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ABSTRACT

WattsUp is a phone-charging system powered by
cycling, designed to make energy generation part
of everyday life. As energy prices rise and
sustainability becomes more urgent, this project
offers a small but meaningful step towards
personal  energy independence.  WattsUp
repurposes e-bike hub motors as generators to
turn pedaling into electricity for on-the-go phone
charging. A companion app tracks your phone
battery and energy generation, suggests routes to
help you fully charge, and gives live feedback to
keep you motivated.

More importantly, WattsUp offers a potential
shift in how individuals perceive and interact
with energy consumption. By linking physical
activity to energy use, it makes something
abstract feel more real. It is not trying to solve
the world’s energy problems, but it does aim to
raise awareness and build better habits. Be active,
be independent, and get your Watts Up!




PROLOGUE

As a fourth-year Industrial Design student, I
have been working on my Final Bachelor Project
under the supervision of Regina Bernhaupt. This
project was done in the second semester of the
academic year 2024-2025 within the Games &
Play squad. The decision to choose this squad
can be explained well with my experiences with
playfulness and gamification embedded in my
previous projects, my internship with LEGO
Education, and my vision as a designer.

INTRODUCTION

The world is facing serious energy challenges [5].
Questions about where electricity comes from,
how it is generated, and who has access to it are
becoming more and more urgent. Currently, the
majority of global energy production still relies
on methods that emit greenhouse gases, and
energy generation is responsible for 87% of all
greenhouse gas emissions worldwide [1]. While
the consumption of energy from renewable
sources is rising in countries like the Netherlands,
energy prices continue to rise, and hundreds of
millions of people still lack reliable access to
electricity [1][2][4][6]-

The path from energy generation to consumption
is complex and fragile. It depends on centralized
infrastructure and many external factors. This
vulnerability became painfully clear recently,
during a large-scale power outage in southern
Europe, where Spain and Portugal experienced
nearly 24 hours without power [3].

Moments like these highlight the limitations and
problems of today’s energy systems and
emphasize the need for change.

While solving these global issues is far from
simple, I believe small, local contributions can
still make a meaningful difference. This project is
not presented as a complete solution, but more as
a step toward increasing awareness and
encouraging behavioral change. As a designer, |
feel a responsibility to contribute to a more
sustainable future by designing for energy-
conscious living.

With this project, I aim to promote energy
independence on an individual level. The goal is
to give people a hands-on, physical experience
with generating their own energy, by making a
familiar daily physical activity like cycling into a
way to power their own electronic devices. This
system aims to help users reflect on the energy
they consume and encourages a more active, self-
sufficient, and sustainable lifestyle.




DESIGN PROCESS

At the start of the project, the decision was made
to use a double diamond design process for my
Final Bachelor Project. This was due to the fact
that this design process was most familiar to me,
with multiple of my previous projects during my
bachelor's studies having followed the same
design process.

Project Start

Discover Define

Concept ideation & Related works

Pressure Cooker

Develop

Working prototype & MPV defining

This process encourages me as a designer to first
explore a wide range of possibilities and then
narrow down to the right solution two separate
times. Firstly, it allows me to explore a chosen
problem context, the users' needs, and existing
related works. Secondly, it provides the space to
do divergent problem-solving ideations and
converge into a fitting solution.

Shark Tank

Deliver Develop

However, during the project, there was a
transition from a double diamond design process
to a triple diamond design process due to the fact
that one extra diamond was needed for the
realization of the prototypes towards Demo Day.
This triple-diamond design process aligned better
with my goals, the design phases, and the
deadlines provided by the squad.

Demo Day

Validate Deliver

Development of physical & digital prototypes




FIRST DIAMOND

Before going to the first ideation phase, some
related works were benchmarked. The first
noticeable existing product category is modern
bicycle dynamos for powering lighting during
cycling. Two good examples that take old bicycle
lighting dynamos to a modern era are Reelight
and Magnic Microlight [10][11]. Instead of
having a rotor turn the generator mechanism by
friction with the bicycle tire, these modern bicycle
dynamos use frictionless magnetic induction that
provides just enough for an LED to light up.

The second category of related work can be
summarized as energy-generating gym
equipment. Examples of products and systems
that exist are Energy Recumbent Bike, The Green
Micro Gym, and Eco-Powr Indoor Cycle [7][§]
[9]. These products or systems combine physical
activity and energy generation with stationary
outdoor gym equipment, a full indoor energy-
generating gym system, and separate gym
equipment that allows energy generation.

The third category is a very unique one. A project
called Soccket provides a football that functions
as an energy-harnessing ball where the kinetic
energy from interacting with the ball gets
converted and stored as electrical energy [12].
Lastly, when looking at existing phone
applications that focus on motivation, there is a
variety of apps that try to do this. Some apps
that are worth mentioning are Duolingo,
Habitica, and Strava [13][14][15].

These apps focus on using engaging and
interactive experiences to spark intrinsic and
extrinsic motivation when it comes to learning a
language or encouraging physical activity.

After having done problem exploration and
benchmarking on existing related work, the
project continued with ideating and sketching
ideas about what daily physical activity could
potentially be harvested for energy generation.

1.Shin guards that generate energy on the
football pitch when running through the up
and down movement of the legs.

2.Shoes with magnetic inductive coils that
generate electrical energy as a reward for
walking or running.

3. A treadmill with a TV screen that only turns
on when running, which is linked to the
energy source for the electricity needed to
turn the TV on.

4.An office desk pedaling system, where
pedaling generates the electrical energy for
the office desk socket.

5.An energy-generating chair lets a sitting
person generate energy while
moving on the chair.

6.A bike with an attachable phone holder lets
dynamos charge the phone while cycling.

7.An interactive basketball court that uses the
generated energy to improve the playful
experience with sounds or lighting.

8.Headphones with an energy generation
mechanism inside that allows for music
listening while running.

electrical




FIRST DIAMOND

After the brainstorming session and feedback
from my coach, it was clear that an important
factor would be that it was needed to use an
activity where it is actually feasible to generate
enough energy for a yet undefined output. After
talking with Bas Goossen about the feasibility of
using a daily physical activity for energy
generation, it became clear that it was more
important for this project to go in a direction
where an artefact could be build that would
actually generate some energy rather than coming
up with the most original concept of energy
generation. This led to the decision to go for
cycling/pedaling as a kinetic energy source. With
the first squad deadline around the corner, being
the “Pressure Cooker”, the concept was to use
magnetic induction, similar to modern bike light
dynamos, where kinetic energy is converted into
electrical energy and transferred to a bike-
mounted phone charging hub. A companion app
will function as a digital twin and track weekly
energy generation and introduce a competitive
element, allowing users to compare stats with
friends. To further enhance motivation, the app
would potentially include unlockable rewards and
customizations based on the energy generated.ing
a language or encouraging physical activity.




