
Finite Design

for a sustainable internet

J. van der Heide





Finite Design

for a sustainable internet

J. van der Heide



final bachelor project

Author: J. van der Heide

Coach: S. Lucas

Expert: Chiara Tregila

This report is a deliverable of the faculty of 
Industirral Design at Eindhoven University 
of Technology

Self published, 2020.



table of contents

preface        1

design process       4

summary       7

the condition of the internet     9

finitude and the problem of the infinite    10

the power of design      13

design for a sustainable web     14

iteration 1       15

iteration 2       22

iteration 3       27

iteration 4       41

iteration 5       48

discussion       58

conclusion       61

reflection       62

references       64

appendices       69





1

preface

In this retake, I will address the feedback on my initial report 
in an attempt to improve my work. In this preface, I want to 
discuss some of the feedback and explain my intentions for the 
specific comments for this retake.

Should have shown more technology aspects in depth, mainly fo-
cused on the societal aspects.

I agree that the technological efforts I have taken in this project 
were insufficiently documented, and didn’t showcase my T&R 
competency well. I tried to implement more in-depth explana-
tion for all iterations, with a focus on iteration 2 (hardware) and 
iteration 3 (software).

Several perspectives and gathered a lot of information, it would 
help to show a visual design process.

A visual design process was added, and the areas of expertise 
were implemented in the process visualization as well.

Lack of evidence, doesn’t show technical elements on how they are 
implemented in the demonstrator/design.

I want to stress that I purposefully did not put a lot of effort to 
create a physical demonstrator, as the circumstances did not  al-
low for any physical interaction with the demonstrator. Instead, 
I tried to demonstrate my design as much as possible though my 
demo day video and posters, since these were viable formats. 
Nevertheless, I tried to add as much evidence of my iterations 
in this retake, I just want to ask you to take the circumstances 
into account.
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Needs to focus and to speed up, more attention to expertise areas.

I agree on the disappointing quality of my presentation, and it 
is a shame I can’t make it right in this retake. Unlike most stu-
dents, I do not usually prepare presentations in much detail. 
Because I know what I am talking about, I rely on my audience 
to understand if I have made myself clear, and whether or not 
I have to move on to the next topic. Due to the online format, I 
have struggled with this during my presentation more so that I 
could have imagined. I hope you can understand this.

Doesn’t show the whole process and a lack of information, report 
is too much focused on the societal aspects and forget to explain all 
the steps that has been made in the different expertise areas

I agree that my focus is too much on the societal aspect. I saw 
my report less as a way to convey my knowledge and expertise 
in the several areas of expertise, and more so as a means to show 
what I learned in this specific project. I have tried to improve on 
this in this retake by including a clear design process that also 
includes my efforts made in the areas of expertise.

Show progress every week, only got problems with deliverables, 
draft report and final report to finished completely on time.

I have been struggling with some aspects of this for a while now 
and especially with finishing deadlines in time. I will be tested 
on ADD near upon, and hope I will be able to tackle this prob-
lem in the future. For now, even this retake will be delivered late 
again; I’m very sorry.
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Good cooperation, but outside the University it seems to be harder 
the find collaboration. Also the use of a simple survey hasn’t been 
used.

I agree that not much user involvement was present in this 
project. I partly want to blame this on the future oriented and 
speculative nature of this project, but I agree there could have 
been more interesting collaborations made.

Clear overview of your development and depth in the area B&E.

Although this development has been made clear, I hope this re-
take also shows the depth in my T&R and C&A competency.

I hope this makes clear where I aim to improve, and I also hope 
you enjoy the rest of this retake. Note that the gray text is the 
content of my original report, while the black text is new con-
tent that was added for this retake.

     -  Jorrit van der Heide
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design process
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design process



6



7

summary

The internet is in poor condition. More and more energy and 
resources are used yearly to account for the enormous growth 
the web has been experiencing the last decennium. With global 
heating forming a serious threat to our daily lives, we should 
think about ways to create a society that sustains itself as well as 
the earth. It is this cause, that this project aims to explore.

With the internet as a case study, the concept of finitude was 
explored. Our thinking in terms of growth and progress seems 
problematic and not in line with the nature of the renewable 
energy that we increasingly rely on for sustaining our lifestyle.

We should ask ourselves: shouldn’t we rather embrace our finite 
reality as opposed to discard it?

With this in mind, 5 iterations were created, that each tried to 
implement ecological values into the functioning of the internet 
while keeping in mind the need for a finite experience in using 
the web. The ultimate result is Muleswarm, an urban commu-
nications network that embraces the finite nature of our planet 
and is 30 times as efficient as the current internet.

In the report, we will go into detail on the methods used in the 
design process, as well as the technological background and ex-
act functioning of each proposed network. The energy use of 
each solution will also be calculated and discussed, and an at-
tempt is made to design the most optimal and energy-neutral 
solution. The advantages and disadvantages of the final design 
are then explored and discussed.
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the condition of the internet

Nobody knows how much energy the internet consumes. 
Due to its fast-changing nature and the complexity of the net-
work, estimated consumption differs significantly in each study 
on the topic.

An important cause for this is that there is no agreement on 
what exactly should be measured. Most studies in this field 
have been focusing on the energy consumption of data centers 
(The Guardian, 2018), but the energy use of end-user devices, 
as well as that of the manufacturing process of both server and 
client hardware, should also be taken into account to come to a 
sensible conclusion (De Decker, 2009).

A second reason is the dynamic nature of the web. Advances in 
energy efficiency seem to have a reverse effect on the web, as 
its total size and energy use are ever-growing (HTTP Archive, 
2020) and making it hard to make static estimates.

What seems to be the most complete and transparent report of 
the internet’s footprint that also takes into account the end-user 
consumption and hardware manufacture, tells us that the inter-
net consumed roughly 1.815 TWh of electricity in 2012, about 
8% of the global energy consumption hat year (Fuchs, 2016). 
Since then, estimations were made that this increased to 10% 
in 2019 ( Jensen, 2019) and by 2025 almost 20% of the world’s 
electricity will be consumed by the global communication net-
work, even surpassing aviation and shipping (The Guardian, 
2018). And that latest report did not even take into account the 
consumption during manufacture.
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The reason for this enormous growth of the internet consists 
of several factors. Because more people get access to the web 
globally, the total volume simply increases both for users, serv-
ers, and client hardware (HTTP Archive, 2020). More impor-
tantly, though, is the increase caused by more data spend per 
person. Especially because of video streaming technology,  the 
average page size has increased from 600KB in 2012 to a stag-
gering 2000KB in 2020 (HTTP Archive, 2020).

And this growth is problematic, for what is at stake is the sta-
bility of nature itself. A report from the ITRS (Diebold, 2009) 
warns:

Limitations on sources of energy could potentially limit the indus-
try’s ability to expand existing facilities or build new ones.

What becomes clear from this statement is the finiteness of the 
earth and the unsustainable nature of the internet.
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finitude and the problem of the infinite

I believe the main reason for most problems with our current 
digital infrastructure is our thinking in terms of the infinite. We 
consider the earth to be a boundless resource, while it is not 
(figure 1). We believe that the possibilities of us and our species 
are endless. For any solution to any problem, we can only think 
in terms of what we know, which is in terms of technology and 
terms of economic growth. There are two problems with this:

Heidegger writes in ‘The Question Concerning Technology’ 
(Heidegger, 1954) that the essence of (modern) technology is 
not something that we make, but something that he describes 
as a ‘mode of revealing’. Technology is an event and a way of 
structuring and observing the world, to which we belong. This 
‘mode of revealing’ claims technology is a lens through which 
we look at the world. It reveals us parts of reality, but it keeps 
most of it veiled. And is in this singular perspective that tech-
nology locks us in, that is the problem with technology lies:

For example, we challenge land to yield coal, treating the land 
as nothing but a coal reserve. The coal is then stored, “on call, 
ready to deliver the sun’s warmth that is stored in it,” which is 
then “challenged forth for heat, which in turn is ordered to deliver 
steam whose pressure turns the wheels that keep a factory run-
ning.” The factories are themselves challenged to produce tools 
“through which once again machines are set to work and main-
tained.” (Blitz, 2014).

