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This report provides an overview of the 
design process of FLOW, a system which 
uses marbles to make energy physical 
with the aim of increasing the awareness 
of energy consumption in the home.

The design method started by defining 
the Dvorak-Donaldson family: these are 
the characters (living in the IoT Sandbox) 
that need to be designed for. 
The topic of the project was energy, and 
this topic was explored by reading papers, 
sketching, mind mapping and quick 
prototyping. This led to the development 
of a variety of concepts related to 
subjects like energy shifting, automation 
of products and the availability of energy. 
The final concept was selected based 
on its originality and its potential with 
regard to influencing people’s lives and 
behaviour. 

The realization phase started by defining 
the technical details of the system. After 
this, several iterations were developed, 
from a 3D model, to foam core, and finally 
a laser cut model in mdf wood. Each step 
is documented in this report.

The deployment of the concept took 
place in a household for seven days, 
and during this test period it was found 
that FLOW indeed somewhat increased 
the energy awareness, but the effect on 
the energy consumption could not be 
verified. 

Using these results, a new iteration of 
the concept was developed, focusing on 
the business aspect and application of 
FLOW.
Throuhgout the design process, the IoT 
Sandbox was used as a tool to visualize, 
physicalize and connect different 
projects between fellow students. It was 
complemented by a data canvas, giving 
an overview of the sent and received 
data. Using these tools, a connection 
was established between FLOW and 
EASTON (project by Doortje Markovic).

The report furthermore provides an 
evaluation of the demo day and a 
discussion section which outlines 
prototyping issues such as the marbles 
getting stuck and marble detection,  and 
deployment-related issues such as the 
absence of smart meters.  

Recommendations discussed include 
improving the quality of the prototype 
and subsequently deploying the 
enhanced prototype in a new household. 
Next to this, stakeholders such as energy 
suppliers and ESCOs can be contacted 
and informed of the concept.

Figure 1. Laser cutting parts from the first laser cutting session. First model of energy block in background.
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PROLOGUE

INTRODUCTION

When the time came to choose a squad for my Final Bachelor Project, I had a clear 
number one preference: the DIGSIM squad. This squad, formerly known as CRIGS, 
had been in my top 3 list several times, and I hoped that this time I would have the 
opportunity to finally join. 
It’s a squad that can’t be missed on a demo day or project market, since the model house 
is something that can’t go unnoticed. It drew my attention every time I walked past and 
it made me curious. I was eager to learn more about it, become part of it and to design 
for this house.
The vision of the squad aligns well with my own. As a designer I’m interested in designing 
to improve people’s quality of life, and the house setting is very fitting for this. I envision a 
future where design is a means to improve the world we live in, in which smart products 
become smoothly intergrated in people’s everyday lives. The DIGSIM squad offers me 
the opportunity to develop myself in this area and helps me discover and specify my 
vision further.

This project is part of the DIGSIM squad (Designing Growing Systems in the Home), a 
squad focusing on systems design, Internet of Things and data sharing, in the setting of 
a house. It familiarizes students with systems of interactive products and encourages 
them to explore new ground in systems design. 
The design challenge for this project revolves around the topic of energy: designing for 
the near future practices around the distributed production and use of energy. The IoT 
Sandbox is provided as a tool to help tackle the design challenge. It’s a model house 
populated by the characters that are to be designed for (the Dvorak-Donaldson family). 
In the rest of the report an overview can be found of the design process of FLOW, the 
concept development, realization of the project, evaluation, discussion and conclusion.
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THE DVORAK-DONALDSON FAMILY

The project started off by defining all 
the characteristics of the people living 
in the IoT Sandbox / model house. These 
characters were provided to us by the 
squad (name, age and relationships) and 
the further details of their lives were 
to be determined by us. All FBP and 
master students met up to decide the 
character traits of each individual. Tasks 
were divided and each duo was assigned 
one person to elaborate on. Posters 
were made of each character and were 
hanged in the squad space, so that a clear 
overview was provided for everyone. 
The family consisted of Bernie, David, 
Emily, Gregory and Mimi and this is the 
family that needs to be designed for. 
The detailed description posters and the 
family’s weekly planning can be found in 
Appendix A.
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ENERGY MONITORS AND MANAGERS
Nowadays, HEMS (Home Energy 
Management Systems) come in many  
different shapes and size, but there two 
main types that can be distinguished. On 
the one hand, there are energy monitors 
which visualize energy consumption, 
providing the user with feedback on 
their energy usage. The level and type of 
feedback between energy monitors can 
differ a lot, from detailed comparative 
data to social feedback (smiley). Whilst 
energy monitors only monitor energy and 
leave it to the user to act on it, on the 
other hand, energy managers monitor 
and control devices in the home (Dam et 
al 2010).

SHIFTING
A topic that is increasingly becoming 
more researched in studies, is energy 
shifting. “Shifting is an energy-conserving 
interaction strategy for moving energy 
consumption to times where it is sus- 
tainably favorable.” (Jensen et al 2018) 
One study investigated the long-term 
effect of using an interactive system for 
assisted shifting in electricty. The system 
was implemented in eight households for 
managing residential heating, and three 
themes were found: convenience, control 
and complexity. 
Another research, also related to energy 
shifting, conducted a study in which 
electricty for washing was either made 
available for free or not at all, depending 
on the energy production by wind power. 
The paper found that the four families 
who joined the research, shifted their 

electricity consumption and also changed 
their behaviour when it comes to their 
patterns and routines in washing. 

DESIGN FOR SUSTAINABLE BEHAVIOUR
Design for Sustainable Behaviour is 
another emerging research topic in 
the field of design. Kuijer and Bakker 
suggest to focus on practices instead 
of behaviours. They illustrate this by 
outlining the current limitations in the 
field of sustainable design, using the 
examples of the refrigerator, electric 
kettle, TV and shower. (Kuijer and Bakker 
2015)

RICH INTERACTION
With the passing of time, there was a 
shift in product design, moving from the 
era of hand-crafted products to the era 
of electronic products. With electronics 
increasingly becoming smaller, came 
more freedom for designers. Every part 
of the product could now be designed, 
even interaction (Frens 2006). These 
developments led to the exploration 
of a new interaction paradigm: rich 
interaction, which focuses on unity of 
form, interaction and function and taps 
human skills.

RELATED WORKS
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CONCEPT DEVELOPMENT

Next to reading papers, the topic energy 
was also explored by quick prototyping, 
sketching and making mind maps such as 
the one on the next page (Figure 5).

VISUALISATION OF ENERGY
This soon led to my first concept/
direction, namely visualising energy usage 
in the home. Some quick prototyping was 
done for shape exploration (Figure 3). It 
was a means to get away from paper/
sketching and by physical tinkering get 
new insights and ideas. 
During the coach meeting I discussed 
my initial progress and exploration 
around the topic energy and learned that 
visualisation of energy / energy usage, 
is a popular topic and a lot of research 
has already been done in the past couple 
of years. What was found is that making 
people aware is oftentimes not very 
useful. It’s not that people use ‘energy’. 
They cook or wash their clothes, and that 

activity uses energy. It’s therefore more 
the way of living and people’s habits that 
determine how much energy is used. 
Some other interesting topics were 
discussed, such as the automation of 
products and the energy of data use. 
The development of automated products 
causes a new problem to arise: instead 
of one product at the time using energy, 
multiple products are using energy 
simultaneously. This is one of the reasons 
why the energy consumption is rising 
every year.

AVAILABILITY OF ENERGY
A new concept was developed and 
revolved around the availability of energy 
(Figure 4). It’s a system that allows users 
to program machines to operate when 
the energy production is highest. They 
can use ‘blocks’ to remotely control 
devices when they are not home. These 
blocks could be shape changing (cubic, 

Figure 3. Quick prototyping for shape exploration.

Figure 4. Sketches for the concept of using programmable blocks to connect devices to the availability of energy.

6



round or in-between) to show the mode 
of a machine: on, off or stand-by at a 
glance. The system will be connected to 
solar panels, so that it knows when the 
energy production is high. In this way, it 
encourages the user to use energy in a 
more sustainable way.

Although this is a very interesting topic 
and concept, there were some aspects 
that required some more thought. For 
example, let’s suppose this product/
device would be connected to the 
washing machine with the purpose of 
doing laundry during the day when it’s 
sunny outside (and therefore energy is 
produced) instead of during the night. 
Then what would happen if people don’t 
have time to dry their wash afterwards 
and are therefore forced to use the dryer. 
Then instead of saving energy by using 
solar-powered energy, more energy is 
consumed because the dryer is used. 
(which would not have been used, if they 
did their laundry during the night like they 
would normally do). Similarly, problems 
may occur for a dishwasher. If people 
leave their dirty dishes in the dishwasher 
overnight, they may want to prevent food 
leftovers getting stuck to their plates, and 
wash their plates before putting them 
into the dishwasher. Again, more energy 
will be used instead of making the energy 
usage more sustainable.

The related work section on energy 
shifting in the previous chapter is closely 
related to this topic.

Figure 5. Mind map on the topic energy.7



CONCEPT 2
This second concept also uses the 
(fluctuating) production of energy. It’s a 
charging dock which is connected to solar 
panels. When the energy production is 
high, it will attract the attention of the 
user stimulating them to charge their 
devices at that specific moment, as if it 
were saying: ‘Now is the time to charge 
your phone”. It can be used to charge for 
example your tablet, phone, tooth brush, 
headphones, camera, batteries, etc. 

These devices can also be left in the dock 
station and will be charged automatically 
when the energy production is high (and 
will stop charging when they’re fully 
charged).

CONCEPT 3
Concept three is inspired by a water 
bottle, which needs to be refilled in 
order to keep drinking from it. Energy is 
represented by ‘energy blocks’. Before 
using a device, for example before 
watching TV, an energy block needs to 
be attached. Watching TV will consume 
energy and therefore the energy level of 
the energy block decreases. The energy 
level is shown on the outside of the block 
by (partly) filling the surface with a colour 
or pattern.

If the energy block is empty, new energy 
needs to be collected from an energy 
source (which could be a charging dock), 
just like water needs to be taken from a 
tap. There is no endless supply of energy, 
which is why users need to be careful 
with their energy consumption.

A visualisation for each concept can be 
found on the next page.

Three more concepts were developed, all 
of them having their roots in the theme 
of the previous concept: the availability 
of energy. A  description of each concept 
can be found below.