SECOND DIAMOND

The main feedback from the pressure cooker was
that although the concept sounds nice, it should
not be underestimated that the difficulty of
actually generating enough energy while cycling
to charge a phone and with that, not ruin the
cycling experience on its own. Regular bike light
dynamos generate nowhere near enough
electricity for phone charging. This led me to visit
some experts in the d.search lab, with Geert van
den Boomen among others, to discuss potential
ways of building a generator or repurposing
electrical motors. Having researched all kinds of
possibilities and ideas of building a generator
from scratch or reusing existing electrical motors
to convert them into generators, incorporating
with pedaling motion as input kinetic energy.
Without too much success, it was necessary to
visit some more direct stakeholders, namely bike
shops and bike repairers. Visiting numerous bike
shops and bike repairers in Eindhoven gave very
helpful feedback and insights. These shops have a
bunch of old e-bike wheel hub motors lying
around, which work fine, but have bent spokes or
minor visual damage. Normally, surpluses of
these types of wheels are collected every so often
by the scrap metal dealer for a low price [16].
Therefore, I got gifted one to use for the project.
And this even became part of the business
strategy. Namely, by outbidding the scrap metal
dealers for repurposing the e-bike wheel hub
motors instead of buying new, expensive hub
motors, the product stays relatively cheap and is
sustainable through recycling.

After a lot of testing in the d.search lab and
building a test construction in the Vertigo
workshop with MDF, it was found to have the
potential to generate enough energy. The e-bike
wheel hub motor consists of a BLDC motor with
a three-phase output cable, only showing
alternating current during tests. Therefore, an
electronic circuit was thought out and built to
convert the alternating current into direct current
with a constant output of 5 volts. This constant
voltage output is safe and enough to make phone
charge up its battery.

The collective Shark Tank pitch session with the
Games & Play squad provided good feedback on
the direction that the project was going. Now
that the project had overcome the challenging
requirement to find a way of generating enough
energy for a significant output like the chosen
phone charging, it was necessary to define a clear
MYVP before going into the third phase of the
chosen triple diamond design process.

For this, a Demo Day vision sketch was created.
This contained all the parts needed for technical
testing, user experience testing, user feedback
through a questionnaire, and the working
prototype for the Demo Day exhibition stand.
The main parts consisted of:
1. A step-through bicycle frame
2.A repurposed e-bike rear wheel with hub
motor
3. A bicycle stand for stationary testing
4.The electronics hub
5.A modular electronics hub holder fitting on
the bicycle frame
6.The companion app functioning as the
digital twin

WattsUp




THIRD DIAMOND

1. It was decided to use a step-through bicycle
frame for the prototype setup due to its
accessibility for both men and women. It is easier
to hop on and off compared to other bicycle
frames. Furthermore, it is ideal for people with
limited mobility, injuries, or reduced flexibility.
Therefore, it becomes easier for a range of users
to interact with and experience the prototype.

2. Since the idea was to have testing done at a
fixed location during Demo Day, it was needed
to change the e-bike wheel hub motor from the
previous prototype. Even though multiple other
ideas were considered, it was still the most
convenient way to, instead of a front wheel, use a
rear wheel to have the pedaling motion directly
be connected to the spinning of the wheel, which
in turn ensures that the energy is generated. After
some extra testing with the rear wheel e-bike hub
motor, it turned out the specifications were
slightly different, but the target of a constant 5-
volt output was still working. The rims were
painted with the orange color used in the rest of
the graphic design and visuals of the project to
make the e-bike wheel stand out a little bit more
from the rest of the bicycle frame and the
prototypes.




THIRD DIAMOND

3. To ensure the test setup remained stationary
during cycling, the rear wheel had to be lifted off
the ground. Therefore, 1 used the Vertigo
workshop to build a robust structure that enabled
this and could withstand repeated user testing.
After some low-fidelity technical sketches, the
construction was built with MDF and a wooden
beam with triangular shapes for stability.
However, while sawing, I noticed that the MDF
was relatively soft from the side, which could
cause problems if a lot of weight were pressed on
a small point. Therefore, two metal plates were
cut and bent with a diameter of 30 mm for the
bicycle to fit into with a little bit of friction.
Adding these metal plates to the notches of the
rear-wheel lift structure reinforced the pressure
points and made mounting and dismounting the
bike more convenient. After the construction was
finished, it was made sure to be tested by people
of all kinds of heights and weights. After the
construction could be declared safe, I decided to
paint it white to make it appear as part of the
whole during Demo Day, since this color was
part of the color scheme used in the project.




THIRD DIAMOND

4. To convert the alternating current from the
spinning BLDC motor (Brushless DC motor) in
the e-bike wheel hub into a constant direct
current, some work was needed. The BLDC
motor has three-phase power, which has a three-
wire alternating current power circuit, with each
phase being 120 degrees apart from each other.
To convert the AC from the three phases into
DC, a three-phase full-wave bridge rectifier was
needed. Together with help from Geert van den
Boomen, multiple circuit iterations were drawn.
After having the first breadboard setup iteration
checked and tested with Bas Goossen, clear
feedback was that the normal diodes had to be
replaced with Schottky diodes for more
efficiency. This has to do with their low forward
voltage drop, and since the circuit uses 6 diodes,
this made a significant impact. Where the early
stage circuitry was built with a breadboard and
jumper wires, the more finalised version was
soldered on a prototyping board. The finalised
circuit consists of 6 Schottky diodes (40V 3A -
IN5822) in the three-phase full-wave bridge
rectifier, 2 electrolytic capacitors (2200uF 25V) in
parallel, and 1 step-down buck converter with
USB output (USB QC3.0 QC2.0 DC-DC). This
ensures a constant and safe voltage output of 5
volts, which is enough to make a phone charge up
its battery.

To safely and easily use the electronics board, it
was decided to build a casing around it. This was
designed with 3d modeling and fabricated with
my 3D printer. It was designed to be easily
accessible, enabling quick modifications if

needed and offering transparency to Demo Day
visitors.




