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| Research Background #s Innovatonk

Green Aviation, New direction for aviation industry

® The development of aviation industry has

Horizon

brought about significant environmental

and social impacts

® Many countries are actively responding to . sl
Horizon Europe Work Programs

the environmental challenges brought
o RO B R

abOUt by aVIatIOn development Civil Aviation Administration of China 14th Five-Year
e : 8 - & Plan for the
® Green aviation is frequently mentioned A SR A ‘__-———;f_ Green

Development of
Civil Aviation
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* Key Problem: Difficult to analyze pain points
Green aviation is not well defined - — e B vea R b
Energy? A e
: - | Leading to ﬁ( =S T

‘ Trajectory optimization?

Hard to point out solutions

Pain
igu_(;gt}(;;;];r; _________________ | Energy J Aircraft Design KA
I
: Green Aviation Global Survey : 3
: Awareness | Knowledge | Empowerment | Change : Solutions
| | g -
—————————————————————————————— Artificial Intelligence

3

Northwestern Polytechnical University School of Aeronautics



| Method

Questionnaire Info

Proposed by:

& International Association
INGA
e

for Green Aviation

Powered by:
'& SurveyPluto J r |5]§:—E3E

Advantages:

® Quantitative and qualitative data
® Standardized guestion design

® Large sample

Northwestern Polytechnical University

Data Collection

Offline interview

| .

7~ innovatank

Question

Basic Info Collection

Understanding Level

Opinion and Attitude

Comments and Suggestions

A
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| Results 7~ innovatank

Participants
Information

Education level
Gender Age

4
. I I N 45.65%
0

Under 24 24-40 Above 40

= Male = Female

= Elementary = High school = Undergraduate
mAge = Graduate = Technical school = No education

® The teenage male undergraduate student is the major part of this interview

® Students are well educated, and are active in thinking
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Participants Education level
Information

13(28.26%)

1(2.17%) 31(67.39%)
1(2.17%)
Waiter iation Other
’ m Undergraduate = Graduate = Ph.D. candidate
® The number of students is as high as 31
% ® Most of the students are from Northwestern

o Polytechnical University

= TUM Vanier NPU SITU wmInnovatank = CAUC Other
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| Results
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innovotonk

Green aviation knowledge

® Unfamiliar with project

Airplane flight optimization 39.13%
Carbon tax 32.61% L. . .
United Nations Sustainable Development Goals 45.65% . F am I I I ar W I t h d ef I n e d ter m S
Carbon Offsetting Reduction Scheme for International Aviation 50% ———— S
International Civil Aviation Organization 47.83% 28.26% 8.70% 10.87% 4.35%
Frequent Flyer Tax 50% 41.30% 6.52%2.17%:0%
Certification of Green Airports 58.70% 32.61% 2A7% 6.52% 0%
Fit for 55 56.52% 30.43% 4.35% B.70% 0%
Destination 2050 50% 28.26% 10.87% 6.52% 4.35%
Single Enropean Sky 56.52% 34.78% BISZSRIE 1750 0%
European Green Dea 50% 39.13% B52% A 35% 0%
Sustainable aviation 30.43% 39.13% 17.39% 8.70% 4.35%
T Digital arcular economy 47.83% 35 95% 10.87%  2.17%2.17%
Carbon tax 34.78% 13.48% 10.87% 8.70% 2017%
Air traffic management 32.61% 32 61% 23.91% 6.52%  4.35%
Aircraft manufacturing 28.26% 34.78% 21.74% 10.87% 4.35%
Greenhouse gases 19.57% 34.78% 28.26% 13.04% 4.35%
Aircraft noise mitigation 34.78% 39.33% 19.57% BIS2WT 0%
Hydrogen fuel as a source of energy 30.43% 45 6594 15.22% BI5ZSIN2I1 7%
Electric airplanes 32.61% 30.43% 21.74% 10.87% 4.35%
Carbon emission reduoction initiatives 13.!]'% 52.17% I 21.74% 8.70% 4.35%
Sustainable alternative foels 26.09% 43.48% 23.91% J35%T1TH
Advances in aircraft engines 39.13% 26.09% 30.43% 435% 0%
Aircraft improvements 30.43% e S J04% 0%
Green initiatives at airports 34.78% I 32.17% J?% 2175 0%
0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 0.00% 80.00% 90.00% 100.00%
No Knowledge Little Knowledge Enowledgeable Very Knowledzeable Expert 7
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Views on green aviation