CONCEPT 1
This concept uses geometric shapes to 
show the flow of energy. Each corner 
represents a device/machine in the 
house. When the device is on, energy 
is flowing towards the corner, if there is 
no energy flow, this means the device is 
switched off. The product changes shape 
depending on the number of connected 
devices. A triangle means three devices 
are connected, a hexagon means six 
devices are connected.

The product knows how much energy 
is produced, because it’s linked to an 
energy source such as solar panels. If the 
energy production is high, the system will 
allow more devices to be connected, and 
therefore the user will be able to switch 
on more devices at the same time. If the 
energy production is low, the maximum 
number of devices is reduced. 

The aim of this system is to persuade 
people to reduce their energy 
consumption by restricting them to use 
a large amount of devices simultaneously 
when energy production is low.

Figure 6-8 show a quick prototype for a 
shape changing interface.

CONCEPTS

Figure 6-8 Quick prototyp for shape changing interface.8



shape changing

1

1

2 3

2

charging dock

uses energy

energy blocks
energy level
decreases

1

3

2

Figure 9. Visualisation of concept 1.

Figure 10. Visualisation of concept 2.

Figure 11. Visualisation of concept 3.9



PLUG
ENERGY METER

NFC

ELECTRONICS

• NFC connects > detects device being used
• read energy meter for energy usage of device
• calculate energy flow rate
• send controls to electronics

THE CONCEPT: FLOW

COLLECTING ENERGY

user collects energy from source
into energy block 

while watching TV
level energy block decreases

when empty
user needs to collect new energy

SELECTION OF CONCEPT
Based on the originality and interesting 
topic of influencing people’s lives and 
behaviour, concept 3 was selected to 
further develop. It’s a concept that is not 
on the market yet, neither is researched 
and therefore has a lot of potential to see 
how it’s received.

THE SYSTEM
Flow is a system in which energy is 
represented by marbles. There is an 
energy source from which users have to 
actively collect energy into energy blocks. 
These blocks need to be attached to a 
device in order to switch on (Figure 13).

The purpose of the system is to raise 
awareness of your energy consumption 
by showing the energy flow, and creating 
a barrier before using energy by the need 
to physically getting up to get energy, 
making you think twice before using a 
device. It will serve as a learning tool on  
energy consumption.

Its target users are all members of the 
Dvorak Donaldson family, including the 
children who can at a young age become 
aware of energy consumption and can 
for example learn how much energy is 
needed for charging their iPad.

Figure 13. General user scenario of FLOW.

Figure 12. Technical details of the system.

TECHNICALITY OF THE SYSTEM
When an energy block is placed onto its 
dock, NFC chips will connect, so that the 
system knows which device is being used. 
It will then read the energy consumption 
of that device using an energy meter 
plug. The energy consumption will be 
converted and controls will be sent to 
the electronics to regulate the energy 
flow (Figure 12).
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WHAT IF

POEPLE UNPLUG THE SYSTEM

THERE ARE TWO SOURCES OF ENERGY 
(SELF-PRODUCED + FROM THE GRID)THERE IS AN ENERGY LIMIT EVERY DAY

THERE IS NOT ENOUGH ENERGY FOR A PLANNED ACTIVITY THERE IS A MAXIMUM OF 5 ENERGY BLOCKS

THE SYSTEM IS PERSON-SPECIFIC

This would imply that each person has his own energy budget that he can 
spend. Is there a difference between children and adults? Does the one who 
cooks have to use his own budget for the dishwasher? What if you want to 

use two devices at the same time?
There’s also a lot of collective energy use (dish washer, washing machine, 

watching TV together). It would be better if there is a central storage place 
for the energy blocks, where people when get one when they need it.

What happens when the energy runs out? What if 
one person is using a lot more energy than the 

other family members and is preventing the other 
people from having enough energy? 

If people don’t want to get up to get energy, they can simply unplug the cable 
from the energy meter and plug it directly into the wall socket. If the energy 

limit is reached, it’s even more tempting to unplug a device and avoid the 
system. A solution could be to replace the (standardized) cable with my own 

cable, so that when a device is turned off, it’s really off and can’t be bypassed. 

There can be two separate sources of energy. Maybe 
collecting energy from the grid will be harder / take more 
effort than collecting your self-produced energy? What 
will be the impact of having two sources, will it prevent 
people from using energy when there is none available? 

Will the system become too complicated or lose its 
simplicity?

If you want to start a wash, but the energy block you’re using doesn’t contain 
enough energy to complete the wash, what will happen? Will it pause and wait till 
you refill, then continue? Will it warn you before you start the device, that there’s 
not enough energy available? Or will it prevent you completely from starting your 
wash? In that case, the system should be able to predict the energy usage and it 
becomes more of a currency. How much would 2 hours of watching TV cost?

Let’s assume there is one energy block per person, so 5 in total. This would 
mean every person can only use one device simultanuously. Or two people can 
use two. But what everyone wants to charge their phone / use their laptop at 

the same time, whilst the dish washer is also on. There could be central 
location for charging all devices, which only occupies one energy block. But 
then I would be forcing everyone to charge their phone there, whilst a lot of 

people charge their phone at night in their own bed room. 
This could be solved by introducing more energy blocks, so that there are 

always sufficient energy blocks available.

Thoughts were written down on different what-if scenarios, to explore and refine the strengths and limitations of the concept.
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REALIZATION

The next phase in the design process 
was  the realization phase. Now that the 
concept was defined, it was time to define 
the specific form and start building.

CHOOSING FORM AND MECHANISM
There were several possibilities for the 
realization of the concept. Regarding 
both material and form there were 
important decisions  to be made. Below  
is an overview of options (Figure 14).

Liquid might seem hard to use at first, but 
it would be possible by having a bottom 
compartment with a tiny air pump. It can 
inflate using air from the outside and 
deflate again. Inflation will cause the 
energy level to rise, deflation will make 
it decrease. There are baby bottle toys 
which have a double wall and in the same 
way the liquid level rising and falling 
could be faked. The liquid doesn’t even 
have to leave the bottle, you could ‘refill’ 
it by turning the bottle upside down.

Figure 15. Different designs for the blade wheel.

Figure 16. Design sketches for the realization of the 
concept.

Figure 14. Explorations regarding material and form.

Besides a liquid, marbles could also be 
used for the realization of the concept. 
When using marbles in combination with 
a hatch, there may be some difficulties 
when marbles get stuck between the 
hatch. Instead of a hatch, a platform could 
be used that changes height, but this 
would result in a more static movement 
You can’t see the energy ‘flow’, but only 
see a drop in marble level. Other options 
that were considered were a funnel, a 
funnel in combination with a moving 
platform or a blade wheel. The latter 
option allows for very specific control of 
the marble flow, since the marbles can 
be transported one by one. This option 
was  therefore chosen to continue with 
(Figure 15).

Several sketches were made for defining 
the complete design of the energy 
block, for example to explore how the 
marbles could be collected in a hidden 
compartment. See Figure 16 for the 
explorations.
Having a rectangular design with an equal 
division between visible marbles and 
invisible marbles, had the advantageous 
of being straightforward to the user and 
would be feasible to make. This option 
was therefore chosen for the final design.

12



3D MODEL + ANIMATION
The next step in the realization phase 
was making a 3D model + animation of 
the ‘marble machine’ (see Figure 17)

Figure 21. Making of foam core blade wheel.

Figure 22. Foam core model of energy block.

Figure 23. Foam core model of energy block - top view.

Figure 18-20. Marble getting stuck (left), possible 
solution (middle) and working solution (right).

Figure 17. 3D model of energy block.

PROTOTYPING

FOAM CORE MODEL
Subsequently, a foam core model was 
created to try out a first test before 
making an mdf prototype. There was a 
high chance that in the real world under 
the laws of physics, with all the forces 
acting on the marbles, marbles would get 
stuck and of the mechanism jamming. 
The foam core model was  created 
(Figures 21-23) and it was found that this 
was indeed the case, as can be seen in 
Figure 18. 

Adding a small platform to the inner edge 
of the model solved the problem and was 
implemented in the next iteration.

13



As well as the marbles getting stuck in 
the blade wheel, sturdiness was another 
important issue that needed to be solved.  
The next step in the design process was 
therefore changing material and laser 
cutting the energy block. 

LASER CUTTING SESSION #1
Five energy blocks, five energy docks 
and one energy source needed to be 
created in the total. A first iteration was 
made to test the design. Only one energy 
block was laser cut to evaluate and get 
rid of any possible errors, so that after 
validation the complete set of blocks and 
docks could be made (session #2). 
The first energy block was assembled 
(Figure 24) and from this several 
adaptations for the next iteration were 
made. Firstly, marbles still got stuck in 
the blade wheel. This was caused by the 
indents of the blade wheel that turned 
out to be too big. Filling the indents 
with small leftover mdf pieces (Figure 
25) together with sanding the sharp 
edges of the indent, solved the problem. 
Secondly, the attachment of the servo 
motor was an issue. The forces on the 
blade wheel and therefore the servo 
were quite high, so the motor had to be 
well attached. Superglue would work, but 
this would mean the servo motors could 
never be re-used. Considering the costs 
and sustainiblity, I decided to embed a 
mechanism into the mdf to attach the 
servo (Figure 32). Thirdly, I got the idea of 
refilling the marbles by placing the energy 
block upside down in the energy source. 
So therefore, the new iterations would 
have a closed top instead of an open top.

LASER CUTTING SESSION #2
All of above-mentioned adaptations 
were implemented in the new iteration. 

The complete set of five blocks and 
docks were laser cut in one go. The 
(time-consuming) process of painting, 
assembling and programming the energy 
blocks is shown in Figures 28-34 on the 
next page. 

LASER CUTTING SESSION #3
Lastly, the source is an important part of 
the system and needed to be designed 
and laser cut as well. Some of the 
design requirements were that it needs 
to be bigger than an energy block to 
make clear (through its size) that it’s thé 
source. Besides size, there should be 
some indication (or automation) that the 
block needs to be placed into the source 
upside down. Lastly, it should give the 
suggestion of marbles flowing into the 
energy block (even though this is not the 
case and the same marbles are falling 
back from the bottom compartment 
into the top compartment). A design 
was created that fullfilled all before-
mentioned requirements. The upside 
down placing of the energy blocks was 
indicated by the alignment of the marble 
part and white part of the objects. The 
flow of marbles will be suggested to the 
user by moving two little wheels inside 
the marble compartment, pushing the 
marbles upwards.
The energy source was laser cut as well 
as a sheet with dedicated slots for placing 
the energy source and blocks (Figure 35). 
A timelapse of the assembly of source 
can be found here. Further photographs 
of the process are on the next page, 
including the addition of infra red sensors.