THIRD DIAMOND

5. Inspired by existing bicycle accessories like
bottle holders, I wanted to have the hub holder
be more of a statement piece aesthetically, yet
functional in the way that it can be easily
attached and detached from the bicycle frame
without the need for screws, straps or tools. To
easily explore shapes and interactions, I took the
bicycle frame to the Vertigo workshop and
started with cardboard modeling. This led me to
the finalised shapes and measurements that were
later made from MDF board.

The shape is designed with sharp angles and
parallel lines to express the bold, energetic
character that I aimed to convey visually. More
importantly, the shape functions as a holder for
the electronics hub, keeping the lid closed and the
electronics securely in place while still allowing
easy removal. The design is a custom holder that
fits seamlessly into the bicycle frame by putting it
in from the widest part of the frame and then
sliding it down to a slowly increasing narrow part
of the frame, functioning as a friction-fit mount.

I designed a custom holder that fits seamlessly
into the bike frame without the need for screws,
straps, or tools — using an integrated frame
mount into the shape mechanism to keep the
electronics hub securely in place while still
allowing easy removal.




THIRD DIAMOND
6. At the start of the project, I had the vision to
develop an extensive game in a phone
application. However, as the project progressed, I
received more feedback that this vision had to be
scaled down. Nevertheless, it needed to be found
out what functions and features the application
would need to stay true to its purpose, namely to
be a digital twin to keep users engaged and
motivated. An ideation session was done to come
up with several different app features. This
resulted in 6 different concepts that needed to be
user tested before narrowing down on the most
fitting ones. Therefore, a questionnaire was made
to gain feedback on all kinds of aspects of the
project. One part dived deeper into the possible
features of the companion app. The 6 different
concepts that were shown are:

1.A competitive environment to compete with

your friends

2. Live stats about your energy generation

3. Unlocking virtual rewards

4.Setting and hitting personal milestones

5.Seeing your contribution to sustainability

6. A suggested route to fully charge your phone

The questionnaire resulted in 26 responses with a
lot of positive feedback [Appendix C]. When it
comes to narrowing down on the most fitting app
features, a data analysis was done with the
questionnaire answers. This resulted in “2. Live
stats about your energy generation” being the
favorite one, and 5. and 6. coming in second
place as favorites.

Further data analysis was done by splitting the
age categories into two instead of 4, namely a
younger audience aged 18-24 and a 25+ age
group. This resulted in an interesting outcome
where 2. was significantly voted as favorite by the
younger age category, and 6. was voted as
favorite by the older age category. This led to the
design decision to incorporate both 2. and 6. into
the app as features. This was done with the idea
to capture a larger target audience and because
these features complement each other well.
Project time played a significant role in the
choice to build the app with Figma, and
therefore, make this part of the prototype Wizard
of Oz.
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RESULTS % :

The final prototype setup results in a phone-
charging system powered by cycling, designed to
make energy generation part of everyday life. |
WattsUp repurposes e-bike hub motors as
generators to turn pedaling into electricity for on- \
the-go phone charging. The companion app |
tracks your phone battery and energy generation,
suggests routes to help you fully charge, and gives
live feedback to keep you motivated.

Watt\Up

Wati{Up
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DISCUSSION

While WattsUp was a success during Demo Day,
since it showcased a working demonstration,
received positive feedback, and showed potential
as an engaging and motivating experience around
making energy generation part of everyday life,
several limitations, possible changes, and future
works should be addressed.

This project had two faces, on one hand, I
wanted to come as close as possible to creating a
fully functioning product that could be integrated
into users' lives and therefore have an immediate
impact. The product is a phone-charging system
powered by cycling, designed to make energy
generation part of everyday life. On the other
hand, since it is a semester project done by one
person, downsizing this vision is necessary due to
this being a guaranteed limitation. It therefore
becomes more important to focus on offering
awareness rather than only a product. To offer
users a potential shift in how they perceive and
interact with energy consumption is already a
good step in the right direction.

Looking back on the project, room for
improvement can be found in a variety of areas.
Even though I tried to reach out to the right
experts for help during design obstacles and
important aspects, I did not ask for enough help
regarding project and vision guidance. This
resulted in, for example, sloppiness with the way
of using a double diamond design process.

A consequence of this was that I focused too
much on persevering in getting things working,
but not realizing that this took up so much time
and space that other important aspects of the
project received much less attention than they
deserved. There is a significant time during the
project when it felt more like an engineering
project rather than a design project, which could
have been prevented if the planning around the
chosen design process had been more strictly
enforced.

Potential future works would entail making the
app actually work instead of the Wizard of Oz
prototype made in Figma, and creating a fully
functional physical prototype with a complete
business plan, including marketing strategies.
Since cycling is done outdoors, the prototype
would need to be weather resistant, which is quite
a challenge when working with electronics.
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CONCLUSION

WattsUp offers a potential shift in how
individuals perceive and interact with energy
consumption. Linking daily physical activity to
energy use makes something abstract feel more
real. It is not trying to solve the world’s energy
problems, but it does aim to come one step closer
towards personal energy independence by
offering a product that lets energy generation
become part of everyday life and, as a result,
raise awareness and build healthy and sustainable
habits.
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https://www.strava.com/sports/cycling?utm_source=google&utm_medium=cpc&utm_campaign=&utm_term=strava&utm_content=Brand_Universal&gad_source=1&gclid=CjwKCAjwtdi_BhACEiwA97y8BMPh-YovZCzcB9_MT1RgqwBlCr2s8OHT_81XuHxx1QsKNWnglE8vyRoCwDkQAvD_BwE
https://www.strava.com/sports/cycling?utm_source=google&utm_medium=cpc&utm_campaign=&utm_term=strava&utm_content=Brand_Universal&gad_source=1&gclid=CjwKCAjwtdi_BhACEiwA97y8BMPh-YovZCzcB9_MT1RgqwBlCr2s8OHT_81XuHxx1QsKNWnglE8vyRoCwDkQAvD_BwE
https://oudijzerboereindhoven.nl/#wathalenwijop

APPENDICES

Appendix A: ERB approval email

0002008, 1313

@ Outlesk

RE: ERE form FBP WattsUp Tom Ufjlenhoet 25

Vien  Mulder, Maartje <m jwmulderituenls

Dt 06 27-5-2025 1342

Aam Wijlenhoot, Tom <tujenhost@snadent tuenl>

Cc  Bernhaupt, Regina <rbembaupt @tue.nl>

Dear Tom,

Thanks, your form is okay.

