% des émissions de GES grice a
I"optimisation des opérations en vol et au sol ;

4/ Les mécanismes de marché de compensation carbone.

A Au-dela de la maitrise du savoir-faire, le faire-savoir est 'enjeu
de communication que le secteur n’a pas su mettre en valeur en
matiére environnementale

On constate cependant un décalage important entre les efforts réalisés par
la filiére. les mesures et les engagements pris et la perception de ['impact
environnemental de 'industrie aéronautique par la société civile. Comme
nous I’avons déja évoqué et d'aprés I'étude de la Chaire Pégase®. 90%
de la population francaise a une perception erronée des émissions de CO»
ou de la consommation de kéroséne des secteurs du transport aérien.
Globalement. le transport aérien est pereu comme largement plus
polluant que d’autres. Pourtant. alors que le secteur aérien représente
entre 2% et 3% des émissions mondiales et anthropiques de COo,
Uindustrie textile rejette environ 4% et les activités lides a internet
atteignent les 10%.

Cette étude réalisée sur une part représentative de la population francaise
(nous estimons que les résultats seraient comparables dans d’autres pays
européens et non-suropéens). montrent que ce biais de perception se
traduit par : (1) une surévaluation de la pollution engendrée par le secteur

15 Les Carnets de la Chaire Pégase (op. cit.)



en valeur absolue et en comparaison avec d'autres activités
dconomiques, (i) l'ignorance des progrés réalisés en matiére de
réduction des émissions de CO2, (iii) une mauvaise estimation de la
consonunation de carburant. (1v) une mauvaise connaissance des pratiques
et politiques mises en ceuvre pour réduire 'empreinte environnementale
du transport aérien.

Deux facteurs principaux contribuent & ce déséquilibre entre la réalité
scientifique des conséquences environnementales du transport aérien et
les pereeptions communes des citovens : une sous-estimation des opinions
biaisées et défavorables et une mauvaise communication de la filiére
aéronautique. A titre d’exemple. si les mesures prises en matiére de
réduction des émissions de CO2 et les progrés déja réalisés sont des
informations évidentes pour les cadres. les dirigeants et 1'ensemble des
personnes formant la comnmmnauté des professionnels de ’aérien, elles
ne le sont pas pour le reste de la population. L'engagement de "industrie
en faveur de D'environnement a largement précédé ['émergence des
préoccupations écologiques au sein de la société civile et ceci explique
probablement que les entreprises du transport aérien aient négligé la
communication a destination des usagers et des citoyens en général. Les
entreprises de la filiére ont privilégié une communication axée sur le B2B
et non sur le B2C et le récent sursaut compense difficilement 1’ancrage
actuel des préjugés.

A cela s'ajoute une certaine inaudibilité du discours tenu par les
professionnels du secteur. On peut faire le constat qu’il n’est non
seulement pas porté par les médias ou le milien niveau politique mais
qu’il est aussi décrédibilisé et accusé de greenwashing. Les risques de la
banalisation d'un discours fallacieux sur I'avion doivent étre pris au
sérieux par 'ensemble des parties prenantes, y compris au niveau
politique et institutionnel. Plutét que d’ignorer le probléme ou de le
laisser se répandre par une passivité complice, une prise de conscience
générale doit permettre le déploiement d'une communication plus
ambitieuse. L enjeu est double : le sounei d’attirer les jeunes talents d'un
coté et la nouvelle clientéle de I'autre doit étre mis au centre de cette
stratégie. D'un coté, attractivité des métiers de 'aviation est mise en
péril par un discours anti-avions largement soutenu dans les Grandes
Ecoles et universités. De 'autre, la pression est économique et méme
légale. avec une mise en concurrence des transports et le développement
des restrictions d usage.



Le renouvellement du storyrelling. ce que nous appelons le réve, apparait
donc comme ['autre pilier sur lequel doit se construire, a présent.
I"aviation de demain, pour la survie de la cabine et celle de ['usine.

A L’aviation du futur devra concilier les défis scientifiques et les
ambitions climatiques

Du point de vue de 'avionneur, du motoriste. de la compagnie et de
I'ensemble des parties prenantes enjeu : la survie de 'usine et de la
cabine - I"aspect concret de la science, des savoir-faire technologiques et
du réve qui prend forme au- dessus des nuages.

Dans son ouvrage dirvore ou la face obscure des transports’, Laurent
Castaignéde, ingénieur conseil climat-air-énergie lie [histoire de
I"évolution du moteur automobile. objet technique par excellence. a celle
des mentalités (société de la consommation, phénoméne d'urbanisation,
impératif de la vitesse) tout en dressant un constat catastrophiste de la
situation, sur la base des rapports du GIEC sur 1’évolution du climat.
Pour autant, selon lui le salut ne viendra pas de la technique. Ce sont les
mentalités qui doivent changer au travers d'un “marketing de Ia
sobriété”, d’'une vision plus “frugale™ de notre mode de consommation,
selon le terme répandu dans le débat public. Ce constat interroge sur sa
possible transposition dans le secteur aérien. Cela aurait des
conséquences sur les business modéles des compagnies. Une des
conciliations possibles pourrait en effet étre 1'émergence de nouveaux
business models. Il faudra repenser 'offre du transport aérien autour du
service rendu et de la logique capacitaire de transport. Les compagnies
pourront devenir les nouveaux acteurs d’'un déplacement multivecteur on
les différents movens de locomotion ne seront pas mis en concurrence
mais vus comme complémentaires. Les aéroports continueront leur
transformation pour devenir des plateformes multimodales toujours plus
efficaces et les compagnies adriennes pourront se détacher de la gestion
des flottes pour se concentrer sur 1'offre de service, le point-a-point
optimisé et I"expérience client. Toutefois, il faudra également prendre en
compte le fait que colt dun avion “vert” est plus cher, donc plus
difficile 4 vendre dans un contexte ou le marché aéronautique est en

16 Laurent Castaignéde, Airvore ou la face obscure des transports. Chronigue d'une pollution
annoncee, mars 2018, éd. Ecosociété



croissance principalement sur des zones qui ne se sont pas fait le relais
du flygskam.

De nombreux projets ayant pour objectif le verdissement de ’avion ont
vu le jour a la fois pour "aviation de loisir - le Velis Electro de Pipistrel,
un biplace entiérement électrique a méme recu la certification récemment
de 'EASA en juin 2020 - ou pour 'aviation commerciale qui fonde sa
trajectoire de décarbonation sur différentes hypotheses - 'hydrogene
apparaissant aujourd’hui comme une voie plausible sinon probable.
Parallélement aux efforts de recherche de rupture technologique, des
solutions plus  court-termistes sont développées qui  offrent une
conciliation qui n’offrent pas totalement satisfaction. A ce titre, le danger
est que les efforts du transport aérien se contentent de “greenwashing™ -
I'utilisation impropre d’avion “vert™ en est le parfait exemple. Cela
signerait I’échec de la conciliation entre les progrés scientifiques et
I'ambition climatique en ternissant 'image du secteur qui pourrait étre
identifié comme sale.

Sustainable Aviation Fuels (SAF) : une solution
“quick-win™

Un biocarburant durable est défini comme un “carburant produit a
partir de biomasse et répondant a toutes les exigences prescrites
dans le cadre de la certification des carburants d'aviation et
nécessaires au maintien dun niveau de séeurité optimal et
répondant a des exigences environnementales fortes pour assurer
des gains réels d’émissions de CO2. sans impact direct ou indirect
sur les changements d’affectation des sols.”"’ Dans le secteur
aéronautique, le terme consacré est celui de Sustainable aviation
fuel (SAF). Les biocarburants adronautiques ont pour avantage
principal d’étre un additif (« drop-in ») aux hydrocarbures, ¢’est-a-
dire partageant les propriétés du kéroséne avec lequel il peut étre
mélangé en toute sécurité. Actuellement, le carburant le plus utilisé
dans 'aviation civile est le Jet A-1 dont les propriétés ont &t
certifidées pour répondre aux exigences de sécurité et d'efficacité, a
savoir un pouvoir calorifique élevé : un point de congélation trés

17 L ancement des biocarbusaats durables dans le transport aérien frangais, Dossier de presse, ministére
de la Transition ecclogique et solidaire, 27 janwvier 2020, URL : htips:/'www.ecolegique-

solidaire gouv.fi/'sites/defanlt/files/2020.01.27 DF EB JBD Biocarburants pdf




bas et un point éclair ainsi que d’autres propriétés lides a la
présence de soufre notamment'. La production des biocarburants
peut étre issue de différentes filieres parmi lesquelles : la filidre
bioessence avee 1'éthanol obtenu par un procédé de fermentation de
glucides en alcools ou la bioessence de synthése obtenue par la
transformation de matiére carbonée en hydrocarbure via le procédé
Fischer-Tropsch : la filiére biogazole regroupant la transformation
d’huiles végétales en biodiesel ou hydrocarbure ; la transformation
de matiére carbonée en huile par pyrolyse”

La réussite de la filiere de biocarburants, constituant une avancée
vers la réduction des émissions de gaz a effet de serre du transport
acrien. dépend de plusieurs facteurs. Si la faisabilité technologique
est actée, les enjeux sont davantage d’ordre politique. institutionnel
et économique : la viabilité économique de la filiére du fait de la
différence de prix significative entre le carburant fossile et les
biocarburants qui a un impact sur la compétitivité des compagnies
aériennes francaises : 'élaboration de mécanismes d’incitation et
de facon générale réle de I'Etat dans 1’organisation de la filiére.

