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Project team, Procedural checks and personal Project brief

This document contains the agreements made between student and supervisory team about the student’s IDE Master
Graduation Project. This document can also include the involvement of an external organisation, however, it does not cover any
legal employment relationship that the student and the client (might) agree upon. Next to that, this document facilitates the

required procedural checks. In this document:

The student defines the team, what he/she is going to do/deliver and how that will come about.
SSC E&SA (Shared Service Center, Education & Student Affairs) reports on the student's registration and study progress.
IDE's Board of Examiners confirms if the student is allowed to start the Graduation Project.
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Increasing passengers’ perceived safety in post-pandemic air travel

project title

Please state the title of your graduation project (above) and the start date and end date (below). Keep the title compact and simple.
Do not use abbreviations. The remainder of this document allows you to define and clarify your graduation project.

startdate 28 - 09 - 2020 08 - 03 - 2021 end date

INTRODUCTION **
Please describe, the context of your project, and address the main stakeholders (interests) within this context in a concise yet

complete manner. Who are involved, what do they value and how do they currently operate within the given context? What are the
main opportunities and limitations you are currently aware of (cultural- and social norms, resources (time, money,...), technology, ...).

The COVID-19 pandemic had a huge impact on the aviation industry in 2020. Companies across the entire supply
chain faced job cuts and financial difficulties due to a sharp decline in air travel, mainly caused by government
restrictions and people being less willing to fly (fig. 1). Air travel facilitates the potential spread of viruses over long
distances and should not be encouraged during periods of increased risk of infection. However, as with any mean of
mass transport, every effort should be made to reduce these risks when travelling.

This project is in collaboration with Embraer, an international aircraft manufacturer that seeks ways to improve
passengers' viral safety in air travel. This is to ensure that its airplane cabins will not only be more resistant to viruses,
but also regarded as such by the passengers.

According to the latest knowledge, coronavirus primarily spreads through contact and respiratory droplets (1). This is
especially relevant in economy seats class where passengers sit close to each other. A study on COVID-19 concerns
shows that the fear of sitting next to an infected person in the plane is the biggest factor discouraging from flying.
One-third of the respondents are planning to avoid air travel in the near future as a continued measure (2). This shows
that the pandemic is likely to have long-term effects on attitudes towards flying, with an increased need for viral safety
measures throughout the journey. By implementing them, aviation companies can ensure better handling of its
passengers and make flying more resilient in the future.

Another important aspect is how safe people feel with these measures. Passengers perceive safety differently than

aviation specialists, because their decisions are based not only on facts but also on fears (3). Their evaluation is more
unpredictable and may differ from what is really effective. This thesis will focus on solutions that will be perceived as
safe among passengers, to ensure that a pleasant travel experience is not compromised in the post-pandemic travel

Embraer is involved in many environmental initiatives such as the DIPAS program, set to reduce fuel consumption,
CO2 emissions, the use of harmful materials, etc. in their products (4). To reflect Embraer values, TU Delft's mission, and
my personal goals, an important criterion in this project will be the low environmental impact of the chosen concept.

This project will be developed for the Flying V plane concept, which is currently being developed in a collaboration
between TU Delft and several aviation-related companies, including Embraer. This new type of plane will use about
20% less fuel than the leading industry plane, Airbus A350, bringing significant cuts in carbon emissions in commercial
aviation. The advantage of the V's interior layout is the arrangement of economy seats in diagonal rows, which reduces
physical contact of passengers compared to current airplanes (fig.2). This is a good starting point for developing a truly
virus-proof plane interior, which will promote Flying V as a resilient and sustainable solution for air travel. For Embraer,
the findings from this project may help improving the safety of its current and future products.

To ensure feasibility, the developed concepts will be assessed in terms of the current EASA guidelines for cabin safety
and accessibility, as well as ICAO COVID-19 Passenger-Crew and Disinfection guidelines (5)

space available for images / figures on next page
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image / figure 2. __The Staggered Seat in the Flying Vinterior (7).
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PROBLEM DEFINITION **

Limit and define the scope and solution space of your project to one that is manageable within one Master Graduation Project of 30
EC (= 20 full time weeks or 100 working days) and clearly indicate what issue(s) should be addressed in this project.

This project focuses on designing aircraft interior element(s) that will reduce the spread of coronavirus and increase
the perceived safety among passengers.

The COVID-19 pandemic in 2020 raised many concerns about the viral safety of airplane interiors. People are less
willing to fly as they fear sitting next to an infected person. Known issues facilitating the spread of viruses in the cabin
is the contact between passengers and the spread of respiratory droplets. Another problem is the sense of safety of
passengers, which may differ from what is really effective and can have a big impact on the well-being during the trip.

For this, the perception of safety will be researched. Concepts that minimize the spread of viruses will be generated,
tested with users, and evaluated in the scope of ergonomics and their environmental impact. Furthermore, concepts
will be assessed against aviation safety and disinfection guidelines to ensure their feasibility in the current context. This
project will be developed on the full-scale model of the "Staggered Seat", an economy class seat in the Flying V
interior, available at the Industrial Design Engineering faculty building.

In order to make the project manageable within given time, the COVID-19 will be te only type of virus taken into
account. The cabin airflow and the airborne transmission (unlikely way of infection), as well as the use of the on-board
lavatories will be left out of scope. Nonetheless, these aspects will be considered during consultations with experts.

ASSIGNMENT **

State in 2 or 3 sentences what you are going to research, design, create and / or generate, that will solve (part of) the issue(s) pointed
out in “problem definition”. Then illustrate this assignment by indicating what kind of solution you expect and / or aim to deliver, for
instance: a product, a product-service combination, a strategy illustrated through product or product-service combination ideas, ... . In

case of a Specialisation and/or Annotation, make sure the assignment reflects this/these

The project is expected to result in a product/set of products that will improve the viral safety and perceived safety
among the passengers of the economy class in the Flying V cabin. The main criteria when choosing the concept will
be their COVID-19 safety, perceived safety, environmental impact, and compliance with aviation guidelines. Several
aspects will be considered to address the comfort of passengers and flight attendants, such as intuitiveness,
accessibility, and easy maintenance.

Research questions:

What interior elements will reduce contact and spread of droplets between passengers?

What are the factors influencing people's perception of viral safety when flying?

How to reduce the passengers' fears of catching a virus in the plane cabin, while not decreasing their sense of
responsibility?
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PLANNING AND APPROACH **
Include a Gantt Chart (replace the example below - more examples can be found in Manual 2) that shows the different phases of your
project, deliverables you have in mind, meetings, and how you plan to spend your time. Please note that all activities should fit within

the given net time of 30 EC = 20 full time weeks or 100 working days, and your planning should include a kick-off meeting, mid-term
meeting, green light meeting and graduation ceremony. lllustrate your Gantt Chart by, for instance, explaining your approach, and
please indicate periods of part-time activities and/or periods of not spending time on your graduation project, if any, for instance
because of holidays or parallel activities.

startdate 28 -9 - 2020 8 - 3 - 2021 end date

Planning

Wsc gac
Wacko

ject - Itegratd Procuct Design Fiying V concept

TASKTTLE

Literatuo research
Prepare fo nterviews
Conduct interviews
Passenger Journey Mapping

Litof Requiremente
Redetine Praplem Definiton

Brainstorm deaton
Create User Survey

Conduct User Survey

EcoDesion Strateay WheellHarris rofie
Define 3 Concepl Dirctions.

Create Low-Fidelty Prototypes

Prepare fo esting concept direction
Validting Concopt Dirsctions w/ Experts.
9

Refine based on th tost resuits
Prototype

The planning of this graduation project follows the Double Diamond method (8), which distinguishes the project into
different phases of divergent and convergent thinking approach: Discover, Define, Develop and Deliver.

Discover phase will focus on gathering information, which will mainly involve literature research, conducting
interviews, and identifying the needs of stakeholders These will be followed by the problem definition. Next, in the
Define phase, concepts will be generated and tested with users. They will be assessed in the scope of the ergonomics,
environmental impact and the aviation industry guidelines. Three to five concepts will be chosen and developed using
rapid prototyping. In the Develop phase, chosen concepts will be assessed with experts to ensure feasibility and
meeting client's needs. The selected concept will be further developed by a mean of of a full-scale prototype. This will
be concluded with a final validation of the developed concepts with experts. The last phase, Deliver, will consist of
making recommendations, finalizing the report, creating a presentation and developing the concept showcase.

As research on the COVID-19 virus is still ongoing, new discoveries could impact the process at any stage of the
project. Adjustments in the planning may be necessary to ensure the relevance of the outcome.

Two trips to Poland (one in October, one in December) regarding family matters and the Christmas/New Year period,
will push back the final presentation date by three weeks.
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MOTIVATION AND PERSONAL AMBITIONS
Explain why you set up this project, what competences you want to prove and learn. For example: acquired competences from your
MSc programme, the elective semester, extra-curricular activities (etc.) and point out the competences you have yet developed.

Optionally, describe which personal learning ambitions you explicitly want to address in this project, on top of the learning objectives
of the Graduation Project, such as: in depth knowledge a on specific subject, broadening your competences or experimenting with a
specific tool and/or methodology, ... . Stick to no more than five ambitions.

For years now, | have been pursuing designing sustainable future mobility. This is reflected in my projects, such as
Haibu - a vehicle concept for future megacities, Ford Omni - autonomous delivery van that reduces city congestion, or
Ecotap EVY - an electric car charger for home use. My interest for innovative transportation led me to a recent
participation in the Delft Hyperloop dream-team, where | gained experience while developing an interior concept of
the full-scale hyperloop pod. Next to this, | researched the perception of safety in autonomous modes of mass
transport. This project piqued my curiosity about how people's relationship with innovative means of transport will
develop. In my thesis, | want to broaden my competencies into a new field of transportation, which is air travel. |
believe that the chosen topic will allow me to learn on how to react to unexpected circumstances in a technically
advanced field of transportation, develop a relevant and topical product, and make a one step closer towards
promoting sustainable and resilient future mobility.

| am looking forward to working with Embraer, a progressive transportation company where | could learn to
collaborate with professionals in my field of interest, and create a link to the future employment opportunities at
design consultancies such as PriestmanGoode or Layer Design.

Furthermore, | would like to prove the competences acquired throughout my Master's courses at TU Delft, among
which are: ACD, where | could further develop my conceptualization and visualisation skills (2D animation, 3D
modelling, rendering), AED, where | gained experience in advanced prototyping and user testing, and Sustainable
Design Strategies elective, which taught me the application of different sustainable strategies (Ecowheel, C2C,
Biomimicry) into real-life projects.

References:

[1] World Health Organization: WHO. (2020, July 9). Transmission of SARS-CoV-2: implications for infection prevention
precautions. WHO.
https//www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-preventio
n-precautions#%7E:text=T0%20the%20best%200f%200ur,0f%20COVID%2D19.