‘four application (ERB2025|D325) has been approved by the ERB,

We assume thatl you have answered all questions correctly, Wie will perform regular spos-
checks so you need to keep your documentation (ERB form, informed consant forms,
survaysimendew questions, description of experimentiprototype etc.) avadabde for at least 6
months.

Good luck with your research and have a nice day!

Wik kind regands,
Maartje Mulder

TU/e

40- 2475032
Secretary integrity and Ethics Office
Secretary Bof Engl

Appendix B: ERB form with questionnaire and informed
consent included

Ethical Review Form
(Version 2.2)

This Ethical Review Farm should be compleied for every research study that invelves human participants er
personally identifiable personal data and should be submitted 1o ethics@ e nl, For mone information about
how ihis process works please dick here, Please check if you are using the comect form: Ethical Review
Form (version 2.2). Please click hirs 1o oblain this latest version.

Part 1: General Study Information

e of the researcher [ student wm Liglenhogt
Email of the: researcher [ student leriboc & shudesd us nl
Supervisor(s) name(s) e gina Bomhaupt
Additional explmation: Please write down the name of your direct
Srpervior. You con mentian several s penvsors if o ppropni fe. but ot
leastone supervizor should be men tioned.

Supervisor(s) amail address{es)
Agdtiong ! explametion: Please give the email address of the:
supervion(s) mentioned in question 4.

Depariment f Group dustral Desgn, Games & Play squad
Additionol ex plingtin; Piease specfy group if refevant e.g. JADS or HTI

[ Other (e.g. external, following extemal
g uka HONS):
Research location Eindhoven University of Technology campus
: Where will the data collection take piace? On | [] Other, name organization(s:
campus, in 0 company, inpublic space, onfine, efc. [ Public space
Online

: Please srare when pour da to co bection wil
start, Flease note that you da not have to provide information abowt
your complele (Ph ) project, but enly on this particufar sub-study that
your ave suhmening fer appraval in ths form.

0072025

Does your project receive extemal funding (e.g., NWO, [ Yes. Mame Funder:
rebevant for special regulaBons from funders)? No

3
4
[ X i
[
What & the purpose of this applcation’ [ Scientific shdy
[ Bachelor education. Course: FBP
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. partmers bodies
mumicipalities, consuftancy s, hospitali or cane instRutions
that prowide data fe.g., contoct detals of participants, data for
further analysis).

Inckieate wihich rode eoch party plays: wha defin & the means and

purpeses in the study, who wil suppdy the data fexternal parties?),

wha will process/handle the dota, whe will be able to occess the data

during and after research (only researchers af Tl or ako others) P

Have any spedal agresments already been made with
an extarnal party, such as a Mon-Disclosure Agresment
(MDA} or a data sharing agreemen(?

Has your proposal already been approved by an
MT:IEWMMWWEMM
Aditianal explangticn: For example, when you are collsborating with
anether universily and the project has been approved by their Rhical
Review Boord, or when you received o WMO-waiver fram o Medical
Ethical Review Board,

If yes: Please provide the name, date of approval and
contact detalls of the ERB. Please also include the
registered number for your project approval. Additicnally,
please send in the Ethical Review Form upon which

ethical approval was granted together with this form.

¥ou process personal data that are likely (o result in
Hﬂhmmmwﬂdmhmwbmn
Protection impact Assessment (DPIA). Have you
mthhﬂhuamdﬂrpm
Please read the information below: o DPA is not the same o5 8

regulor privacy impact More detoiled
privecy will follaw in the section below,

Addtiona! explangticn: A Data Impoct (DFiA)
50 formnal documnent that must be o rafted under the guideines of the
Reguiaton

The Dutch DA (A toritelt Poviaonigegevens) and pur wehale
provides more in forma tion about a OPI,

External panies

»  Other universitiesinstions:

= Others: ...............

Ethical Review Form

Which internal and exiernal parties are invelved in the
study? Think about sharing data or information betwaen
TuUle and other universites, commercial companibes,
hospitals, e,

Aduitianal explanation: Internal parties that

are fnve bved in the shudy or prafect, including:

= researchers or research groups of the Tli'e who partcipate in
the study;

s 1] that provide
dotafendces, help onalyzing the deta, eic.;

Internal pariies.
«  Researcher(s): Tom Uijenhoet

«  Supervisor: Regina Bemhaupt

=l Not applicable (no high privacy risks)
[ Yes (the fom Is attached to the appication)
O Na

Part 2: Medical study

Does the study have a medical scientific research
question or daim?
Addeiongl explangtion- Medicalfckenific research b sesearch which s

in the fiek! of diness
andbralth feticlogy. pathoge neiin, ugemiymplons, dognoui, preretion,
ourizome or ireatment of Eness ) by systemoticolly colecting and anolyning
dada, The ressarch is cowried oul with the ndention.of contributing fo medica!
krweledipe which con alio be appled 10 populctions ouliide of the ded
reseanah popalation. I FOu FEEECH COMBRE QTN 5 B0t health and
health related poramelers (such os well-being oy, feelngs afenwetyor
Bhe) PO £ O T

O Yes*
[ Mo

*If yes or indoubl, please contact Susan
Hommerson via §.m hommarsoniise nl




TU/e & TU/e e

Ethical Review Form Ethical Review Form
| 3 I Description of the research methed (select all that [ (Semi-structured) inerviows
appies) = Surveys

Part 3: Use of (medical) devices in the study

Does your research include a device? [ Yes, not self-made

: & device is o complete piece of physical  Yes, sef-made
hardware that & used to compute or support computer functions O Mo
within a kerger rstemn. Devices can be divided into input-, output-,
storage-, internet of thing 5., or mabie device.
Please describe your devica o link 1o an online nepurposed & bike wheel bub motor &5 & generator, convering
dascription of the device yeling energy mto-chesiricity for an-the-g phons charging.

[T cycling generates 5 volis, which is just enough i charge a
phone and all electronics are safely conceaked and 1ested.

FEd bake wheoed hub motor s 2 KogaSpanta ko Techaolo gy
el. And the electronics | have made have been cheched by
Licert van den Boomen (dscarch lab) and Bas Goossen.