The laser cutting files and arduino code 
can be found in, respectively, Appendix 
C1 and C2.

Figure 24. Foam core model (right) vs first laser cut model (left) behind an energy dock and blade wheel.

Figure 26. Attaching the blade wheel to the servo motor.

Figure 27. Testing the paint.Figure 25. Adjusting the indents of the blade wheel.
14



Figure 28. Lasercutting. Figure 29. Lasercutting is finished. Figure 30. Painting the laser cut mdf pieces. Figure 31. Assembly of the energy blocks.

Figure 32. Servo attachment mechanism.

Figure 36. Assembled energy source + energy block. Figure 37. Creating the colour for the energy source. Figure 38. Painting the energy source. Figure 38. Painting the sheet.

Figure 39. Testing the IR sensor through mdf. Figure 40. Five soldered infrares sensors circuits. Figure 41. Five finished energy blocks. Figure 42. Programming the energy block.

Figure 33. Prototyping in progress. Figure 34. Finishing blade wheels and servo motors. Figure 35. Sheet with dedicated slots for source and blocks.
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DEPLOYMENT

The deployment plan that was created 
before the start of the deployment can 
be found in appendix D1.

PARTICIPANTS AND TIME SPAN
FLOW was deployed in a family 
household with two kids (aged 12 and 18) 
who are in the possession of solar panels. 
The deployment took place from 06-05-
2019 till 13-05-2019, lasting 7 days in 
total, so that both week days and the 
weekend were part of the deployment. 
Both FLOW and EASTON (project by 
Doortje Markovic) were placed in the 
same house.

Placement of FLOW
The system consists of the following 
items which were placed in the house:
 - 5 energy blocks
 - 5 docks connected to these devices:
 Dock 1: TV
 Dock 2: Electric kettle
 Dock 3: coffee machine
 Dock 4: phone charger
 Dock 5: radio
 - 1 energy source

The energy source was located in the 
living room. Next to the source, there 
were slots for placing not-in-use energy 
blocks. The docks were spread around 
the house, all on the ground floor (at 
a fixed place each connected to one 
specific device). See Figures 43 -48.

FLOW in practice
Since the smart meters could not be 
connected with OOCSI, the functioning 

of the system was slightly different from 
the original concept. Instead of the 
system being able to detect a device 
consuming energy, the users had to 
indicate this themselves. The subjects 
were asked to place an energy block 
onto the dock when turning on a device 
and removing it when switching off the 
device. Furthermore, with the smart 
plugs not present, devices couldn’t be 
controlled to switch off when all marbles 
were gone. So instead, an annoying 
sound was played.  

PURPOSE of deployment
The two main questions to be answered 
during the deployment were: How does 
FLOW affect the energy awareness? 
How does FLOW affect the energy 
consumption?

DATA was gathered using
 - interview + questionnaire before and 
   after deployment
 - diary
 - noting down the meter readings at the  
    start and end of the deployment
 - noting down the meter readings at the 
   start and end of the week after 
   deployment

FLOW technical details
Calculations were made to map the 
marble flow of each device. It was 
chosen to keep the ratio between 
real-life consumption and ‘marble 
consumption’. The calculations resulted 
in one full energy block being equivalent 
to 500,000J, meaning a TV for example 
would consume 1 marble in 6 minutes, 
as opposed to an electric kettle using 1 
marble every 10 seconds. See appendix 
D1 for the full calculations.

Figure 43. The energy source and not-in-use blocks. Figure 44. Dock connected to the coffee machine.

Figure 45. Dock connected to the electric kettle. Figure 46. Dock connected to the phone charger.

Figure 47. Dock connected to the TV. Figure 48. Dock connected to the radio.
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RESULTS

All consent forms, questionnaires, diary 
pages and transcribed interviews can be 
found in appendix D2-D5.

An interview was conducted before the 
deployment with the aim to find out 
what their relationship with energy is. 
The family sees themselves as energy 
aware. Although they don’t check their 
consumption on a daily base, they are 
conscious of when they are using energy. 
Compared to their surroundings, they find 
their energy awareness above average.

ENERGY METER READINGS
At the start and end of the deployment, 
and the week after, the energy meter 
readings were noted down. See appendix  
D3. Instead of a decreasing energy 
consumption, comparison of the readings 
shows a slight (very minimal) increase in 
energy consumption. However, these 
numbers can’t be indicated as significant, 
since the energy consumption fluctuates 
a lot and a testing period of one week is 
too short to give a valid result. 

DIARY RESULTS
The diaries were filled out every day, but 
are compared to the interviews not a big 
source of information. There are some 
things worth mentioning. For example, 
a development can be seen in the effect 
of FLOW / feeling it gave (Figure 50). It 
started with awareness, which evolved 
to irritation on the third day, then 
fluctuating between awareness, irritation 
and competition once for the following 
days. Then back to awareness and 

finally  satisfaction on the last day of the 
deployment. Next to this, the subjects 
were asked each day how energy aware 
they find themselves, which was an 
almost constant value of 7 (on a scale 
of 1-10). See Figure 49. Only twice, 
the value 8 was given, but the cause of 
this can’t be traced back. Another thing 
to notice was that the sound of falling 
marbles and the physical action of 
collecting energy was most effective. The 
visibility of the marble level and sound 
of energy gone, had no effect at all. The 
option ‘The sound of the falling marbles 
made me feel pressured to switch of a 
device soon’ was selected once. Lastly, 
the topic energy was discussed by the 
family members several times. They 
discussed the different interpretations of 
energy awareness or gave an explanation 
of the project to visitors.

INTERVIEW
The interview at the end of the 
deployment was analysed by coding the 
statements of the user and clustering the 
pieces of code into themes. See appendix 
D5 for the analysis. From this several 
conclusions can be drawn.

PRACTICALITIES
Regarding practical / technical issues, 
there were some minor problems that 
occured. For example, it was hard to see 
when an energy block was switched on. 
Furthermore, the battery didn’t last very 
long, which the users found out the first 
day. So starting from the second day, 
they charged each block every night. EV

AL
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An important thing that can’t go 
unnoticed is that the energy blocks 
never ran out of marbles, meaning that 
the sound nevery played. In retrospect, 
although not predicted, this is a very 
logical result. By keeping the block filled 
at all times, you can prevent / bypass the 
negative consequece, in this case, the 
sound.

CONNECTED DEVICES
Other remarks by the users, concerned 
the connected devices in the system. 
They would see more potential in it if 
devices that consume a lot of energy, 
such as the washing machine or dryer, 
were connected to the system, instead of 
only smaller energy consumers as was the 
case now. They said they would be more 
motivated both to save energy as well as 
money, if higher energy consumers were 
part of the system.  

APPLICATION
While discussing the application of 
FLOW, they agreed that they didn’t see 
FLOW as a consumer product. It is more 
of a learning tool that they would use for 
a certain period of time, since it would 
not be something you want in your home 
permanently. Therefore a learning tool 
would be most fitting. Next to this, they 
also saw a possible application of FLOW 
on a self-sufficient camping.
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Figure 50. The development of the effect of FLOW 
in the course of the deployment. 

Figure 49. Graph illustrating how energy aware the 
subjects would rate themselves on a scale of 1-10. 
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NEXT ITERATION

Looking at the results, they are not 
directly related to an improvement of the 
prototype, but more so to the concept in 
general. 

Therefore, for the next iteration, I decided 
to focus on the business model of FLOW 
and the whole picture around the system 
(including ordering and installing FLOW), 
making it more concrete.

BUSINESS MODEL CANVAS
See Figure 51 for the filled out business 
model canvas.
Value will be provided to the customers 
with FLOW by increasing the energy 
awareness and decreasing energy 
consumption. The FLOW system consists 
of one energy source and multiple 
energy blocks and docks. They will be 
sold in different packages. The customer 
segment consists of households which 
are open to becoming more energy aware. 
One of the key partners will be energy 
companies and retail will be done through 
them. In this way, a lot of customers 
can be reached and it will be beneficial 
for the energy companies as well, since 
FLOW will be a way for them to attract 
more customers. Revenue will therefore 
be created through a monthly fee paid 
by the energy companies. Customers can 
rent FLOW from the energy companies 
online (web shop) or by phone. 
Looking at the cost structure, most of the 
expenses will go towards distribution, 
maintenance and marketing & branding. 
Production costs are a one-time expense, 

because the business model is rental-
based. FLOW packages will be rented to 
a family for a certain amount of time and 
can afterwards be re-used and can go 
to a new family. Therefore, repackaging 
and distribution will cost money. Also, 
production costs will rise when the 
demand is rising and more customers are 
acquired.

INSTALLATION GUIDE
FLOW will be provided to households 
by their energy supplier. They sign up for 
one of the FLOW packages (depending 
on the size of the household) and can 
use the learning tool for two weeks. 
The package comes with a flyer with QR 
code, that they can scan and will bring 
them to a an online installation guide. 
This website will guide them through 
the process of installing FLOW and they 
can decide themselves which devices 
they want to connect to the system. 
Devices can be ‘continuous’ or ‘heavy 
energy consumers’ (or both). Continuous 
meaning that one energy block is always 
present at this device and should be filled 
at all times. Heavy energy consumer 
means the device consumes a lot of 
energy and needs to be supplied with two 
energy blocks. The last step in the guide 
explains the installment and placement of 
each item (source, block and dock). After 
completion, the user is all set and can 
start using the system. 

Figure 51. Business model canvas of FLOW.

Figure 52. Several screenshots of the FLOW installation guide.18



IoT SANDBOX AND DATA CANVAS

In this section will be explained how the 
IoT Sandbox played a role during the 
design process. 

The IoT Sandbox is a model house in 
which the Dvorak-Donaldson family 
lives. Throughout the semester it was 
rebuilt and improved. It was a team effort 
to work on the project together with 
the FBP students and masters group. 
Weekly meetings were held to discuss 
the progress and development. 