L’utilisation des biocarburants aéronautiques pour atteindre les
objectifs climatiques fixés dans le cadre de I’Accord de Paris est
pertinent techniquement mais apparait moins praticable d'un point
de vue économique. L'Etat, dans son réle de stratége. a créé les
conditions de réussite, avee les industriels concernés. pour
I"émergence d'une filiére de biocarburants nationale. Cependant de
nombreuses  adaptations sont encore nécessaires face aux
incertitudes concernant la rentabilité du marché des biocarburants
en raison des interrogations sur la disponibilité de la ressource
biomasse pour couvrir le besoin national de 50% d’incorporation
de biocarburants a horizon 2050, du coiit de la collecte et de la
transformation des biocarburants. Enfin, pour garantir la
compétitivité des compagnies aériennes en ’absence de taxe du
kéroséne, une solution doit éire trouvée dans les instances de la
diplomatie internationale pour assurer « a fair level playing field ».

A la lumiére des impacts économiques engendrés par la erise du

18 Paul NASH, Odile PETILLON, « CARBURANTS POUR L'AVIATION ». Encyclopeedia
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Covid-19 sur le secteur aéronautique, le développement de solutions
alternatives a 1'émergence d'une filiere de biocarburants
aéronautiques apparait comme plus pragmatique. Ainsi, gains en
matiére de réduction des émissions de GES powraient étre réalisés
par le renouvellement de la flotte des compagnies aériennes. La
derniére génération d’Airbus neo permet de gagner 20% de
réduction de consommation de carburant. Dans ces conditions, les
compagnies aériennes francaises pourraient étre accompagnées par
I"Etat dans le renouvellement de leur flotte.

Les projets d avion du futur doivent représenter une opportunité pour attirer
les esprits ingénieux et déterminés a trouver une solution durable pour
Ienvironnement et en harmonie avec les ambitions climatiques de la
nouvelle génération.

II1. Reéenchanter le monde, reenchanter I’avion

A Face au désenchantement du monde. 1'avion. maillon du
tissu social et culturel partage une mission de paix et de

prospérité commune a d’autres secteurs vitaux pour les
sociétés

Alors que les guerres de 'empire prennent fin, Napoléon étant vaineuw,
les wvilles détruites. les corps meurtris, Musset décrit le sentiment de
désolation des jeunes soldats rentrant dans leur foyer en ces termes
“alors il s’assit sur un monde en ruines une jeunesse soucicuse.”’ Sans
transposer la situation issue des ravages de la guerre 4 notre période
actuelle. les ruines s’amoncélent au fur et 4 mesure des crises a répétition
et le souci de la jeunesse grandit également. Face a ces maux. le
réenchantement du monde est néeessaire. Notre hiypothése est que 'avion
est non pas le boue-émissaire d'une société en dérrve mais une condition
de son réenchantement.

Notons d’abord qu'un emploi dans le secteur aéronautique sous-entend
10 emplois indirects. Le secteur aéronautique emploie 600 000 personnes
dans le monde et porte donc 6 millions d’emplois. Ces chiffres et ces
illustrations  sur D'importance du secteur sont aussi nombreux

0 Musset, Confession d'un enfant du siécle, Premiére partie, ch. IT, 1836



qu’éloquents, Mais au-dela de ces éléments, ['aéronautique entraine dans
son sillage de nombreuses autres activités économiques dans un effet
d’aspiration vertueux.

Le lien que crée 'avion et son role clef dans les chaines solidaires des
maillons de I'économue actuelle I'obligent. En s’imposant la rigueur
nécessaire et en prouvant que les engagements de la filiere sont a la
hauteur des ambitions de la jeunesse et de I'urgence environnementale,
I'aviation doit saisir cette chance unique de guider un réenchantement
qui la dépasse. Ainsi, les progrés de ['aéronautique continueront
d’irriguer et de diffuser la modernité dans des espaces et des domaines
toujours plus variés.

B. Les acteurs du transport aérien doivent développer une
communication qui répond avec la méme énergie que leurs
détracteurs. sur leur terrain tout en renforcant “1’aile qui
gagne”

Le secteur aéronautique doit prendre la mesure de 1'urgence et déplover
davantage d’effort que ses détracteurs afin de restaurer sa légitimité
percue. Les mesures que nous listons sont des propositions pour
améliorer I'efficacité de la communication du secteur aérien en zone de
turbulences,

Premiérement, le secteur doit répondre aux critiques nourries de son
adversaire et « faire front ».

Sur le modeéle de ce qui se fait en matiére de R&D a 1’échelle nationale
avec le CORAC, le secteur aérien powrrait mettre en place une task force
au niveau de la filiére et a une échelle au moins européenne, en lien avec
_I’Etat, la société civile et la jeunesse, pour coordonner la communication,
mutualiser les colits et eréer une instance qui soit 1égitime et devienne la
référence en matiere de crédibilité dans le débat public. Les outils
mobilisés seront comparables ce qui se fait dans les media :

o Un « service de desintox » dont la visibilité doit étre assurée
dans D'ensemble des media. qui  vérifiera de fagon
scientifiquement établie. les rumeurs sur les énussions de
GES des avions aujourd’hui ; (sur la taxation du transport
aérien, sur la consommation de la derniére génération
d’avion)



o Un comparateur des moyens de transport comprenant
différents critéres (prix. temps. émissions). en lien avec ['outil
TARMAAC développé par la DGAC. disponible sur le site du
MTES.

Par ailleurs, les acteurs de la filiére pourraient renforcer leur présence dans
les Grandes Ecoles. en évitant certains écueils notamment lids aux
accusations de « greenwashing ». L’organisation d’une « conférence-
débat » entre une entreprise aéronautique. un scientifique et un militant
serait pertinente, médiatisée et efficace. Sur le fond. il faudrait non pas
opposer deux points de vue radicalement différents mais parvenir a faire
passer des messages scientifiquement établis et préeis qui mettent en
péril les fausses rumeurs sur le transport aérien. Le phénomeéne de « télé-
conférence » durant le confinement a renouvelé 'engouement pour les
conférences et peut étre mobilisé utilement. Les Grandes Ecoles et les
universités doivent constituer le cosur de cible de cette démarche. La
filiere doit non seulement se concentrer sur les formations scientifiques
pour s’adresser a ses futurs employés et cadres, mais surtout a ses futurs
clients et voyageurs.

Enfin, il faudrait développer au travers d’événements de vulgarisation
scientifique sur 'aéronautique (dans les aéroports, dans les lycées et
colleges. ou de fagon dématérialisée sur internet ete.) l'idée que le
transport aérien est indissociable de I"appréhension d'une conscience
environnementale dans le cadre d'un objectif de durabilité forte pour
lequel s’engage la filiére,

Deuxié¢mement. le secteur aérien doit déborder, au sens militaire
également. ses détracteurs en renforgant 1'aile qui gagne, ¢’est-a-dire en
communiquant sur ses points forts et son empreinte positive sur la
société. L'avion est tout a la fois une passion exaltée par les arts et les
lettres. wn vecteur de paix. de prospérité et de liberté : I'industrie
aéronautique rassemble "excellence scientifique et le réve de voler tout
en participant, dans sa dimension mulitaire a la paix et a la sécurité des
Etats. La filiére ne doit pas redouter le débat mais le rechercher.
L’industrie aéronautique a un role clef a jouer dans la transition
écologique que tous désirent et doit assumer son devoir d’exemplarité.
Son histoire et son esprit pionnier 1’obligent.

On constate, dans "ensemble. une communication désorganisée. Ce chant
polyphonique désaccordé doit laisser sa place a un unisson. Dans un



environnement marqué par la complexité et caractérisé par 'antagonisme
des acteurs. la concurrence des temporalités et une incompatibilité
apparente des objectifs, le transport aérien doit faire entendre sa voix.
Son discours 'emportera par sa précision, sa sineérité, sa simplicité et sa
foree. Clest dans ce cadre que les progres réalisés par 'ensemble de la
filiere donneront son nouvel élan a "aviation.

(’est dans ce cadre que les progrés réalisés par I'ensemble de la filiére
donneront son nouvel élan a ’aviation. L avion rapproche les peuples et
crée des liens entre les cultures. Au coeur de la “révolution verte”,
I'aviation doit rester ce vecteur de paix et de prospérité. Aussi doit-elle
construire un lien solide avec les nouvelles générations pour que "avion
guide le réenchantement du monde.

C.  Renouer avec I'épopée, éviter la tragédie

Le réeit de Daviation est celui d'une épopée magnifique : celle des
femmes et des hommes qui ont tracé un chemin impossible en
repoussant. a chaque pas. les linutes de la logique. Ils savaient que
I'audace et la volonté sont les ailes qui nous élévent vers nos réves. Au-
dela de la pesanteur, de I'horizon ou des nuages, il v a réve de voler. Il
habite notre humanité et nous projette hors de nous sous le regard
bienveillant du panthéon de I'aviation, d’Icare 4 Mermoz, de Léonard de
Vine: a Armstrong. Leur élan continue d'imprimer un mouvement aux
machines qui décollent.

Mais 'avion a cessé de faire réver. Une génération a connu la conquéte
de I"air, la suivante celle de ’espace, une autre la démocratisation du vol
et des voyages. Aujourd’hui. une nouvelle génération succéde a toutes
celles qui ont accompagné ce récit ot vibré a son décollage. Elle
considére le vol comme acquis. Le réeit est désenchanté, 'épopée ne vit
plus. Pire, la tragédie semble avoir pris le pas. <1 ['on se souvient qu'elle
tire son origine de la féte entourant I'immeolation du bouc - tragos en
grec. Dénoncer 'avion aurait une fonction cathartique dans notre société
moderne, permettant de purger les excés de ['homme et leurs
conséquences environnementales. A la succession des générations s’est
ajoutée la montée des préoccupations environnementales et la volonté de
désigner un coupable. Un piége s’est refermé sur la filiére aéronautique
alors qu'elle partage les mémes préoccupations que jeunesse qui la
dénonce.