This example brings us to the next problem, which is our think-
ing in terms of growth. We live in a world where machines pro-
duce new machines, which introduce new challenges that re-
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Figure 1. Estimated world supply of non-renewable resources (BBC, 2012)
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quire more machines – and thus form a vicious circle, which 
once again shows how technology locks us in a certain perspec-
tive. This reminds us that boundless and continuous growth is 
an impossibility in a finite and bounded world, and thus unsus-
tainable and undesirable.

Movements exist that try to address this issue, such as the cir-
cular economy. Although such goals will improve the sustain-
ability of our way of life, it tries to align sustainability with 
economic growth  (De Decker, 2018). This creates a paradox 
that counters itself, and which will not lead us towards an ener-
gy-neutral society.

It is therefore important that we realize these limitations, that 
exist in our reality and our thinking. We should try to work 
around these to progress as a species, and how this project aims 
to do that, is through the potential of design.
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the power of design

One of the greatest misconceptions in design is that the role of 
designers should be to create more commodities (Marx, 1867), 
to try to resolve the problems that technology created through 
increased technologicalization. I however think that design has 
the potential to improve the world we live in and that it has two 
great things going for itself in particular.

1.	 Design is rooted in creativity, enabling designers to 
break free from the restraints that technology as a mode 
of revealing forces upon us. Through ideation, critical 
thinking, and communication skills, designers possess 
the tools needed to work question the status quo and 
think in refreshing ways.

2.	 Design has the power to reform social opinion and pro-
pose new values. Through the popularity of commod-
ities, as well as the ability to communicate ideas, de-
signers can propose novel ideas and concepts to a wide 
audience, that can contribute to social opinion change 
how we think about and interact with the world.

With this in mind, this project aims to use these strengths of de-
sign and apply them in an attempt to design a truly sustainable 
future for the internet.
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design for a sustainable web

The finitude of our reality shows us that we should embrace the 
world as it is given to us. One could even argue that this finite 
world is what defines us, determining what being human even 
means. Thinking about the earth in this manner brings us to 
two realizations:

1.	 We should accept the earth as the human condition 
(Arendt, 2013). This is a conviction of German phi-
losopher Hannah Arendt, who says that our being on 
earth has defined who we are and is thus also what 
makes us human.

2.	 We should embrace the finiteness of the earth, and 
understand its limited carrying capacity. The stock of 
some vital resources is more depleted then one might 
think (BBC, 2012), and we need to make changes in the 
way we live if we want to progress.

These beliefs clearly show the need to focus on ecological val-
ues in technology and design, as a means to stay true to our es-
sence and the essence of the planet.

It is with these values as a top concern that his project was com-
menced.
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iteration 1

An eco-centric design approach was taken by rethinking the 
current internet from both a business and an ecological point 
of view, with web hosting as a focal point. A competitor anal-
ysis was executed, a method by O’Shaughnessy (O’Shaugh-
nessy, 2014) and Nusem and Wrigley (Nusem & Wrigley, 2017) 
used to understand where a product or service fits in the mar-
ket. Based on the results, a Business Model Experimentation 
was executed. This is a method by Wrigley and Straker (Wrig-
ley & Straker, 2016) that uses iteration to compare and improve 
business models. A Business Model Canvas (Osterwalder & 
Pigneur, 2010) was then used to frame and communicate the 
designed business model.

A striking result after doing the Competitor Analysis in the 
sustainable web hosting branch was that a lot of the so-called 
‘green’ web hosting companies claim their servers run on re-
newable energy, while they merely offset their CO2 emission 
by planting trees. It also often concerned companies that have a 
‘green’ energy contract, which doesn’t mean that their energy 
is actually from renewable sources (Van de Graaff, n.d.). Ulti-
mately, none of the companies generated their solar power on-
site.

To account for this gap that was identified in the market, an ini-
tial concept for a solar hosting company was developed. Initial 
values were that all power should be generated on-site and that 
it should be comparable in its functionality and price as regular 
web hosting (TransIP, n.d.). To study the feasibility of such a 
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company, Business Model Experimentation was used to come 
up with several business models, which were then combined 
into a final concept that was expressed in a Business Model 
Canvas. 

The result was a business model (see Appendix A) for a fully 
self-sufficient solar hosting company, that solely uses renewable 
energy. A key feature of such a company is the use of small-
scale solar-powered web servers to host customers’ websites. 
This makes it a combination between a photovoltaic power sta-
tion and a data center where efficiency and optimization are the 
key values. Because a minimal amount of energy must be wast-
ed, a shared power bank is used to store the energy of an array 
of solar panels, which is then distributed on a per-need basis to 
several servers.

From a business perspective, a solar hosting company has a spe-
cific place in the market. Because of the nature of renewable 
energy sources, the concept suits itself mostly for smaller-scale 
web content. This is because the finite nature of these resources 
will likely show during use, by web content becoming unavail-
able for a certain amount of time. This can be managed and thus 
might not matter for HTML / CSS / JS-based websites (which 
make up the majority of the internet), but it is problematic for 
heavier content such as web apps or video streaming. The tar-
get audience was therefore chosen as entrepreneurs who need 
a website for professional purposes and care about the sustain-
ability of their enterprise.

The functionality of the proposed network differs only mini-
mally from how end-users experience the internet currently. 
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Figure 2. Network map for a solar-powered data-center where multiple 
clients connect to a single server.
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They can request data from a server, which is then sent via 
the usual infrastructure to their device. The only difference is 
where the servers receive their energy from.

For the sake of understanding the functionality and feasibility 
of the solar server, a hardware study was executed. The result 
of which, will be described below.

The materials for this setup were chosen for the following rea-
sons:

• Solar panels in parallel to maintain voltage, used to gener-
ate electricity from sunlight.

• Batteries in parallel to maintain same voltage, used to store 
energy from the solar arrays.

• Combiner box that combines multiple solar arrays into a 
single output.

• Charge controller to prevents batteries from overcharging, 
connects batteries and solar arrays to the server.

• Development board with Gigabit internet to run the serv-
er.

• Storage devices to store hosted content and operating sys-
tem.

• A stable and fast internet connection.

A simple visualization (Appendix B) was made to illustrate this 
setup. Although not detailed enough to start building it right 
away, it is sufficient for this iteration. I will go more into detail 
on the exact functioning of a solar web server in iteration 2.

A calculation was made to estimate the amount of time needed 
before the material and energy investment pays itself back. Be-
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cause this design is a more sustainable way to run the internet, 
the result of this calculation is very important. For this equa-
tion, a Single Board Computers (SBC’s) instead of regular web 
servers was taken for the solar setup due to its compatibility 
with renewable energy sources. The informed assumption was 
made that a regular server uses about 1 kWh to run 500 domains 
(Maddox, 2013), while a single SBC uses 1 Wh to run a single 
domain. For the embodied energy of the solar setup required 
to run 500 SBC’s, a value of 170 kWh/year over 5 years was 
found (De Decker, 2020). The embodied energy of the other 
components will roughly single out, and will thus not be taken 
into consideration in this equation.