The IoT Sandbox was a tool to visualize 
and physicalize the design setting, 
helping you to for example determine 
the location (rooms) of your concept. The 
model house was especially useful later 
in the design process, towards the demo 
day, when we started bringing the house 
to life. 

The initial plan was to implement 
output electronics in the house, and 
pre-program a set of scenarios to play 
out during demo day. Visitors would be 
able to select a scenario and see the 
changes (mostly LED lights) in the house. 
The scenarios would be supported by a 
booklet displayed on an iPad.

However, above-mentioned case is 
very static and doesn’t allow for much 
visitor involvement, leaving no room for 
emergent functions to appear. Therefore 
it was decided to move away from 
the scenario idea and make the model 
house interactive. 75 actuators/sensors/
switches in total were implemented in 

the house, all connected to one ESP for 
everyone to program. 
In this way, it was possible to connect 
the different projects of the students 
with each other, creating one big system 
(with possible emergent function), as was 
envisioned by the squad. 

FLOW IN THE IoT SANDBOX
FLOW was present in the Sandbox as 
miniatures on a 1:20 scale (see appendix 
C1.2 + Figures 55-57). Tiny energy blocks 
and docks were placed near the following 
devices: washing machine, dryer, dish 
washer, oven, cooking plate and TV. The 
energy source was placed in the kitchen. 
Each device could be switched on and 
off using a switch. One of the (one-to-
one scale) energy blocks at my stand was 
connected to the IoT Sandbox. When 
more devices in the house were switched 
on, the rotation speed of the wheel, and 
thus the marble flow, would increase.

DATA CANVAS
The IoT Sandbox was complemented with 
a data canvas, containing all the actuators 
and sensors of the house as well as the 
information sent by each project. FLOW 
was  for example (hypothetically) sending 
the energy consumption of each device.

INTERCONNECTIVTY
The projects FLOW and EASTON (by 
Doortje Markovic) were connected. 
FLOW sent data on energy consumption 
to EASTON that was processed and 
shown in the app. FLOW received data 
on the scarceness of energy to set the 
speed with which the enegry source 
would refill.

Figure 53. Assembling the newly laser cut IoT Sandbox. Photo by Pablo Traversat.

Figure 54. Soldering of the hinge switches, which will be used to detect if a character is inside a room.

Figure 55-57. Miniature FLOW prototypes in the IoT Sandox.
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DEMO DAY

During demo day I got the chance to 
pitch my project to a variety of audience, 
including my coaches, family, friends, 
fellow students and other new faces. 

REACTIONS
The general atittude towards my project 
was positive and it was well-received. I 
was told several times, that it was a very 
good idea and that it tackled a present-
day issue. The concept was clear and my 
stand caught the eye of a lot of people, 
making them curious what it was about it.

CONCEPT DEVELOPMENT
Whilst having discussions with visitors, 
some remarks emerged that are worth 
mentioning. They were mostly regarding 
the energy source. Right now, the source 
is connected to the solar panels and the  
scarceness of the energy production 
determines the speed with which the 
energy blocks refill. A different direction 
in which the energy source could be 
developed further is to allow users to set 
an amount of energy for the day. This is 
how many marbles you have got, try to 
plan your day with it. Another discussed 
aspect was connecting the refilling at the 
source to the device you’re needing the 
energy for, and differentiating between 
devices.

DATA GATHERED
During demo day the online installation 
was on display on an iPad, allowing 
people to scroll through and follow the 
guide. Thus, visitors could fill out which 
they devices they would connect as if 

they had just received a FLOW package 
and were installing it in their house.

The number of people filling in the 
‘questionnaire’ was not as high as I had 
hoped for and can therefore not be 
defined as significant. The results of the 
selection of devices can be found in 
appendix E.

TECHNICAL ISSUES
Unfortunately, there occurred some 
technical issues during demo day. Two 
main problems can be identified, one 
being the marbles getting stuck in the 
blade wheel, the other one being the 
Wifi connection between objects. The 
first problem may be caused by the 
time elapsed since deployment, because 
during deployment there were no 
problems yet. The structure of the paint 
on the marbles (applied only a day before 
deployment) may have changed now that 
it has fully dried. Secondly, I noticed the 
attachment of the servo motors being 
less firm. With time, the mdf got looser 
and causes a slight (non-rotational) 
movement of the wheel.
The second problem was caused by the 
overload on the university’s Wifi network, 
resulting in a huge delay between input 
and output. Both the energy block 
connected to the model house as well 
as the remote controller for the electric 
kettle energy block were significantly 
influenced by the overloaded network 
and unfortunately did a much poorer 
job at demonstrating  my design and 
supporting my pitch.

FL W
making energy physical

DIGSIM
Designing for 
Growing Systems 
in the Home

Name student(s): Lisa Laugs
Coach: Lenneke Kuijer
Type of project: FBP Energy

Figure 58. Demo day set up.

Figure 59. Top part of the demo day A2 poster.
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DISCUSSION

Looking back at the project, there are 
several discussion points and possible 
improvements for the future.

PROTOTYPING
Marbles stuck
There was quite some troubleshooting 
to be done during the realization phase 
of the project. Marbles getting stuck in 
the blade wheel was a problem in the 
beginning and a recurring one. Every time 
the issue seemed fixed, it wasn’t quite 
so. The foam core model showed the 
first signs of the mechanical difficulties 
and although they were fixed and the 
solution was duplicated in the laser cut 
model, the issue remained. As soon as a 
larger number of marbles was inserted, 
the weight would cause the marbles to 
get stuck again. After many iterations 
and adaptations, the problem was finally 
solved. See photos below.

The problem recurred again during demo 
day (see corresponding section). An 
improvement for the future would be 
to make the marble compartment more 
narrow, so that it’s not possible for two 
marbles to (partly) overlap, probably 
solving the issue of jamming. Another 
possibility is to revisit other mechanisms 
that were explored during the concept 
development, such as a funnel, a moving 
platform or a liquid (although the latter 
is not ideal, since the physicality of the 
marbles is an important aspect of the 
concept). 

Marble detection
A second main problem concerned the 
detection of the marble by the infra red 
sensor, which was used to see if the 
energy block ran out of marbles. The 
transparant material and round shape 
of the marbles were not suitable for 
the sensor, and the change in sensor  
value was of such small magnitude that 
the marble wasn’t detectable. A lot of 
potential solutions were executed, but 
unsuccessfully. Sanding the marbles, 
painting the marbles (all colours were 
repelled by the marbles, except for grey 
which was apparantly not suitable for the 
sensor, because the light was absorbed 
instead of reflected), wooden beads 
(didn’t fit) and covering the marbles in 
washi tape (surface too rough causing 
marbles to get stuck again) were all failed 
attempts in finding a solution.  In the end, 
spray painting the marbles white turned 
out solve the problem. Wanting to have 
more contrast between the marbles and 
the rest of the energy block, a different 
colour spray paint was acquired (trout / 

beige), but only the white colour worked.  
Furthermore, the lighting situation of 
the room also significantly influenced 
the sensor value and overall the values 
were very unstable. By programming the 
sensor to calculate the average sensor 
value, the fluctuations were reduced 
(for the code see appendix C2) and the 
marble detection issue was dealt with.
For the future, an improvement would 
be to use marbles in a different material, 
such as wood, and design the model 
whilst taking into account the size of 
these marbles. 

DEPLOYMENT
Absence of smart plugs
Of course a major setback was when the 
smart meters could not be programmed 
(no API available) and building my own 
would be very time-consuming and 
would still miss the important function 
of reading the energy consumption 
of a device. The smart plugs were an 
important part of my system and leaving 
them out was very unfortunate.
However, another solution needed to be 
found that, considering the time left till 
deployment, would not be too much of 
a radical change. A feasible solution was 
to add a tiny speaker to play an annoying 
sound when all marbles are gone.
This was not ideal for the deployment, 
because users had to place the energy 
block onto the dock themselves when 
switching on and off a device. The 
results showed that it indeed affected 
the deployment: energy blocks were 
forgotten or not synchronised with 
switching on a device. 
For the future, smart plugs would ideally 
become integrated in the system to work 
seamlessly and get better results.

Furthermore, the deployment can be 
improved by being able to monitor 
deployment from a distance. Only after 
the deployment, it was explained that 
OOCSI has a function to monitor data. 
Implementing this in the prototype would 
improve the quality of the user test. 

Gathering more data by deploying 
in different houses would also be an 
improvement, increasing the validity of 
the results. 
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Figure 60-66. 
The process of fixing marbles getting stuck. 

Figure 67.  A collection of marble options, varying 
in material, paint, paint type and coating. Only the 
last option (lower right corner) was a solution to 

the problem.
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CONCLUSION

In this report, an overview was provided 
of the design process of FLOW, a system 
that increases the awareness of energy 
consumption in the home by making 
energy physical. 

Firstly, the topic energy was explored 
by reading papers, sketching, quick 
prototyping  and mind mapping. This led 
to the creation of a variety of concepts, 
around the theme of energy shifting, 
automation of products and availability 
of energy. A concept was selected and 
elaborated by a detailed description and 
complementary user scenario. 

After the realization phase, consisting of 
consecutive iterations (3D model, foam 
core, three laser cutting sessions) the 
final prototype was ready for deployment 
at a household to investigate the effect 
of FLOW on the energy awareness 
and energy consumption. Overall, the 
concept was well-received by its first 
users and they felt it somewhat increased 
their energy awareness. However, 
reducing the energy consumption was 
not supported by the energy meter 
readings, but these numbers cannot 
be identified as significant  due to the 
fluctuations in energy consumption and 
the short deployment period. 

Other findings with regard to the 
application of FLOW led to extending the 
concept further with a business model 
and installation guide. 

RECOMMENDATIONS
For the future, there is potential to 
develop FLOW into a more high-quality 
functioning system. The first steps would 
be to incorporate smart plugs into the 
prototype and to improve the marble 
mechanism (instead of a blade wheel, 
a complete different mechanism might 
be a better solution). With an enhanced 
prototype, the concept can be deployed 
at a second household, after which it can 
be further developed. 

Contacting and expanding the stakeholder 
network would be another step in the 
development of FLOW. Besides energy 
suppliers such as Eneco and Nuon, 
ESCOs (Energy Service Companies) 
could be interested in the system. It’s a 
company that develops, realizes, finances 
and exploits energy installations, using 
“an experienced and effective delivery 
mechanism to provide the maximum 
amount of energy efficiency resources.” 
(National Association of Energy Service 
Companies 2019). 
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Figure 68. FLOW energy blocks.
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Bernie Donaldson is a retired 
71 year old male. Father of 
Emily and grandfather of Mimi 
and Gregory. He values family, 
health, and morals (strict with 
a big heart).