Insister sur cette dimension, ¢’est permettre a 'aviation de se détacher de
cette image de monstre pollueur, complice d'un capitalisme sans moral.
L’aviation est bien plus. C’est avant tout une aventure humaine et un vieux
réve, L'industrie doit avoir le courage de renouer avec ['esprit des
pionniers qui ont marqué son histoire. Elle est I'instrument qui permet
aux hommes de porter un autre regard sur leur Terre. L'avion est la
machine qui rapproche les peuples et crée des liens entre les cultures. Au
cceur de la “révolution verte”. 1'aviation doit rester ce vecteur de paix.
prospérité et de réve. Et c’est en réenchantant son récit. que 'avion
guidera le réenchantement du monde.

“La terre nous en apprend plus long sur nous-mémes que tous les
livres. Parce qu'elle nous résiste. L'homme se découvre quand il se
mesure avec l'obstacle. Mais, pour latteindre, il lui faut un outil. Il Iui
faut un rabot ou une charrue. Le paysan, dans son labour arrache peu a
peu quelques secrets a la nature, et la vérité qu'il dégage est universelle.
De méme l'avion, l'outil des lignes aériennes, méle I'homme a tous les
vieux problémes” écrit Antoine de Saint-Exupéry dans Terre des hommes.
Par I"avion, ’homme se retrouve une nouvelle fois lié a tous les vieux
problémes. Mais les réponses aux enjeux contemporains que soulévent a
la fois la réalité scientifique de 'urgence climatique mais aussi les
inquiétudes anthropologiques d'une nouvelle génération se trouvent déja
dans la grande histoire de I’aviation. Dans la fidélité a ses valeurs, la filiére
aéronautique saura, en réenchantant son récit. guider le rééchantement du
monde.
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INTRODUCTION

Global warming and its accelerated evolution are
concerning issues. Civil aviation is responsible of 2.6% [2]
Carbon Dioxide (CO2z) emission per year. A 4% [3] year gross is
assumed and without any improvement this will lead to triple
the emissions and this without even taking other emitted gas
such as Nitrogen Oxides (NOx) into account. The aeronautical
domain is aware of its ecological impact and is already
changing with the challenge to have a zero-emission aircraft by
2050 [2].

In the meantime, while writing this document, the
aviation industry is facing the COVID-19 pandemic, its
weaknesses are showing up [4], sometimes stopping s research
programs, as the E-Fan X project [5], that could have given
significant results for future aircraft . What if this situation was
just the premise of what could happen to the industry if no
‘ereen aircraft’ were designed on time to face global warming?
The pandemic increases the urge of not only going towards but
actually creating an eco-friendly aircraft and making sure it is
going to be the most common aircraft used in the future.

Starting with a critical appraisal to determine the pros
and cons of new technologies used to reduce energy
consumption and help define a more environmentally friendly
future aircraft, operation of those aircraft with current
measures and infrastructures show some issues that will need
to be resolved. Eventually, changes in aircraft domain will have
some social, political, and financial changes.

1. Considering the importance of going green,
new technologies are all mobilized to help
create an eco-friendly aircraft that certainly
will change the course of history.



2. However,

our current infrastructures and

implemented measures are causing some
issues in the fulfilment of our objective.

3. If we manage to go through these different
obstacles, the society might go through major
changes (be it political, social or financial

changes).

NEW
TECHNOLOGIES
FOR INCREASED
AIRCRAFT
PERFORMANCES

Aircraft are
complex vehicles and are
mainly constituted of a
single fuselage and wing, a
propulsion system under
the wings or at the rear of
the fuselage, with a tail
plane and an empennage.
Current aircraft are already
highly optimised but new
solutions can certainly help
improve the change
needed to both gZo green
and keep flying.

New propulsion
energy (Fuels)

Since the
beginning of aviation,
propulsion emissions

drastically decreased as
their efficiency improved
[6]. As an example, the
Leap is consuming 15% less
fuel than its predecessor
[7]. Nevertheless, despite
all the progress made, fuel
extraction is decreasing in
the world as its stock of
fuel are running lower and
lower [8][9]. Therefore,
new solutions need to be
adopted.

A way of reducing
emissions during flight can
be achieved with a new
propulsive energy, that is
to say by changing the fuel
used. Two new energies
are emerging: Biofuels and
Synthetic Electrofuels, with



biofuels already used in
test flights [10]. Biofuels
are made from
compostable waste and
biomass, while Synthetic
Electrofuels (e-fuels) are
created with use of
electricity creating a liquid
hydrocarbon out of CO;
and water, acquired from
human emissions activity
for instance [11] Using
unwanted material to
create energy is promising.

Biofuels and
Electrofuels, the last one
being considered as a
Renewable Fuels of Non-
Biological Origin (RFNBO),
are fuels allowing them to
be used in current aircraft
and can he used as a

complete substitute of fuel.

Small powerplant system
changes might have to
occur to keep in
consideration safety of
operations, but in terms of
cost, wusing the same
aircraft with the new fuels
is economically attractive.
Comparing fuels on an
energy density base, 100%

use of Biofuels has less
energy than current jet fuel
[12] while Electrofuels are
planning to obtain an
energy density of 32 MJ/kg
of fuel [13], which is slightly
under the current energy
density of Jet A-1 turning
around 46 MJ/kg [31].
Despite the fact
those solutions have a
lower energy density than
current jet fuel, it could
help the industry reduce its
environmental footprint.
Research on Biofuels and
Electrofuels are still
ongoing, and progress is
made to increase the
energy density [14].

A second solution
to reach the ultimate zero-
emission  during  flight
would consist in  using
electrical energy instead of
fuel [15]. Even if electrical
motors are more efficient
than jet engine - a ratio of
3 - if considering a
brushless motor
technology, batteries
energy  capacity (195



Wh/kg at highest [16]) are
too low compared to jet A-
1 (10,000 Wh/kg [17]).
Moreover, Lithium-ion
batteries are made of
pollutant that can't be
recycled or reused yet [18],
transferring the carbon
footprints on a different
life cycle stage for long-
range aircraft [20]. Li-Air
therefore help reduce
batteries footprints.

A way to  use
electrically driven aircraft
without Lithium-ion would
be to use Nano-electrofuel
[16] or to have a hybrid
configuration. Nano-
electrofuel is interesting as
it is an electrically charged
liquid (positively or
negatively charged), used
like a fuel and place in
tanks separated by a
membrane where the
electricity will be retrieved.
The liguid used can be
recycled and this
technology is expecting to
achieve an energy density
of 575 Wh/kg.

Hybrid
configurations can be, for
instance, a generation of
electricity combining fuel
cells and Liquid Hydrogen
(LH2) [22] or the use of a
high-by-pass ratio using
LH; as an on board

generator. LH2 is
considered as the 3™
lowest-carbon fuel

according to Safran [23] as
it has a rather high energy
density of 120 MJ/kg [6]
and emissions stay only 50
years in the atmosphere [3].
Main issues are regarding
its production and bigger
pressurised storages at a
temperature of 20 Kelvin
which is incompatible with
current aircraft
configuration [6].

Several solutions
of Propulsive Energy are
summarised in Table 1 with
their respective Energy
Density. Those Propulsive
Energy can lead to ‘zero
emission flight" if the
process of energy
production is renewable.



Let us take Electrofuel, it
was estimated that its use
in aviation in Europe by

2050 would increase the
use of electricity by 24%
[11].

Propulsive Energy Type
J?‘LQI‘I Biofuel Esggtt:cﬁggl Batterie Elehcl?r?)?uel H;(_é?g(i]den
oy | E E2 E3 E4 E5 E6
Energy
density 46 Un-known 0.702 2 120
[MJ/kg]
Table 1: Energy Density Comparison
Aircraft structure generated during flight:
improvements Box-Wing (PrandtlPlane -
PP) and Blended Wing
Aircraft have been body (BWB) aircraft. Box-
using the same single Wing aircraft have two
fuselage-wing shape for superposed wings and a
years as it was the ideal fuselage [25]. A Sea
shape for the propulsive configuration is possible
systems used. Now, these with a hybrid or LH:
systems and new propulsive energy [27]
technologies are improving increasing the number of
aircraft  structures  to commercial  routes. A
reduce Drag, Weight, configuration using the
Powerplant and Noise, Open rotor could help
decreasing the fuel penalty reduce noise and fuel

and finding optimum
shapes for different
propulsive systems [24].

Two concepts of
aircraft have a lower drag

consumption even more
[28].

The BWB, also
called a flying wing, has
only a single trailing edge
reducing the induced drag.




The length and a wide
fuselage are suitable for
LH. circular tanks. Those
configuration are more fuel
efficient than a
conventional commercial
aircraft with the same
capacities [26], reducing
tip wing drags and allowing
a fuselage increase for the
Box-Wing and a better lift
to drag ratio [29] for the
BWB. Powerplant on top of
the fuselage configuration
can also help decrease the
noise thanks to the
fuselage acting as a sound
barrier.

The use of those
aircraft concepts can be
combined with new
propulsive systems. The
Open Rotor is consuming
30% less fuel than the
CFM56 while reducing the
noise [30]. The Open Rotor
can only be used with fuel,
a hybrid configuration
could lead to further
application of this engine in
the future. LH: High-by-
pass ratio (HBPR) are
estimated to be wvery

efficient turbofan for long
range aircraft with good
performances and noise
reduction [31]. Distributed
propulsion using several
electrical ducted fans could
be easily implemented at
the rear of the
fuselage/wing to create a
boundary layer, decreasing
the fuselage drag [32].
Some research can
help  increase  aircraft
performances. For instance,
golf halls are wusing a
determined geometry
surface  to create a
turbulent boundary layer
to go further [33] : this
could be used to achieve a
natural turbulent boundary
layer on aircraft surfaces.
Another example is the
following : whale tails have
protuberances reducing by
8% the drag and increasing
the Angle of Attack by 40%
[34]. Surfaces create drag,
morphing wing could
reduce drag without using
joints [35] or as in project
demon demonstrated that
mobile surfaces could be



avoided to control the
dynamic of the aircraft [36],
reducing in parallel aircraft
radar signature and noise.