1 kWh * 24 hours * 365 days * = 8760 kWh per year

1W * 24 hours *365 days * 500 SBC’s = 4380 kWh per year

170 kWh * 5 years = 850 kWh embodied energy in total

8760 kWh - 4380 kWh + 850 kWh = 3530 kWh  difference

3550 kWh / 1 kWh * 24 hours = 147 days until profitable

From this we can see that for a simple website, it takes about 
147 days to become energy neutral while running on solar pow-
er when at least 500 domains are hosted on a single solar setup. 
This number means it is realistic to try and implement this in a 
web hosting company.

The concept was validated through an interview with a local en-
trepreneur from the Eindhoven region (see Appendix C). The 
need for sustainability and the effects of solar hosting for busi-
ness were discussed in an interview with open questions ( Jacob 
& Furgerson, 2012), and this provided several insights:
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1.	 Not all entrepreneurs realize the carbon footprint of 
their online presence. This means communicating this 
is vital for the success of solar hosting.

2.	 Entrepreneurs, especially start-ups and small-scale en-
trepreneurs often work on a tight budget. This means 
the network solution must be available for roughly the 
same fee as regular web hosting.

3.	 Businesses their online activities should be dependable 
and entrepreneurs like to have some degree of control 
over their website. This means the finite nature of solar 
power might be difficult to sell to business since income 
is important to them and this is often based on the reli-
ability of their online services.

This interview provided important insights into the further de-
velopment of the solar web server and was a source of inspira-
tion for the second iteration.

From this first iteration, I learned that it can be interesting to 
approach a challenge from a business point of view initially. I 
believe it makes the transition that I propose feasible since the 
economy is the driver of capitalist society and thus hugely in-
fluences what policies and ideas are realized. A problem with 
this approach, however, is that the scale on which transition is 
proposed can only be limited and that it has to be economically 
profitable to commit to this change. Furthermore, the current 
business model did not offer a tempting enough value proposi-
tion to entrepreneurs, because of the relative unreliability of the 



21

solar setup. Also, the type of business proposed is in essence 
non-transparent in the sense that users have no control or in-
sight over the actual sustainability of their servers and their web 
content. These are factors that were important to improve in 
the second iteration.
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iteration 2

The goal of the second iteration was still to make sustainable 
self-hosting accessible, but besides using the Business Model 
Canvas, the concept was realized through Experience Proto-
typing (Buchenau & Suri, 2000). This is a method used to cre-
ate an experience-able concept that can be used for validation 
or presentation purposes, but because of the Covid-19 virus, it 
was used as a proof of concept for the proposed hardware solu-
tion instead.

To strive towards a more personal, sustainable, and trans-
parent network solution, the business model was changed 
to a non-profit for the second iteration. It is focused around 
tech-savvy entrepreneurs who care about their company’s 
carbon footprint and want to be in control of the changes they 
make. Instead of a service, a solar hosting kit was developed, 
which enables entrepreneurs to start hosting their businesses’ 
web content from their backyard, balcony, windowsill. The de-
vice is to a high degree a Do-It-Yourself product and is meant 
to empower people to take control of their internet presence in 
a very hands-on way.

An Experience Prototype was made and used as a proof of con-
cept for the proposed hardware kit (see figure 3). This solution 
consists of a 50Wp solar panel, a Linux-based Open-Source 
SBC, a solar controller, and a lead-acid battery. To account for 
different user needs, the capacity of the battery, and the capaci-
ty of the solar setup can be increased or decreased. An example 
of such a situation is the climate, which determines the amount 
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Figure 3. Fully functional prototype for a solar-hosting kit
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of sun one gets and thus influences what capacity is needed for 
the desired uptime. Although more testing in the Dutch climate 
is needed before this can be determined for the prototype that 
was built, such experiments have been done for the Spanish cli-
mate (De Decker, 2020), providing a certain understanding to 
what capacity one might wish for.

Software-wise, the device functions on an NGINX HTTP2 
server hosted on a minimal Linux distribution. Web content is 
only served in an HTML / CSS / JS format to minimize page 
size.

Because this design considers a kit and not a specified product, 
the setup will differ on a per-case basis. What is described be-
low, is a technology overview of the most rudimentary setup 
possible and the one that I made a functioning prototype of.

• Olinuxino A20 LIME2 development board

• SD Card

• A fast and stable internet connection

• 50 W solar panel

• 20 A charge controller

• 12 V / 8 Ah battery

The material list is based around the LIME 2 embedded ARM 
Linux computer (Olimex, n.d.). I chose this because it uses 
open source hardware, has a low power consumption, and has 
other useful features such as Gigabit internet and a charging 
circuit with an AXP209 power management chip. This makes it 
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the perfect base for a lightweight web server, and all other com-
ponents are fit to this requirement.

The operating system runs of an SD card, which is limited in 
size but uses both lower power and has a higher operating speed.

A Gigabit Ethernet connection is made with a non-solar pow-
ered router. This means the server is still reliant on energy from 
the grid to function. The throughput of this connection is more 
then enough for it not to be a bottleneck in the functioning of 
the server.

The rest of the system is centered around the LIME 2 board, 
which draws 1 - 2.5 watts of power. Because of the community 
aspect of the solar hosting kit, where other users mirror your 
website when your server is down, the capacity of the solar pan-
el and battery are not that important. I set myself the goal that it 
should have an uptime of at least 50%, which seems reasonable 
in the Dutch climate.

To calculate this, we assume the average uptime to be 2 W, 
which is a high estimation. According to (Time and Date, 
2020), Eindhoven has a pretty good distribution of hours of 
sun over the year, so a moderate size battery should be enough. 
With 1604 hours of sun a year, this means:

1604 hours / 365 days = 4.4h hours of sun a day

To have a 100% uptime, we need:

24 hours * 2 W = 48 Wh of energy a day on average
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To overcome the longest night a year (Time and Date, 2020), 
we need:

15.7 hours * 2 W = 31.5 Wh of battery capacity

A 48 Wh battery can overcome a full day of bad weather, which 
for 12 V means a 12 V / 8 Ah battery.

With 4.4 hours of sun, a battery of 48 Wh and a server that is 
running on 48 Wh a day, and an assumed solar panel efficiency 
of 75% (Solar Panel Consulting, 2020) we need a solar panel of:

48 Wh + 48 Wh = 96 Wh total
96 Wh * 100% / 75% = 128 Wh

When we include a 15% assumed system loss (Photovoltaic 
Software, n.d.), we get:

128 Wh * 1.15 = 148.5 Wh

To calculate the needed Wattage of the solar panel, we divide 
by hours a day:

148.5 Wh / 4.4h = 33.75 W

A slightly bigger panel of 50W was chosen to also provide 
enough power on days with up to 3 hours of sun a day, which is 
common in the Dutch climate.

A 20A charge controller was chosen to match the discussed 
hardware, and the result is the system in figure 4.

From a software point of view, the Lime 2 board runs on Arm-
bian, a Debian based Linux distribution for ARM development 
boards. On this runs a NGINX server, which is software opti-
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Figure 4. Schematic iteration 2
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mized for high performance with low RAM devices and is per-
fect for our board. Setting up NGINX is rather easy, but fully 
configuring it for use with the solar server was a bit trickier. 
The configuration in the appendix eventually worked for me 
(see Appendix D).