'Will you use a davice that is ‘CE’ certified for B Yes
unintended use (meaning you will use existing CE OMs
certified devices for other things than they were
mmmwm«uuowm that is not 'CE’

Additiona fexplanetion: Tou can find mone information abouf CF
fication

If noc Please explain to what exient the device was
‘assembled according to relevant standards and provide
arisk assessment

Additiona ' explongtion; o can fird more information about arisk
mssegsment bere

If yes: Do you use a device or software that has a [ Yes, my device or software currently has a
medical purpose such as disgnosis, prevenlion, madical purpose

manitoring, prediction, prognosis, treatment or alleviation | )y, my devce or saftware could have a
of disease of injury? medical purpose in the near futwre

[ Mo

O Fm not sure

Part 4: Information about the study

‘What are your main research questions? Tow can | design for mare onergy ind ependen o by hamvesting
Additiona  explnction: Yeu need ¢ provide of levit one clear fpricrgy from daily physécal sctivity and making it motivating
Tresearch question. with gamification?
Piease check the box that indicates the relevant siudy [= Studerits
papulation [ General healihy population

. [ General population with specific feature,
Addtional explanstion: Piease select mhich persons are eligble for
your study. &4, pregnancy, speciically ...

O Patients, speciteally ............

[ Gther, specifically ...

Age category of participants O Younger than 12 years of age
[ Oider than 11 and younger than 16 years of age
[ 16 years or older
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Describe the way participants will be recruited

Addtiona oo kintion: How wil you recrlt participan ts for your
Sy For exmple, by using flyers, personal netwark, panes, £1c.

[ Survey link posted online, e.g., social media

0 Bya Consortium Partner, namely ...

Provide a briel statement of the risks you expect for the
participants or others involved in the study and explain,
Also take into consideration any personal data you may
gather and associaled privacy issues.
Addlriona! e lination; Risks for the particprants can be anything
mnnqrmm torisk of safety or wel-being (think chout
wisuat or auditeny. Describe
mmmmmn\rmmm“

Far the sumey Idome:q!m any smks, sinee it will be fillad in
B nosymosly and the ¢losest gostion o ssking for reguler
personal data would be asking for their “age calegory” fmam 18-
B4 or 24.30 and 50 0m.

Pund | ased & step-thiough bicyele frame for the prototype,
Which makes it easier for possble users during demo day,

TU/e &8s

Ethical Review Form

Pleaie specily yowr research metiod.
Hote that you need to provide about the researc b method
fnan additional file that you attach te the ERE form,
Eg. for the inferview for surveys
mhmmm

Description of the measurements andJor
stimulitreatments

Think alrout your autcome measnes and the
wariabies you wil be colecting and describe them in a way such that
anather persen what the il

O Group workshops/mundiable discussions

[ Diary studies

[ Behavioral observations

[ Buiding sensor daka

[ Wearable device (e.g. Fitbit watch, on-skin
sensors)

[ User testing

[ Pilot study

[ GPS trackingflocation data

L] Living Lab

] Qther. namely ...

Past ici pants will fill ima ﬂmmmmsanwnhmﬂm
piboant the project 10 gain more insights inlo participasts’ view an
heir cycling behavior, encrgy wage, possible mobvational
Facton for behavior chanpe and foadback on, And [ will wse
heir ingut ard answers anomymousty for y design

Forexample: Porticipants will perfanm task 4 and see pictures from
databose B, ardwe meoiure validated Scafe 1.

Desaribe and justify the number of participants you need
for this study. Also justfy the number of cbservations
you need, taking Into account the risks and benefits,
Adgftiong! explgagtion: Think about if you need 3or 30 participants
Jor exampie, and why? Do they need to provide their input once, ar
sevierol thmes, avd whi? If relevon £, spealfy the duration of the study
per participant aad the compensation that is needed for the study.

Explain why your research Is societally impontant. What
benafits and harm to soclety may result from the study?
Aditiona | explanation: Wht benefit wil the results of yowr study
have 1o society in general?

and justifications.

or Lhe survey | would Iflknhwd betvwoon 20 and S0
prasticipants, Al least X because it gives me enough inside snd
0 cover some possable outl e, and 50 would be encagh, since
pvore 1han 50 wouk be oo much o prooess all the gualiatve
pinswiers and do juitice b the effon ofthe partici pants.

This progect addresses the growing necd for awarenss moumnd
the wulnerability snd limiistions o Tioday’s energy systems. By
affcring & tangible and intractive way for people 1o generate
thair own emergy. i encourages wsers to reflect an how much
power s actially noadod 1o suppan cveryday activilics, siach
as charging a phose,

The project/sudy provides a small but mesningful step sowand
personsl encrgy ind ependence. By making energy gemerstion
part of a fami liar activaty, like cycling, the product helps
bridpe the gap betweoen shatract sustainability concepts and
everyday behaviour, If successful, it could promote mom:
COSORILS eNOTEY Use, incressod motivalion s adopt
satamable habste, and a shift m how mdivadaals relase 10
energy consumplion.

Potential socicral benefits inchade greater envirommental
awareness, healthier lifestyles through cycling, mnd reduced
meliance on centralvzed power sources. However, thire is also a
sk that the systemn may appesl only o a niche growp of users.
or aversimplify the complexities of energy sustainability, It is
impeortant that the product is framsed not as a total sslation, b
25 & stepping stone towand hmader behavioural change.
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1a

Part 5: Self-assessment checklist
Note: fn the blue that your is aligible for fasi-track approval
Does the study invohe human material? (e.g., surgery wasie material derived from non-
commercial organizations such as hospitals)

TU/e &te

Ethical Review Form

‘Will blood or other (biajsamples be obtained from participants? (e.g., hair, sweat, urine or other
bodily fluids or secretions, also exienal imaging of the body)

‘Will the participants give ther consent - on a voluntary basis - either digitally or on paper? Or
have they given consent in the past for the purpose of education or for re-uss in line with the
Gurtent research

Are the paricipants, cutside the context of the r h, in a dependent o sub position
1o the investigator?
Additional explanation: Think about doing r o Your own OF O Your own
‘employees. When there is a depend or power imbal 1 you and the ¢
participants, you need o answer ‘yes' 1o this question.
Does the study involve pariicipants who are pariculary vulnerable or unable io give informed
consent? (e.q.. children (<16 years of age). people with learning difficullies. patients, peopks.
receiving counseling, people living in care or nursing homes, people recruited through seli-

5]

Will participating in the research be burdensome? (.., requiring participants lo wear a
device 24/7 for saveral weeks, to fill in questionnaires for hours, to travel long distances to a
rch 1o be interviewed multiple imes)?