New airframe
structures configuration in
line with new powerplants
and propulsion system will
definitely help to build a
more performant aircraft,
allowing lower particles
emissions and a better
aerodynamism.
Technologies are still being
characterized, but proof of
efficiency are  already
present.

Systems

In line with new
airframe structures,
systems in the aircraft have
an important role to play in
making  aircraft  more
environmental. Depending
on what propulsive energy
being wused, secondary
power for systems will
have to adapt.

Batteries are not
efficient yet and studies

are helping to create a
More  Electric  Aircraft
(MEA). New generation
aircraft have more
electrical power on-board
and are equipped with

electrically powered
actuators powered like
Electro Hydrostatic

Actuator (EHA) and Electro
Mechanical Actuator (EMA)
which increasing  the
efficiency and safety of
systems [37]. For example,
EHA is a localised hydraulic
circuit. The power needed
to keep the pressure at the
required level for actuation
is lower as hydraulic losses
are less to happen.

MOE could also
help use the OLED screens
[38] and replace traditional
windows and cockpit. Fake
windows will  allow a
smoother structure,
reducing drag and weight
created because of
structure  reinforcement
around  window.  This
technology offers a low
electrical consumption
while being lightweight,



but concerns should be
made on the reliability of
this technology and human
trust and comfort in
aircraft if this technology
were to be used.

E-taxi and
regenerative landing gear
is interesting as the fuels to
move the aircraft on the
ground are energy-
consuming, why not use
aircraft inertia at landing to
recharge batteries and
reverse this energy to
perform aircraft taxi [39].
Being an interesting
concept, complexity of this
technology will add weight
to the structures combined
to poor batteries efficiency
to stock the energy
produced and could
increase fuel consumption
instead.

An alternative of e-
taxi could be to remove
landing gear systems and
assist the take-off and
landing of aircraft with a
maglev  electromagnetic
rail. Removing landing
gears weight, this concept

can reduce aircraft weight
by  9.3% and fuel
consumption by 18.1%, as
well as reducing the noise
during take-off up to 64%
[40].

Systems are being
designed and are focusing
on electrically powered
system. Systems  will
change the way of how
people fly as well as
helping reduce aircraft
consumption.

Conclusion

A critical appraisal
performed on new
technologies to  increase
aircraft performances
showed us the implication of
aircraft industries to make
aircraft ‘greener’. Several
promising technologies and
research have been made,
allowing wus to better
understand the future of
aircraft, In, new
technologies were given a
number between 1 and 5,
with the following
signification (1: Totally not



suitable; 2: Feasible but not
recommended; 3: Already in
use; 4: Suitable, need more

clarification; 5:  Totally
suitable).

Numbers were
influenced by different

parameters such as the life
cycle of the Aerospace
Vehicle, a military aircraft

will not have the same life

cycle compared to a civil
aircraft, the immediate use
of the new technology, does
the structure need to he
change, and the feasibility of
a new technology if it is still
in a research stage, and will
be developed in the next
section.

Energy (cf. Table 1)
E1 E2 | E3 | E4 | ES | EB
References E1 E2 E3 E4 ES E6
Military Unr_nanned 3 4 4 2 2 5
Fighter 3 4 4 1 5 5
LR (HC) 3 4 4 1 1 5]
Commercial LR (LC) 3 4 4 1 1 5
Alircraft SR (HC) 3 4 4 4 4 5
SR (LC) 3 4 4 5] 5 5
Cargo LR 3 4 4 1 1 5
Alrcraft SR 3 4 4 5] 5 ]
Systems
EHA/EMA | OLED E-taxi Gabriel
References S1 S2 83 S4
Military Unn_'lanned 3 1 4 5
Fighter 3 4 a 5
LR (HC) 3 5 2 5
Commercial LR (LC) 3 5 2 5
Adrcraft SR (HC) 3 5 2 5
SR (LC) 3 5 2 o)
Cargo LR 3 1 2 5]
Adrcraft SR 3 1 2 )
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OPERATIONAL
CHANGES OF NEW
AIRCRAFT

New technologies to
increase aircraft
performances were
established in the previous
section. New aircraft mean
new ways of operating them.
An aircraft life cycle can be
summarised in 5 steps [41]
starting from the Design,

followed by the
Manufacture, the Operation,
the various

Maintenance/Repair/Alterc
ation to achieve Continued
Operational Safety. For this
challenge, we are going to
have a look at the
Maintenance, aircraft
Operations and end of life
changes resulting from new
green  technologies in
aircraft.

Flight Operations

In previous section,
several new aircraft
configurations could be
adopted. Amongst them, a

short range with low
capacity import electrical
aircraft was found to be a
solution for a future aircraft.
Short range aircraft are
mostly affected to regional
routes with a short turn
times and high numbers of
flight a day. A major issue
encounter would be
charging the batteries in a
short time enough to have a
relevant economic model to
make  companies  earn
money. Fast charging of
batteries is creating heat
and can damage the cells if
not performed right while
increasing the weight to
withstand the heat
generated by wusing this
methodology. In CS 25,
section 1353  ‘Electrical
equipment and installations
[42], it is stated that
batteries temperature and
pressure need to be the
same at any time when used.
More easily controlled in the
air with ram air cooling, it is
more challenging on the
ground. An external cooling
system will need to be found

!



in order not to increase the
weight of the aircraft during
flight. Nevertheless,
nanoelectrofuel could get
rid of this issue by loading
two types of fluid, 1
electrically positive and 1
electrically negative
charged fluid on the aircraft
as a traditional batterie.
Concerning aircraft
using LH,, first point should
be made on the certification
process. No mention of LH;
in C5-25 is present, making
an aircraft impossible to
have an  airworthiness
certificate yet. Lack in C5-25
could be explained by the
different issues that are still
up to date. LH; are
transported in a 2-bar-
pressurised tank with a
temperature achieving in
this state 20 K (— 253°C).
Maoreover, it was
established that to increase
fuel efficiency, the inlet
temperature  should be
around 150 K at least (-
123)[6]. Despite the fact
that small changes on
aircraft could allow the use

of LH2 in aircraft,
temperature and pressure
are the limiting factors,
increasing thermal cycle and
compromising safety of
operation. During refuelling
or a parking overnight, what
are the condition required
due to the usage of LH;?
Tank are highly isolated, but
a constant temperature
would need to be achieved
to limit dilatation of it that
could damage the structure
of the aircraft during an
overnight parking.

As part of LH; tank,
BWB or PP could be used
with their upgraded
performances. Choosing the
PP  configuration, if a
distributed propulsion
system made with ducted
fan is used on the trailing
edge of the wing to increase
the boundary layer, a new
emergency evacuation
process will need to bhe
redefined as emergency exit
from the wing will not be
possible.

Looking at military
application and usage of



new technologies to fulfil
the demanding life cycle of
combat and unmanned
aircraft, batteries were not
recommended if
operational force is needed
quickly, but nanoelectrofuel
could still resolve this issue.
OLED technology could be of
use for combat aircraft only
and if this technology is
resistant enough, why not
imagine a counter parallel
OLED screen that could help
hide aircraft from its enemy.
Last but not least, E-taxi
with  an auto guided
electrical vehicle could help
save fuel for more mission
flight time and also increase
the time to displace aircraft
if an urgent operation is
needed. As military have
dangerous missions, choice
of propulsion should be
chosen for spying or combat
ahilities.

Operation of flights
are going to bhe deeply
changed by new aircraft.
Choose of a new technology
in accordance with emission

diminution policy should be
chosen in accordance with
safety of Operation.

Airports
infrastructure
changes

The aviation
industry can go greener if
we take into consideration
all the chain that involve an
aircraft. Airports are also
buildings  that involve
various form of pollution
from both aircraft and daily
commuting cars. How an
airport can help aviation to
be more environmentally
friendly?

Green airports can
lead to several benefits such
as anincrease in biodiversity
and ecosystems, improve
water quality, conservation,
and restoration of natural
resources. Plants and
microbes help to degrade
chemical pollutants and
organic wastes. The
presence of plants attracts
pollinators which provide



economic benefits to the
agricultural ecosystem as it
can increase the
productivity of food crops as
well as giving a good natural

environment for passengers.

Airports can help
reduce aircraft particles
emission and noise emission
using building materials
working as noise protection
barriers  or  encourage
people use public
transportation. Alternative
or renewable energy
sources should be
implemented and could also
be combined with use of
intelligent energy control
equipment  for lighting,
heating walkaways, and
escalators. These initiatives
impose the installation at
airports of wind turbines,
biomass power plants and
intelligent energy systems,

recycling facilities, and so on.

As well as other

resources, Airports
consume a lot of water to
maintain their

infrastructures operational.
Installation of rainwater

harvesting program,
polluted water storage and
treatment, water recycling
and reuse, and other
systems will help to save
water. Recycled water is
sufficient for airport
operations because mainly
used in non-potables
activities such as floor and
aircraft washing, air
conditioning systems for
instance. Airports using
recycled water demonstrate
that it is economically and
technically feasible and
helps the environment [43].

Waste management
should also be improved.
Lot of materials are used for
the reconstruction of
runways or by consumers.
Thus, recycling can
contribute to landfill
pressure relief and reduces
the demand for materials
extraction. Use of recycled
pavements could allow a
rapid reopening with the
material being already on
the field for instance.
Implementation of waste
incineration will help reduce



unnecessary waste such as
packaging while producing
energy.

Airport
configuration changes
should take in consideration
aircraft of the future. LH;
facilities combining
production and stocking
would need to be added, as
well as a Maglev rail for the
GABRIEL concept. A Maglev
rail should allow aircraft
with landing gears to take-
off and land as not all
aircraft  might wuse this
concept. On a military side,
use of GABRIEL concept
might be useful on the next
generation aircraft carrier of

for French operational force.

