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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!
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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, I
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.

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].
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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. 

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.

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.
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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 electrical 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.

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][8]
[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].
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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.
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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. 

WattsUp

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
MVP 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
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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.
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THIRD DIAMOND
3. To ensure the test setup remained stationary
during cycling, the rear wheel had to be lifted off
the ground. Therefore, I 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.
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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 -
1N5822) 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.
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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. 
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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.



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.

13



14

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://oudijzerboereindhoven.nl/#wathalenwijop


APPENDICES

Appendix A: ERB approval email

Appendix B: ERB form with questionnaire and informed
consent included
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Appendix C: Questionnaire responses

FBP Questionnaire WattsUp.xlsx

Appendix D: Data analytics on application features

Appendix E: Graphic design
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https://tuenl-my.sharepoint.com/:x:/r/personal/t_uijlenhoet_student_tue_nl/Documents/FBP%20Questionnaire%20WattsUp.xlsx?d=wc63ee6b0b1f94ab08bd5c7d4b53afb7d&csf=1&web=1&e=SGCh9E