After Bernie served as a police officer 
for more than 25 years, retiring at 58, 
he and his wife Barbara moved to the 
countryside. He needed some time to 
get accustomed to retirement, but at 
least his background allowed him to 
maintain a healthy and active lifestyle. 
Once he had accepted his newly found 
freedom he continued to pursue his 
great hobby: cycling. He also bought a 
tablet with a keyboard to start writing a 
book on self-discipline. His wife died in 
2007.

In 2011 his daughter Emily and her 
husband Bruce announced that Bernie 

was going to become a grandfather. 
Their granddaughter Mimi was born 9 
months later. However, when Mimi was 
3 months old Emily found out Bruce was 
having an affair. They divorced and Emily 
maintained custody of their daughter. 
Bruce’s betrayal had struck Emily down 
so Bernie decided to move in with Emily 
in order to help her raise Mimi. Things 
soon started looking up for both Bernie 
and his daughter. Not long after, Emily 
met and married her current husband, 
David, and soon gave birth to Gregory in 
2014.

Although he lives in his own studio (the 
former garage, which he and David built 
together), he is an intricate part of the 
household and the family’s life. Bernie’s 
main role in the house is to take care 
of the children, while Emily and David 
are working. David shares his passion 
for cycling so they often go riding 
together. However, his new favourite 

hobby is watching his grandchildren 
grow up. He takes the kids to their 
sports classes and Mimi to Bruce’s every 
other weekend. The active grandfather 
also loves cooking for the whole family 
and is always looking forward to family 
Sundays. When he does spend time 
away from his daughter and grandkids, 
he works on his book, reads, or meets 
his friends in the local café to play cards 
or pool.

David is 46 years old. He is 
married to Emily and the 
designated “fun parent”. He is 
geeky and forgiving. He values 
technology and family time.

David works as an IT Consultant in the 
city. Because he has to travel a great 
distance to get to work, he occasionally 
works from home, which allows him to 
help out around the house and with the 
kids. He then works in his home office, 
which is also suited for his regularly 
scheduled client visits. He immensely 
enjoys his work and often geeks out 
around the house, showing off the new 
technologies on the market. Despite 
Emily’s complaints, he usually stays up 
late and is therefore the last person to 
go to bed. When he does, he shuts off all 
the lights and makes sure the kids are 
sleeping well.

In his free time, David enjoys being 
active. He has connected with Bernie 
over their love of cycling, which they do 
together every week. Next to that, he is 
a great dancer as well, especially when 
it comes to salsa. This holds a special 
place in his heart, as this is where he 
met his partner Emily. David and Emily 
still go salsa dancing every week, which 
is a great way for them to get some one 
on one time.

Another way he can spend some time 
with both Emily and Bernie is through 
their love of television. They all enjoy the 
same shows and often watch these after 
the kids have gone to sleep. As can be 
expected from his love for computers, 
David also likes playing video games, 
which he sometimes does with the 
kids on the weekends. He mostly 
plays Hearthstone, a digital card game, 
because it’s quick and easy to do on the 
go. When he’s with the kids, they play 

board games or family games on their 
Nintendo Switch.

David and Emily have been together 
for 7 years now and are still very happy 
together. They mostly agree on how to 
raise the kids, although Emily can be a 
bit stricter when it comes to the kids’ 
screen time. He really likes spending 
time with both Gregory and Mimi, which 
he both loves really much. Mimi and 
he are both introverts, which is why 
they understand each other very well. 
Although Bernie was a little hesitant at 
first trusting the new man in Emily’s life, 
David has since proven himself and now 
they get along well too.

Emily is 43 years old. She is 
married to David and is the 
mother of Mimi and Gregory. 
She is the daughter of Bernie. 
She values community, 
personal growth, sustainability 
and a healthy lifestyle.

Emily works as a biology teacher at a 
local high school, however, her interest 
in nature goes beyond the classroom. 
She is very driven to reduce her eco-
footprint and is very conscious of the 
environmental choices that she makes. 
Therefore, she has introduced the family 
to a meat-free day, to reduce their meat 
intake as a family. Another reason for 
her introduction of the meatless-day is 
that she wants to live a healthy lifestyle 
and keep household bills as low as 
possible. Others perceive her as a bit of 
a hippy, although a modern one, who is 
interested in technological growth. 

Emily and her husband both enjoy 
being on top of the news and the latest 
developments in the technology field. 
Her family was one of the first in the 
neighbourhood to own a fully electric 
car. Furthermore, she is very involved in 
the local community, she likes to know 
what is going on. She has a very close 
group of friends and is active in a local 
neighbourhood energy collective. Some 
people call her nosey, although she sees 
it as looking out for the community. 

Although a tech-lover, she is strict on 
screen-time when it comes to her kids, 
as she wants them to enjoy the world 
around them consciously. She would 
rather see them drawing or playing 
outside than see them glued to a screen. 
Although she is very clear towards the 
kids and their screens, as soon as they 
go to sleep she likes to take the time 
to binge-watch series together with her 

father Bernie and her husband David.

David and Emily met each other at a 
salsa dancing class, which they still 
enjoy greatly every Thursday. When they 
met, Emily was still getting over her 
divorce with Bruce (44), who is the father 
of Mimi. At the time Bernie was living 
with Emily and Mimi, as he still does. 
Bernie helped and supported Emily 
through her rough times, and Emily is 
forever grateful. She and Bernie get 
along great, aside from the occasional 
frustrations about diets and parenting 
styles. Emily and Bruce split up painfully, 
they don’t talk about their issues even 
though there is a lot of unresolved 
tension. When they talk, it is only about 
Mimi. Bruce has a new partner named 
Heather, Emily dislikes Heather greatly, 
but tries to keep it to herself for Mimi’s 
sake. 

Design by Otis Overdijk.
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Gregory is 5 years old, son of 
Emily and David and younger 
brother of Mimi. Gregory is 
impatient and competitive. He 
values social interaction and 
seeks adventure.

Gregory is your typical energetic 5-year-
old. Every morning, he’s up early  to 
scatter his toys around the house. After 
a mandatory breakfast, he heads off for 
school, where he loves playing with toys 
and his classmates. He is quite popular 
with his peers and does well in class, 
although he would rather play outside 
than sit in class.

When he comes home from school, 
he can be found either playing football 
in the street with his friends, playing 
Minecraft on the household iPad he 
shares with his sister, or playing cops 
and robbers, preferably with his grandpa 

Bernie. Gregory and Bernie are a pretty 
close bunch. Before going to bed, 
Gregory will always ask for a police story 
from his grandfather. One day, he hopes 
to become a policeman too. After dinner 
Emily puts on a episode of sesame 
street on youtube in the living room, it’s 
a re-run, of the episode they love. 

Swimming lessons once a week is one 
big adventure for Gregory, where his 
surplus of energy comes in handy. Just 
like all the other children Gregory has 
difficulty following instructions of the 
teacher when he is in the water. After 
the lessons there is time for freestyle 
swimming, concur the floating octopus 
is one of his favorite games. His 
imagination can get the better of him. He 
becomes too fanatic, which can put off 
some of the less skillful kids, who are 
intimidated by his determination.  

He loves his mom and dad equally, but 

he has a special relationship with his 
sister Mimi. When she’s home, He’ll often 
tease her, but when she’s out to visit her 
dad, Bruce, and stepmother, Heather, 
he gets sad and wonders when she is 
coming back.

After his day  Gregory is still full of 
energy, so Grandpa tells him stories to 
get him to sleep. Sometimes it takes a 
long time before he gets tired because 
he’s so full of energy. When he can’t 
sleep he sneaks to his parents’ room, 
because he doesn’t like to be alone.

Mimi is a sensitive 8-year old 
child. She’s creative and values 
time to herself, structure and 
has a close relationship with 
her family.

Mimi is an introverted child. She likes 
being on her own, can be a bit shy and 
doesn’t make friends easily. This is one 
of the reasons why she doesn’t like to go 
to school, but although she dislikes the 
social aspect of school, she is smart and 
very eager to learn. This same ambition 
is also reflected in her hobbies. They 
include playing the drums, judo and 
drawing. Her parents decided to sign her 
up to judo, to increase her self-esteem 
and help her stand up for herself. She 
takes lessons for drums and judo every 
week. When practicing at home, she 
uses an electronic drum kit to prevent 
bothering her family or neighbours. 

To deal with her complex mind, 
Mimi writes down her feelings and 
experiences in her diary. She’s very 
structured and likes to have an 
organized day with no unexpected 
events. Both Mimi and Gregory share 
the same iPad, which may cause some 
friction between them. She uses the iPad 
for drawing, playing games and watching 
videos. She does not only spend time by 
herself, but has a few close friends who 
sometimes come over to play.

Mimi is the child of Emily and Bruce 
and lived with them during their first 
marriage. She still visits Bruce every 
other weekend. Although she likes 
spending the weekend at Bruce’s, she 
feels a bit indifferent towards him, 
because he divorced her mother and 
isn’t a big part of her life now. When 
she’s gone, she misses her little brother, 
with which she has a good relationship. 
They often play together and 

occasionally drive their parents crazy.

On the contrary, her relationship with 
her new father, David, is okay. She feels 
drawn to him since he’s introverted as 
well. They connect and understand each 
other well. Bernie also holds a special 
place in her heart. With his background 
as police officer, he’s very protective 
towards her. Even more so, after the 
divorce with Bruce. 

Finally, she has a good relationship with 
her mom as well. She sees her as a role 
model and admires her social skills and 
perseverance.

Design by Otis Overdijk.
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Feedback Session 1
15-2-2019

Feedback Lisa Laugs

Energy visualisation
I should be aware that the visualisation of energy / energy usage, is a popular topic and 
a lot of research has already be done in the past couple of years. What was found is that 
making people aware is oftentimes not very useful. It’s not that people use ‘energy’. They 
cook or wash their clothes, and that activity uses energy. It’s therefore more the way of 
living and people’s habits that determine how much energy is used. 
This doesn’t mean I can’t focus on this topic. If I have a great idea I want to pursue, that’s 
still possible. It might also be that since the Dvorak-Donaldson family, produce their own 
energy (solar power), their energy management may be different from the cases that 
have already been researched.