For NGINX to function properly, a static IP address 
(WhatIsMyIPAddress, n.d.) is necessary. In this way, request 
from outside your local network can be rerouted to the correct 
IP in a hard-coded way, which is not possible with a dynamically 
changing IP address. Also, the correct ports of your router must 
be forwarded (Wikipedia, 2010) to allow the incoming traffic. 
For an overview of the forwarded ports, see Appendix D.

Connection to the server is possible from the server itself (by 
connecting a screen, mouse, and keyboard to the board); imple-
menting an FTP solution (Wikipedia, 2001), which is common 
for most web servers, was not desirable for this specific solu-
tion, as data transfer via a network is less sustainable than on a 
local device. It also isn’t supported by NGINX by default.

A key service that is also provided by the non-profit in this busi-
ness model (Appendix E) is providing digital instructions that 
enable a wide public to start hosting themselves. Moreover, a 
usability aspect will inevitably play a huge role in providing a 
fluid experience in the act of managing something very techni-
cal in essence by an inexperienced user base. Because of this, a 
UX interface was designed (see Appendix F) that better com-
municates the finite nature of energy and allows entrepreneurs 
to connect globally to minimize this finiteness in their custom-
ers’ web browsing experience.
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The solar hosting kit is a server node that is connected to the 
backbone of the regular internet. The device – once installed 
– functions as a regular web server, but initially hosts a single 
domain. When it is sunny, the server will run and the battery 
will be charged. When it is cloudy or dark, the battery will dis-
charge to power the sever until depleted. This means that the 
server can become unavailable during a prolonged period of bad 
weather. To account for this, a community-driven mirror-net-
work is the answer. If each user mirrors the websites of a few 
like-minded entrepreneurs from over the world, significant 
benefits could be gained for the user and the network:

1.	 High uptime could be reached. If servers on different 
meridians of the globe mirror each other’s content, 
24/7 uptime can be ensured since there is always a mir-
ror where there is daylight. This reduced the experi-
ence of finitude in accessing web content.

2.	 A network of servers will reduce overall energy wast-
age. By reviewing which server has the most energy 
stored and which server has the most sunlight expo-
sure, the best server to access web content at any given 
moment can be determined. This will reduce how often 
energy is wasted due to a full battery in combination 
with low nearby network traffic.

The energy use of this system will vary based on the efficiency 
of the network, but will otherwise be comparable to the energy 
use of the first iteration due to similar hardware specifications.

The most obvious insight from this iteration is that the choice 
of hardware will greatly impact the result of energy savings this 



30

concept does. To improve the energy efficiency of the proto-
type, I propose several hardware changes that I was unable to 
implement in the scope of this project. Most notably, the SBC 
could be replaced by a Micro-controller Unit (MCU) such as 
the ESP32 (Espressif, n.d.), which is more bare-bones and will 
need additional hardware components and tweaking as a trade-
off. Also, on a more conscious note, the lead-acid battery should 
be traded in for a more sustainable alternative. A lithium-ion 
battery could be used, but even better would be a solution like 
a small scale Compressed-air Energy Storage (CAES) device, 
which boasts a longer lifespan and does not require any rare or 
toxic materials (Wikipedia, 2020).

A dilemma I had after this iteration was on the implementation 
of finitude in the design. By coming up with the idea to mirror 
websites of other users, I had effectively eliminated the finite 
element in this design, for a more technological solution. I had 
however also made the system more efficient by doing so, so 
how to proceed? Above all, this iteration also taught me that 
solar-powered web hosting might not enough. Although it has 
the potential to reduce the symptoms of our internet usage, it 
does barely change how we perceive the internet as end-users. 
The finitude is still detached from the experience, which I think 
is caused by the concept being a physical product. This is still 
an example of ‘solving the problem of technology through in-
creased technologization’ – just as iteration 1 – and as such not 
able to really solve the problem. This is something I aim to im-
prove in the 3rd iteration.
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iteration 3

To embrace the finitude of the internet, a ‘manifestoing through 
design’ approach was used. This method was coined by Pierre 
Lévy in the course ‘Perspectives on Aesthetics’ an is a way to 
develop written statements through previously made designs.

For the third iteration the business approach was abandoned. 
To think outside the box – as mentioned in the paragraph ‘the 
role of design’ – this was a necessary step and more possibilities 
became clear after doing so. I had to reevaluate the values I had 
been designing with so far. Although I set clear values at the 
beginning of this project, I caught myself searching for increas-
ingly technological solutions, and I wanted to break free from 
that through design. By also abandoning the physical form of 
my previous concept, I forced myself to thread on a new path, 
which I found in ‘manifestoing through design’, and applying 
this method I created a set of guidelines for the transition of 
humanity towards sustainable network solutions. This was then 
communicated as a manifesto (see figure 4) and posted online, 
to inspire web designers to rethink the values they keep in mind 
whilst creating content for the internet.

Although the designed manifesto certainly embraces the fini-
tude of the earth, it is on the other end of the spectrum from 
solar hosting. The purely political essence of the statements I 
wrote was frustratingly non-actionable! I had to reevaluate the 
point of view that I wanted to design from. So far,  that had been 
Business-enabled Eco-Design, but the ‘manifestoing’ inspired 
me to look into the perspective of Speculative Design.
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Using the manifesto created, a set of guidelines was set up to 
allow designers to have a handhold when designing sustain-
able web content. A lot of technology is very energy inefficient 
because of the way in which we create technology (Prokopov, 
2018), and by reevaluating common design techniques, I found 
novel ways to reduce the footprint of web content.

1.	 Usage of content delivery networks (CDN). A website can 
only supply 6 resources simultaneously in most web 
browsers (Hall, 2016). This means that if your website 
consists out of a lot of data, it takes longer for it to load, 
even on fast internet connections. To make websites 
sustainable, it should be encouraged to keep the total 
amount of resources low, because every byte of data 
cost energy. CDN should therefore not be used, be-
cause it negates the limit (and thus the finite nature) of 
our web browsers. On the other hand, CDN networks 
also have something to offer. They can be used by web 
designers to import commonly used functionality into 
their website, such as certain JavaScript or CSS files. 
This can also be hosted on a self-owned website, but 
the benefit is that users who visit multiple sites that use 
the same CDN-imported functionality do not have to 
download these resources again, since they are already 
stored on their computer. This saves a lot of data and 
thus energy, but the risk is the quality of these files, 
since it one should make sure they are also programmed 
in a sustainable way. This brings me to the next point.

2.	 Self-made software. To ensure the sustainability of your 
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Figure 5. Manifesto of Finite Design
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web content, going fully self-made ensures you know 
what everything on your site does and that there is no 
data on your server that isn’t used. This seems obvi-
ous, be there are a lot of tools that web developers use 
that causes lots of residual data on your server. An ex-
ample is CSS frameworks (Wikipedia, 2009), big CSS 
files that make it easy for any website to become pretty 
with a minimal amount of programming. A trade-off 
between convenience and sustainability. As discussed 
in the paragraph above, these frameworks can be dis-
tributed using CDN and thus posses both good and bad 
qualities when talking about website sustainability. To 
make CDN and community-made resources a success, 
I propose open-source curated CDN content that con-
sists out of many smaller files. Open source content can 
be peer-reviewed and in such a way curated on its sus-
tainable quality. Using many smaller files ensures that 
the functionality which these files add to the website 
is as specific as is practical, leaving the least amount 
of residual data on the server as possible. The size of 
all content on a web page can be easily measured using 
digitally available tools like Pingdom (Pingdom, n.d.).