[2] Rockland, D. B. (2020). Air Traveler Response to COVID-19. IATA.
https//www.iata.org/contentassets/5f8235a4ef364ec886ad2594531c04d0/2020-07-07-01-sp.pdf

[3] Mauro, R. (2019). Perception of Aviation Safety. Risk Engineering, 119-137.
https://doi.org/10.1007/978-3-030-11456-5_8

[4] Embraer. (n.d.). Sustainability. https://embraer.com/global/en/sustainability

[5] Aircraft Module. (n.d.). ICAO. https.//www.icao.int/covid/cart/Pages/Aircraft-Module.aspx

[6] Statista. (2020). COVID-19 gives us a chance to design an aviation industry fit for the future [Figure].
https//www.weforum.org/agenda/2020/06/covid-19-sustainable-aviation/

[7] Vink, P. (2020). Towards a hybrid comfortable passenger cabin interior for the flying V aircraft [Photograph].
https//www.researchgate.net/publication/339440026_Towards_a_hybrid_comfortable_passenger_cabin_interior_for
_the_flying_V_aircraft_-_viewcontentcgi/figures

[8] What is the framework for innovation? Design Council’s evolved Double Diamond. (2019, September 10). Design
Council. https://www.designcouncil.org.uk/news-opinion/what-framework-innovation-design-councils-evolved-
double-diamond

FINAL COMMENTS
In case your project brief needs final comments, please add any information you think is relevant.

Due to concerns around increased COVID-19 infections at the start of the project, and a possible closure of TU Delft
facilities, the execution of some planned activities might be limited, such as user testing or working with the full-scale
scale seat model located at the faculty.
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Data processed from literature research, grouped
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Data processed from literature research, clustered
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Interview guide - FLIGHT ATTENDANTS
Increasing passengers’ perceived safety in post-pandemic air travel

This research focuses on investigating how the plane passengers perceive safety in the
plane cabin during pandemic and how it influences their behavior. This is with an aim to
address their concerns when flying and help them rebuild trust in flying after the pandemic.

INTERVIEW QUESTIONS

1. Introduction questions
a. What was your last flight destination?
b. Are you flying less during a pandemic? Why exactly?

2. Perception of safety

a. Using the scale provided, indicate which setting do you think is safer from
catching viruses like COVID-19. Why do you think so?

b. Do you think the level of safety changes for longer flights such as from the
Netherlands to New York, compared to short ones, like the Netherlands to
Paris? Why do you think so?

c. The image provided shows common activities when travelling by plane.
Please look at each step of the journey, and think of how safe or unsafe it
feels for you in the scope of viral safety from your perspective. Rate it from 1
to 5 using the scale provided, and explain why you gave it such a grade.

1. Entering the plane 2. Walking through the alley 3. Storing luggage in the over- 4. Taking your seat
Looking for a seat head compartment

5. Sitting in the seat 6. Flight Attendants service 7. After landing - Regressing 8. Any other activities

d. What was your biggest safety concern when being inside the cabin during a
pandemic? Why did you feel it?

e. Was there something that made you feel safe against viruses in the plane
cabin? Why does it make you feel in that way?

f. What do you think could be improved to make you feel safer against viruses
when being inside of the cabin? You can provide ideas for each step of the
journey.

3. Passenger behavior

a. When being inside the cabin, did you observe any behaviors among
passengers that negatively impact viral safety? What were these behaviors
and why did they make you feel unsafe? Why did they do it?

b. Are there any measures you wish were executed better by the passengers or
other members of the crew? If yes, what are they and why do you think they
could be improved?

c. Can you think of any measures for passengers in the cabin that would
increase your feeling of safety?

4. General questions

a. Do you think the flight attendants are protected well against viruses in the
plane cabin?

b. What would be your main message to passengers when flying during a
pandemic?

c. What do you think should be changed in the aviation industry to convince
people to fly in the future?
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Interview guide - Passengers

Interview guide - PASSENGERS
Increasing passengers’ perceived safety in post-pandemic air travel

This research focuses on investigating how the plane passengers perceive safety in the
plane cabin during pandemic and how it influences their behavior. This is with an aim to

address their concerns when flying and help them rebuild trust in flying after the pandemic.

INTERVIEW QUESTIONS

1. Introduction questions
a. What was your last flight destination?
b. What was your motivation to fly?
c. Did you travel alone or with someone?
d. Are you flying less during a pandemic? Why?

SLIDE 1

2. Perception of safety
a. Using the scale provided, indicate which setting do you think is safer from
catching viruses like COVID-19. Why do you think so?
b. Do you think the level of safety changes for longer flights such as from the
Netherlands to New York, compared to short ones, like the Netherlands to
Paris? Why do you think so?

SLIDE 2+3

c. The image provided shows common activities when travelling by plane.
Please look at each step of the journey, and think of how safe or unsafe it
feels for you in the scope of viral safety. Rate it from 1 to 5 using the scale
provided, and explain why you gave it such a grade.

1. Entering the plane 2. Walking through the alley 3. Storing luggage in the over- 4. Taking your seat

Looking for a seat vead compartment

6. Flight Attendants service 7. After landing - Regressing

5. Sitting in the seat 8. Any other activities

Appendix C - 21

d. What was your biggest safety concern when being inside the cabin during a
pandemic? Why did you feel it?

e. Do you think you will still have these concerns after the pandemic is gone?

f.  (If a participant flew with someone) Were you concerned about the safety of
your co-traveller(s)? If yes, why were you concerned?

g. Was there something that made you feel safe against viruses in the plane
cabin? Why did it make you feel in that way?

h. What do you think could be improved to make you feel safer against viruses
when being inside of the cabin? You can provide ideas for each step of the
journey.

3. Passenger behavior

a. When being inside the cabin, did you observe any behaviors among
passengers that made you feel less safe against viruses? What were these
behaviors and why did they make you feel unsafe? Why did they do it?

b. Are there any measures you wish were executed better by the passengers or
acrew? If yes, what are they and why do you think they could be improved?

c. Can you think of any measures for passengers in the cabin that would
increase your feeling of safety?

4. General questions

a. Are you willing to go back to your normal flying patterns right after the
pandemic is over? After a year? Would you change them? Please explain.

b. If the negative things you mentioned before were improved, would you go
back to your normal flying patterns faster? If not, what would?

c. Would you pay more for a ticket if the safety measures you mentioned were
implemented? How much more? 30%, 70%, 100% and more?

a. What do you think should be changed in the aviation industry to convince
people to fly in the future?
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Activity

Indicative image

high concem
all grades
average grade
overall priority
MA grade
description

AG grade
uascrip‘ian

ME grade
description

SS grade
description

JR grade

Entering the plane

53,54,454.54,5
4.4

Low

5

entering the plane was okay because the
aiine, [removed]. allowed oniy 10 people

at the lime to ener the plane. So I felt
okay, that is safer than what it used to be
before

3

what | did, | was entering the plane as
one of the last people.| didn't want o be
in the crowd 5 then | was able o keep a
distance in front and aiso | think almost
o one behind me, maybe one person. So
1'was fesling neural.

5

1 think the person welcoming you was
also wearing a mask, so that was fine.

4

you're not really close to people and
people are wearing masks and | think the
cabin crew s really aware f what theyre
doing in terms of safety.
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Processing interviews - 9 cabin moments

Walking through the alley
Looking for a seat

Storing luggage in the overhead  Taking your seat
compartment

223 33 222

4223154522 2153153433 2144254344
3 3 33

MED Low MED

4 2 2

1 was walking through the comridor, and  And then the third one, the luggage
there was this woman, she was in @ hurry  compartment, everyone is touching it in the coridor place. and then there were,
somehaw, | don't know why, she just Also, for my fight, they didn't allow the 2 more peaple who were supposed to si
crashed my back, and | felt like, allthe  cabin luggage into the plan, S0 evaryene  next 1o me, and thay came in different
measures now are wasted, because this  needsd 1o put their luggage fo the
‘woman just didn't care about keeping the  airplane checkin. | felt better, because | o
distance. So okay, they let only 10 people  idn't need to deal with this luggage while _other pecple were moving around, for
in at the time, but ff one of themhad @ entering the plane. | stil had something 0 example.

virus and then you're stll lose to each  store i this compartment, and everyone

othar, the other anes will also g /as touching it, and It say someona

Maybe they could stil fake less people,  tres to put their luggage, and they're

butbe kind of more assertive o touching my bag, and then | was like “Oh

passengers 10 keop thair distance. my god, she touthed my bag!"

Ithink it was okay, but when | was sitting

2 1 1

because there were just a ot of people in | ha to really close e person which was | was sitting close to the window so |
front of me it was quite crowded. And  sitting below the compartment. Almost  asked the person {0 stand up and let me
there was also because | was one of the  touching that person to get there I'm not  pass. So | would just say | didn't have to
Iast people 50 there were people on the  even sure if my luggage was quite heavy  go ike a climb aver the person. He gave
alley they were on the right and on the left and | had problems if somecne came fo  me the space. It's not the maximum

and also not everyone was wearinga  help me. S0 | would choose this as one

mask in the correct way s cavering their a5 | am so close to ofher people. It cannot

nase and face, Just when | realised and  kesp distance anymors.

was finally able 1o see those people and

re wearing masks it

yeah I was able fo able 1o keep a distance
from those people as being one of the last
people being in control of the distance

2 5 4

Well, because over there everyone was |t was fine bul | felt a bit huried. Butlt 1 think I had a seat in the middle so | didrit
already closer to each other and you're in  was safe. have to pass anyone

each ather's social area with people that

you don't know and also it was my first

view into the cabin. So | was shocked,

everyone sitting and then you see like,

wow, these are actually quite a lot of

people. And so that moment had a big

impact | would say.

3 3 4

I dont feel that unsate. s nat fully safe
because you're stll moving and people
are still around you

it actually depends on the people but
think when | was taking a plane, people
were not so erowded down on the aisles,
they just they just quickly went to their
seals, And there were less people at a
time.

| was siting there in  window seal and
en when | arrived there was no one.
\was somewhat safe. But the thing s
that | sanitized my whole seat, to make
myself feel safer.

Sitting in the seat

122
2224253545
34

MED

2

Sittng in the seat - 5o on my fight from
Amsterdam to Istanbul it wasn't really full
50 they amanged the seats like, Iy to
keep the distance from each other. | had
a seat gap between the ather passenger
and I felt really safe. And | thought “Okay,
if | stay this way, | coud ravel more ofien
with planes". But when | was going back,
itwas sunday evening, It was full, pecple
were in a hurry, and then the passenger
sitting next to me he was moving a lot and
couldntfit in his seat, it was oo smal for
im, ang

2

As I'm saying overall | think | can be in
control just not trying to, | don't know, hold
my amns close, be aware what I'm doing
with my hands not ta touch toa many
things and a just trying also nol talking to
the person, trying (o keep a distance as
much as possible sitting that close, but |
had experienced that someane was not
wearing a mask, he was taking it off
during the flight. But | asked the person if
he can put it back. He was nics and he
said sure.

2

when | was doing the bells, you sart of
have 1o touch each other and that was
just very new for me in that whole period
of time

4
nothing was happening at that time.