Other interesting topic: automation of products. The development of automated 
products causes a new problem to arise: instead of one product at the time using energy, 
multiple products are using energy simultaneously. This is one of the reasons why the 
energy consumption is rising every year (for more information see also the paragraph 
‘Other’ at the end of this document).

Another possible topic I could look into: the energy of data use. One of the B2.2 groups 
is doing their research on this topic and I could connect with them to see if it’s something 
I want to focus on.

Papers to look into: “Of Chalk and Cheese” and “Digitalization, energy and data demand”.
 

Feedback Session 2
22-2-2019

Feedback Lisa Laugs

System of products connected to solar panels, which allows the user to program 
machines to operate while the energy production is highest

This is a very interesting topic and concept, but there are some aspects that really need 
to be thought through. 

For example, let’s suppose this product/device would be connected to the washing 
machine with the purpose of doing laundry during the day when it’s sunny outside (and 
therefore energy is produced) instead of during the night. Then what would happen if 
people don’t have time to dry their wash afterwards and are therefore forced to use 
the dryer. Then instead of saving energy by using solar-powered energy, more energy is 
consumed because the dryer is used. (which would not have been used, if they did their 
laundry during the night like they would normally do). 
Similar problems may occur for a dishwasher. If people leave their dirty dishes in the 
dishwasher overnight, they may want to prevent food leftovers getting stuck to their 
plates, and wash their plates before putting them into the dishwasher. Again, more 
energy will be used instead of making the energy usage more sustainable. Or what if 
they need to use their dishes in the morning for breakfast.

Further steps
There are some papers I can read to learn more about this topic.
Paper: Washing with the wind
Paper: Dirty linen
Paper: Assisted Shifting of Electricity Use

After reading these and having gained more knowledge about this topic, I can adapt and 
improve my concept (and try to tackle above mentioned problems).

APPENDIX B
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Individual Feedback Session 2.5  (Lisa)
14-3-2019

Feedback Lisa Laugs
I presented the following 3 concepts:

CONCEPT 1
This concept uses geometric shapes to show the flow of energy. Each corner represents 
a device/machine in the house. When the device is on, energy is flowing towards the 
corner,
If there is no energy flow, this means the device is switched off. The product changes 
shape depending on the number of connected devices. A triangle means three devices 
are connected, a hexagon means six devices are connected.
The product knows how much energy is produced, because it’s linked to an energy 
source such as solar panels. If the energy production is high, the system will allow more 
devices to be connected, and therefore the user will be able to switch on more devices 
at the same time. If the energy production is low, the maximum number of devices is 
reduced.
The aim of this system is to persuade people to reduce their energy consumption by 
restricting them to use a large amount of devices simultaneously when energy production 
is low.

CONCEPT 2
This second concept also uses the (fluctuating) production of energy. It’s a charging 
dock which is connected to solar panels. When the energy production is high, it will 
attract the attention of the user stimulating them to charge their devices at that specific 
moment, as if it were saying: ‘Now is the time to charge your phone”. It can be used to 
charge for example your tablet, phone, tooth brush, headphones, camera, batteries, etc.
These devices can also be left in the dock station and will be charged automatically 
when the energy production is high (and will stop charging when they’re fully charged).

CONCEPT 3
Concept three is inspired by a water bottle, which needs to be refilled in order to keep 
drinking from it. Energy is represented by ‘energy blocks’. Before using a device, for 
example before watching TV, an energy block needs to be attached. Watching TV will 
consume energy and therefore the energy level of the energy block decreases.
If the energy block is empty, new energy needs to be collected from an energy source 
(which could be a charging dock), just like water needs to be taken from a tap. There is 
no endless supply of energy, which is why users need to be careful with their energy 
consumption.

Feedback Lenneke Kuijer

Preference for concept 3. The idea of literally and physically collecting energy appeals to 
me. It’s a very interesting topic. 

It’s just like a rain barrel or chopping wood for the fireplace.

When you do a wash at 30˚ or 60˚, you will see the difference. The program with the 
higher temperature will result in energy being consumed at a quicker rate. 

How would you make it physical? Because it needs to disappear when energy is being 
used. And it should also be possible that it disappears at a different rate. 
(with air?)

The system will affect the living behaviour of its users and it takes into accounts all the 
devices in the home. Be aware of energy consumption that goes unnoticed. How would 
that work?

Concept 2 can easily be neglected. There are so many things in the home that require 
your attention. Is it a good idea to add yet another device aiming to draw your attention?
Furthermore, all devices that need charging need a power socket. So, it would just be 
a collection of power supply? Or wireless charging is also possible, but that’s a lot less 
energy-efficient.

And when comparing concept 1 and 3, concept 3 is more intuitive / less complicated 
than concept 1.

As a next step you could try to make a scenario for concept 3.
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Feedback Session 3
15-3-2019

Feedback Lisa Laugs
Concept Freeze
 
Joep Elderman
Nice concept. Interesting topic with the opportunity for different directions. 

What would be the time period for using this system?
Choose whether you would want it to be very pragmatic for an ‘off-grid’ living situation, 
or is it more of a learning tool?

If the user is living off-grid in his self-sufficient home, it would be very helpful. It shows 
‘this is the energy that I have, if it’s gone it’s gone.’
If it’s adapted in a family home, its purpose would be more to create awareness and to 
use as a learning tool. Maybe it will only be implemented for a month during which it will 
influence the living behaviour and patterns of a family.

If you choose to use a liquid for the representation of energy, make sure that all 
interactions align with this (for example pouring, opening a tap, etc.)

Is there a way to see how much energy a device is going to consume beforehand? What 
if I want to watch TV for two hours? Do I know how much energy I will need for that?

And what if the energy in the energy block runs out while the device is still on (for 
example during a wash). Do you need to refill the energy? Will the machine pause? 
If you prevent the machine from starting if the energy level is too low, then it becomes 
more of a currency.
Go through all the use scenarios.

Lenneke Kuijer
Your two concepts (mine and Doortje’s) are now quite similar. I don’t know if this 
happened before in the squad. You can’t really join forces and work on the project 
together, since it’s your final bachelor project.
Does one family have both your systems? Or is one introduced after the other one?

With my project it’s easier to add a new device, because it’s something that goes between 
the wall socket and the machine.

The physical aspect of my project is very interesting. To physically get up and collect 
energy.
Next step would be to start prototyping and start testing. 

Feedback Session 4
22-03-2019

Feedback Lisa Laugs

Huub Smeitink

Explanation of concept and its realization / technical details

You said it would be harder to use liquid, but I think this is still possible. You could have 
a bottom compartment with a tiny air pump. It can inflate using air from the outside and 
deflate again. Inflation will cause the energy level to rise, deflation will make it decrease.

If you will use marbles, there may be some difficulties when marbles get stuck between 
the hatch. You could also use a platform that changes height. But then it will be more 
static, you can’t see the energy ‘flow’. So maybe a funnel?
After discussing it more, we concluded that a funnel in combination with a moving 
platform might be the best option. Or using a blade wheel, so that marbles can be 
transported one by one.

NFC is a good idea for detecting the energy block at each device.
Contact me about the smart meters through slack.

Joep Frens

First meeting with Joep Frens

Using water is also possible. There are baby bottle toys which have a double wall and can 
fake the liquid level rising and falling. The liquid doesn’t even have to leave the bottle, 
you could ‘refill’ it by turning the bottle upside down.

Who are you designing for? Is it the whole family? Is Mimi allowed to get as much energy 
as for example Emily?

With your concept there is the aspect of awareness and there is a certain threshold. Do 
you want to divide the energy among the different family members, so that each member 
has a ‘budget’. Then it’s also about desired uses of energy. If I’m the one cooking, do I 
have to use ‘my’ energy. Or is the threshold only present in getting up and physically 
collecting energy?

Think about more fine-grained interaction scenarios and how it relates to the characters 
in the house.
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Feedback Session 5 
29-03-2019

Mathias Funk

• Why make it physical? You don’t touch it, it’s sealed inside the energy block. You 
could put anything inside. It would be a lot easier if you just use light or a screen. 
You could even show marbles on the screen.

• Is it just for creating awareness or would you limit the system as well?
• Think about how people would avoid the system. They can easily unplug cable, 

remove the meter and plug it into the regular wall socket. Whether you to choose to 
limit the energy use or not, this will always be the case → either when they run out 
of energy or when they don’t feel like getting up to get energy. 

• A solution would be to replace the cables. There’s a standard cable for all devices.
• To summarize: think about the physicality, is it necessary? What’s the impact of the 

concept, what effect does it have on the users?
• Nice that you brought a lot of stuff to show (physical marbles, prototypes and 

sketches)

Lenneke Kuijer

• Will there only be 5 energy blocks per family? I explained that I thought about 
leaving out the charging of mobile devices, since every person would like to charge 
in his/her own room, so that would require a lot of energy blocks. Or I would assign 
a central charging spot with one energy block where everyone would have to charge 
their device. But that would force everyone to go there. 

• But then again, including charging in the system is also very interesting. For the kids 
as well. And I could do this by simply introducing more energy blocks.

• Marbles would be very nice. The physicality really adds to the concept. You can see 
them, you can hear them fall, you can feel the weight. It will be nice for involving the 
kids as well. They will learn how many marbles are needed for for example charging 
an iPad.

• You learn your devices and how much energy/marbles each device in your house 
uses

• I will use the mechanism of a ‘blade wheel’ that can drop one marble at a time. In this 
way I can control the energy flow rate by the rotation speed of the wheel.

Feedback Session 6
26-04-2019

Feedback Lisa Laugs

Joep Elderman

• What do you want to find out during deployment?
• Interview, diary or cultural probe is all fitting for your concept, since it’s about the 

experience, how it feels, the interaction
• You should ask the subjects to take pictures of how they use your device
• I’m working on the smart meters, but there are some difficulties connecting them 

to OOCSI.
• How long would one energy block last? I decided that it’s equivalent to one hour of 

watching TV.
• A washing machine uses a lot of energy. It’s not really testable right now, because 

one energy block won’t be sufficient for one wash. 

Lenneke Kuijer

• The prototypes look really good. The sound it makes when the marbles drop is great. 
It really adds to the experience.