May ihe research procedure cause ham or discomiort to the pariicipant in any way? (e.g..
causing pain of more than mild discomfon, stress, anxiety or by administerng deinks, foods,
drugs, or showing explicit visual material)

‘Will financial inducernent (other han reasonable expenses and compensation for ime) be
offered ko participants?

Additional sxplanation: For an explanation of what is considered a reasonable compensation,
see the topic paticipant fees from the HTI group

'Willit be necessary for participants 1o take part in the study without their knowledge and conse
al the ime? (e.g., covert observation of people)

If yes: Will you be observing people without their knowledge in public space? (e.g. on the street,
at a bus-siop)

Wil the study involve acively decsiving the participants? (e.g.. will particpants be delibarately
falsaly informed, will information be withheld from them, or will they ba misled in

such a way that they are likely to cbject or show unease when debriefed about the study)

Wil participants be asked to discuss or report sexual experiences, religion, alcohol o drug use,
suicidal thoughts, or other topics that ane highly personal or inimate?

Additional explanasion: Think about your research population. For some participants, particular
topics can be considered sensitive or intimate, whereas the same fopics will not be perceived as
such by other participants.

Part 6: Self-assessment on privacy

(-1 privacy issues_ as laid down in the General Data Protection Regulation
{GJPR] The Data Stewards and - if necassary — privacy team of TWe will assess these questions. In some cases,
more information is required o assess the privacy risks. If this is the case, you will be no¥fied that the Data Stewards
team will contact you.

The GDPR defines personal data’ as any information relating to an identified or identifiable natural person ('data
subject’). Personal data also incudes data that indirectly reveals something about a natural person. Persenal data can
kead 1o the physical, physiclogical, genetic, mental, economic, cullural or sodal identity of a natural person. There are
two main calegories of personal data: regular personal data and special calegory personal data.

If you are not sure whether some of thass questions below should be answered with a Yes or No, please contact a
Data Steward first through rdmsuppediftue.nl,

mmhmmwmmmrmmmhmwmmmm
Will the siudy involve of regular I data, or will you

munmwmm«uummmbrm purpose of conducting
interviews?

Mrwmn'ﬂm.mm.m”m aml address, 1P addeess, gender, ope Wivo or
wWhether your dita, please conltact the Data Steweds
MFMWHN"MF'-

If yes: Please describe which regular personal data you will  es applicable. The survey will include a quesiion 1 gasding the
colled in this study? pasticipans “sge categony”. So 1824 24.20 enc. Mot s specific
IF nusnher,

Will the skudy involve fcollectionp ing of sp gory personal data or
other sensitive data?

Agdivional explonation: Examples of specil category personal data are race, refigion, health information, political
wiews, genelic o biometnic data for the unigue identification of a person, sevuol preference, etr. Hm‘ﬂrl!hrnoﬂm
concens personal data of the physicol or mental heakh of persons, ncluding the p of health care.

other sensitive data & infarmation wuch o3 communicotion dal, finoncin records or eredit scores, Mmm
ﬁnmmumpsm nm:q mm observing or

records, g te of velners bi x5 {children, peopls ﬁl'uwwnr_ﬁcwkmtrhvr
mwﬁmmwﬁummm:mmm in vl 1o safe o the
[privacy of data subjects and (o comply mith the GDPR. Processing of this seecicl category data is prohibited, except for
speciic purposes and under certain circumsionces. i you need fo proc ess special category dafa, pleose consult the dato
shewards af rdmaupporf@uen.

Elabarate on all boxes answered outside of the blue 704 mpplicnble
boxes in part 5. Describe how you safeguard any
potential risk for the research participant.

special-ca
data andfor sensitive data pu\\dllmhﬂin!ihmdﬁ

If yes: Plamdannb-nmul legory pe ru applicable

you answened yes fo ather question 1 or 2, please answer the g
mmmmmmr mrmmmwummmmmn ves, mm:nmwd
ramsupporEive.nl

Will your project involva the processing of personal data on a large scala?

Adlrianal explonation: in genera ary procesiing that invelves more thar 10,000 data sulijects shoufd be considered
“Targe scofe”. However, f the doto of approsimotely 1000 persons (or more] are invalved, the dafa processing may stilf
be considered large scafe. In thet case, besides the number of persons (mvokved in the study, ame shoukd alse assess (i)
the amgunt of doto colected from these persons faking into account the typedisk level of the personad data, (1 the

duration of the data processing, (i) the prographic scope or extent of the procesdng. For example, [f you would colect
and) s several ries with 10+ socio- raitems of 1200 persons for
several years in a row, that is ikely “large-scol processing”, Other examples of a ferge- scafe processing activity are:

*  Moniforing deiving behovior of readusers on Dufch highways

o Collecting data of Covid patients

s Ahospital that ient data o part of its uswal
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*  Atiaasport company that processes travel information af people who trawe/ by public transgort in g centan city.
For example, by tracking therm through travel mape.

Does this processing actvity involve the use of new or innovalive technologies?

Examples of o new technology: eom biring fingerprints and fociol recogaiion for phyticel pecets contred, the use of
mshmw&mem#nwmdm in conducting research such os Al This question ako
that have not been deployed by TLe 20 for,

refers to

Does ,wl.ru.lq Invelve systematic (¢.q. automated) monilonng of personsT

Additional explonation: Consider data processing octivities that hove the purpese of abserving. moenitaning or

con trodling indieid uak, for example in cicumsances where the individ uak are not aware by whom their personal data

s collected and how it is used, Examples of such activities ane wsing comena systems o monifor drving behawviar on
manEaring emal inactiwly or empioyee phone use, certain applications of machkine kearning and artificial

Does tha study nvolve collaboraions (with third parties) in which data ame shared or exchanged
in ordes to link of combine data?