Flight Attendants service

11
3132452525
34

MAX

3

Of course, before corona we had more
food, the meals were more full o things.
but | didn't know they changed the meal
after eorona, 5o | kopt myself hungry
before the fiight, and that was a studid
idea. When | saw the meal, | thought *|
hope | will survive this filght”, because |
only got a sandwich. Of course, during
corona | also try to keep my mouth not
open fora long time, butif there s a one
seat gap, and also the other people face
forward, | feel more comfortable, 50 it also

@5 s0me tma 1o open my mouth an
eat.

1

For me its so crazy that it stil happens. It
islike what | did. | bought an expen:
fiight from the Netheriands to Poland, It
was in August and | thought f s
expensive its from [removed], itl be the
safest fight. But what happened is the
opposite because [removed] was serving
food to everyone on the plane,

3

they didr't come by, 50 neulral or no
w

3
they still serve meals during the fight

Eating

1.1.1.2

11222

1.5

MAX

1

Ifelt really uncomfortable, especially
during eating process, because he was
definitely careless, he was talking a ot
and while eating he was talking too, and |
water from his mouth,
and | was like *| hope | wen't get any
cerona today’

1

S0 everyane took off their masks and |
was Just in shock. A | was keeping my
mask. | didn't take it off for a minute but |

was extremely feeling unsafe. One
person nex! (o me was just without a
mask and everyane was without the
mask, everyone was eating, and it was a
siressful silualion for me. And | was really
regrelting being on this piane and taking
this fight

Did ot eal during a fight

2

Well | kind of feel somewhat unsafe that
time because although they announced
that it is suggestad for you to have a
dmumn dining time than people around
u. Im one seat apart from
Reighbor, bt |tk wii him 0
we both had received the meal at the
same time, and that was somewhat not
e for me. But | just wantto eat so |
didn't think that much about it After
landing

yeah weari

After landing - disembarking

11.1.33.2
131,311,543,
27

MAX

1

And then during landing, they annaunced:
“please remain seated, only leave after
the row before you leave”. So during the
firstflight, from Amstardam to Istanbul,
people followed this rie. So left the plane
ane by one. And | was again so happy
with that. But then again when flying back
it was terrible. S0 this guy sitiing nex to
me he was pushing me like *Hey, move,
want 1o leave as soon as possible’, and
then there were ofher people who were-in
& hurry, they just did not listen the rules,
thero was a line In the corridor, so |
thought they made all these measures
when entering the plane, and then they
didn't make sense, because everyane
was 56 ciose, no distance, Iterally
everybedy Just touching each other. | had
to also goiinto the line. because this guy
was pushing me all the ime, and whers,
do | go? Everywhers a oo full of

people...s0 annoying. This time they didn’
Usay anything, | ik they should be
more assertive o passengers, that they
noad 10 keop thelr distance, but they wera
like “whatever, e just so tined, we'll
just let them go” (laugh).

3

again | was sitting until almost the end so
that | could be the last person to leave so
o people befind my am ust | profer not
ta have people behind me. And wh

hoyre oy m ron of e | can keep a
distance and aise | don't breathe on them
they don't breathe on my back. | would
say this is quite neulral, thres,

1

Igot a bit annoyed, my boyfriend as well,
because they seriously asked you to stay
seated until they open the doors. so
everyone can walk out just one by one.
But no one

annoying. Because they tried to give you
the right information and they try to guide
you, but in the end no ane did the thing.
50 that was just very annoying and it fell
unsafe because | was walting in my chair
but everyone's standing already and
grabbing their stuff. It was unsafe. Also

3

There were less people 50 | don'tthink It
was really crowded al that time. It was

people but | saw that people we
eeriog masks and there's lese peaple 50
I didn'tfeel that unsafe.

using toilet

&=

1.2
1233

MED
1

Okay. ca the carridor is raally narrow, and
there are two toilets. | just left the toilet
and there were tno people waiting
outside of the tolet, and there was no
place to pass through to my seat. And |
had to again be really close o them.
maybe have physical contact with them,
which ot realy unsale. Boiog nside of
the tallet made me feel safer because
there wara no peogle around me and |
realised, there is fresh air in the tolet.
Also, they use light colors, whites, and it
is more frash-looking. | fat more safe.

using toilet - 2

there's not a lot of space lo siand. If there

is someone n front of you waiing for it as

well then you ga back into the cabin and

then youre at fow one or two and then
jou're close (o the people that are sitling

there.

3

I sitting in & window seat, 5o at that
point it was somewhat unsafe because |
have to pass through my neighbor. But
e ona an e ssle sest, he vat ackualy
ougttiul he st wertl the wy to
e il 1o wal fof o
ink hat 1 o sanse i oo s, Also
aftar we Used the bathroam the cabin
crew sanitized everything with alconol
after every use 5o in thal way | fell safe.
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Activity

Indicative image

high concem
all grades
average grade
overall priority
description

LD grade
description

KFA grade
description

AFA grade
description

IFA grade

Entering the plane

5354454545
4.4
Low

very safe

4
Passengers are being guided to ga by |

pass pretly quickly past me. And | think
the planes are not very full at the
moment. Sothey can keep some kind of
distance, | dortt really feel unsafe. But al
the moment alo passengers are only
saying hello and that we give them a
clsaning towel but bsfors corona, it was
wery different. People were always with
many people in the pantry because they
can't get through the aislé and they had
questions and they're not listening and it
was chaotic. Before boarding you have o
make the cabin ready for safely reasons,
you have to greet passengers a

ot more quist now. We don't have to do
a5 much as we used to, I's easier.

5

the contact is brief, a passenger walks in
and immediately goes into the aisle.

Walking through the alley
Looking for a seat

223
4223154522
3

MED

you pass quite a few pecple

5

there were 2 hallways on my plane and
they were also boarding from the last
rows 10 the front raws, and you were
walking through like an empty plan
because you don't have people that were
boarding, people that were sitfing.

4

Well because passengers have to pass

each other. They come very close, Maybe

they have to speak to each other, “Can |

pass?" and maybe they make lte fights
la

5

Walking through the aiste, looking for
at It's very safe because contact is

brief.
As & passenger you pass others who are
already seated, faces are not on the
same lovel

you're supposed o stop the flow of
passengers oulside, in front of the door.
And that <o that they wail outside of the
aircraft

Storing luggage in the overhead
compartment

2153153433

3

Low

Thats the beginning of the flight, and

peaple are sill kind of wandering around
the cabin,

5

there was basically no one, there was
only me and only one person in front of

M 50 we just gave each other space and

time.

3

‘The luggage bins are usually opened,

they don't really need to touch it, they just

put their bags and | think well that must
be fine.

4

Again, if you do that quite quickly, even
though some people take Torever, or so it
seems, it's asy you know, you putin
your bag you take out your phorie you
take out whatever entertainment yau
need and you sit down.

Appendix D

Processing interviews - 9 cabin moments

Taking your seat

2,22
2144254344

33

MED

1hink outside taking your seat is very

Sitting in the seat

2224253545
34
MED

Flight Attendants service

11
3132452525
34

MAX

other peaple, |

sin
similer bacaube o eppars inhe sama | thirk thatrelly depands on the babavour
of the

kind of timeframe.

5

‘e pecple siting nextto you. If there's
ing or something.

freaks you out. And you feel like you can't
really move away. Once you are stil
walking in the aliey you can stil somehow

Whereas when you' sitting
you're kind of bound to the place. It can
feal from really unsafe to neutral. Anather
thing is that not everybady kind of fully
complies with the rules | would say, 5o
you know thre's a lot of peapla that
would like you know, not take their masks
aff completely, but ake therm dawn a bit
<0 their nose sticks out or somathing ke
that. That does make a difference.

5

1 was the only one in the row, and acmauv 1 was alone

‘every row has only ane ar 2 people,
people were flying lagether, then Ihe'y
were allowed 10 si together.

4
ihink al the seats and the tables have
been cleaned by a cleaning staff at the
aitport. So it should be safe. Also they
have the towel so they can clean their

3

I think most peple are sitting next to the
travel companicn. Maybe there is a
stranger next 1o you. But | see people are
wearing the face masks most of the

hands. And sometimes on the flight you're time. Yeah, | don't see a lot of interaction

sitting next 1o other people. Maybe you
have lo ask him te get up 50 you can
pass o your seats, But | think that are
short moments. And withaut a lot of
talking to each other. it all goes right

3

sometimes pecple have problems with
comparing the symbols, | appreciate that
everybody's on a plane on a daily basis.
s0there's a confusion, 50 is A8 window
seator Cis the window seat? Even
though its indicated, and then sometimes
people have o sort of get up, change
ats. allow someone to pass and then
you Gome into close contact, Faces ar
on the same level, o | would say neulral,

between passengers who don't know
&ach olher,

not so many peaple are

eating or drinking and | don't see many

Beopls talking and ez, Sushing
They're all sitting and that's

5

Siting in the seats, and then everybody's
facing forward. You know, the air
condioring hafs towing and he i tht
ies out of the litte vents, siting in your
i very safe.
I have to talk a litle louder or they have to
talk a litde louder around its fine. I'd say
its very safe

s proper distance
whenhes Taking o e, | ik ihey are
Kind of trained how to do it and | think

ey also probably have to take a lo
tests, 50 thay more less know what's their
health.

5

the fight attendants were wearing
surgical face masks and they never
removed it, always kept it on and they
were really professional | hink.

2

Well they have to speak to us and I'm not
sure if the face mask will keep the virus
inside. And it also that we cannot hear
them 50 we may have to ask many times
what they said and if the passengers at

' aisle seat. | have to bring my ear to
beceuse | camnctheer them.
S | think for both of us it mi
really safe. Its the moment yo
oally closs It you want i haar samapoc,

Well the most concerning to me Is the
flight attendant service. | myself I'm not
really afraid of it occurring | already had
corona and so fim ot e of the vius
myself, But sometimes when 'm

with it, | can imagine that you can gs[ the

contagious in that way.

5

Because again faces are not on the same
level and contact is very brief. Youkeep a
safe distance.
You ask whatever it is that people want
And you walk away, you go get their s,
you collect the: money and well even If we
don't use cash, yeah vie've become a
completely cashless operation. So its
payment by card only and the interaction
with the passengers ma
tops

1112
11222

15

MAX

Did noteat on the fight

2
‘Yeah maybe eating actually. | would say.

Now I'm not sure. | would and say wo but r

its more like my personal kiea, You are

supposed to wear masks and the fight is
only 40 minutes long so s not t necessary
ause

to give food 1o the:
people start removing o mask, so |
just really believe that is not necessary
and its unsafe.

NA

After landing - disernbarking

11,1332
13131543,
27

MAX

Ithink a ot of pecple, at least on my
flight, are rsally rushing to go out of the
plane and maybe be less cautious on
distancing and safety. So | think it creates
mora chaos. But on the other hand it s
because they don't want to be in the
plane anymore.

5

because letting people out of the plane
starting from the beginning to
the end, and If someane was trying to
anyway you get up, the fight attendants
were telling them not o, to please respect

ur orders, so they were really taking the
initative and trying to make people
respecting the rules.