Electromagnetic rail can
help propels aircraft with a
high wvelocity and could
allow space combat aircraft
to achieve its high location
more guickly with less fuel
burned during flight.

The  global  air
transport is expected to
continue its rapid growth. At
airport level, changes can

definitely be put in place to
reduce environmental,
social, and economic impact
and help the wuse of
environmentally friendly
aircraft.

Maintenance and
end of life

Maintenance is
compulsory to  maintain
aircraft airworthy and are
highly related to the end of
life as dismounting process
are similar.

Recycling of aircraft
will help reuse material,
reducing raw  material
extractions impacts caused
by use of chemicals and
transportation. Aircraft
material or products are
reuse at first, recycled at
second and disposed or
burned at third [17]. Most
valued part of the aircraft
are the engines and the
avionics and are mainly sell
for a second use on a flying
aircraft.



Previously, aircraft
were constituted of 70% of
Aluminium for the A330 and
now tendency are with
Composite with the A350
using 70% of it in its
structure [17], to reduce
structure weight and fuel
penalties. Nowadays, 90%
of the aircraft are valued
during end of life but Carbon
fibre are the missing part of
this process. This material
might save several amounts
of fuel during flight, but
recycling of it is not possible
yvet compares to Aluminium.
New technologies might
save energies and cost
during flying, but the overall
life cycle of an aircraft
should be considered.

New technologies
such as LH; tanks and
batteries, while considered
on a maintenance phase,
can be less attractive. Use of
LH: for end of life can be
compared as use of Jet A-1
in a way considering that
fuel when used only will left
the tanks to take care off,
but maintenance of them

are complicated due to the
low  temperature  and
pressure, and a direct eye
check will not be possible to
perform, therefor integrity
of tanks will need to use
adapted micro camera
instead. Batteries are
complicated to maintain
and to recycle. High power
used in  batteries are
harmless to human and
dismantling it need to get rid
of the total stocked
electrical energy. Moreover,
and bad maintenance could
create cells malfunction
leading to a potential fire.
To help reuse and
recycle aircraft, aviation
stakeholders launched the
Process for  Advanced
Management of End-of-Life
Aircraft (PAMELA) project
including research in three
stages: decommissioning,
disassembly, and smart and
selective dismantling. An
Aircraft  Fleet Recycling
Association (AFRA) was co-
founded by BOIENG to set-
up new standards for
aircraft dismantling, being



responsible of 150 aircraft
recycled every year.

Aircraft
manufacturers are taking
maintenance and end of life
of aircraft seriously,
showing good results and
progress, and working in
collaboration with ICAO
Committee on  Aviation
Environmental Protection
(CAEP) to support aircraft
sustainability development.

FLYING IN THE
FUTURE, A HUMAN
CHALLENGE

Previous  sections
showed that technologies
consistency and viability are
progressing very quickly.
What could precipitate the
use of those technologies,
what role does politics and
consumer have and what
will social, financial, and
political impacts be?

Immediate
improvements, an

economical
motivation

Major technological
changes are still on progress.
Despite the urgent times,
several immediate
improvements can  be
applied on current aircraft.

Improvements on
electrification can be done
on aircraft but also on
software or onboard
connected system.
Development of the latter
can help acquire real time
information. Knowing the
weather is useful for the
optimization of altitude in
order to use less fuel.
Indeed, the optimal altitude
of a plane changes along
with  the flight as it
consumes fuel, thus its
weight will decrease. Air
France are working on flight
road optimisation using
digital information to have
better precision and
reliability. OpenAirlines
developed a software based
on data analysis from the



flight recorder,
meteorological data and
flight plan that enable
companies to save fuel.
Pilots can use the software
called MyFuelCoach to
replay his flight in 3D and
have information about the
use of fuel in real time and
see the different impacts
when he leaves the landing
gear, deploys flaps and
other manoeuvres and learn
how to decrease its fuel
consumption. Taxiing can
now be performed with one
engine only.

Thales is working on
a flight management system
to optimize aircraft
trajectories. Ironically,
thanks to the support plan
due to the COVID-19,
research are accelerated.
Pureflyt is developed to
calculate in real time, new
trajectories for optimization
flight through a permanent
exchange of data between
the aircraft, the ground
components, the airline,
and the air traffic control
transmitted by satellite

constellations. For instance,
if there is a storm, indication
of it will appear on screen
before the onboard flight
radar allowing the calculator
to propose an improved and
more efficient new
trajectory helping save fuel.

Aviation used to be
a linear economy, that is to
say: it takes the resources,
makes the latest product,
keeps it for a couple of years
and then, disposes of it in
landfills. The linear
economy is not sustainable
because it consumes a lot of
finite resources and
generates a  significant
amount of waste, pollution,
and greenhouse gas
emissions. Whereas, the
circular economy works to
reduce waste, reusing and
recycling rather than
wasting resources, it tries to
keep materials as long as
possible. The 3 main actions
are known as 3R: Reduce,
Reuse, Recycle and
companies like Air France-
KLM group started to adopt



this strategy in their flight
operations.

Applying the
circular economy to aviation
means a focus on designing
and operating for
sustainability, a design for
reusability, a maximization
in asset utilization, and
better recycling. Therefore,
it aims to reduce as much as
it can, the environmental
and social impacts, as well
as to reduce economical
costs and create jobs. The
circular economy increases
customer satisfaction by
increasing a response to a
sustainability challenge. This
strategy can lead to a total
modification of the supply
chain, from product design
to end-of-life management.
Some breakthroughs such
as 3D printer are yet helping
aviation to transit toward a
circular economy but there
are still improvements that
can be made to leave the
linear economy. According
to the ICAQO report, 3D
printing helped to reduce up

to 90 percent of raw
material consumption.

If we apply circular
economy on airports, the
easiest thing that we can do
is to redesign waste
management as Gatwick
airport did in 2016. This led
to several positives results
such as reducing operation
cost from saving of onsite
energy and water, up to
£750,000 for  Gatwick.
Thanks to its efforts, in 2018,
this airport became the first
to achieve the Carbon
Trust’'s Zero to Landfill
certification which
recognise companies that
have successfully achieved
zero waste to landfill.

Immediate changes
mainly concern flying and
operations methods.
Education of aeronautical
worker is the first step to
reduce fuel emissions and
economical saving directly
come out from this state of
mind.



Keep flying,
social and political
choices

More and more, human
environmental
consciousness  is  rising.
Despite the fact that global
warming was already known
in 1970s, real actions are
recent. Sustainabhility is now
a state of mind, a way of
leaving and a political
direction.

The aeronautic
domain is facing what can
be called as ‘aeronautic
shaming’. A radical
approach would definitely
be to not travel or buy
products  from others
country, but attractivity in
trips and exotic items are
high. Some companies
started to propose an
additional green increased
price to compensate the
flight particles emissions. It
was proven that consumer
are ready to pay an extra
price, but willingness is a
factor of gender, flight range

and gas reductions [45].
Women were more willing
to pay than men. The higher
the gas reductions were, the
more likely the consumers
were to pay this extra price
with a limit of 15% the initial
ticket price. Willingness to
pay an increased ticket price
to reduce gas emissions is
encouraging as it will help
compensate the high cost of
a sustainable aircraft.
Consumers have a
high power to make things
change if wunited, but
political have the same
power too on a different
scale. Political collaboration
is the key to the future.
Starting on a local scale in
France, usage of Nuclear
energy to produce
electricity can help perform
the energy revolution to a
more efficient way of
energy production as the
International
Thermonuclear
Experimental Reactor (ITER)
is trying to prove. Nuclear
energy is creating debate as
thought  unsecure  and



radioactive, but this
technology is not creating
huge amount of CO; during
energy production. The
Fessenheim Nuclear power
station was set out of
service in 2020, results of
this was the increase of
imported electrical energy
produced through coal-fired
power station. ITER will be
tested in 2035 and low COs
emission and constant

energy will startin 2100 [46].

Changing scale and
moving to the Europe Union
(EU), Airbus was created to
concurrence Boeing. Several
countries  are  working
together daily, and Airbus
proved more than once its
capacity of achieving a good
product from several
collaborations. Batteries
were found to be very low
efficient and not that much
useful for future aircraft, but
a political call was made to

create  the ‘Airbus of
hatteries’. This
collaboration will make

several countries works on
batteries and hope would be

that an efficient, sustainable,
and moral [47] battery is
created. The world needs
batteries, but moral and
pollution coming from them
should not be part of making
a better future world.
Improvements can
be made in the EU also by
merging airspace. EU
planned to reform Air Traffic
Management (ATM)
because of the growing
traffic. The de-fragmenting
of Europe airspace will
increase safety, reduce the
aviation environmental
footprint, and reduce costs
related to service provision.
Indeed, today, due fto
inefficiencies in European
ATM, companies are facing
unnecessary delays and
aircraft are producing more
CO; emissions than they
should. This project s
named 5ingle European Sky
(SES) and was launched in
2000 by the European
Commission. Thanks to this
initiative, companies can
plan freely their flight path,
allowing more direct routes,



saving cost, and reducing
COs; emissions. SES concerns
civil aviation, but military
organizations demonstrated
their interest in it because it
will enable them to have a
better access to European
airspace for training and
operational purposes
without major constraints. It
represents 25% [48] of all
flights operating in
European airspace.