• Energy blocks, docks and energy source are good and clear names.
• I like how you took into account the scarceness of the energy by adjusting the ‘refill 

speed’ at the energy source.
• Try to be more specific about what you want to find out during the deployment. It 

might be a good idea to do an interview before and after the deployment.
• Also ask them about their relationship with energy, how they look at it. Is there a 

change before and after the deployment?
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Feedback Session 7
03-05-2019

Feedback Lisa Laugs

Lenneke Kuijer
During the meeting we discussed:
• Smart measurement tools aren’t working. 

• They can’t be connected with OOCSI. We looked into other smart wifi 
switches (without the energy measurement), but those are quite expensive 
(personal expenses, because they’re not an asset to the squad) and it will be 
hard to program them before Monday, when our deployment starts.

• It’s a pity they don’t work because they were an important part of my system
• I had to think of a solution, so now I’ve added sound. → demonstration. 
• The noise can be even more annoying. It’s a game. It can be annoying.

• Calculations energy consumption per device.
• Very interesting to see the ratio between different devices.
• A problem might occur with the electric kettle, because people might not 

take the kettle straight away. In that case energy from the energy block will 
be disappearing, even though the kettle is not on anymore. But without the 
smart meters I can’t know when a device is on or off, so there is nothing I 
can do about it.

• Deployment plan + diary + interviews.
• By asking in the diary about how often they have used the devices and the 

energy blocks, I might give them the idea that it’s okay to not use my system.
• Is it information that you need to gather?
• What’s the most important information that you want to get?

• How my system affects awareness
• How my system affects energy consumption

• Not using a diary? Hmm but people will forget things if you don’t ask them 
about it immediately. Use the diary to gather information about how they 
look at energy and about the interaction.

• Regarding energy consumption, I would like to know their consumption with 
and without my product, so that I can compare. There is no time to first test 
a week without my prototype. 

• I could ask for their meter readings at the start of the deployment week and 
at the end of the deployment week. And then again at the start and end of 
the week after (then that will be the data without my prototype).

Safety check
• The round wires are not of good quality. Always use square ones if you can.
• How will you keep the devices charged?

Feedback Session 8
10-05-2019

Feedback Lisa Laugs

Lenneke Kuijer and Joep Elderman

• The deployment is ongoing.
• What are you going to do after you’ve gathered the data?

• long interview is best → with qualitative research the ‘why’ behind it is very 
important. Asking the right questions.

• record interview
• transcribe interview → keep in mind that this will take up a lot of time.
• cluster into themes
• link to design improvements
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Feedback Session 9
17-05-2019

Feedback Lisa Laugs

Joep Elderman
Discussing the findings of the deployment

• Phrasing of questions during interview/diary is very important
• If you want to hear criticism, first say something negative about your own concept
• You can use demo day to get new feedback on the second iteration

• But that’s not an ideal set-up?
• Use the house, use scenarios

• Difficulties with design of second iteration
• Don’t have to be big changes
• It doesn’t have to be an improvement of the prototype, it can also be an 

improvement on your concept
• Mapping of marbles, 1 marble is this amount of energy or do you also want 

less energy-consuming devices to have a higher marble flow rate
• Mapping of marbles on demo day should be different

Lenneke Kuijer
Discussing the findings of deployment

• The marbles never ran out
• Interesting to see and in retrospect, although not predicted, it’s very logical

• What sort of terms / phrases did they use during the interview? How did they talk 
about energy?

• As Joep mentioned already, indeed your second iteration doesn’t necessary have to 
be an improvement on the prototype

• You can also think about the business plan
• What do you give to the customers, manual, etc
• For whom
• Who is providing it

• On demo day, you could use an energy block to supply energy to the whole maquette 
house
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OTHER ARDUINO CODE

A collection of all pieces of code used in this project can be found here.
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DEPLOYMENT	PLAN	
	
House	
We	have	found	a	family	household	with	two	kids	(aged	12	and	14)	in	the	possession	of	solar	
panels.	
	
Time	
06-05-2019	–	13-05-2019	
The	deployment	will	take	place	from	Monday	the	6th	of	May	and	lasts	exactly	one	week,	so	
that	both	week	days	and	the	weekend	are	part	of	the	deployment.		
	
Explanation	of	FLOW	
Flow	is	a	system	in	which	energy	is	represented	by	physical	marbles.	Centrally	located,	there	
is	an	energy	source	with	a	supply	of	marbles.	Users	need	to	collect	the	marbles	into	so-called	
energy	blocks	and	bring	them	to	a	device	before	being	able	to	use	this	device.	Whilst	the	
device	is	being	used	(and	thus	energy	is	being	used),	the	marbles	will	slowly	disappear.	The	
more	energy	a	device	consumes,	the	faster	the	marbles	will	disappear	(energy	usage	will	be	
measured	using	smart	wall	plugs).	When	all	energy	is	gone,	an	annoying	sound	will	be	played	
and	new	energy	needs	to	be	collected	from	the	source.	The	scarceness	of	the	energy	will	
determine	the	speed	with	which	the	energy	block	is	refilled.	
	
Placement	of	FLOW	
The	system	consists	of	the	following	items	which	will	be	placed	in	the	house:	

- 5	energy	blocks	
- 5	docks	connected	to	these	devices:	

o DOCK	1:	TV	
o DOCK	2:	Electric	kettle	
o DOCK	3:	coffee	machine	
o DOCK	4:	wall	socket	for	charging	phones	
o DOCK	5:	PC	

- 1	energy	source	
The	energy	source	will	be	located	either	in	the	living	room	or	in	the	kitchen.	Next	to	the	
source,	there	is	room	for	placing	not-in-use	energy	blocks.	The	docks	will	be	spread	around	
the	house	(at	a	fixed	place	each	connected	to	one	specific	device).	
	
FLOW	in	practice	
As	mentioned	before,	5	devices	will	be	connected	to	FLOW	for	a	period	of	7	days.	Since	the	
smart	meters	cannot	be	connected	with	OOCSI,	the	functioning	of	the	system	will	be	slightly	
different.	The	subjects	will	be	asked	to	place	an	energy	block	onto	the	dock	when	turning	on	a	
device	and	removing	it	when	switching	off	the	device.		
	
PURPOSE	of	deployment	
Two	main	questions:	

- How	does	FLOW	affect	the	energy	awareness?	
- How	does	FLOW	affect	the	energy	consumption?	

	

DATA	will	be	gathered	using	
- interview	before	and	after	deployment	
- diary	
- asking	them	to	take	pictures	of	how	they	use	the	system	
- noting	down	the	meter	readings	at	the	start	and	end	of	the	deployment	
- noting	down	the	meter	readings	at	the	start	and	end	of	the	week	after	deployment	

	
FLOW	technical	details	
Estimated	energy	consumption	per	device:	

- (LED)TV	 	 40		 W	 	 1	hour	of	watching	TV	à	144,000W	
- Electric	Kettle		 1700		 W	 	 4.5	minutes	of	boiling	water	à	459,000W	
- Coffee	machine	 850		 W	 	 3	min	heating	water,	60s	coffee	making	

4	minutes	of	coffee	machine	à	204,000W	
- Charging	phone	 12	 W	 	 30	minutes	charging	phone	à	21,600W	
- PC	 	 	 160	 W	 	 30	minutes	of	using	PC	à	288,000W	

https://www.energievergelijken.nl/nl/energieverbruik/elektriciteitsverbruik		

	
If	1	full	energy	block	is	worth	500,000	J,	this	is	equivalent	to:	

- 3	hours	of	watching	TV	
- 5	minutes	of	boiling	water	
- 10	minutes	of	making	coffee	
- 11.5	hours	of	charging	one	phone	
- 52	minutes	of	using	PC	

	
30	marbles	fit	in	1	energy	block		
	
TV:		 	 	 30	marbles/3hours	 	 1	marble	in	6	minutes	
Electric	kettle:		 30	marbles/5minutes		 1	marbles	in	10	seconds	
Coffee	machine:	 30	marbles/10minutes	 1	marble	in	20	seconds	
Charging	phone:	 30	marbles/10hours	 	 1	marble	in	20	minutes	
PC:	 	 	 30	marbles/60minutes	 1	marble	in	2	minutes	
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APPENDIX D3

Energy readings at the end of 
the week after deployment

1. 11075
2. 55661
3. 82598
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Interview	transcriptie	
	
Oké	uhm.	In	het	algemeen,	wat	vond	je	ervan	om	dit	system	een	week	in	huis	te	hebben?	
	
Ik	vond	het	wel	interessant.	Ik	denk	ook	wel	dat	we	iets	bewuster	ervan	geworden	zijn.	En	
alleen	al	om	het	fysiek	in	huis	te	hebben.	Dat	is	al	iets,	dat	trekt	vraag	op.	
Interesting	system.	
Somewhat	increase	of	energy	awareness.	
	
Deed	iedereen	in	huis	mee?	Wie	waren	het	meest	actief?	
	
Ja	eigenlijk	ikzelf	dus	en	mijn	twee	dochters	die	thuis	wonen.	Mijn	man	was	minder	
betrokken.	Ja	vooral	mijn	oudste	dochter	was	heel	gemotiveerd	en	stimuleerden	anderen	ook	
om	de	kastjes	te	pakken.	Ja	dan	zei	ze,	oh	vergeet	het	kastje	niet.	
Wife	and	two	daughters	were	most	involved.	Husband	less.	
	
Oh	dus	ze	hielp	ook	echt	anderen	eraan	te	herinneren.	
	
Ja.	Ja	inderdaad	
	
En	wat	betreft	het	prototype,	wat	zijn	verbeterpunten?	Of	werkten	er	dingen	niet,	waren	er	
storingen?	
	
De	batterij	was	dus	soms	leeg.	Ofja	de	accu.	Uhm	ja.	En	dat	was	het	eigenlijk.	Voor	de	rest	
heeft	het	de	hele	week	gewerkt.		
Battery	doesn’t	last	long.	
	
Mooi!	
	
Oh	en	soms	was	het	lastig	om	te	zien	of	ze	aan	stonden.	Of	hij	het	wel	deed.	
Ze	moesten	eigenlijk	wel	iedere	nacht	aan	de	lader,	anders	hielden	ze	het	niet	vol.	En	ik	kon	
lastig	merken	of	ze	wel	draaiden	of	niet.	
Hard	to	see	if	the	device	is	on.	
Battery	needs	to	be	charged	every	night.	
	