4

Again, many people are close to each
other. They had to wait until the doors
were open. And we stil ask them o wail
until the row before them has
disembarked but they den't do that. I can
understand everybody wants to get out if
the plane has landed.

inlc the paople who are really afraid,
they remain ualsd They wait ul\h\
everybody has left and they go
ovenybody whe ot raaty sna o he
virus they just get up.

Fm not really sure how the ventiation is
warking at that moment, i its sl working
the same as in the air and people are
standing in the aisle, maybe they disturb
the airsireams. I'm ot sure about thal.
The same is on the grounds walking
through the alley looking for a seat. But |
think people are having persanal
interactions or contacts for less time than
waiting i the isle before the doors apen

2

Veah after landing people are so
incredibly used to getting up all at ance
Even though we make announcements to
sort of keep a safe distance between
each other, everybady gets up at the
same time, faces are on the same level
sortof and everybody is squished
tagether in a tight space so that wou'd be
somewhat unsafs. Because even though
contact is short you know €S within the 15
ute limit_ Just when the fasten seatbelt
sign goes off it like the start of a race
you know, bam! And | noticed over those
years, because well I've been with that
company for over 20 years, Ive noticed
thatits always the pecple in the middie
that getup. And then | always think to
myself, okay it doesn't matter which door
welre going to use you are going to be
thatlast. | dan't know, | mean its a
psyehological thing | guess.

3

using toilet

for't know how infectious the virus s in
the toilet and how much do you think the
whole activity of using a toile is saying in
terms of feeling of safety. Neural

even though we tell passengers Lo waltin
the aisle, and we've been telling him that
for the past 5 years, nobody does that
And 50 you know, | close the curain, |
keep them outside the pantry and then
the restrooms are behind the last row but
before the pantry so ihat's fine. So thal's
because we eat our meals in front of
Gourse at 5ome point or we have
something 1o arink and then when
passengers are going in and out | don
know maybe its not based on an
science, but i's an emotional decision to
sort of okay now let's keep them out.
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Activity

Indicative image

high concemn
all grades
average grade
overall priority
description

JFA grade

Entering the plane

5354454545
44
Low

5

jell if peapl on g
mouth mask, its very safe as long as
everyone is wel and is actually wearing a
mask. You can't adhere to the 1.5 metra
distance, so | would say in the first image.
Iwould say very safe. Because there's
not a lot of contact between welcoming
the passengers dossn’ take long.

Walking through the alley
Looking for a seat

223

4223154522

3

MED

Ithink it is better to sit in the plane than

seeing more people and | think that is
less safe.

2

‘The second image | would say is
somewhat unsafe. People really stay too
close 1o one another.

Appendix D

Processing interviews - 9 cabin moments

Storing luggage in the overhead
compartment

>

33
2,1,53,1,534,33
3

Low

3

It really depends on how many
passengers are around the person. So |
would say neutral

hand luggage as possibl
experience people wil take everything
they want anyway, so they don't really
listen to that advice.

We do advise passengers to take as little
e but in my

Taking your seat

Sitting in the seat

222 122
2,14,4,25434,4 2224253545
33 34

MED MED

Soif you just sit dawn and breathe that is
in an intimate neighborhoad, then | think
that's pretty safe.

4 5
Taking a seat, actually this is the same
‘argument, | would ga for it safe”
as long as the people are not breathing

on their nack

Flight Attendants service

11 1.1.1.2
3,1,32452525 11222
34 15
MAX MAX

as a fight attendant mwalking up and ~ NIA
down and | think walking is unsafe. f'm

safer but if] am siting down then it

doesn't bother me anymore.

I think as a person it is less safe to walk

up and down the aisle. because then you

will breathe some air which you may be
infected with

5 2

some people do take advantage of the
situation ar abuse situation, maybs better
said, and they would have a coffee or

1 think it's our human nature but
‘sometimes when you ask for someane's
order they will take up the face mask 1o
speak more clearly and so you haveto  coke or a beer or whalever and instead of
remind people to keep on the mouth finishing itin intended 15 mindtes, they
masks. As long as the people are nottoo  will finish it in an hour. Just nat to wear a
close to you, then it's not a really big facemask.

problem, but it does make it a lite less.

safe of course. We've adapted our servica

for the shortest time possible

After landing - disembarking

11,1332
13,1,31,54.3,
27

MAX

I order people to remain seated unti the
fow in ffont of you has been cleared. And
I pretty strict, so | will use the BA to
direct that you are only allowed to stand
up if you are on the first row. All the other
passengers have ta remain seated. So
this in order to faciltate the smooth
disembarking. And then there is less
chaos in the cabin, and there is less
contact by @ lot of people.

Soit takes up some energy and it also
takes up a certain mindsal, because now
Fm ol the fight attendant who | was, now
I'm more of an airport poiice officer.

So i somebody's not wearing a face
mask, | wil ask it 10 times poliely. But |
have 1o take in consideration that | have
to sk him 10 times nicely because you
know, I'm not going to check on him 20
times. | will check again 10 times, puton
your mask. If there was a passenger on
row 9 that s not wearing a mask, | would
go there and do something with it | wil
ask him 10 times poltely. For me that
works

4

it depends on the distance people keep. It
should bs betwesn one another. So that
could be somewhat unsafe or neutral

Any other activiies, if there's not a big
queus for the tallets, I would say very
safe. If there is a queue building up |
would go from somewhat safe to neutral

using toilet

You can never know of course, but you
just hape that people when they uss the
lavatory. they also wash their hands. But
you dor't have any insight on that of
course. You never know Ifthey properly
pay attention to hygiene

1 s8¢ people going Into the lavatory with
bare feet so | don't think it always
happens that way. It happens a lot.
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Processing interviews - Quirkos analysis report

Interview analysis report generated with Quirkos software

https://drive.google.com/file/d/Tuk_wOrV0j1lI5Hjsy_OB60GWFZjmRfWr/view?usp=sharing
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Appendix F

Co-creation session presentation

“Increasing the perception of viral safety in planes”

Co-creation session

Increasing the perception of viral safety in planes Proven safety Perceived safety

5
TUDelft € evaracn

What are we going to do? Now vs. future

1, 000
/—-
D |]|]l] o—
/ \ o= o-("o
Present Evaluate Choose

Now: feasibility, cost Future: effectiveness, environment
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Co-creation session presentation

PROCEDURE:

Blln
/ \

0‘%" 1. Uncertainty about measures

Concepts Discussion Voting
Multiple per Pros and cons, Selecting the best
challenge feasibility + most feasible
Masks uncertainty Cabin air uncertainty

CONCEPTS: CONCEPTS:
A) Free certified safety mask when entering the A) Leaflets when entering, showing the
plane 1 details on how cabin air works 4 1

B) Leaflets/stickers explaining how masks work 1
C) Describe the benefits of wearing a mask during
the in-flight safety briefing/on screens 4 11

D) Compulsory medical masks bought before flight informing about all safety features
E) Free WiFi + phone notifications informing about I D) Safety measures described online, sent
all safety features together with the boarding pass 3 1

B) Ads on the airport, explaining how safe
the cabin air is 1
C) Free WiFi + phone notifications
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Co-creation session presentation

Cleaning uncertainty

A)
B)
©)

D)

CONCEPTS:

Little cards indicating the seat was
cleaned 2

Free WiFi + phone notifications
informing about all safety features

A real-time video of interior cleaning
shown at the airport 2 11

A sign at the entrance: “Interior
disinfected” with signatures of cleaners
21

2. Need for increased measures

Seat redesign/enhancers

A)
B)
0
D)
E)
F)
G)
H)

CONCEPTS:

Antimicrobial materials/coatings 4 1

Foldable screen divider 2 1

Additional cover that is replaced after flight 2
Redesigned armrests for less contact 1 11
Cleaner seat design with no gaps, seams etc. 1
Integrated UV light cleaning 1

Air outlet between passenger heads

Reversed central seat in the row

Too much physical contact

A)
B)
o)

D)
E)

CONCEPTS:

Stricter, organized (de)boarding 1
Checked-in luggage only

Using light to indicate which rows can
disembark 4 11

Penalty for disobeying rules

No lines to the lavatory allowed
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Co-creation session presentation

Personal safety equipment

CONCEPTS:

A) Face shields for free when entering 3
111
B) Gloves for free

3. General anxiety

Uncertainty over passengers’ health

CONCEPTS:

A) Required making a PCR test before entering
the plane 1 11

B) Free WiFi+App that describes the unlikelihood
of catching a virus on board

C) Temperature screening 4 11

Worrying about infecting others

CONCEPTS:

A) Additional protection on top of the
mask. (shield?) 11

B) Foldable barriers between seats 11

Q) 31
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Co-creation session presentation

Hearing coughing/sneezing

CONCEPTS:

A) Free extra protection masks that mute
sounds

B) Personal helmets which protect, mute
and provide entertainment 11

C) Tissue given away 3 1

nh

4, Disobedience

Not wearing masks (properly)

CONCEPTS:

A) Aright to offload a passenger who is not
obeying the rules, can be banned from the
next flights (open system of tracking) 11

B) A face recognition camera in the seat that
detects masks off 1

C) (after pandemic) Section of the plane for
people who want to wear mask

D) An app where you can report disobedience
anonymously to the cabin crew 1 11

E) Seatbelts+masks on 1111

Different rules in different countries

CONCEPTS:

A) Standardised flight rules 11

B) Section of the plane for people who
don't want to wear a mask

C) App informing about the current safety
measures 111 11
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Co-creation session presentation

Unsafe when eating without masks

CONCEPTS:

A) No food allowed on the plane 11

B) Staggered food ordering 111

C) Removable barriers during eating 11
D) Liquid food 211

E) Food when entering 1

People rushing to the exit

CONCEPTS:

A) An app telling when passengers can leave

B) Using light to indicate which rows can
disembark 4 111

C) Flight attendants walking outside-in
through the alley to let people disembark
11

D) App detecting movement, ringing if you
leave too soon 1

Stewards should be more assertive

CONCEPTS:

A) A right to offload any passenger for not
adhering to viral safety measures (com) 1

B) Fines for disobedient passengers (com) 3
11

C) Warning on fines through the radio 111111

Appendix F - 41



42 - Appendix F

Appendix F

Co-creation session presentation

Stewards should control wearing masks

A)
B)
0
D)

E)

CONCEPTS:

A right to offload any passenger for not
wearing a mask (com) 1

Fines for no mask (com) 3 1

Face detection camera in the seat

App where you can anonymously report
not wearing a mask 1

Warning on fines through the radio
111

1

Lower willingness to fly in the future

A)
B)
0
D)
E)

F)

CONCEPTS:

More eco-friendly aircrafts/technology 1111
Find new niches of travellers 2 1

Improving entertainment/comfort 111111

More space, more expensive flights 111

Easy booking, rebooking, cancellation, refunds 3
1

Diversification of business 1111

Sustainability concerns

CONCEPTS:

A) Indicating footprint of each flight 1111

B) Include CO2 offset in each ticket 1

C) More efficient aircrafts 111

D) Communicating more the ongoing
development of sustainable aviation 111
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Co-creation session voting sheet

VOTING SHEET

name:

MOST FEASIBLE:

1 2 3 2 5 6

1.1 1.2 | 1.3 21 | 22 | 23 | 31 | 3.2 | 33 | 41 | 42 | 43 | 4.4 | 51 52 | 61 | 6.2

BEST IN CATEGORY:

1 2 3 4 5 6

11 12 |13 | 21 | 22 | 23 | 31 | 3.2 | 33 | 41 | 42 | 43 | 44 | 51 52 | 61 | 6.2
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No

Name
PlanBay

Antiviral surface

HeadZone

Isolate screen kit

S2 Stagger seat

Soft divider

Creator
Avioninteriors

Eboco

Factorydesign

Factorydesign

Molon Labe Design

Jamco

Appendix H

Overview of existing concepts

Description Website Photos
Physical, transparent divider between the passengers. Uses  hitps://edition.cni
the middle seat
o
Antimicrobal and antiviral armrest and tray surfaces http://journal-dow '
Safety solution, which wraps around the head to give https://www.aircr:

support, personal separation and a sense of reassurance.