EU has the power to
act and define new rules in
accordance with a
sustainable world policy,
but concerns should be
made on worldwide political
stability. In 2016, the Brexit
was pronounced. Now the
pandemic is striking the
world and how countries are
dealing with the pandemic
shows the different policy of
different countries.
Collaboration are important
to combine and share
knowledges, but economic
and politic interest, if not
human and sustainable
centred, could create
damaging issues for the

good of operations. Gross
Domestic Product (GDP)
gross is one of the major
objectives to have jobs and
a good country economy,
but Jancovici [8] proved that
diminution of resources is
not compatible with GDP

growth. Decision to
maintain stability in
countries will definitely
come from energy

independency. Production
of new energies such as
Biofuel or Synthetic fuel for
instance will need more
biomass or electricity input.
Biomass can be increased
with additional farming on
another country soil, but
choice of the country to
feed its people or to
increase its economy will
then create moral issues.
Flying was created
by and for human being. The
world is answering to a well-
known economical scheme,
interests first. Consumers
proved that they are ready
to help in performing the
sustainable transition and
should be supported or



outdistance by  politics,
keeping moral integrity and

human dignity while doing it.

Future of
transportation

In this document,
information was  mainly
concerning the aeronautic
sector. In fact, future of
transportation can be split
hetween air, road, or marine
transports.

Electrical  Vertical
Take-Off and Landing (e-
VTOL) aircraft are

considered as the new
urban way of transportation
in cities [49]. Ducted fans or
propellers e-VTOL aircraft
are favoured in wurban
mobility because structure
footprints are rather small
as it does not need a
specialized equipment for
take-off and landing. We
just have to put the ducted
fan on the ground, and it
takes off vertically.
Electricity is easy to install
allowing the use of electric

engine, lowering the noise
which is a must if we want to
use e-VTOL in urban areas
without disturbing people.
UBER plans to develop an
urban air taxi network using
e-VTOL to transport people
from one place to another
by a ride-sharing system.
They aim to create a quiet,
fast, clean, efficient, and
safe transportation system
that is affordable for all [50].

The issue that they
meet is again the low energy
density of lithium-batteries
which  held up long
distances flight. Different

actors from different
sectors: aerospace
companies (i.e.  Airbus,
Boeing, ..), automotive

companies (i.e. Audi, Honda,
Toyota, ..) and technology
leaders and investors (i.e.
Google, Intel, Uber, ...) are
developing high
performance lightweight
batteries and hybrid-electric
systems. Such an
implication of some world’s
largest companies shows
that the e-VTOL might be



the future of aviation and
transportation. During the
COVID-19 pandemic, Air
Force was deployed to
transport a patient from a
hospital to another, we saw
the importance of aviation
in daily life. The use of e-
VTOL might be very useful
and convenient. E-VTOL can
he a promising technology
for future aviation if it can
pass through technological
and regulation challenges
standing in his way.

E-VTOL can replace
cars and what can replace
trains and  short-range
flights? The hyperloop, a
project initially imagined by
Elon Musk might be a
response to this question.
This concept relies on
magnetic levitation pods,
propelled at speeds of up to
760 miles per hour [51] in a
low pressure tube. With this
speed, it can connect major
cities rapidly. This new way
of transportation can help
to reduce congestion in
airports  and is  more
environmentally friendly

with  its  low  energy
consumption. Furthermore,
it will use solar energy using
photovoltaic panels placed
on the tube and batteries
will be recharged during the
braking of the train. Thanks
to  the  high speed,
hyperloop can glide using
passive maglev energy and
will use only 10% of energy
to initiate final velocity in
the whole path. If hyperloop
has a lower impact on
climate change, it can have a
negative effect on
socioeconomic. Indeed,
hyperloop especially plans
to connect two main cities
together. People living far
from the station will not
really be involved in by this
new technology, whereas,
they will contribute to the
network through taxes. In
addition, they will not
benefit from the influence
of the Hyperloop network,
places where can attract
more business and tourism.

Hyperloop can be
useful to transport
passengers from one place



to another but for products,
airship can be a good
substitute too. Airship does
not have a good image in
our mind because of the
Hindenburg accident in
1937 due to hydrogen leak
but today, new technologies
can help to avoid this
problem such as the use of
very resistant materials.
Airship does not require
polluting energy for the
elevation because it uses
helium or hydrogen, fuel is
used only to propel the ship
forward. Thus, this way of
flying will generate only 10%
[52] of the CO2 emissions of
a commercial aircraft. It can
be used in the case where
helicopters or ships could
not land because of
earthquakes for instance as
airship can land even in an
unstable land and without
specific infrastructure. The
comeback of airship might
be a good thing for the
economy as it is a cheaper
and cleaner transport than
plane or boat.

After the return of the very
slow heavier than air, the
return of supersonic can
rekindle the flames of all
aviation lovers. Boom, an
American start-up company
is trying to create a greener
supersonic. In terms of
energy, they plan to use
alternative fuels to lower
their impact on climate
change, tests were handled
in 2019 and results show a
positive way for this energy.
Moise is the big concern for
a supersonic aircraft and
they also have to reduce the
sound of the boom when
they exceed the speed of
sound which can be reduced
if they adopt an optimal
shape for the aircraft. It can
be a promising technology
because some companies
such as Virgin Group or
Japan airlines have already
invested in this project [55].
Boom affirms that they can
reduce  the cost  of
supersonic flights by 75%
[55] so the price of the ticket
will be equivalent to a
business class ticket.



CONCLUSION

Global warming and
its accelerated evolution are
concerning  issues  and
aeronautic stakeholders are
definitely  involved and
actively  participating in
developing sustainable
aircraft shown with several
technologies and research
to achieve this goal. New
propulsive energy and new
structures might take over
traditional aircraft in a near
future.

It was found that
depending on the
operations, propulsive
energy and  propulsion
systems would have
different applications (cf.
table 2). Propulsive energy
was found to be the most
complicated issues in terms
of technology, energy
production and density in
general being low to
compensate Jet A-1. Using
renewable energy and oil
substitute are not enough
for worldwide
transportation demand,
energy will be more

expensive increasing
economic and social split.
Economy priority will allow
rich people to fly in
supersonic business aircraft
while average human would
stop fast travels.

Political  stability,
consumer  passion  and
worldwide partnerships are
a way to help this transition
to lower particle’s emissions.
Clear and  Transparent
knowledge sharing in
collaborations  will  allow
further progress. Global
warming and energy
production should he the
next priority if we want to
keep human travelling. Note
that runways for aircraft
have a lower impact in
terms of carbon footprint
than the other transport as
they need roads or rails to
circulate.

Supposing an
optimistic approach with
ITER technology waorking in
2100 in the world with
sustainable batteries
acquired from the ‘Airbus of
Batteries’,  transportation



will face lack of fuel until
2100, decreasing common
transportation system and
digging social inequalities
while using the existing
energy, the transport sector
will live again in 2100 with
more hydrogen and
electrical vehicles
summarised in Table 3.
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Greener Aircraft with Al

Jonas Beuchert

The targets are set: 189 nations committed themselves to
keep the global temperature rise this century well below two
degrees Celsius in comparison to pre-industrial levels [1]. The
European Union is even more ambitious, it aims to be climate
neutral in 2050 [2]. Global air traffic contributes to climate
change with almost one billion tons of COz emissions per year
[3]. Currently, this is just two percent of mankind’s total car-
bon footprint, but unlike emissions in almost all other do-
mains, it has not been decreasing anywhere on the world
(until recently). Although, it clearly has to to achieve the

commaon targets.

It is not the case that passenger airplanes do not become
more fuel efficient; in fact, each new generation every circa
25 years consumes about 20 to 25% less fuel [4]. However,
the growth of air travel has been outpacing these improve-
ments and the corresponding CO. reductions, compromising
climate sustainability. In consequence, either technological
progress must accelerate, or global air traffic must drastically

and permanently reduce. The latter seems to be almost im-



possible since 80% of the CO, emissions originate from flights
over distances larger than 1500 km for which ground trans-
portation is usually not a feasible alternative [3]. Further-
more, it is difficult to reject the desire of citizens of emerging
countries for air travel

comparable to the extent

which the western world is  Climate change is the greatest

used to for decades. To challenge of our generation.” —

conclude, we must find  Airbus [39]

technological solutions that  E——

will ultimately lead us to

carbon neutral flights. For this, engineers — including me —
dream of revolutionising commercial aviation with hybrid-
electric or even fully electric aircraft. Additionally, chemists
are working hard on climate-neutral hiofuels. However, revo-
lutions have always been a challenge for the aerospace indus-
try due to the unmatched high safety requirements, the high
investment costs, and the deep supply chains. In this case, the
immaturity of the technologies adds to these challenges. E.g.,
only small prototypes of electric aircraft have been realised
by now [5, 6] and current biofuels are three to four times as
expensive as traditional aviation fuels and need deep supply
chains, many resources, and large production sites all of
which will require a long time and effort to establish. In con-
clusion, it will take decades until hoth technologies will enter
the mass market, but we cannot wait that long; we must sig-
nificantly reduce aviation’s carbon footprint already until the
mid of the century. With average airplane service times of 25

to 30 years, we must act now, and we must act fast. L.e., we
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must think about an evolution rather than a revolution of our
current designs, too. This evolution must be achieved with
short development cycles and must allow for easy and com-
mercially viable integration into existing aircraft designs. This
is especially important due to the financial pressure on the
aviation industry in the current times reducing the scope of
major investments into innovations. But how can we signifi-
cantly improve existing designs, although, thousands of expe-
rienced engineers have already spent years optimising them?
Is that even possible? The answer is most likely yes. Airplanes

are some of the most com-

. plex pieces of engineering
“We’ve made substantial pro- .
that have ever existed. Cer-

gress, but there’s more work to .
g ! tainly, the whole plane but

o - - -
do.” — Environment report, The many components

Boeing Company [38] have many more design
E———  dimensions than even a
team of experts can ex-

haustively explore in years. So, most likely many possibilities

for improvements are hidden in this vast design space. But
how to find them? Maybe with the help of artificial intelii-
gence [AI)1? This set of technologies has shown quick and
disruptive changes in many other domains, especially since
deep learning is emerging in recent years. It stands out due to

its ability to scale, i.e., to cope with huge amounts of data and

to perform millions of iterations within seconds in the cloud.
Two points that are impossible for humans. Another special
feature is that Al can address many different engineering
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problems with similar approaches, i.e., it is a general purpose
technology [7].