3.	 Asynchronous networks. The internet is an example of a 
synchronous network. This means that data can flow in 
two directions simultaneously without any gaps, com-
parable to a two lane highway (Adams, n.d.). This is 
also why fiber-optic cables have two internal strands 
- one to receive and one to transmit data - and why 
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internet providers usually offer plans with a different 
up- and download speed. In transfer, the data is split 
into packets. There are several reasons for this, but the 
most important one is that corrupted packets can be 
re-send quickly because of their size, and there is no 
need to re-send the whole file. Because of this pack-
eting of the data, the receiving end must piece it back 
together and for this, a signal clock is needed that is the 
same on both sides of the connection. This clock adds a 
traceable element to the signal that allow the receiving 
end to piece together the data that was split for transfer 
and restore it to its original. This is how synchronous 
networks work, and they allow for always-on connec-
tivity, two-way traffic and higher access speed and thus 
enables us to make video calls and play online games. 
In contrast to synchronous networks, there is asyn-
chronous networks, that are low-tech. These networks 
only allow for one-way data traffic at a time, and data 
is not split into packets. This has both advantages and 
disadvantages. The infrastructure for such networks is 
cheaper and very energy efficient and combines well 
with renewable power production (De Decker, 2015). 
Communities can build their own networks easily be-
cause of low cost and a lower technology level. On 
the other side, the networks are more prone to errors 
because data is not split. The network is also more re-
stricted that some types of usage are not possible any-
more, such as big file sizes, two-way communication, or 
super high-speed connections. This means some things 
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will no longer be possible under an asynchronous net-
work. The benefit from a sustainability point of view 
however is great. The network very easy to maintain 
and can be repaired rather simple. The energy usage is 
a lot less and is discourages unsustainable behavior that 
go against the finite ideal, such as using big files and 
doing activities that require lots of data.

4.	 Image dithering. Video does not work well on an asyn-
chronous network, so images will be the main way to 
communicate visually. On modern websites, images 
use a lot of data and are often the Largest Contentful 
Paint (LCP) (Google Dev, 2020) on a website, which 
on itself mostly decides page loading times. There are 
several ways to make images smaller in size, such as 
using a certain file format or simply by lowering the 
resolution. The way I think we should go about this, 
is by means of a technique called dithering, in combi-
nation with the previously mentioned. According to 
Wikipedia, “Dithering is used in computer graphics 
to create the illusion of ‘color depth’ in images with 
a limited color palette” (Wikipedia, 2004). It analy-
ses a picture and picks a limited number of colors as a 
base. All the colors in the original picture that do not 
match this base are diffused by means of transparen-
cy, so they come closer to the original and an illusion 
of color depth is created. To dither an image, several 
algorithms exist, each generates slightly different look-
ing results (Alexharris, n.d.) . For my portfolio website, 
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Figure 6. Normal image, dithered image, colorized dithered image.
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the most efficient 2-color-only (black and white) dither 
was used. This makes the image into a gray scale im-
age and removes a lot of detail by doing so (see figure 
6.1). By making smart use of CSS however, both color 
and detail could be partially retained (see figure 6.2). 
How this works, is by making use of the transparency 
of some of the colors in the dithered image. Using CSS, 
a colorized background can be put behind the dithered 
image. This allows the background color to become vis-
ible through the dithered image, and thereby effectively 
colorizing it with a very minimal increase in file size. 
An example of the required HTML and CSS for this 
can be found in the appendix (Appendix G).

5.	 Battery bar. The main purpose of this intervention of 
networking technology is to make people aware of the 
network’s finite nature. A prominent display of this in 
web content therefore seems an important aspect of 
the design. In my case, I decided to make this visible by 
means of a battery bar on my portfolio website. Instead 
of using a small bar on the side, which is a common 
practice in modern design, a semi-transparent overlay 
was created that overlays the whole website. The height 
of this bar represents the current battery level, which 
is in the picture below around 70%. The battery level 
functionality is done by making use of the AXP209 
power management chip that is on the LIME2 board. 
This enables you to read power statistics from both the 
battery and the DC-barrel jack, which can then be used 
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by the website by importing their sysfs files (Wikipedia, 
2005) via JavaScript. By overlaying all the content on 
the web page, the battery becomes visible and present 
(see Appendix H). By clicking the sun icon, people can 
read more about the sustainable features of this web-
site.

6.	 Page size. Another feature that is meant to communi-
cate this finiteness is the page size that is present on 
each page. Not only does it remind the user of this, but 
it is also a way for web designer to stay aware of this 
during the development process. It is also used to com-
municate the efforts of the developer to her audience.

7.	 Dark theme. Darker colors use less power than lighter 
colors, especially on AMOLED displays that have be-
come common in most mobile devices (Android Au-
thority, 2014). The website has a built-in dark theme 
that is automatically enabled based on user device set-
tings, so it automatically turns dark in the evenings on 
most devices. This is done by adding a meta tag to the 
head of the page HTML and making a separate CSS for 
your dark theme (Appendix I).

8.	 Data compression & cache expiration. The transmitted 
data is compressed by software called gzip. Using this 
software, the data can be packed into a denser format. 
For a small increase in processing power can save 
around 60% in total data transfer size. Also in this cat-
egory is cache duration. Websites cache resources so 
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they do not have to be downloaded for a second time 
when regularly visiting (partly) static web pages. The 
resources are then stored on the end-user device and 
can be retrieved without an internet connection. This 
is a simple way to reduce the data footprint of a web-
site, but setting it right is important. By default, cach-
ing is done regularly, because most sites are dynamic 
in nature. For our website, the period files are cached 
can be extended greatly, to ensure low internet usage. 
The settings of my website for compression and cache 
duration, see Appendix J.

It is hard to guess or calculate how much of a difference these 
improvements make on a website’s total power consumption,  
because it is device and user dependent, but by using the web 
analysis that Pingdom and Google provide, we can see the low 
total data footprint of the device, which is an excellent number 
(Appendix K).
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iteration 4

The Delft Design Guide describes Speculative Design as ‘seek-
ing to create and promote critical discourse by giving future 
possibilities a tangible form’ (Van Boeijen & Daalhuizen, 2014). 
In this project, however, it was not used as such. Instead of crit-
ical discourse – which is used to spread a message to people -  
focal point has been on its use in imaging possible future values 
in global communication by a speculative scenario – which is 
as such used as a means to find context instead. For this fourth 
iteration, a literature study was performed on the technologies 
needed in this speculative context, as well as an adaptation of 
Root Cause Analysis (Rooney & Heuvel, 2004).

For this fourth iteration I tried to go back to the root, the es-
sence, of the internet. I asked myself questions like: ‘Why do 
we use the internet?’ and ‘What is the most important feature 
of the internet?’ The result of these contemplations was the 
idea to focus on designing a new and energy-neutral communi-
cation network that could be used on a global scale, instead of 
finding ways to make the existing internet sustainable.

Important however was the need for a finite essence in my de-
sign. And to do that, the key in this exploration was chosen to 
be the asynchronous networks. As the name ‘asynchronous 
networks’ suggests, several different types of networks can be 
distinguished by looking at their constitution. Modern internet 
networks are an example of a synchronous network (Wikipedia, 
2020). These devices run on an external clock, which deter-
mines when certain data is transmitted. This is necessary be-



42

cause to transfer data, the receiving device needs to know when 
each unit of data begins and ends. This allows them to be always 
on and continuously transmit data. T his is different in the case 
of asynchronous networks (Wikipedia, 2020), which are known 
to be delay-tolerant. Here, data synchronization happens utiliz-
ing a signal along the transmission medium, meaning that these 
networks are only available on-demand; when a signal is sent.