An opportunity to transform a vacant seat into a screen that  hitps://www.aircr:
maximises personal space and helps separate passengers
from each other or the aisle.

Seat system that can vent fresh cabin air from the headrest  htips://www.aircr:
directly towards the passenger’s face, with controllable flow
rates and direction similar to overhead cabin vents.

Airflow down the cabin could be disrupted by fitting Jamco's  hitps://www.aircr:
Soft Divider, a leather-wrapped eyebrow-type hanging class
divider for single-aisle aircraft.
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7

10

12

Lightweight seat divider

Dual Disposable Seat Cover

Aircraft passenger protection

Protection screens

Removable Divider System

Protective screens

Lufthansa Technik

AviationRFI

Science Lab

Aviation Glass

Aerofoam

Autostop Aviation

Appendix H

Overview of existing concepts

Seat dividers which are installed around the headrest of the  htips://www.aircr:
middle seat in order to separate passengers. LHT says that
airflow tests have shown that the shields prevent the spread
of aerosols, without reducing the beneficial ventilation effects
of the cabin air conditioning.

Intended to help reduce germ transfer from seats to clothing  hitps://www.aircr:
during travel. The one-piece cover is double-ended, with one

end suitable for fitting to an aircraft seat, and the other a car

seat (useful for taxis, etc).

Physical, sealed barrier between passengers. The design is  https://www.aircry
a full cocoon that fits over an aircraft seat and its occupant,
keeping them completely isolated in the cabin.

Large glass screens that can be fitted onto existing aircraft  https://www.aircr:
seats to give a greater feeling of protection.

Removable seat-blocking device that can be easily installed  https://www.aircr:
on any seating platform using the existing passenger
restraint system, without restricting the function of the seat.

Passenger protective screens to help reassure passengers  htips:/edition.cnt
in economy class.
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13

14

15

16

17

18

Adjustable headrest

Glassafe

Priva

Passenger protection system

The Travel Safe range

Interspace Lite

Appendix H

Overview of existing concepts

Reinhold Industries Adjustable headrest that can be fitted to any economy seat  htips:/edition.cnt

platform, with both privacy and passenger safety in mind.

Aviointeriors A kit-level solution that could be installed on existing seats to https://edition.cni
help separate passengers sitting in double or triple seats,
Golnoosh Torkashvar An adjustable interactive shade which opens and closes https://edition.cnt

Vision systems

Safran

Safran

over the occupant’s head on demand. The wearer can
choose adjustable visibility, dimmable lighting and IFE
options, as well as a messaging system with flight
attendants.

Alight, compact and transparent barrier that separates https:/edition.cni?

passengers and also features an anti-germ treatment —
without requiring an empty seat between passengers.

The social distancing aspect of Travel Safe involves https://edition.cni

equipment such as Ringfence, a simple removable partition
that isolates neighbouring passengers. Other designs
include touchless interaction equipment for suite door
actuation, and pedal actuators for backrest recline functions.
The virus-free solutions incorporate a range of coatings for
seats and tray tables which facilitate disinfection and
cleaning.

An easily retrofittable table and shield fits over the centre https://edition.cni
seat, providing delineation and privacy between passengers
by locking out either the central or outboard seats of a row.

P i, Heatiest an e taere o st
masfachaons s piaorm™
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19

20

21

22

AirShield

Janus

Pure Skies

Premium Economy Seats

Teague

Avioninteriors

PriestmanGoode

PierreJean

Appendix H

Overview of existing concepts

A single 3D-printed component that fits directly onto the
passenger service unit (PSU) positioned above every
passenger in the cabin. Airflow from the existing overhead
air-gaspers is channelled through the AirShield, transforming
freshly purified air into engineered ‘air-blades’ capable of
controlling the spread of droplets much more effectively.

A new design which sees the centre seat in a row of three
reversed “to ensure the maximum isolation between
passengers seated next to each other”. An additional clear
plastic screen provides further protection.

Dividers would be erected between each seat to provide an
additional modicum of protection and privacy for adjacent
flyers.

Instead of individual seats, we could see a bench-like set up
in a lacquer material that has few gaps and recesses,
making it easier to clean as it has fewer difficult-to-access
crevices. Each passenger would have a bubble around their
head that would separate them from their neighbour.

https://edition.cni ;

https://www.flight

https://www.busir

https://www.airer;
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Rapid prototyping
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Rapid prototyping
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Criterion

Perceived safety

Viral safety

Interior safety

Sustainability

Convenience

Maintenance

Cost

Qualites assessed

Area of the divider, body parts
covered, physical contact

Airflow obstruction, area covered,
seclusion

Ease of dismantling, regressing time,
size when not used, attachment type

Weight (fuel use), production impact,
reusability, retro-fittability, universality
- can be applied to many interiors

Ease of use, comfort, communication
with others, actions required,
acceptance

Actors involved, time needed,
complexity, cleaning products
required

Production cost, affordability,
materials used, weight

Covering a small area, obstructing the vertical
airflow, not decreasing physical contact

Obstructing vertical airflow, covering a small area,
open-ended shape

Attached to body, takes more than 5 s to remove,
takes much space when not used, limits cabin crew

High weight, Single use, High production impact, not
retro-fittable, not universal

Hampering commmunication, requires many user
actions, novel, reducing comfort

Staff cleaning, complex to clean, timely

Appendix J

Harris Profile

minus

Covering a small area, not
obstructing the vertical airflow, not
decreasing physical contact

Not obstructing vertical airflow,
covering a small area, open-ended
shape

Attached to body, takes less than5's
to remove, takes moderate space
when not used, limits cabin crew
communication

High weight, Reusable, High
production impact, retro-fittable,
universal

Hampering commmunication,
requires few user actions, familiar,
not reducing comfort

Staff cleaning, easy to clean, quick
cleaning

High cost

plus

Covering a medium area, not
obstructing the vertical airflow, not
decreasing physical contact

Not obstructing vertical airflow,
covering a medium area, closed
shape

Attached to the seat, takes less than
5 s to remove, takes small space
when not in use, limits cabin crew
communication

Medium weight, reusable, medium
production impact, retro-fittable,
universal

Not hampering commmunication,
requires few user actions, familiar,
not reducing comfort

Passenger cleaning, easy to clean,
quick

Low cost

2 plus

Covering a large area, not
obstructing the vertical airflow,
decreasing physical contact

Not obstructing vertical airflow,
covering a large area, closed shape

Attached to the seat, takes less than
5 s to remove, takes small space
when not in use, not limiting cabin
crew communication

Low weight, Reusable, Low
production impact, retro-fittable,
universal

Not hampering commmunication,
requires no/few user actions, familiar,
improving comfort

Self cleaning/not required

Very low cost
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Appendix J

Harris Profile

' =
( = /
/ / / [ ﬁ )
Weight Concept #1 Concept #3 Concept #4 Concept #5 Concept #6 Concept #7 Concept #8 Concept #9

scores Concept #1 Concept #2 Concept #3 Concept #4 Concept #5 Concept #6 Concept #7 G #8 C #9
Perceived 2 6 4 <] 4 4 4 4 2
safety
Viral safety 2 4 4 6 4 2 4 4 2
Interior safety 1.8 1.8 3.6 3.6 3.6 1.8 0 1.8 5.4
Sustainability 3.2 1.6 1.6 3.2 3.2 3.2 3.2 4.8 1.6
Convenience 4.2 0 2.8 42 14 0 0 0 4.2
Maintenance 2.4 0 1.2 1.2 0 2.4 1.2 2.4 1.2
Cost ‘ 1 1 1 1 1 2 1 2 0

16.6 182 172 . 154 19 16.4
Selected

concepts
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Appendix K

User test plan

Appendix K - 63

User test plan

~

The main objective of this study is to test prototypes with users while ensuring no physical
contact due to the COVID-19 restrictions. Participants will assess different prototypes in scope
of the experience they provide, based on the visual input from VR goggles. All tests will be
done individually by participants in their homes.

Test procedure:

The test is divided into two parts. In the first part, participants will be asked to watch videos with
different prototypes, pre-recorded using an omnidirectional (360-degree) camera. This type of videos
allows for an immersive experience similar to VR (Virtual Reality), and can be viewed using a
commonly used YouTube application on a smartphone. In order to facilitate the test, a pair of
cardboard Virtual Reality goggles will be send via postal service. Each provided pair of goggles will be
new and sealed, and will remain in the possession of the participant after the test to ensure hygiene.

Preview of such goggles:
https://www.youtube.com/watch?v=hggl GKAHcno&ab channel=TingaWinga5

Participants will use the goggles to watch a set of videos provided with an URL link. This will allow
them to have an experience similar to the one with real prototypes, but in a safe home environment.
The videos will be watched in a sitting position to ensure safety, and will simulate the use of
prototypes from a first-point perspective.

In the second part, participants will be asked to complete a survey using Qualtrics software (Qualtrics
International Inc.), with Likert-scale questions and optional open-ended answers. In this survey, users
will be asked to first rate the experience in a regular aircraft seat, and later compare it with the
experience when using the prototypes.