In my essay, | am going to approach the question if and how
Al can help to design greener aircraft. For this, | am not pri-
marily going to address a specific aspect of aircraft design and
how it can be improved with the help of Al. Instead — and this
has not been done before to the best of my knowledge — | am
going to consider different Al technologies, briefly describe
their core working principles, how they can be used for air-
craft design, visit existing application examples, and estimate
their future potential. Namely, this essay covers generative
design using genetic algorithms, surrogate neural networks to
replace physics-based models, and reinforcement learning.
The whole analysis will focus on the grand challenge how to
make future aircraft greener, i.e., how to accelerate the de-
carbonisation of air traffic such that the aviation industry is
able to meet the set climate targets.

Genetic Algorithms for Generative De-
sign

Generative design has been first used in architecture and
styling [8]. Case studies have demonstrated that this type of
Al can support or even take over creative design tasks that
were typically carried out by humans. However, creative de-
sign is not only done by architects and artists. Engineering
often requires creativity, too, especially in early stages of
product design and development when engineers quickly

draft solutions guided by their intuition without evaluating all



possibilities in detail [9]. Computer-aided optimisation, such
as topology optimisation, is — if at all — usually only employed
in later stages to refine the initial designs [8]. Although, this
procedure has been proven to be efficient and successful by
generations of engineers, it does not guarantee the optimality
of the final solution. Especially, if the design space is large, it
is impossible to exhaustively explore it manually and we must

rely on the engineer's intuition.

Generative design aims to assist engineers in the creative
conceptual stage by allowing them to explore a much larger
range of possibilities [9]. Unfortunately, the concept suffers
from a lack of clear definition; different researchers and com-
panies label different concepts as generative design. This
essay focusses on generative design with genetic algorithms,
whose main idea is to mimic nature’s evolutionary approach

to design through genetic variation and selection.

How it works

In principle, a genetic algorithm is just a specialised solver for
a mathematical optimisation problem. Such a problem is de-
fined by constraints, which limit the solution domain, and an
objective function, which is sometimes called the fitness func-
tion [10]. A genetic algorithm starts with an initial population
of candidate solutions, which can be randomly generated
within the constraints. Next, two stages alternate, selection
and genetic variation [11, 12]. In the selection phase, certain
designs in the existing population are chosen to breed a new
generation. For this, the fitness function evaluates every can-

didate. Configurations that score higher are more likely to be
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Genetic algorithms select the best designs out of a population and combine
them to generate an improved generation.

selected for breeding. The algorithm generates a novel gen-
eration by combining the selected designs using two genetic
operators, crossover and mutation. On the one hand, crosso-
ver merges two high-scoring configurations. On the other
hand, mutation introduces some random changes to guaran-
tee variability. An alternation of these two steps statistically
leads to a set of configurations with high — if done correctly

nearly optimal — fitness.

The main advantage of genetic algorithms is their ability to
cycle through millions of complex configurations within sec-
onds, a fact that has become reality only in recent years with
the availability of large amounts of affordable and readily
available compute power in the cloud [13, 14]. Additive man-
ufacturing — another emerging technology that has entered
the commercial aviation market during the past 15 years, —
especially 3D printing, can produce parts of almost any ge-

ometry. Furthermore, it allows mixing of materials with dif-



ferent properties in different zones of the same part. For both
reasons, it dramatically increases the design space, which
cannot be exhaustively explored by human designers and
engineers anymore. Therefore, additive manufacturing is an
ideal domain to apply the power of genetic algorithms to

overcome this limitation [14].

The first step — defining the optimisation problem — is still
carried out by humans [15]. The constraints of the problem
can capture mechanical and geometrical requirements as well
as properties of the material and the manufacturing process
and their costs and the objective function can target mini-
mum weight [8, 9]. An airplane’s CO, emissions are approxi-
mately proportional to its weight. The population of initial
configurations is, e.g., a set of randomly generated CAD mod-
els of part designs that lie inside the constraints [9]. The fit-
ness function selects the designs with minimum weight, and
they are merged with each other using the genetic operators
to obtain an improved generation. The two steps alternate
until, ultimately, they output a set of similar light-weight de-

signs that are ready for production.

Example

Airbus is already using genetic algorithms for interior design
since 2016 [14]. Together with Autodesk, a team of engineers
rethought the design of a partition that separates the passen-
ger compartment from the galley in the A320 cabin. At first,
they defined requirements, i.e., constraints for the optimisa-
tion, including mechanical properties such as resistance to

stress and geometrical properties such as anchor points,



Airbus’ Al-designed cabin partition in the 3D printer (left) and assembled
(right) [14]. Generative design explored the full design space offered by 3D
printing to find this configuration with minimum weight but equal strength.

thickness, and cut-outs. This allows for a relatively simple
replacement of the existing part without the need for modifi-
cations of other aircraft components and simplifies part certi-
fication, too. Furthermore, they defined the material, a metal
alloy developed by Airbus, and the manufacturing method,
3D printing, which impose additional constraints. Subse-
quently, they applied generative design to automatically find
the solution in this design space that minimises the weight.
The resulting part is as strong but 45% lighter than its prede-
cessor. If rolled out in all A320s, just this one part could save
500,000 tons of CO;, per year. In addition, the process uses
only 5% of the raw material that the traditional process of
milling parts down from a metal block uses, which helps to
reduce the company’s environmental impact, too.
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The peculiarity of Airbus’ re-designed part is its extremely
complex and organic looking structure, which optimally ad-
dresses the given problem. Furthermore, it is the largest air-
craft component that has ever been 3D printed — a single

piece without fasteners.

This  design would have
almost certainly never been

found by a human engineer

in a reasonable amount of  ponent like the bionic partition

time; just drawing this sin- by 45% is simply because we
gle configuration using CAD  combined generative design

would have consumed  gnd 3D printing.” — Bastian

days. This underlines the  schnefer Innovation Manager,

advantages of generative Airbus [14]
design, which can generate

“The reason why we were able
to reduce the weight of a com-

and evaluate millions of

designs within seconds and with little resources [15, 13].

Outlook

A weight reduction of almost half sounds game changing; just
imagine the fuel savings resulting from an airplane that is
overall 50% lighter. However, most likely, Airbus picked a part
for their first generative design project that was expected to
allow large material savings. So, 50% must be expected to he
an upper bound for the reductions that are achievable with
the current state-of-the-art technology. Nevertheless, ad-
vancements of the 3D printing hardware and the algorithms,
e.g., deep generative models, as well as experience gains by

the engineers and an increase of available training data for
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the algorithms are expected to enable further improvements
in the future. In addition, generative design is becoming more
accessible, even for employees with little programming
knowledge, since it is becoming part of commercially availa-
ble CAD/CAE platforms [16, 17].

Airbus plans to apply its methods to larger structures inside
their planes, e.g., the cockpit wall, which is twice the size of
the partition and needs to be bulletproof, or the structure
that houses the galley for food and beverage service [14]. The
company has the vision of a bionic airliner in 2050 [14]. Fur-
ther steps towards this vision would be to re-design and
manufacture small and medium size parts such as hinges,
brackets, and further interior components [18]. Similar weight
reductions can be expected for these parts. In addition, some
of them allow to incorporate the cooling and ventilation func-
tions of then-obsolete adjacent components. This is because
of the non-solid structures with internal cavities or lattices
that are achievable with Al-designed 3D printed parts and

allow for improved airflow.

Furthermaore, nothing stops engineers from applying genetic
algorithms to fuselage or airframe designs. However, the de-
manding stress requirements for these structural parts most
likely drastically reduce the achievable material savings. Also,
3D printers that are large enough to manufacture them do
not exist yet and additive manufacturing techniques that are
currently feasible for those parts — composite manufacturing
with automated tape lying (ATL) / automated fibre placement
(AFP) — are different and require further adjustments. Addi-



tionally, only few large airplanes — namely the Boeing 787
Dreamliner and the Airbus A350 XWB — are dominantly built
using additive manufacturing. A 787 is made of 50% compo-
sites, including fuselage, wings, tails, doors, and interior [19],
and a A350 53% including wing box, fuselage, and empennage
[20]. In consequence, these planes offer more possibilities for
weight reduction with designs optimised by generative de-
sign. However, changes to structural parts require expensive
and time-consuming certification processes. Furthermore,
establishing production facilities with capacities for much
more composite parts will take time and money, too, e.g.,
Boeing invested more than one hillion dollars in to its new
Composite Wing Center just to replace the aluminium wings
of the 777 with parts made of composites [21]. Nevertheless,
most companies are already planning to substitute more and
more components with composite or 3D printed parts [22, 20,
23, 21, 24] and Al-driven designs might render this transition

commercially viable even earlier.

Artificial Neural Networks as Surrogate
Models

Generative design requires a given objective function and a
given set of constraints. This is true for any design optimisa-
tion technique, even if it is performed manually. Mathemati-
cal functions map design candidates to properties that char-
acterise, e.g., aerodynamics, loads, flight dynamics, weight,
structural strength, or producibility [25], which appear as

constraints or objectives in the optimisation problem. While



some of these properties can be easily and directly derived
from designs, others require complex physical models and
simulations and some mappings are even unknown or rely on
heuristics. Because precise physical modelling is  time-
consuming [26, 25, 271, this slows down or even prevents the
commercially viable introduction of novel materials, part de-
signs, and manufacturing techniques. Furthermore, it can
happen that newly introduced parts and processes that are
expected to be optimal in some sense do not fulfil the expec-
tations because the chosen model, on which the optimisation
was based, was wrong or at least imprecise due to attempts
to limit the modelling effort.