This choice of network synchronization has several conse-
quences for the designed network. Most notably, our existing 
web content should be adapted to an on-demand model. For 
most content, such as static sites, email, and search engines 
this is entirely possible. Other content, however, such as vid-
eo streaming or online gaming will become unavailable in an 
asynchronous setting, because their functioning is determined 
by the synchronization between different devices.

These kinds of networks however do pair well with renewable 
energy sources, which is why they were chosen. This is closer 
to finite nature and – in the act of being not always available – 
will teach us how to embrace this finitude.

The designed network consists of several different nodes that 
are connected via long-range Wi-Fi connections (Wikipedia, 
2020). The individual devices have a very low power consump-
tion and can as such be reliably powered using renewable en-
ergy sources. To make this concept clear, we will differentiate 
between access nodes and relay nodes. An access node will 
consist out of a solar-powered omni-directional Wi-Fi access 
point. Users can connect to these nodes using their regular Wi-
Fi enabled devices to access the network. When data is sent or 
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Figure 7. Network map for an asynchronous network of solar-powered long-
range WiFi connections.
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received, it is sent to the desired access node through a net-
work of relay nodes. Next to omni-directional antennas, the ac-
cess nodes are also equipped with directional Wi-Fi antennas 
for long-range data transmission. These will send the data in 
a straight line to a relay node, which can be up to hundreds of 
kilometers away (Wikipedia, 2020). This relay node, which is 
equipped with multiple directional antennas, can then send the 
data to the next node and be transported over any distance. In 
this way, the data hops over different nodes until it reaches its 
destined access node. The previous solar server iterations can 
be used within this network.

A hardware overview of the described setup can be read below.

Access node hardware:

• Omni-directional antenna

• Directional parabolic antenna(s)

• Development board

• Solar panel

• Charge Controller

• Battery

• Storage device

For a simple circuit of this node type, see Appendix L.

Relay node hardware:

• Directional parabolic antennas

• Development board
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Figure 8. Sketch of an access- and relay node.
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• Solar panel

• Charge Controller

• Battery

For a simple circuit of this node type, see Appendix M.

When data (take for example an email) is send from end-user de-
vice 1 to end-user device 2, it is first sent to the omni-directional 
antenna of the closest access node. Using the public IP address 
of the second end-user device and the DNS protocol, node A 
determines to which node the data must be sent by means of a 
directional data transmission. This can be in one transmission 
to the end-user’s access node, but also along several access and 
relay nodes, until the final access node is reached. The data will 
then be broadcasted to the user’s device using the omni-direc-
tional antenna.

The cost and energy use of operating this network is very 
small compared to our current internet infrastructure. A value 
of 5kwh per 1 GB of data was found as the estimated energy 
consumption of the internet (Costenaro & Duer, 2012). With 
an estimated 6 W power consumption per node and using the 
solar-powered server that runs at 1 kWh, we can calculate the 
efficiency of our network. In this equation, a network speed for 
long-range Wi-Fi of 54 Mbps (De Decker, 2015) was assumed.

6 W * 2 nodes  = 12

1GB / 54 Mbps * 3600 s = 67 s to transfer 1GB

12 W * 67 s = 0.8 kWh per 1 GB of data

This in an increase in efficiency of 5 / 0.8 * 100 - 100 = 525 %
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This shows the long-term energy use will be more then 6 times 
as low as it is right now.

Although these numbers look promising, the calculation does 
not account for the huge amount of hardware – with a huge 
amount of embodied energy – that has to be replaced. Although 
a lot of the current internet infrastructure can be re-purposed 
and reused, substantial material and monetary investments will 
still have to be made to adopt this networking technology. This 
is not the case software-wise, where only minimal changes to 
most programs have to be made. The fact that some software 
does not go well with asynchronous networks will however 
cause resistance in the implementation of this networking solu-
tion. People are so used to the idea of progress that they will not 
be willing to take a step back for a more sustainable solution. 
Society just isn’t ready to invest that much in a network that 
performs in a less ideal way - despite the ecological benefits. 
Sadly, whether or not that will change in the future will proba-
bly depend on how the effects of global heating will affect our 
daily life.

From this, it becomes also clear that an issue with this network-
ing method is that the finitude is not strongly enough present 
in the experience. Although a slight delay due to the multi-hop 
structure of the network will be present, a more direct and ex-
perience-able way to implement this should be found for itera-
tion 5, the final design.
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iteration 5

By exploring the fourth iteration design through Scenar-
io-based storytelling (Carroll, 2000), points of improvement 
were found. These were then worked out utilizing mind- and 
network mapping (Kokotovich, 2008), to gain insight into the 
network’s functionality.

In the final design, an important resource that has been used is 
the Great Transition Initiative (Great Transition Initiative, n.d.) 
They are an academic organization that recognizes the need for 
a Great Transition on several planes (Rockström, 2015) to im-
prove the way we live. This is described by them as:

“an international network for the critical exploration of concepts, 
strategies, and visions for a transition to a future of enriched 
lives, human solidarity, and a resilient biosphere. By enhancing 
scholarly discourse and public awareness of possibilities arising 
from converging social, economic, and environmental crises, and 
by fostering a broad network of thinkers and doers, it aims to con-
tribute to a new praxis for global transformation.”

Most notably, my inspiration has been on the different future 
scenarios that they predict (Great Transition Initiative, n.d.) for 
a planetary society.

I recognized my efforts in solar hosting as a clear example of the 
internet for the conventional worldview of policy reform. In this 
scenario, government-driven efforts strive towards sustainable 
goals. It is however a worldview that is conservative in nature, 
and a key aspect is an idea that the standard of our living should 
be kept intact. This can be seen in how the solar server does not 
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Figure 9. An example of a Muleswarm configuration, specifically meant for 
magnetic attachment to flat metal surfaces.
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embrace finitude, but instead tries to make the finite internet 
more sustainable. The worldviews where the initiative strives 
towards, are not the conventional ones, but the worldviews that 
propose a Great Transition. One of the worldviews is that of an 
eco-communalist planetary society, where small scale politics 
and face-to-face democracy are key features. It is to this world-
view that my final design was tailored.

The final design is an asynchronous network that functions on 
a mix of solar and human power and is called Muleswarm. Its 
name stems from the term ‘data mule’, which is a key aspect in 
the functionality of this on-demand internet surrogate.

A data mule is defined as a vehicle that literally carries data 
from A to B. In other words, people are responsible to physical-
ly take data to different locations. This means that long-range 
connections between remote locations are no longer necessary, 
as the only requirement to transfer data in an area is a sufficient 
amount of human traffic. This makes it especially suited for an 
urban environment, and most importantly, incredibly energy ef-
ficient in its use since it used the existing local infrastructure to 
substitute for a wireless internet link.

A Muleswarm device can have any shape or size. Instead of a 
physical product, what was designed is a hardware platform; a 
solution that can be adapted for a specific use and can be built, 
installed, and maintained by local manufacturers.

The kit consists of a solar panel, a lithium-ion battery, a charge 
controller, an omni-directional Wi-Fi antenna, an SBC, and a 
Solid State Drive (SSD). The exact specifications and the ca-
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Figure 10. Network map for Muleswarm, where data-mules physically move 
around.
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pacity of the device will however be determined by its purpose. 
For example, a Muleswarm node that will be installed on a car 
will have big solar panels, a big battery, and a faster processor so 
it can support a large capacity of data. It will also have a higher 
uptime and will be more reliable. A personal device, however – 
which could be implemented in a hat or on a bicycle – will have 
a focus on small-sized hardware and decreased weight.