Survey questions:
Questions about prototypes 1-4
1. Compared to the regular seat, how safe from viruses would this concept make you feel during

eating? (1-5 Likert Scale)

2. Please explain your choice. (open-ended question)

3. Did this solution make you feel claustrophobic compared to the regular setting? Please
indicate how much. (1-5 Likert Scale)

4. Do you consider this concept comfortable to use? (ease of use, intuitiveness, physical
comfort) Please indicate how much. (1-5 Likert Scale)

5. Would you be willing to pay more for the flight equipped with such a solution? Please indicate
what would be your maximum amount of a ticket price: (pay less/not pay extra/10%
more/20% more/30% and more) (1-5 Likert Scale)

6. Would this solution make you more willing to fly during pandemic? (1-5 Likert Scale)

7. Would this solution make you more willing to fly after the pandemic is over? (1-5 Likert
Scale)

8. Do you find this concept useful? Would you like to have it on your flight? Please explain.

(open-ended question)

Questions regarding the test itself

A. Did the provided materials (videos, instructions, goggles) give you enough data to assess
concepts? (1-5 Likert Scale)

B. (optional) Please explain your choice.

C. Was the test easy to understand and complete? (1-5 Likert Scale)

D. (optional) Please explain your choice.

Possible limitations of the study

e Insufficient sensory input; lack of physical interaction with objects

e No ability of manipulating objects and test their usability

e Distorted visual input and distance perception due to the technology used (VR goggles)

e Limited freedom of movement and interaction

e Lack of direct supervision by the researcher may lead to undesired execution by participants
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Presentation for a product designer

Passneger divider

An aircraft interior element that separates passsengers to increase virus
safety. It consists of a textile screen mounted on a frame fixed to the seat.

magnetic connection

handle
stabilizer

ction moulding/

party
textile screen ¢
Handle stabilizer
bending
|
|
————— magnetic handle N > Aluminum frame
Aluminur alloy
% Welding
neodymium
magnet
3rd party
extrusion/ Aluminum frame
N . injection moulding Aluminum 2017 alloy
«——rolling mechanism (ot S extrusion
Extruded alum
/extruded pl
1(— frame
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Presentation for a product designer

steel
stabilizer

neodymium

magnet
hAdn spring

Points for discussion
1. What materials are best to produce these elements at lowest weight and durability?
2. What production techniques are most feasible for achieving the desired shapes?

|
i LD alu frame 3. How can the design be optimized for ensuring low weight and producibility?
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Appendix M

Materials and processes inventory
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1
1
1
1
1
1

Qty. Component name

frame

roller axle
roller tube
stretch panel
spring

plastic caps
handle

ball bearing, bolts and nut:
plastic cover
plastic mount
blind

Material

B Aluminum, 2024, T3
B Aluminum, 2024, T3
B Aluminum, 2024, T3
B Aluminum, 2024, T3

Carbon steel, AISI 1020, a...

B PP (random copolyme...

Carbon steel, AISI 1020, a...
Carbon steel, AISI 1010, a...

. PET (unfilled, semi-cry...
. ABS (extrusion)
TPU (Ester, aromatic, S...

Recycled content Mass (kg) Primary process

Typical %
Typical %
Typical %
Typical %
Typical %
Virgin (0%)
Typical %
Virgin (0%)
Virgin (0%)
Virgin (0%)
Virgin (0%)

03 Roll forming

0,085 Extrusion, foil rolling
0,29 Extrusion, foil rolling
0,05 Roll forming

0,05 Wire drawing

0,03 Polymer molding
0,015

0,04 Forging

0,082

0,12 Polymer molding
0,077 Polymer extrusion

Length (m)
1,6

0,5

0,6

0,6

0,5

Not Required
Not Required
Not Required
Not Required
Not Required
0

Secondary process % removed End of life

0

o O O O O o O o o o

Downcycle
Downcycle
Downcycle
Downcycle
Recycle

Recycle

Recycle
Re-manufacture
Recycle

Landfill

Recycle
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Appendix N

Comparison of impacts of iterations 2 and 3
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¥ co2 3 Cost | Copy & Print ® Help

B Energy m Cost | O Copy S print @ Help & Energy € co2 Copy S Print ® Help
Energy (MJ) €02 Footprint (kg) Cost (EUR)
240
18000 13000
2201
12000
16000 .
11000
140000 10000 1800
900(
12000t 160
8000
140
10000 700!
1200-
8000 o
5001 1000
6000(
4000
80!
40000 000"
2000- 600°
0000
100 40
o o
0
-1000
-2000 = -
Material Manufacture Transport Use Disposal Eol potential Material Manufacture Transport Use Disposal EoL potential v Material Manufacture Transport Disposal Eol potential
—190 ) % Chlangel +1po -1IOO % Ch‘ange ) +1_00 -100 % Change +100
I COVR - EcoDesign | 0% W COVR - EcoDesign | 0% W COVR - EcoDesign ' ' i ' Coo0%
WCOWR - +22% HCOWR - +22%  mCOWR

- +22%
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Appendix O

EcoAudit report generated with Granta EduPack software

Report generated using
Granta EduPack software

Second product iteration EcoAudit:

Appendix O - 73

GRANTA Eco Audit Report
EduPack
Product name COVR - EcoDesign
Country of manufacture Europe
Country of use Europe
Product life (years) 7
Summary:
] Energy [ CO2 footprint Cost
100
80
g
@
&
£ 60
S
£
s
€
g 40
-]
3
2
&
]
]
<
£
s
k]
g
0
-20
Material Manufacture Transport Use Disposal EoL potential
Energy details CO2 footprint details Cost details
Phase Energy Energy CO2 footprint | CO2 footprint Cost Cost
(M) %) (k) ) (EUR) )
Material 123 0,1 7.6 0,1 2,47 0,139
12,3 0,0 0,924 0,0 2,56 0,144
[Transport 0,28 0,0 0,0202 0,0 0,155 0,00867
Use 1,4e+05 99,9 1,01e+04 99,9 1,78e+03 99,7
Disposal 0,572 0,0 0,0401 0,0 0,00654 0,000367
[Total (for first life) 1,4e+05 100 1,01e+04 100 1,78e+03 100
End of life potential -47.6 -2,77
COVR - EcoDesign.prd NOTE: Differences of less than 20% are not usually significant. Page 1/13
See notes on precision and data sources. poniedziatek, 12 kwietnia
2021
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Appendix O

EcoAudit report generated with Granta EduPack software

GRANTRA Eco Audit Report Manufacture: Summary
EduPack
Component Process % Removed | Amount processed Energy %
Energy Analysis A P : i ) :
frame Roll forming - 0,3 kg 2,2 17,6
roller axle Extrusion, foil rolling - 0,085 kg 1,2 9,7
140000
roller tube Extrusion, foil rolling B 0,29 kg 41 33,2
120000 stretch panel Roll forming - 0,05 kg 0,36 29
100000 spring Wire drawing - 0,05 kg 11 8,6
plastic caps Polymer molding - 0,03 kg 0,64 52
B iy ball bearing, bolts and nuts Forging - 0,04 kg 0,11 0,9
H g 60000 -| plastic mount Polymer molding - 0,12 kg 22 18,1
— 40000 blind Polymer extrusion - 0,077 kg 0,47 3,8
Total 12 100
20000
0
Transport: mma
-20000
Material Manufacture  Transport Use Disposal  EoL potential
Breakdown by transport stage
Stage name Transport type D'(s;;';ce E?;i‘rgy %
| | Energy (MJ/year) |
: annual envi burden over 7 year product life): | 2e+04 Factory to OEM 40 tonne (6 axle) truck 3e+02 0.28 100,0
Total 3e+02 0,28 100
Detailed breakdown of individual life phases Breakdown by components
Mass Energy
Component (kg) (MJ) %
Material: Summary frame 0,3 0,074 26,3
roller axle 0,085 0,021 7,5
Recycled Part Total mass Eneray roller tube 0,29 0,071 25,5
Component Material content* mass | Qty. | processed** %
(%) (ka) (ka) (MJ) stretch panel 0,05 0,012 4.4
frame Aluminum, 2024, T3 Typical % | 03 1 03 38 306 spring 0,05 0012 44
roller axle Aluminum, 2024, T3 Typical % | 0,085 | 1 0,085 11 87 plastic caps 0,03 0,0074 2.6
roller tube Aluminum, 2024, T3 Typical% | 029 | 1 029 36 29,6 handle 0,015 0,0037 1.3
stretch panel Aluminum, 2024, T3 Typical % | 0,05 1 0,05 6.3 5,1 ball bearing, bolts and nuts 0,04 0,0098 35
spring Carbon sie?:;"/;:jSI 1020, as Typical % 0,05 1 0,05 11 0.9 plastic cover 0,082 0,02 7,2
o " ; ; plastic mount 0,12 0,03 10,5
plastic caps (ran °’“”f;,5’)° ymer, oW 1 virgin (0%) | 0,03 1 0,03 2,1 1,7 blind 0,077 0,019 68
Carbon steel, AISI 1020, as o
handle g Typical % | 0,015 | 1 0,015 0,34 03 Total 1,1 0,28 100
i Carbon steel, AISI 1010, "
ball bearing, bolts and nuts annealed Virgin (0%) 0,04 1 0,04 1.3 1,0
plastic cover PET (unfilled, semi-crystalline) | Virgin (0%) | 0,082 | 1 0,082 6,7 55
plastic mount ABS (extrusion) Virgin (0%) 0,12 1 0,12 11 9,0
blind TPU (Ester, aromatic, Shore | v in 0os) | 0,077 | 1 0,077 93 7.6
Total 11 1,1 1,2e+02 100
*Typical: Includes 'recycle fraction in current supply'
**Where applicable, includes material mass removed by secondary processes
COVR - EcoDesign.prd Report generated by GRANTA EduPack 2020 (C) Granta Design Page 2/13 COVR - EcoDesign.prd Report generated by GRANTA EduPack 2020 (C) Granta Design Page 3/13
Ltd. poniedziatek, 12 kwietnia Ltd. poniedziatek, 12 kwietnia
2021 021
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EcoAudit report generated with Granta EduPack software

Use: Summary
Mobile mode
Kerosene - long haul
Fuel and mobility type aircraft
Country of use Europe
Product mass 11
(kg) .
Distance
i) 7,4e+03
Usage (days per year) 3,7e+02
Product life (years) 7
Relative contribution of static and mobile modes
Mode Eg‘rgy %
Static 0
Mobile 1,4e+05 100,0
Total 1,4e+05 100
Breakdown of mobile mode by components
c Energy
omponent ) %
frame 3,7e+04 26,3
roller axle 1e+04 75
roller tube 3,6e+04 25,5
stretch panel 6,1e+03 4,4
spring 6,1+03 4,4
plastic caps 3,7e+03 2,6
handle 1,8e+03 13
ball bearing, bolts and nuts 4,9e+03 3,5
plastic cover 1e+04 7,2
plastic mount 1,5e+04 10,5
blind 9,5e+03 6,8
Total 1,4e+05 100
COVR - EcoDesign.prd Report generated by GRANTA EduPack 2020 (C) Granta Design Page 4/13
Lid. poniedziatek, 12 kwietnia
2021

Appendix O - 75

Disposal: Summary
Component En:p;)if‘,lj‘fe % recovered EE"::SY %
frame Downcycle 100,0 0,15 26,2
roller axle Downcycle 100,0 0,043 7.4
roller tube Downcycle 100,0 0,15 253
stretch panel Downcycle 100,0 0,025 4,4
spring Recycle 100,0 0,035 6,1
plastic caps Recycle 100,0 0,021 3,7
handle Recycle 100,0 0,011 18
ball bearing, bolts and nuts Re-manufacture 100,0 0,008 1,4
plastic cover Recycle 100,0 0,057 10,0
plastic mount Landfill 100,0 0,024 4,2
blind Recycle 100,0 0,054 9,4
Total 0,57 100
EoL potential:

Component E":pz'olri"e % recovered Ea::‘gy %
frame Downcycle 100,0 -14 29,2
roller axle Downcycle 100,0 -39 8,3
roller tube Downcycle 100,0 -13 28,2
stretch panel Downcycle 100,0 2,3 4,9
spring Recycle 100,0 -0,69 1,5
plastic caps Recycle 100,0 -1.4 29
handle Recycle 100,0 -0,21 0.4
ball bearing, bolts and nuts Re-manufacture 100,0 -1,2 25
plastic cover Recycle 100,0 -4,4 9,3
plastic mount Landfill 100,0 0 0,0
blind Recycle 100,0 -6,1 12,9
Total -48 100
Notes: Summary

COVR - EcoDesign.prd Page 5/13
poniedziatek, 12 kwietnia

021

Report generated by GRANTA EduPack 2020 (C) Granta Design
Ltd.