Adititipnal pxplination: This.may offen applyin @ b the Liniversity and party,

con troct research, €tc. It (s mpontant to aisess this for ofl data in the entine prosect, AOL At your own data.
Animpartant consideration in this stuation & whether the person whose data is imoived coukd have expected that data
from these different, sourges of were fo be For example, it is kess loely fordata
subjrcts fo eqpect that do tobores from diferent parties wil be combined and the results ave used for diffieren t purposes
than e could reasonably expect; this may appl for example in o collaboration belween the universily and o

o reil

TU/e &
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Part 7a: Processing of research data

Is consent your legal basis for processing the personal
data in your study?
Additianat explanation: Whatis o legel bass 7 One of main pringipies in
the GDPR is fo ersure Dhat personal data is processed low fully, fmiy.
and transparently. To comply with this principle, the progessing of
personal data abo reqg uines that you have o valld legal bog's for the:
personal it proce SHing activify.
I research preyects, the kegal basi & often but not olways condent.
However, & is possible that it is not cfécr or not possible to estabish
whether to use consent 03 o fegal basis.
mwnﬁnmwwmhuﬂhﬂuiﬂd#ﬂﬂ
dhata in pub e spores,
analyshs of existing dafa, MMMWWN’W&EMH
paity, consent s not possible ar would require disproportionate & ffort,
e, [ that cose, please indcate which legal bag's you think that
applies o [preferably) contact o data steward first.

5] Yes and it wil be obtained va the survey
An informed consent templale® is altached to this
application.

[ Mo, | wil use ancther legal basis b process the
data. Namely, ........

*You can download a sultable lemplate here.

commercial pardy.
Wlllhmmmmdllmmmdmmdd.MMMgm
rights or using a service of conira

duifivipeal expi nation: m.fe carried out in public places that pecple cannt aveid
MMGMMMMMM e} or processing aperations whose purpase is (o
aflow or ret aliow defe subjects fo use @ service ar enter info @ contract exemples: by refusing fo poy e benefit. nod
being able to goply for aloan, ete |

will Ifuamhrpmmu personal data to score, rank or profile persons?

Additional ) roads fo give road users @ “sore” Wmmmd
driving behavior, ﬂmt basedon their or budding beh
mwmmmmqmmnmmgmmm

Dioes your data processing include activities that compasing " —and, in
particular, inrelafion o sensitive or special category data, such as communication data, finandal
records or credil scores, genelic data, biometric data, health data, camera survelllance data,
location/GIPS data, intemel-of-things data, employee moniioring. observing or influencing
behaviour, ete.

ddditipral sxplonation: This siuetion will nof be a common occurrence in research, but pou may indirectiy be involed
in this. In general MmemﬂwmﬂﬂsMWﬁmﬁhbmwm
mm;mwm»mwmw anlgwful or ordata bad
paryrment b By chuals mﬂmamﬂwﬁlﬂlmﬂhdﬁuwmm
a3 wed, for example, by insurers, wmwhmwb& telecomn providers as well os Backlars
reliting to unkiwital beh ovicr of employess, for example in the ST OF By encies, et

Will personal data be transfered or shared outside the ELVEEA?
EU data protection nules apply ko the European Economic Area (EEA), which Includes all EL
countries and non-EL countries Iceland, Liechtenstein and Norway.
Additicral éxplonation: mmmsmmwmwﬂmmqw EU/EEA,
Tpically, to protect the personal data of residents in the Eurcpean Uinion.
For exampie, f you m‘(ﬁwr Inaban or Chinese ar other thind party outside the ELYEEA,
you musi first e heck whether this ik afowed and wader which conditions this is efiowed. Anather ypical example &
storoge of data on American providers of ciowd (foroge) services. Please contact the dta stewards first to disus this
Will ary raw or anonymized personal data or any other sensitive data or research results from
the project possibly be ransfermed 1o a high-risk country*?
“Migh ritk countries Ching, Rustio, Iran, Turkey, ond North Konea.
If personaf data or other potentiolly sensitie doto is exchanged with ane of these countries, or if partof the doto
processing tokes plece inone of these coun tries: an adwice from the Dota Protection Officer, the

ilig (Knowiedge Secority team) ondthe IS0 (Chief informa tion Security Officer] is ALWAYS
required.

Where will the data come from?

Which of the following ieols will you use to process
personal data?

Where will the data and In particular the personal data be
stored during and afler completion of the sudy? f you
have already uploaded your Data Management Plan, you
can refer to your Data Management Plan.

[ Data obtained from anather party (secondary data
use)

[ New daia collected only by my research ieam

[ Mew data collected together with colaborators

O Limesurvey
[ MS Forms
[ Other, namely ...

Intarviewiworkshop recordings
[ Voicevideo recorder

[ Phone in a flight made:
[ MS Teams

[ Manual transcription
[ Micresoft Office software (e.g. Word, Teams)

Statistical analysis
O spss

Other tools, speciically

= Onedrive
[ Research Drive
[ Network Drive
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Addian! cplanation: K

SURF Drive, Ceph, dep drives (this inclurdes 8
Project Drivel and the TUje inshance of Microsoft OneDrive. For mast
personal data, the use of SUAF Research Deive or depavtmen tal drives
finefuding BE Project Drive] is mquired.

Part 7b: Safety and

Will you pseudonymize/anonymize the data?

Additipngl ooplanation:

afi direct aadress,
number efc. ) but alsa indinect identifiers (oge, ploce of birth,
eecupation, sakany) that, inked with s information, can kad 106
person’s identification. Anonymiration fo the paint that o data subject
[ nﬂul-ﬂlﬁ#«mrbﬂfﬁrmﬁddﬂctm

data subject con e idemtified by combining dota with additio nal

of o, the dita is

[ Research Manager

security measures

OYes
BN

If yes, describe how:

ks access lo (personal) data restricled? (Select all that
apply)

O Ne

[ Yes, via access control

[ YYes, via password protection

[ Yes, access only given to TLe research team

[ Yes, access only given to research team, incliding
non-TlVe collaborators

O Other, specify..........

Who will have access ko the data during and after
completion of the project? (Select all that apply)

Will you store data for future ressarch?

Will you share data oulside the TUie?

[ Main researcher

[E Tufe supervisor(s)
[ External suparvisors
O TU'e research tleam
O Other, specify..........

TU/e @t
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Part 8: Closures and Signatures

Enclosures (Sck if applicable and attach to this form):

[ Informed consent form

O Informed consent form for other agencies
when the research is conducted at a location
{such as a school)

[ Textused for ads (to find participants)

[ Textused for debeiefings

O Approval cther research ethics commities
= The survey the partidpants need to
complete, or a description of other
measurementis

[ Data Protection Impact Assessment
checked by the privacy officer

[ Data Management Plan checked by a
data steward

Signature{s) of applicant(s)

Feme aWr

Date: 21052025

Signature research suparvisor

K Rendeag?—

Dale: 26/06/2025

[ Mo

[ Yes, in a public data repository

[ Yes, in a public data repository under restricled
access

[ Yes, ina TWe-recommanded storage (SURF
Rissaarch Drive, Network Drive)

[ No
O Yes, in a fully ancnymized form
[ Yes, raw or pseudonymized data®

*F you selecied this box, make sure that a suitable data
DG B (It ) PEGE, YOU CIN CONLEC! e DAt S wwards
Tor suppoel in preparing such an agreement

How long will data be stored after the end of the project?