The Muleswarm network is formed out of all the different 
Muleswarm devices that become a node in the decentralized 
network. These nodes are Wi-Fi enabled and can thus transfer 
data when connected, which is only possible while nearby be-
cause of the omni-directional Wi-Fi antenna. By doing so while 
the nodes move around, Muleswarm can pass data over any 
distance by ‘hopping’ it over its nodes. This setup effectively 
creates a dynamic web of interconnected links, especially suited 
to the local communities that are proposed in the eco-commu-
nalist worldview.

From a hardware perspective, the Muleswarm kit consists at 
least out of the following hardware:

• Solar panel

• Battery

• SBC / PCB

• Omni-directional Wi-Fi antenna

• Storage device

Because of the configuration of the Muleswarm kit, the capaci-
ty of some of the parts will differ. We consider a few scenario’s.
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1.	 High capacity: Muleswarm on the bus. Buses drive all 
around the city and can provide a fast network between 
higher occupied locations. Because of their size, they 
can be equipped with large solar panels, powerful bat-
teries and high storage capacity. They become hubs 
where data streams come together.

A bus can fit several 250W solar panels and with such 
a capacity, it can stay functional for several days of bad 
weather. For this, it needs big enough batteries, but as 
more and more buses are becoming electrical, this is not 
a problem. The size of these batteries is mostly deter-
mined by the other hardware on board. A bus can have 
several antennas for simultaneous up and downloads 
from several other nodes and user devices. Because of 
this, it also needs more data storage as it handles a lot 
of data each time. It also has some highly popular data 
stored so some data transfers become obsolete.

2.	 Medium capacity: Muleswarm on the bike. A denser net-
work can be made by making Muleswarm devices for 
personal modes of transportation, such as bikes or bicy-
cles. These often travel along medium popular routes 
as well, and can bridge data transfer from suburban ar-
eas to city centers - or for short-range transfers.

They can be outfitted with a standard 30W solar pan-
el a the most, and therefore they will have similar per-
formance as the solar server discussed in iteration 2, 
minus the antenna instead of the Ethernet connection.

3.	 Low capacity: Muleswarm wearables. The most dense 
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network can be achieved by outfitting people with 
Muleswarm devices. These are low capacity devices 
that will be often offline during bad weather or night-
time. This does not matter however, since they are 
numerous and visit locations that would otherwise be 
left out of the network, for example because of a lack of 
infrastructure.

A personal device can only fit limited hardware. It 
seems most logical to put a device in a cap or shat, since 
it is exposed to the sun often and has spare space due to 
its shape. A 2,5W solar panel is with current technolo-
gy the most that can be fit into this shape. A backpack 
is another alternative, and around 20W should be pos-
sible to achieve in that case, making it a viable option.

See figure 11 for an overview of the discussed setups.

The Muleswarm network is made possible by the Ethereum 
Swarm protocol (Wikipedia, 2020) – Muleswarm is a mor-
pheme between the ‘mule’ from data mule and ‘swarm’ in 
Ethereum swarm’ (Swarm, 2020). This is a blockchain-based 
technology that ensures data can be safely exchanged, without 
any privacy risks. This is because Swarm will splice the data is 
over several Muleswarm nodes, so no single node has access to 
the whole dataset and as such, any sensitive information. An-
other benefit is that All these factors make the Muleswarm net-
work more secure, more resilient, and more sustainable than 
the internet.

In order to receive data over the network, you make a request 
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Figure 11. Several Muleswarm setups
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with your personal device over Wi-Fi, to nearby Muleswarm 
nodes, just as you would communicate data to a NAS device 
(Wikipedia, 2005). These nodes will then store this request in 
relation to your unique device number - like a MAC address 
(Wikipedia, 2001) - which is roughly based on your devices lo-
cation. It will then pass this request to other nearby nodes in 
the network using their directional antenna. These nodes will 
keep relaying the request until the requested data is found on an 
end-user device. When the data is found, it will be send to the 
requesting device as described below.

In order to send data over the network, the receivers MAC ad-
dress must be known. This can either be manually, or via a DNS 
service, which would make looking for an address be as simple 
as typing in a regular website’s address is now. When the receiv-
ing address is known, the data will be split and using the Ethere-
um protocol into encrypted packets using blockchain technolo-
gy. These packets are then send to nearby Muleswarm devices. 
Each Muleswarm carries an encrypted database of previously 
made connections to end-user devices, and prioritizes its pack-
et transfers according to MAC addresses that are known to be 
geographically close to the request device’s location. Because 
this is all encrypted using blockchain technology, it is very safe 
to store this type of data in this way. When the several packets 
receive their destination, the devices that were used in the data 
transfer will receive some crypto-currency as per the Ethereum 
protocol (Milan, 2017) depending on the nature of the data.

Because of the use of human power to carry data around, the 
total energy use of the network is the sum of the energy needed 
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for the several nodes to run. For the proposed components, a 
sum of 2.616 W was found. When we use the previously calcu-
lated time to transfer 1GB over the average Wi-Fi connection, 
we see the following result:

2.616 W * 67 s » 0,175 kWh per 1 GB of data

Compared to the previous iteration, this is an efficiency of:

0.8 kWh /0.175 kWh * 100% = 450%

The solution becomes less sustainable than iteration 4 after 
more than:

0.8 kWh / 0.175 kWh = 4.5 nodes are used for a single transfer

When we look back at the total energy use of the internet, we 
see a value of 1.815 TWh in 2012. When we estimate the num-
ber of nodes needed for the network and take the sum of these 
values, the total energy use of MuleSwarm becomes clear.  As 
an estimation, the total surface area of all cities in the world was 
taken and multiplied by 100 nodes per square kilometer:

0.175  kWh * 3 500 000 km2 * 100 nodes = 61 250 000 kWh

1 815 000 000 kWh / 61 250 000 * 100% = 2963% as efficient

This is about 30 times as efficient. With these numbers, 
Muleswarm seems to be a worthwhile exploration for a sustain-
able internet, for times when we take the earth less for granted. 
And a first step has been taken since with this final iteration, I 
believe the finite nature of the fabric of our reality finally be-
comes clear.
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discussion

Muleswarm is an elegant networking solution that has a lot 
of positives over today’s internet going for it. What remained 
somewhat problematic throughout this project though, how-
ever, was that a single downside potentially makes this type of 
networking nearly impossible to implement into contemporary 
society.

“I will not be able to keep doing the things I like or want to do!”

Although the validity of this assumption should be verified by 
means of a quantitative study, it is safe to say that implementing 
Muleswarm would in a lot of ways be perceived as taking a step 
back, and ‘back’ is not progress and therefore not perceived as 
desirable. Although from an ecological perspective it would be 
a leap forward, from a user perspective this is not the case.

Because of this, I believe improvements to this project could 
be made. This networking solution - although speculative - will 
drastically change the way we interact, perceive reality, and 
how we live our lives. And by not including users in the de-
sign process, the ‘power of design’ that I addressed earlier was 
partly lost. Although creative in its process, this project has 
failed to communicate these believes and values to the public 
using the speculative approach. In fact, this project became 
more of an exploration of the viability of alternative networks. 
This is, of course, an aim in itself, and it might even pave the 
way for further developments, but in its current state, soci-
ety will not adept this concept without a change of mindset. 
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A way to improve on this could be to make the finite nature of 
Muleswarm into an experience and a feature. People often feel 
overwhelmed by the pace of daily life, and finite experiences 
could therefore actually become valuable again. Whether or not 
this assumption is true could be tested by means of an experi-
ence prototype of a part of the Muleswarm network.