76 - Appendix O

Appendix O

EcoAudit report generated with Granta EduPack software

| GRANTA Eco Audit Report
EduPack
CO2 Footprint Analysis Summary
12000
10000 -
8000
-
£
=
8 _ 6000
HE
~ 4000~
o
o
2000~
0
-2000
Material Manufacture  Transport Use Disposal EoL potential
| | CO2 (kg/year)
: annual burden over 7 year product life): | 1,44e+03
Detailed breakdown of individual life phases
Material: Summary
Recycled Part Total mass C0o2
Component Material content* mass | Qty. | processed** | footprint %
(%) (kg) (ka) (kg)
frame Aluminum, 2024, T3 Typical % 0,3 1 03 2,6 33,9
roller axle Aluminum, 2024, T3 Typical % 0,085 1 0,085 0,73 9,6
roller tube Aluminum, 2024, T3 Typical % 0,29 1 0,29 2,5 32,8
stretch panel Aluminum, 2024, T3 Typical % 0,05 1 0,05 0,43 57
spring Carbon steel, MSI1020. 35 | 7ypicais, | 005 | 1 0,05 0083 | 11
plastic caps PP (’a"°°m'lfj‘m°'yme" W 1 Virgin (0%) | 0,03 | 1 0,03 0,087 1.1
handle Carbon steel, MSI1020. 85 | 1ypicaiss | 0015 | 1 0,015 0025 | 03
Carbon steel, AISI 1010, oy
ball bearing, bolts and nuts annealed Virgin (0%) 0,04 1 0,04 0,095 12
plastic cover PET (unfilled, semi-crystalline) | Virgin (0%) | 0,082 1 0,082 0,22 2,9
plastic mount ABS (extrusion) Virgin (0%) 0,12 1 0,12 0,41 54
blind TPU (Ester, :;%’)“a"c‘ Shore | viegin (0%) | 0,077 | 1 0,077 044 58
Total 1 1,1 7,6 100
*Typical: Includes 'recycle fraction in current supply*
**Where applicable, includes material mass removed by secondary processes
COVR - EcoDesign.prd Report generated by GRANTA EduPack 2020 (C) Granta Design Page 6/13
Lid. poniedziatek, 12 kwietnia
2021
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Manufacture: Summary
co2
Component Process % Removed Amount processed 'O?I‘(I;;im %
frame Roll forming - 0,3 kg 0,16 17,6
roller axle Extrusion, foil rolling - 0,085 kg 0,09 97
roller tube Extrusion, foil rolling - 0,29 kg 0,31 33,2
stretch panel Roll forming - 0,05 kg 0,027 2,9
spring Wire drawing - 0,05 kg 0,079 86
plastic caps Polymer molding - 0,03 kg 0,048 52
ball bearing, bolts and nuts Forging - 0,04 kg 0,0081 09
plastic mount Polymer molding - 0,12 kg 0,17 18,1
blind Polymer extrusion - 0,077 kg 0,035 3.8
Total 0,92 100
Transport: Summary
Breakdown by transport stage
Stage name Transport type Di(sl:;r;ce co2 (f:;)tprim %
Factory to OEM 40 tonne (6 axle) truck 3e+02 0,02 100,0
Total 3e+02 0,02 100
Breakdown by components
Component If::)s cu2 :;;)tprinl %
frame 03 0,0053 26,3
roller axle 0,085 0,0015 7.5
roller tube 0,29 0,0051 25,5
stretch panel 0,05 0,00089 44
spring 0,05 0,00089 4,4
plastic caps 0,03 0,00053 26
handle 0,015 0,00027 1.3
ball bearing, bolts and nuts 0,04 0,00071 3,5
plastic cover 0,082 0,0015 72
plastic mount 0,12 0,0021 10,5
blind 0,077 0,0014 6,8
Total 1,1 0,02 100
COVR - EcoDesign.prd Report generated by GRANTA EduPack 2020 (C) Granta Design Page 7/13
Ltd. poniedziatek, 12 kwietnia
021
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EcoAudit report generated with Granta EduPack software
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Use: Summary
Mobile mode
Kerosene - long haul
Fuel and mobility type aircraft
Country of use Europe
Product mass 11
(kg) .
Distance
i) 7,4e+03
Usage (days per year) 3,7e+02
Product life (years) 7
Relative contribution of static and mobile modes
Mode C02 ;Z;)lprin! %
Static 0
Mobile 1e+04 100,0
Total 1e+04 100
Breakdown of mobile mode by components
Component co2 z;go)lprint %
frame 2,7e+03 26,3
roller axle 7,5e+02 75
roller tube 2,6e+03 25,5
stretch panel 4,4e+02 4,4
spring 4,40+02 44
plastic caps 2,7e+02 2,6
handle 1,3e+02 13
ball bearing, bolts and nuts 3,5e+02 3,5
plastic cover 7,3e+02 7,2
plastic mount 1,1e+03 10,5
blind 6,8e+02 6,8
Total 1e+04 100
COVR - EcoDesign.prd Report generated by GRANTA EduPack 2020 (C) Granta Design Page 8/13
Lid. poniedziatek, 12 kwietnia
2021

Disposal: Summary
Component E":p;)igri‘fe % recovered lo%:é":)int %

frame Downcycle 100,0 0,011 26,2

roller axle Downcycle 100,0 0,003 7.4

roller tube Downcycle 100,0 0,01 25,3

stretch panel Downcycle 100,0 0,0018 4,4

spring Recycle 100,0 0,0025 6,1

plastic caps Recycle 100,0 0,0015 37

handle Recycle 100,0 0,00074 1,8

ball bearing, bolts and nuts Re-manufacture 100,0 0,00056 14

plastic cover Recycle 100,0 0,004 10,0

plastic mount Landfill 100,0 0,0017 4,2

blind Recycle 100,0 0,0038 9,4

Total 0,04 100

EoL potential:

Component E":p":ig:‘fe % recovered |o%l:;)5r)im %

frame Downcycle 100,0 -0,9 32,4

roller axle Downcycle 100,0 -0,25 9,2

roller tube Downcycle 100,0 -0,87 31,4

stretch panel Downcycle 100,0 -0,15 54

spring Recycle 100,0 -0,049 1,8

plastic caps Recycle 100,0 -0,058 21

handle Recycle 100,0 -0,015 0,5

ball bearing, bolts and nuts Re-manufacture 100,0 -0,086 3,1

plastic cover Recycle 100,0 -0,098 3,6

plastic mount Landfill 100,0 0 0,0

blind Recycle 100,0 -0,29 10,5

Total -2,8 100

Notes: Summary
COVR - EcoDesign.prd Page 9/13

Report generated by GRANTA EduPack 2020 (C) Granta Design
Ltd.
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GRANTA Eco Audit Report
EduPack
Cost Analysis Summary
2000
1500
-
%S 1000
vy
500 —
0
Material Manufacture  Transport Use Disposal EolL potential
[ I Cost (EUR/year)
: annual burden over 7 year product life): | 255
Detailed breakdown of individual life phases
Material: Summary
Recycled Part Total mass Cost
Component Material content* mass | Qty. | processed** (EUR) %
(%) (ka) (kg)
frame Aluminum, 2024, T3 Typical % 0,3 1 0,3 0,72 29,1
roller axle Aluminum, 2024, T3 Typical % 0,085 1 0,085 0,21 8,4
roller tube Aluminum, 2024, T3 Typical % 0,29 1 0,29 0,7 28,5
stretch panel Aluminum, 2024, T3 Typical % 0,05 1 0,05 0,12 4,8
spring Carbon steel, MSI1020. 35 | 7ypicais, | 005 | 1 0,05 004 | 16
plastic caps PP (’a"°°m'lfj‘m°'yme" W 1 Virgin (0%) | 0,03 | 1 0,03 0,039 16
handle Carbon steel, MS11020. 35 | 7ypicaiss | 0015 | 1 0,015 0,011 05
Carbon steel, AISI 1010, oy
ball bearing, bolts and nuts annealed Virgin (0%) 0,04 1 0,04 0,042 1.7
plastic cover PET (unfilled, semi-crystalline) | Virgin (0%) | 0,082 1 0,082 0,087 3,5
plastic mount ABS (extrusion) Virgin (0%) 0,12 1 0,12 0,25 10,0
blind TPU (Ester, At Shore | virgin (0%) | 0,077 | 1 0,077 025 | 103
Total 1 i 2,5 100
*Typical: Includes 'recycle fraction in current supply*
**Where applicable, includes material mass removed by secondary processes
COVR - EcoDesign.prd Report generated by GRANTA EduPack 2020 (C) Granta Design Page 10/
Ltd. 13

poniedziatek, 12 kwietnia

2021

Manufacture: Summary
Country of manufacture Europe
Component Process Length (m) % Removed Amount processed (‘éﬂsﬂt) %
frame Roll forming 16 - 0,3 kg 0,0035 0,1
Extrusion, foil .
roller axle rolling 05 0,085 kg 0,013 0,5
Extrusion, foil
roller tube rolling 06 - 0,29 kg 0,033 13
stretch panel Roll forming 0,6 - 0,05 kg 0,00039 0,0
spring Wire drawing 05 - 0,05 kg 0,00097 0,0
plastic caps Polymer molding - 0,03 kg 0,22 8,7
ball bearing, bolts and nuts Forging 0,04 kg 1,9 75,9
plastic mount Polymer molding - 0,12 kg 0,34 13,4
. Polymer
blind extrusion - 0,077 kg 0 0,0
Total 2,6 100
Transport: Summary
Package dimensions
[ Heightm) | Width(m) [ Depth(m) |
1 0.1 | 0.1 |
Breakdown by transport stage
Distance Cost
Stage name Transport type (km) (EUR) %
Factory to OEM 40 tonne (6 axle) truck 3e+02 0,15 100,0
Total 3e+02 0,15 100
Breakdown by components
Mass Cost
Component (kg) (EUR) %
frame 0,3 0,041 26,3
roller axle 0,085 0,012 75
roller tube 0,29 0,039 25,5
stretch panel 0,05 0,0068 4,4
spring 0,05 0,0068 4,4
plastic caps 0,03 0,0041 26
handle 0,015 0,002 1.3
ball bearing, bolts and nuts 0,04 0,0054 3,5
plastic cover 0,082 0,011 7,2
plastic mount 0,12 0,016 10,5
blind 0,077 0,01 6,8
Total Ll 0,15 100
COVR - EcoDesign.prd Report generated by GRANTA EduPack 2020 (C) Granta Design Page 11/
Ltd. 13
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Use: Summary
Mobile mode
Kerosene - long haul

Fuel and mobility type aircraft

Country of use Europe

Fuel rate Commercial

Product mass 1.1

(kg) .