B years
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FBP Questionnaire WattsUp §»

Informed Concent

Rt Yiou R b Frabad 15 Uik (et I TS progt WERBLIR, Badisss you mepeeent
n irpertas pant of cur intended Ui group. Partcipation in this masarch project i voluntar: B
uwnnha-:nwn,\m Beiore you decide i parscipate we would e 1o b you to resd

5 hat you resnanch project i about, whit we supect
f-wrwcnd e wer el with progeising your penonal dats Based on Bes infoemalion you can
IASCEE Vi th CORSEAL i 5 ko et i1 it
e proceuting of your peronal dats ou may of courte sheys contect e nesnarnche W
Laiimohot B adee s of, you b any question, or you can discus this information with
Pl you kngm

Purpeoie of the resanch The revsarch paject wil be managed by Bm Uienbost. The purpos of
i, e pregedl i Do Qain more g e inlo paetispens view of thesr Cpoling Bebuiour,
gy U, Ceom ke motrvabenad | cton for behaveur charge sed leedback on deige
comideason

What will adking part in the reiear ch peopect levaber? o wil b Lsking part in s seaaech
propect in which we well gt hae infoneaticn by means of tha form. This stucly wel be complately.
Enarymou, and the 45t obtsned fom thi sy will not be Eraceatie 10 you. For pour
PG i i h o il mat b

and o i this s search project doed Aot isvole
ey plysica], egal or sernmiz Fuks. Weu S0 net have i Brmer qusBens which you de not wih 1o
v Vo parsopation i volustary. Thin mesns $a1 you may end your participasion a1 any
M you chocrie By MENNG the eiearcher ke this. You do ot have B splain why o
it 3 €1 YO PAPRCPATION i I FER AR progec). EAChg FOuT PATBIREon wil R o
RS L PG 10 oul I i S 1 BN yOUT PRGN SUANG I IERECH,
Tt st which pou sty pring up 1o the momens of withdramal of pour consert wil be uied
in the neaaei Do pouwenh 13 end the (s o0 S0 you hive ey queltion amdlio cmgplant |
Then plears contact S reusarcher via Lujlenhoseiiosiont tusnl.

Confidentiality of data The raw and proceed neisarh d sta wil be setsined for 3 pariod of §
yoas Uibmanety afler exp i of thin teme period the dass will be either deleted o anomymised
o that i o e bonger B conmecied b0 an individual peron. The eiearch datwill i receraary
g fer & check on oentf mtegsty] and only = srceymnout form be made sk b o pervony
Ut T PRI GROUR data can b Tutrs maanct, for
g by g Thons dith withs felow Ariirchan or milking Ssosymisid fpesudomyminsd dith
swaiabie via 2 ciata archive ar repository. Thi. meeanch project ma ies i snd appeeved e jdate|
by e anhical of Ereelererm: ry v
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By sigrang hes consent ke | stinowledge The talomng

1.1 dem sy indorreed abcut T s ch project Brcugh & wpan e nformaticn heet |
e e the et andd have had L ¥ 1ok gution. Thew
querttice have been arwened satalsciondy

| e part i e mesrarch progect wolurissly, There is no eplicit or implic presure oo me to:
ke Par i th. retenach prOject. I i Gar 0 M tRat | e BN PABCRA0ON i Ths sasarch.
Project st any momamnt, without giving Jry rion | da not have I ansser s quetion f | do
reat wishin oo 8
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A s el v [ 80 e Oy 06 Sach wia? *

D6 el s e U ey vt o ICERiSCrTL o e bk T (0.g, phon hokderd, 8 ot
heider, lighty, odomaters, se 1 *

[ st ncider
(M
O e
[ Comim
[ oymeme
[m
O owe
[mE
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VTS i DT g iy SO D ) 0 PO W T ¢

) e | e
O raven
O 23ken
O ddibnn
(e LT
[T
O #7heun
O raren
(e T
O #900eum

O o mean 10 v

Mo oRen dio po vun ot of phosrs Datlery darir Uhe weed? *

O ouiy

[ QT r——

() Omen awess

) s oo e
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FES Cussalisniiaed & Walls LD

Hiom i you usually charge your phose? *

(D) i e ke gt hams

D) i punic [ i W, 0

() W o poweriaic

T TR m——

e youi vy il O hne e Ceit 0 BTy whd 0 e out? *

0 e
D) ety
O Somities
0 ohen

O ey
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WattsUp

Wahlp s > 5 th- g phona chargeg. Cumemt bt o Bt o7
cheg Fow vt cremian phove by e by 0% w Pt ook pocaling lace. By making smegy genes
o et i i ke, Mg Syl B prcathct v 83 Perk b L G bt st malanality oo
ot el ety htarn & e g el Banstlen B B 1 Trach sl wer gy Gereten bl
e i

Wittt first impras s of thes aonoape T ¢

VDR yrons b e Bely 10 Cye i s Pl ing Could QR ER SneTgy 104 AT Phore 10 Cha e

Wicaudd you fewl mose enevgy ndependent § you weve able 10 Charge yous phors weh pour omn
opdig mengy!
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FEF Cusutonnar s Wansilp

W Do e BEp bl mOull ke pou Mol e ngiged B Feang you BEBey
prientio go up! (e Eh vitwsl st for poisbie mpresentsSon) *

[ 18 mmprttr mr et b Lo el pous o

[ s cnams et yousr ey ersation
[ & tinbocking vl st

[ [T P ——
[ 4 Sy s ettt b sunsaaabeing

[ % pppesd syt 10 iy s yoves proare

Which one of the shove mould be you Lvorie snd why? *

iChpteonali Arry o Neatones o daas you'd e 10 sew in 8 Cpring -used energy appigame?

Wiptionall Do o have amy geraral feecituck of queition?
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Appendix C: Questionnaire responses
FBP Questionnaire WattsUp.xIsx

Appendix D: Data analytics on application features
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Appendix E: Graphic design
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