Another way to stimulate user input in the project could be re-
alized by sparking a debate by means of storytelling, which has 
the potential to explain and discuss the concept in an under-
standable way. This could provide valuable insights into what 
drives people in their network use, and might also be a pream-
ble to co-creation.

On a critical note, most of the calculations in this report are 
oversimplified. Predicting the use, scale, and functionality of 
a network is very much dependent on variables, and therefore 
hard to predict. To reach a better conclusion as to how much 
more efficient the proposed iterations are, further development 
and research should be performed before calculating and draw-
ing conclusions.

This is also very much dependents on the hardware used. For 
the scope of this project, an integrated hardware solution was 
used, which made prototyping convenient and quick. In order 
to maximize the power usage of the network however, more 
specialized components, such as the ESP mentioned earlier, 
could be used. 
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From a software standpoint, Muleswarm is a challenging con-
cept. An algorithm is necessary for its further development, 
that can determine the node density required, and stream-
lines ways to decrease the number of nodes needed during data 
transfer. Most challenging is the exact functionality of the net-
work on a software level, as I determine the exact transfers the 
mules make, and these are vital to the stability and speed of the 
network. A next step in the development of Muleswarm should 
be to look at this challenge.
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conclusion

To conclude, we can see that the concept of finitude was ex-
plored and implemented as a priority in the design process 
towards a more sustainable world. The internet was explored 
in a case study and judged for its finite experience and over-
all poor condition. Several iterations were made to seek how 
to redesign the global communications network in a finite 
way, each with different outcomes for different networks 
with different qualities and values. The final design was 
Muleswarm in which the finite experience reaches its peak. 
 
Muleswarm is where the internet becomes a part of human traf-
fic and interaction, and although very sustainable it is hard to 
implement into contemporary society. We thus see that merit 
can be found in exploring sustainable alternatives to boundless 
solutions, but to accommodate societal transformation, a lot 
more is needed. More research is needed to see how Muleswarm 
can contribute to this, but what is certain is that the means to 
a sustainable future are there. What remains needed, is a social 
transformation towards a more sustainable, finite future.
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reflection

In this Final Bachelor Project, I attempted to showcase my de-
velopment in the several areas of expertise. In this reflection, I 
hope to explain this integration.

1.	 C&A. I individually decided on and used several design 
methodologies, that I acquired in previous projects and 
courses, showing that I can work with said methodol-
ogies for creativity purposes. I also tried to showcase 
my eye for aesthetic quality in my presentations and my 
deliverables, such as in this report and in my showcase.

2.	 T&R. In this project, there has been a lot of focus on 
the T&R competency. The courses on electronics were 
useful for understanding specifications of hardware 
and invaluable for making decisions on what hardware 
to implement. Moreover, my experience in web design 
was a big inspiration to this project and I am very proud 
of the result of iteration 3 and my portfolio because of 
this.

3.	 U&S. I feel like I have not fully shown my U&S devel-
opment during my FBP. At least, not very balanced. I 
believe I showcased how the philosophy minor I took 
last year shaped my vision and enabled me to make in-
formed design decisions in this project. The societal 
side in this project is therefore very strong. The user 
side on the other hand was almost nonexistent. This 
was partly because of the COVID-19 virus and partly 
because part of my project concerns a future oriented 
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approach that is irrelevant to contemporary society. I 
should however have also considered the need to show-
case the user side, but I did not and I hop my previous 
project make my competence in this area of expertise 
clear.

4.	 MD&C. This project mainly concerns data transmis-
sion, and as such, I spend a lot of time programming, 
for example in setting up the server for iteration 2 or 
the web design for iteration 3. My knowledge of data 
management and computer systems in general helped 
me greatly in completing this feat successfully.

5.	 B&E. I tried to focus on the B&E area of expertise for 
the first half of this project. Having recently completed 
the courses ‘introduction to business design’ and ‘de-
sign innovation methods’ helped me to make informed 
design decisions from  a business point of view. An en-
trepreneurial attitude was less relevant for this project, 
but by considering my iterations as a business viable 
product in the first place, I believe I showed this slight-
ly as well.

6.	 D&RP. The design process of this project was the 
most independent, substantiated and flexible process I 
ever did. I believe this shows that I am adapt in mak-
ing design decisions and experienced in the adaption of 
methodologies that aid to do so.
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appendix a - business model canvas iteration 1
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appendix b - schematic iteration 1
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appendix c - entrepreneur interview

Q: You own a business in the mindful-
ness/coaching branch here in Eindhoven. 
Do you have an online presence?

A: Yes, I have two websites and several 
Facebook pages.

Q: Can you give me a link?

A: Yes: they are (calls names).

Q: What do you use your websites and 
Facebook for?

A: I mostly use them to let people know 
what I am doing and how they can reach 
out to me. My Facebook pages are for 
finding new customers and I use it as a 
blog for my business. 

Q: What made you decide to start an on-
line presence and how did you go about 
this?

A: I don’t remember exactly why I started, 
since that is about 11 years ago…I think 
so people can find me online. I made my 
first website myself using website builder 
software and I work together with a web 
designer since a few years for my current 
websites. I also have a business coach that 
helps me think about what content should 
be on my site and such.

Q: What are important qualities for your 
website?

A: Since I get most of my new custom-
ers via my website or Facebook, it is very 
important that they can easily contact me 
and that I can establish a relationship. I 
like it to be easy to navigate and work with 
a model where each page of my websites 
encourages people to either visit another 
page or contact me directly.

Q: So where do you host your website? 
And have you arranged it yourself? What 
was your experience with this?

A: I host my website via (calls name). I 
have a very good experience with their 

hosting. I have a personal contact person 
that helps me with all my questions. They 
are a very reliable and will figure out tech-
nical things I cant do myself. I however do 
like it when I am able to do it myself, and 
try to do so as much as possible.

Q: Do you consider reliability to be an im-
portant factor when it comes to your on-
line presence?

A: Yes, since I get most of my customers 
from my website and Facebook, I am very 
much reliable on these. If my site doesn’t 
work, I can’t reach new customers.

Q: Does sustainability play a role in your 
business?

A: Slightly, but I do not consider my busi-
ness to be very wasteful. I consult and 
do activities with people and there is not 
much unsustainable about that. I do how-
ever find sustainability an important topic 
personally, and I always try to be mindful 
about that as a person.

Q: Would you be willing to invest in sus-
tainable solutions if they would be able to 
make your business more sustainable?

A: I would, but I am not sure what could 
make my business more sustainable. May-
be solar panels, but that is a bigger invest-
ment than I am comfortable taking. I am a 
one man business and work from a rental 
office, so these kind of investments are 
not something that would be beneficial 
to me.

Q: Clear. Final question: Have you ever 
considered the carbon footprint of your 
website?

A: No. I have not. I wasn’t realizing it had 
one, but it sounds logical..

Q: Okay, thank you for the interview.
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appendix d - NGINX configuration
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appendix e - business model canvas iteration 2
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appendix f - user interface
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appendix g - HTML & CSS dithering

HTML

CSS for the pre-dithered image

CSS for the background
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appendix h - battery bar on jorritvanderheide.com
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appendix i - dark mode

HTML

CSS
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appendix j - data compression & cache

Compression

Cache
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appendix k - test results

Pingdom

Google



80

appendix l - access node schematic
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appendix m - relay node schematic
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