Distance

(km per day) 7,4e+03

Usage (days per year) 3,7e+02

Product life (years) 7

Relative contribution of static and mobile modes

Cost

Mode EUR) %
Static 0

Mobile 1,8e+03 100,0
Total 1,8e+03 100
Breakdown of mobile mode by components

Cost
Component (EUR) %
frame 4,7e+02 26,3
roller axle 1,3e+02 75
roller tube 4,5e+02 255
stretch panel 78 4.4
spring 78 4,4
plastic caps 47 2,6
handle 23 13
ball bearing, bolts and nuts 62 3,5
plastic cover 1,3e+02 7,2
plastic mount 1,9e+02 10,5
blind 1,2e+02 6,8
Total 1,8e+03 100
COVR - EcoDesign.prd Report generated by GRANTA EduPack 2020 (C) Granta Design Page 12/
Ltd. 13

poniedziatek, 12 kwietnia
2021

Disposal: Summary
Component En:p;)if‘,lj‘fe % recovered ((E:ﬂsﬂ‘) %

frame Downcycle 100,0 0,0017 26,3

roller axle Downcycle 100,0 0,00049 7.5

roller tube Downcycle 100,0 0,0017 255

stretch panel Downcycle 100,0 0,00029 4,4

spring Recycle 100,0 0,00029 44

plastic caps Recycle 100,0 0,00017 2,6

handle Recycle 100,0 8,6e-05 13

ball bearing, bolts and nuts Re-manufacture 100,0 0,00023 35

plastic cover Recycle 100,0 0,00047 7.2

plastic mount Landfill 100,0 0,00069 10,5

blind Recycle 100,0 0,00044 6,8

Total 0,0065 100

Notes: Summary
COVR - EcoDesign.prd Report generated by GRANTA LEQUPacK 2020 (C) Granta Design Page 131;&
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Life cycle stage

Needs analysis

Life cycle stage 1: Production
and supply of materials and
components

Appendix P

EcoDesign strategies for product optimization

Questions Ecodesign strategy strategy no.

How does the product system actually fulfil social needs?

What are the product’s main and auxiliary functions?

Does the product fulfil these functions effectively and efficiently?
What user needs does the product currently meet?

Can the product functions be expanded or improved to fulfil users’
needs better?

Will this need change over a period of time?

Can we anticipate this through (radical) product innovation?

New concept development 0

What problems arise in the production and supply of materials and
components?

How much, and what types of plastic and rubber are used?

How much, and what types of additives are used?

How much, and what types of metals are used?

How much, and what other types of materials (glass, ceramics, etc.) are
used?

How much, and wich type of surface treatment is used?

What is the environmental profile of the components?

How much energy is required to transport the components and
materials?

Selection of low-impact 1
materials

Reduction of materials 2
usage

Criteria

« Dematerialisation

« Shared use of the product
« Integration of functions

« Functional optimisation of
product

(components)

Score (0-4)

« Clean materials

* Renewable materials

+ Low energy content materials
« Recycled materials

+ Recyclable materials

Score (0-4)

+ Reduction in weight
+ Reduction in (transport)
volume

Score (0-4)

Description Optimzation

It fullfills the need for the feeling of safety when  An additional
travelling. function was
Main function is to enhance perceived safety, added, which
additionally protects from viruses, which may be indicates the seat
important during periods of increased infection number.

risk, and provides privacy, which is a desired
feature in public transport

It provides these functions effectively, as shown
in user testing, and efficiently - uses minimum
space in the aircraft

It currently meets the users' needs to feel safe,
be protected from viruses and have privacy

The product can be expanded to create a flexible
interior arrangements, or cover a larger area of
the body. It may be installed in different places in
the cabin.

The need of virus protection may change over
time, but privacy is likely to remain relevant.

3 4

The current state of material production makes it
challenging to develop a fully clean, recyclable
product. The complexity of the process needed
to recycle aviation-grade aluminum make it
difficult to become a viable option. Furthermore,
some types of plastic that suit the needs of this
product are not fully suitable for recycling. This
product would use a relatively many injection
molding processes which increase the energy
use in the production phase. This product uses
materials that are on EU and US Critical
Elements List, specifically aluminum alloy 2024
and neodymium magnets. The product uses
mainly metals (alu, steel, neodymium) and
plastics (PP, PET, TPU, ABS).

Aluminum is generally recyclable, however
aircraft grade alloys are challenging to recycle
due to the complexity of the process and material
degradation. As the alloys utilized in the
aerospace industry must meet high standards
regarding the material composition with low
tolerances on impurity (Totalmateria, 2009), the
end-life of the product may require downgrading
the aluminum and repurposing by industries in
which higher tolerances are accepted.

Not using
neodymium
magnets;
replacing the with
hooks

Using recycled
plastic in the
production
process

2 3

Currently, the weight of the product is about 2 kg. Less plastic for
The main components adding to weight are the

J cover - less
frame, roller tube, and a plastic cover. As a weight
plastic casing is integrated, reatively little
packaging can be achieved. The frame has an
irregular shape, which increases the
trnasportation volume.

3 4

Future improvements

As the main problem addressed by
this product may become less
relevant in the future, focus might be
put on emphasizing the privacy
features this product gives.
Additional focus may be put on
making the product adaptable to
different contexts, e.g switching
between different modes of transport.
Furthermore, this product may be
optimized to serve as a multi-
functional space divider in the vehicle
interiors, providing secluded spaces
in a shape that is needed.

5

New innovative materials may pave
the way of making this product more
sustainable in the future. One way to
optimize it is to use more green
materials, such as:

- New type of cobalt-based
permanent magnet that does not
require dangerous chemicals and
rare materials (https://phys.
org/news/2020-03-permanent-
magnet-cheap-sustainable.html)

- Introducing new types of aluminum
that are composed of more recycled
materials

- use more eco-friendly plastics and
processes

- use of the blind material made from
recycled materials

- optimize the wieght of the product
to reduce resulting fuel consumption

4

Using parametric design to define the
most optimal structure for the frame
Excluding the plastic cover, or
optimizing it using FEM analysis
Including a frame that can be folded
into pieces to reduce size

Using a single axle for the roller
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Life cycle stage 2: In-house
production

Life cycle stage 3: Distribution

Life cycle stage 4: Utilization

Life cycle stage 5:Recovery and

disposal

What problems can arise in the production process in your own
company?

How many, and what types of production processes are used?
(including connections, surface treatments, printing and labelling)
How much, and what types of auxiliary materials are needed?
How high is the energy consumption?

How much waste is generated?

How many products don’t meet the required quality norms?

What problems can arise in the distribution of the product to the
customer?

What kind of transport packaging, bulk packaging, and retail packaging
are used (volumes, weights, materials, reusability)?

Which means of transport are used?

Is transport efficiently organised?

What problems arise when using, operating, servicing and repairing the
product?

How much, and what type of energy is required, direct or indirect?
How much, and what kind of consumables are needed?

What is the technical lifetime?

How much maintenance and repairs are needed?

What and how much auxiliary materials and energy are required for
operating, servicing and repair?

Can the product be disassembled by a layman?

Are those parts often requiring replacement detachable?

What is the aesthetic lifetime of the product?

What problems arise in the recovery and disposal of the product?
How is the product currently disposed of?

Are components or materials being reused?

What components could be reused?

Can the components be reassembled without damage?

What materials are recyclable?

Are the materials identifiable?

Can they be detached quickly?

Are any incompatible inks, surface treatments or stickers used?
Are any hazardous components easily detachable?

Do problems occur while incinerating non-reusable product parts?

Sources:
http://www.madehow.com/Volume-4/Polyester-Fleece.html

Appendix P

EcoDesign strategies for product optimization

Optimization of 3
production techniques

Optimization of 4
distribution system

Reduction of impact 5
during use

Optimization of initial 6
lifetime

Optimization of end-of-life 7
system.

« Alternative production
techniques

« Fewer production steps
« Low/clean energy
consumption

* Less production waste
« Few/clean production
consumables

Score (0-4)

Reduction in weight
Reduction in (transport)
volume

Score (0-4)

« Low energy consumption
« Clean energy source

« Few consumables

« Clean consumables

« No wastage of energy or
consumables

Score (0-4)
« Reliability and durability

« Easy maintenance and repair

« Modular product structure
« Classic Design

« Strong product-user relation

Score (0-4)

+ Reuse of product
(components)

« Remanufacturing/refurbishing

* Recycling of materials
« Safe incineration

Score (0-4)

The processes used are primarily extrusion and
injection moulding. Problems that can arise
regarding the frame are the need to bend it and
the welding process required, which may make
the process more costly and labor intensive.
Injection moulding is required for many plastic
parts, which uses relatively high energy. The
current process uses about 18 MJ per product.
The plastic cover, roller tube and plastic mount
require most energy.

&)

The product is being transported to the aircraft
OEM and assembled on the airplanes. Little
packaging is required as no retail distribution is
considered. Packaging may be optimized to
reduce transport volume.

4

This product does not require direct energy
consumption

There is high indirect energy consumption due to
being used in the aircraft

The product may require disinfecting and/or
washing

May require maintenance or repair

Moderate to low maintenance due to
antimicrobial properties

Cannot be disasssembled by layman

The blind material can be detached moderately
easily

7+ years aesthetic lifetime due to removable
blinds

3

The product uses a relatively simple mechanism
which should be relatively easy to repair
Maintenance is easy due to few mechanical
parts

Design is similar to other current solutions

4

Materials can be generally recycled, but not all
The prodcut will be most likely disposed of in en
masse by the airline, so a controlled process is
possible

Can be reassembled without damage to the
components

The materials can be detached in medium time
Antimicrobial surface treatments

The materials are identifiable

Some of the materials are recyclable

Less plastic due
to optimizing the
cover and
reducing the
plastic parts.
Simpler
construction of
the frame allows
for fewer
production steps
No neodymium
which uses rare
materials and
toxic chemicals

4

Foldable
design, weight
reduction, less
volume, more
packaging may
be required

4

Reduction in
weight, optimized
construction for
easy removal, of
the upper part,
easier removal of
the blind material

4

Hooks will be
more relaible than
magnets
Easier to
disassemble and
maintain due to
simpler
construction

5

Optimized for
faster
detachability
Simpler, modular
design for easier
reassembly or
reuse

Less plastic would reduce the energy
use. Some aluminum parts may have
a simpler design to use different
production techniques and be less
energy intensive.

4

Improved packaging, green or no
packaging, volume and weight
reduction, more foldable design

5

Reduction in weight

Optimizing construction for easy
removal

Blinds fully removable

Can be washed in the aircraft instead
of the laundry machines Optimization
of the use per passenger, using big
data to calculate the amount of seats
needed

5

Access to the mechanism should be
facilitated

design can be modular to make the
parts easily removable

5

More recyclable materials can be
used

Remanufacturing for different
purposes should be considered
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