I feel that Green Aviation Initiatives will deliver on itz promises for climate goals. 13.04% 41.30% 41.30% 4.35% 0%

I am confident that Green Aviation Initiatives are to the best of my interests, 17.39% 45.65% 18.26% 6.52% 1.17%

I trust Green Aviation in meeting climate goals, 17.3004 45,650 34.78% 217% 0%

. St S t f I trust that aviation organizations will do the right thing to meet climate goals. 26.00% 30.43% 34.78% 6.52% 2.17%
rO n g u p p O r O r Participating in Green Aviation Initiatives ean improve my performance at work. 13.04% 18.26% s0% 4.35% 4.35%

Participating in Green Aviation Initiatives can improve my career prospects, il 34.78% 39.13% 4.35% 1.17%

Green Aviation Initiatives are useful to my work 13.040% 32.61% 32.61% 15,220 6.520%

Green Aviation Initiativez are good for climate change. 45.65% 39.13% 15.22% 0% 0%

re e n aVI atl O n Participating in Green Aviation Initiatives would be benefieial to me 33.01% 143, 4804 18.26% 2.17% 2.17%
23.91% 41.30% 30.43% 1.17% 1.17%

Everyone zshould participate in Green Aviation Initiatives

Iintend to participate in Green Aviation Initiatives asz frequently as poszible 17.3004 32.61% 36.96% 10.87% 1.17%
Tintend to maximize the utility of what I know about Green Aviation Initiatives 23.91% 36.96% 34.78% 0% 4.35%
I intend to learn more about Green Aviation Initiatives 30.43% 45.65% 17.39% 1.17% 4.35%
. Want k n OW m O re a b O ut Iintend to integrate Green Aviation Initiatives in my organization. 23.91% 13.91% 41.30% 4.35% 6.52%
Iintend to further educate myzelf about Green Aviation 32.61% 39,13% 23.91% 4.35% 0%
Tintend to take a courze/training on Green Aviation, if it were available. 19.57% 211.74% 43.48% B.70% 6.51%

Colleagues who influence my behavior think that 17390 26,000 30.13% .57 10.87%

re e n avi ati O n I zhould participate in Green Aviation Imitiatives.
g Colleagues whe are important to me think that 17390 15,3306 243204 117% 10.87%

I zhould participate in Green Aviation Imitiatives.

Friends encourage me to participate in Green Aviation Initiatives 17.39% 41.30% 17.39% 8.70%
. Relatives encourage me to get involved in Green Aviation Initiatives 15.21% 15.22% 47.83% 13.04% 8.70%
. Wave rl n g ab O u t I feel confident with my knowledge about Green Aviation. 13.040% 15,220 18.26% 218.26% 15,220
I feel confident in uzing what [ have learned to engage in Green Aviation Initiatives 19.5T% 19.57% 43.48% 6.52% 10.87%
1 feel confident in my abilities to zolve Green Aviation challenges. 17.39% 19.57% 34.78% 15.12% 13.04%
In general, information about Green Aviation Imitiatives iz not adequate 13.04% 21.74% S4.35% 4.35% 6.52%
. . Sufficient information about Green Aviation Initiatives iz available to me in my work 17.390; 311.74% 36.96% 13.04% 10.87%
CO n t rl b utl n g to g re e n 1feel that content related to Green Aviation is scarce. 10.87% 13.91% H7.83% 13.04% 4.35%
I feel that content related to Green Aviation is all over the place and difficult to find 10.87% 13.91% 45.65% 17.39% 1.17%
I feel that content related to Green Aviation iz not up to date 8.70% 17.39% S8.70% 13.04% 1.17%
I feel that content related to Green Aviation iz not easzy to understand 13.040% 23.91% 47830 15,220 0%
- - I have no diffieulty explaining to others about what I know about Green Aviation. 10.87% 211.74% 36.96% 13.91% 6.51%
aVI atl 0 n The results of my participation in Green Aviation Initiatives are apparent to me 13.04% 130 e 4.35% 4.35%
I zee and understand the impact of Green Aviation Initiatives on the climate 19.57% 39.13% 36.96% 4.35% 0%
People in my urs::nl'.z:ltl'.nn. who participate in Green Aviation Initiativesz 10870 8,704 S0.87% 12,3304 4350
have more prestige than thoze who do not
I feel that participating in Green Aviation improves the image of my organization. 17.3004 26,0903 52.17% 4.35% 0%
1 feel that participating in Green Aviation improves my career prozpects 10.87% 16.09% 56.52% 4.35% 2.17%
I. feel that there are unegual pu‘nl'erlrel:ltiuna embedded 4.35% 65204 26.00% 10.87% 1.17%
in the structure of the Green Aviation movement,
The concept of Green Aviation iz not well understood. 8.70% 45,630 31.61% 8.70% 4.35%
The lack of understanding of Green Aviation iz clearly felt by my colleagues. 6.52% 32.61% 0% 4.35% 6.52%
In general, I feel that the outcomes of Green Aviation are 6530 19,570 63,04 10.87% 0%
not equally agresd upon between my colleagues.
I feel constrained in participating in Green Aviation Initiatives 6.520% 4.3505 69,570 17,3004 2.17%
1 feel that my capabilities regarding the greening of aviation are not acknowledged. 4.35% 1.17% TB.26% 10.87% 4.35% 8
Enowledge of Green Aviation eapability iz not recognized 8.70% 15,2204 60.8 7% 10.87% 4.35%
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Definition of Green Aviation