A solution is to derive complex physical models from existing
data with machine learning instead of attempting to explicitly
model them based on expert knowledge [26, 25, 27]. The idea
of using neural networks as surrogate models is not new and
has already been applied to aircraft design more than 20
years ago [27]. However, the advancements of efficient algo-
rithms that can handle large amounts of data, address com-
plex engineering problems with many dimensions, and quickly
run on tailored computing hardware such as GPUs, especially
deep learning, enable new possibilities.

How it works

Like any other model class that is used in engineering, artifi-
cial neural networks are functions that map a set of input
variables to a set of output variables. Their design is inspired
by biological neural networks such as brains. Specifically, they

consist of layers of nodes called neurons, which can be sever-
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Artificial neural networks provide valuable feedback for engineers about the
producibility of their part, e.g., @ wing skin, allowing for iterative design
optimisation.

al millions in deep neural networks. All neurons are connect-
ed to neurons in adjacent layers. At first, the inputs, i.e., real
numbers, are fed into the first layer. Each neuron weights
them differently and applies a non-linear activation function
to the weighted sum. If the sum is high, then the neuron’s
output is high, if the sum is low, then the neuron’s output is
low, too. The second layer uses the outputs of the neurons in
the first layer as inputs, weights them with different weights
and calculates activations again. In this way, the inputs are
propagated through the whole network until the last layer

provides the desired outputs.

This structure is very flexible and allows to approximate al-
most any mathematical function. The first step when using
artificial neural networks as surrogate models is to collect
training and test data, i.e., exemplary inputs and outputs of
the physical process that we attempt to model. In the training
phase, we feed this data into the neural network and the
weights of the connections are optimised such that the test
outputs are best approximated. Subsequently, we can take



novel component design proposals and use the model to pre-
dict the outcomes, e.g., lift and drag values [27, 25], noise,

emissions, and weights [26], or moments of inertia [27].

Example

My own project when | was working as a tool engineering
intern with The Boeing Company in 2018 serves as an exam-
ple for this section. The company currently replaces the wide-
body jet airliner family 777 with the next generation — the
777X, — which saves weight and, therefore, fuel with wings
made of composite material rather than aluminium leading to
increased efficiency by 7% alone [28]. Boeing produces the
composite wing skins with automated tape lying (ATL) [29]. A
heated robot head sequentially places layers of carbon fibre
following pre-defined courses. This a very complex physical
process. Therefore, it is challenging for engineers to come up
with part designs that can be easily, quickly, and reliably
manufactured [30]. In the initial phase of the use of such an
alternative production technology, it may happen that the
machines run with reduced speed and manual inspection and
rework may be necessary to ensure the quality of the final
product. This is because no physical model exists that can
accurately predict the producibility of part designs with ATL.
To support the timely introduction of novel components like
wings, which are crucial for the efficiency gains of a re-
designed airplane, a solution is to develop a neural network
as surrogate model that uses the part geometry as well as
several machine parameters as inputs and calculates produci-

bility scores for different areas of the part [31]. These scores



Heated ATL head laying down a wing skin in Boeing's Composite Wing Cen-
ter [29]. Predicting the part quality and the likelihood of defects that result
from a certain pair of part design and machine parameters is a challenge,
which is successfully addressed with artificial neural networks.

can be used by engineers to optimise the design in a closed
feedback loop [30] and to adjust machine parameters leading
to faster production cycles with lower machine down-times
while maintaining the high part quality and reducing the

amount of rejected parts.

Clearly, this concept is not limited to ATL and can be trans-
ferred to other manufacturing domains.

A major challenge for the design of an Al like this one is how
to represent the complex design of a large aircraft compo-
nent, e.g., a wing skin, which is more than 20 m long, in a
lower-dimensional space that can be fed into a neural net-
work. This can be partly achieved by parametrisation of the
CAD model and partly by treating the surface of the design
like a camera image that consists of discrete pixels [30, 32,
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33]. This allows to apply efficient neural network structures
that were pioneered for image processing and analysis [32,

33], a domain where Al has been very successful.

Outlook

The given example shows that artificial neural networks allow
to mathematically describe physical processes that cannot be
modelled with traditional approaches. This can be an im-
portant factor to ensure that the introduction of novel manu-
facturing techniques, novel materials, and novel designs hap-
pens on time and on budget. Both is crucial if we aim to

quickly introduce greener parts in the next years.

However, Al plays a secondary role in this regard. The primary
goal is to design parts with minimum weight. While weight is
clearly a physical property of a part, the mapping from the
part design to its weight is usually a simple function with well-
known parameters, e.g., material densities, and does not

benefit from complex surrogate models.

Furthermaore, neural networks cannot be considered to be a
novel technology in aircraft design, many different application
scenarios have already been identified [26, 25, 27]. Its novel
benefits originate again from the combination with newly
introduced manufacturing techniques as well as the advent of
deep learning. Treating part designs like images and feeding
them into tailored deep neural networks allows to handle
complex high-dimensional problems that cannot be ad-

dressed with traditional neural networks.



Reinforcement Learning

Reinforcement learning is an optimisation technique whose
structure is close to that of traditional human-driven design
processes [15]. In addition, deep reinforcement learning, i.e.,
reinforcement learning combined with deep neural networks,
is currently one of the hottest topics in Al research and let to
famous breakthroughs such as the development of Google’s
AlphaGo in the past decade [34, 35]. However, industry has
not adopted the technology on a broad scale yet.

How it works

Again, optimisation with
reinforcement  learning ( \ —_—
requires a constraint L

search space and an ob-

jective or reward func- _
tion that shall be maxim- > s
ised. Unlike genetic algo-

rithms, reinforcement

learning starts with a Reinforcement Learning (RL) comes up
with policies that transfer designs to

single feasible instance (a
different requirements.

state) and probes the

space around by evaluating the reward function for close
instances. Over time, the algorithm can deviate further from
the initial solution to explore unseen parts of the search
space. However, the goal of reinforcement learning is not to
find an optimal solution for a single given set of constraints.

Instead, it learns a policy how to change the initial state to-



wards a better solution,
which generalises to differ-

ent search spaces.

In product design, rein-
forcement learning is em-
ployed to adapt design
configurations to different
but similar requirements

[36]. E.g.,, reinforcement

learning can transfer a suc- simulation of an aerofoil angle of
attack optimised with reinforcement
learning [36]. Reinforcement learning
stands out due to its ability to general-

requirements. Just as in a Ise le, to adapt configurations to
different requirements.

cessful design for one part

to other parts with similar

board game where a good
strategy can counter playing

behaviours of opponents that you have not met before.

Examples

To the best of my knowledge, the aerospace industry has not
adopted reinforcement learning for preduct design yet. How-
ever, researchers have shown that reinforcement learning
can be successfully employed to optimise an aerofoil angle of
attack [36]. Especially, they have used deep reinforcement
learning to handle the high-dimensional input data. The algo-
rithm learns design policies that generalise well for different

aerofoil shapes.

Furthermore, reinforcement learning has been used to auto-

mate the tuning of a sub-component of a rocket engine [37].
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The prototyped algorithm is assumed to save “thousands of

dollars” and up to three months of testing.

Outlook

The ability of reinforcement learning to adjust existing solu-
tions to different requirements can help to accelerate the
design of greener aircraft components. As soon as weight-
saving solutions for some parts are found, they can be trans-
ferred to similar ones with only little additional effort. Due to

the huge number of parts

of a modern jetliner, this

“Our solution could save thou-

procedure has the potential
to save considerable devel- sands of dollars and cut up to
opment time. However, the
high-dimensional input 0N expensive testing equip-
space of designs such as ment.” — Edward Mehr, Data
Airbus’ cabin partition are  Product Management Fellow,
still a challenge for state-of- Insight [37]

the-art reinforcement — and
even deep reinforcement —
learning algorithms. Further research in this direction is re-
quired and alse on more sample-efficient methods, i.e., algo-
rithms that need less training data.

Conclusions

The impact of Al on greener aircraft designs will significantly
depend on the chosen application area. It has been demon-
strated that state-of-the-art generative design can lead to

weight reductions of up to 45% for certain parts, but the gains

three months of manual testing
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for others with tighter design requirements might be much
smaller. A key component to unleash the power of Al-driven
design processes is an increase of additive manufacturing
capacities. However, all major companies are already invest-
ing into this field and Al-driven process optimisation will help

to make these investments commercially viable earlier.

An additional bottleneck is the high complexity of aircraft
designs. If research makes progress with developing algo-

rithms that can quickly

work with many dimen-

sions, then generative de-
sigcn  and reinforcement /S the core of innovation.” —

learning cannot only be Roberto Vergantiet al. [15]

“Al automates learning, which

employed to make individ- eo—

ual components of current

aircraft greener, but also for major contributions to the de-
sign of the next generation, which will most likely contain
significantly more and larger hionic parts than ever before.
This will help to decrease the carbon footprint of global air
traffic while ensuring that boarding a plane does not become

a luxury.

Furthermore, Al-driven design is not limited to commercial
aircraft. Replacing parts of fighter aircraft with alternatives
that are lighter but equally strong might even be achievable
in a shorter time horizon due to their usually smaller size re-

quiring smaller investments into production process changes.
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Finally, the use of Al is not only reasonable from an environ-
mental standpoint, but also from an economic perspective.
With fuel expenses contributing to airlines’ operating costs
with 23.7% [3], lighter aircraft will help them to save money
and invest into renewals of their fleets — each kilogram of
weight reduced on an aircraft can roughly save 3000 S worth
of fuel [18]. Furthermore, other industries have demonstrat-
ed that Al has a short time to market and (deep) neural net-
works, generative design, and reinforcement learning are
already part of common engineering software. This lowers
the amount of needed skill training as well as the time spend
in development cycles. In general, Al is a digital technology,
which requires very low investments in comparison to pro-
duction equipment that is used to build aircraft. In conse-
quence, it is a perfect companion for novel manufacturing
techniques and knowledge-based aircraft re-design, which

will altogether make the future of air travel greener.
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