Hebben	jullie	het	er	onderling	over	gehad?	Tussen	de	familieleden,	dat	jullie	elkaar	erover	
aanspraken?	
	
Uhm	ja,	vooral	over	hoe	energiebewust	waren.	Dan	dacht	ik	oh	we	zijn	best	wel	
energiebewust	geweest	en	dan	zei	de	oudste	dochter	die	dan	meedeed	oh	ja	maar	Ruth	heeft	
wel	heel	lang	achter	de	tv	gezeten.	Dus	dat	was	dan	eigenlijk	weer	niet	zo	energiebewust.	
Discussions	about	energy	awareness	and	different	opinion	about	topic	between	family	
members.	
	
Dus	er	kwamen	wel	discussies	op.		
	

Ja	inderdaad.	We	hadden	afgelopen	weekend	verjaardag,	dus	dan	viel	het	ook	op	en	kwam	
het	ook	ter	sprake.	Het	bezoek	vroeg	ernaar	en	dat	ze	zoiets	hadden	van	oh	wat	staat	hier	
nou.	
System	was	also	discussed	during	birthday	party.	
	
Waar	ging	het	gesprek	dan	voor	over?	
	
Ja,	dan	legde	ik	jullie	projecten	uit,	hoe	het	werkte	en	dat	het	over	het	thema	energie	ging	en	
over	energiebewustwording.	
Explanation	of	projects	to	visitors.	
	
Wat	voor	invloed	had	FLOW	op	het	dagelijks	leven?	
	
Uhm	in	het	begin,	je	moet	natuurlijk	telkens	keer	zo’n	kastje	pakken,	dat	is	wel	even	wennen.	
Op	een	gegeven	moment	dan	ben	je	daar	aan	gewend	en	dan	daarna	wordt	het	een	beetje	
irritant	en	dan	denk	je	van	oh	ja.	En	was	het	ook	wel	eens	dat	het	vergeten	werd.		
Of	soms	dat	ik	eerst	het	apparaat	al	aan	had	gezet	en	dan	nog	even	snel	het	kastje	pakte.	
En	verder	ja…	Soms	zat	ik	weleens	op	de	bank	en	dan	hoorde	ik	opeens	een	knikker	vallen.		
During	beginning	of	deployment,	system	needs	some	getting	used	to.		
Easy	to	forget	energy	blocks.		
Sometimes	devices	were	switched	on	before	placing	energy	block.	
Hearing	sound	of	dropping	marbles	while	sitting	on	couch.	
	
Hoe	zie	je	dit	apparaat	toegepast?	In	wat	voor	situaties?	Meer	een	learning	tool?	
	
Ja	meer	een	learning	tool	inderdaad,	want	als	je	dit	echt	altijd	moet	doen	om	je	energie	te	
pakken	en	dan	een	apparaat	aan	te	zetten,	het	is	wel	een	beetje	omslachtig.	Ik	denk	ook	een	
beetje	ja	dat	dat	toch	wel	een	irritaties	opwekt.	Maar	aan	de	andere	kant	is	het	wel,	ja	om	te	
zien,	hoeveel	energie	je	verbruikt	per	apparaat,	dat	lijkt	me	best	wel	een	bewustwording	en	
ook	zinvol.		
Application	as	learning	tool.	
Getting	energy	to	switch	on	device	is	quite	‘cumbersome’.	
System	causes	irritation.	
On	the	other	side,	the	system	creates	energy	awareness	and	is	useful.	
	
Was	het	ook	weleens	zo	dat	wanneer	je	gedwongen	werd	om	energie	te	gaan	halen,	dat	je	
dan	zoiets	had	van	nee	daar	heb	ik	nu	echt	geen	zin	in,	dan	maar	geen	TV.	Kwam	dat	ook	wel	
eens	voor?	
	
De	energie	is	eigenlijk	nooit	echt	op	geweest.	
We	never	ran	out	of	energy.	
	
Oh	niet?	
	
Nee.	Nee.	Er	zaten	genoeg	knikkers	in.		
	
Dus	het	geluid	heeft	ook	nooit	afgespeeld?	
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Nee,	nee	helaas.		
The	sound	never	played.	
	
Oh	oké.	
	
Nee	dus	dat	hebben	we	geen	een	keer	meegemaakt.	Nee.	Wel,	dat	geluid	kwam	ook	als	je	
hem	van	de	lader	afhaalde.	
	
Dat	klopt	ja,	dan	hoor	je	een	piepje.	Ja.	
En	ook	niet	bij	de	waterkoker	ofzo?	
	
Nee,	nee.	Ook	niet.	
	
Oh	dan	zijn	jullie	heel	bewust	met	de	energie	omgegaan.	
	
Ja	we	hadden	wel	een	keertje,	van	oh	hoe	gaat	dat	dan	met	de	knikkers	terug.	Dus	wel	een	
keertje	halverwege,	zeg	maar,	toen	was	ie	nog	niet	leeg,	de	knikkers	terugdoen.	
Refilling	marbles	when	half	full.	
	
Ja	dat	is	ook	een	vorm	van	oh	ik	wil	niet	dat	ie	leeg	gaat,	om	hem	gewoon	altijd	goed	gevuld	te	
houden.	
Ja,	dan	hoor	je	nooit	het	geluid.	
Preventing	sound	from	ever	playing.	
	
Nog	een	laatste	vraag.	Heb	jij	zelf	nog	ideeen	voor	het	ontwerp?	
	
Ik	vind	het	idee	wel	heel	erg	leuk.	Ook	wel	interessant	als	je	de	concepten	verbindt	aan	het	
opwekken	en	verdelen	van	energie	in	een	groep.	Vind	ik	wel	heel	goed	verzonnen.	
Zo	straks	was	mijn	dochter	hier	zeg	maar,	en	die	staat	best	wel	vaak,	ja	hier	staat	dan	de	
caravan,	die	gaat	dan,	ze	staat	wel	eens	op	een	camping.	Ze	is	dan	tuinvrouw	noemt	ze	
zichzelf	en	die	staat	dan	bij	haar	eigen	project.	Maar	goed,	die	staat	ook	wel	een	op	een	
camping,	en	ze	kent	ook	een	camping	dat	zijn	dan	vooral	groene	bewuste	campings.	En	ook	
wel	waar	ze	energie	opwekken.	Dat	ook	wel.	Er	was	dus	ook	een	camping	waar	dat	ook	een	
beetje	speelt.	Daar	hebben	ze	natuurlijk	een	bepaalde	energie	capaciteit	wat	het	net	aan	kan.	
Ze	wekken	dan	ook	een	gedeelte	op	maar	ze	willen	dan	eigenlijk	niet	verder	uitbreiden	want	
dan	zijn	er	weer,	heb	je	meer,	heb	je	een	grotere	centrale	nodig	eigenlijk.		En	dan	zeg	maar,	
als	je	dat	per	caravan	kan	verdelen.	Dit	is	de	capaciteit,	zo	veel	mag	je	verbruiken	per	dag	
(aantal	knikkers).		
Dat	zou	op	zicht	natuurlijk	ook	een	hele	mooi	toepassing	zijn	van	ja	je	hebt	natuurlijk	mensen	
die	gebruiken	heel	veel,	maar	je	hebt	er	ook	die	wat	bewuster	zijn.	Kijk	als	je	dan	naar	een	
groene	camping	toegaat	en	je	weet,	nou	zo	veel	energie	mag	ik	per	dag	gebruiken.	Of	je	kan	
inderdaad,	oh	ik	heb	wat	over	ofzo,	dat	je	dat	naar	iemand	anders	nog	kan	toe	doen.	Dat	zou	
misschien	ook	wel	een	leuke	toepassing	zijn.		
Using	the	system	at	for	example	a	green	camping	where	they	produce	their	own	energy.	Each	
caravan	gets	their	own	amount	of	energy/marbles	to	be	used	per	day.	
	

	
Green	text	 Coding	à	summarizing	each	section	
	
Clustering	of	codes	into	themes	
Interesting	system.	 Opinion	about	FLOW	
Somewhat	increase	of	energy	awareness.	 	
Wife	and	two	daughters	were	most	involved.	Husband	
less.	

Engagement	and	discussion	

Battery	doesn’t	last	long.	 Problems	/	practical	issues	
Hard	to	see	if	the	device	is	on.	 	
Battery	needs	to	be	charged	every	night.	 	
Discussions	about	energy	awareness	and	different	
opinion	about	topic	between	family	members.	

	

System	was	also	discussed	during	birthday	party.	 	
Explanation	of	projects	to	visitors.	 	
During	beginning	of	deployment,	system	needs	some	
getting	used	to.		

	

Easy	to	forget	energy	blocks.		 	
Sometimes	devices	were	switched	on	before	placing	
energy	block.	

	

Hearing	sound	of	dropping	marbles	while	sitting	on	
couch.	

FLOW	in	practice	/	use	of	
system	

Application	as	learning	tool.	 Applications	
Getting	energy	to	switch	on	device	is	quite	
‘cumbersome’.	

	

System	causes	irritation.	 	
On	the	other	side,	the	system	creates	energy	awareness	
and	is	useful.	

	

We	never	ran	out	of	energy.	 	
The	sound	never	played.	 	
Refilling	marbles	when	half	full.	 	
Preventing	sound	from	ever	playing.	 	
Using	the	system	at	for	example	a	green	camping	where	
they	produce	their	own	energy.	Each	caravan	gets	their	
own	amount	of	energy/marbles	to	be	used	per	day.	
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Conclusions	
	
Opinion	about	FLOW	

- FLOW	somewhat	increases	the	energy	awareness	
	
Engagement	and	discussions	

- The	level	of	engagement	between	the	users	is	different	
- FLOW	causes	discussions	to	arise	about	energy	

	
Problems	/	practical	issues	

- The	energy	blocks	should	show	an	indication	of	their	battery	level	/	if	they	are	
switched	on	or	not	

- The	fact	that	FLOW	was	not	connected	with	smart	meters,	allowed	for	unintended	
errors	like	forgetting	the	blocks	or	changing	the	order	(switching	on	device	before	
supplying	energy)	

	
Use	of	system	

- Users	may	keep	energy	blocks	filled	at	all	times	to	prevent	the	sound	from	playing	
	
Applications	

- Application	as	learning	tool	is	most	fitting	
- Possible	application	of	FLOW	at	self-sufficient	camping	
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