Energy

Summary of Pain Points
® Price raises

Major Pain
| ~® Human Points

resource -

Lack of method for

utilizing new
raises energy sources

® Policy restriction

® Cooperation difficulties .
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Solution

Al empowered trajectory planning to use wind

® |nspired by birds

® Jet stream Is clean & sustainable

Rely on wind field @ Trajectory Is key to use jet stream

Albatross uses horizontal winds —

y Rely on trajector
/

Eagles use thermal updrafts
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| Discussion 7= innovatonk
Solution Road Map

Aims: Train aircraft to automatically plan energy gaining trajectory

Advantages: Increased Energy Efficiency; Reduced Greenhouse Gas Emissions

Data link is returned to the
flight control unit.

Construct feature engineering
to generate the state space and
input it into the agent.

Flight control unit
Fuse sensor
+ dataCopstruct
Seatc space _ Airspeed Temperature
Output trajectory planning ba%d — —E%:%:it;_g,gs?e' indic_at?r P Q
on wind field pc‘f'cption resultt ature data :
—_——— — 2 ”III"" 5.
8 LT v
' -
< P.ress‘ure IMU Wi‘nd ~vane
& - :g“:“r : S‘n: "r
Intelligent agent Wind field Aircraft Airborne sensing equipment
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| Discussion
Cost analysis-research and development cost

Content Expense Period

3D wind field _ .
_ High-performance sensors, remote 2 millions of 1to?2

data collection _ _
sensing equipment, and related software RMB years
system
Reinforcement  High-performance computing resources 100 thousands  1to?2
learning model (GPU clusters) and Al development team of RMB years
Experimental Renting/building flight experimental 10 millions of 1to2
validation equipment and testing environments RMB years
12

Northwestern Polytechnical University

School of Aeronautics



©
| Discussion &<
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Content EXxpense Period
System hard- o 5 million of
_ Construct an automated production line 1-2 years
ware production RMB
_ The required hardware components
Raw material _ .
depend on market prices and 4 million RMB Months
procurement .
procurement quantities
Labor costs  \Wages paid to operators and technicians 8 million RMB Ongoing
13
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Cost analysis-operating and maintenance cost

Expense Period
Maintenance of wind field data system Millions RMB Once a year
Software system maintenance Millions RMB On-demand
Benefit Analysis
%‘
Fuel Cost Saving Extended Equipment Policy Support
Lifespan 14
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| Conclusions 7= innovatank
Aim
€ Achieve green aviation

What is green aviation? How to achieve?

Aircraft is operating in the Al-based wind energy harvesting

# Sustainable trajectory planning
€ Optima
€ Clean

® Reduce carbon emissions
condition

® High energy efficiency
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