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ABSTRACT

Content

Dette afgangsprojekt omhandler den stigende problematik med oversvøm-
melser i Danmark. Det præsenterer et løsningsforslag som skal hjælpe net-
selskaberne i Danmark med at opretholder forsyningssikkerheden under 
oversvømmelse. Skulle elnettet, eller mere specifikt kabelskabene, i Dan-
mark fejle står forbrugere uden strøm og mister en essentiel ressource i deres 
hverdag og kamp om at beskytte deres hjem, butik, virksomhed eller lignede.  
Løsningsforslaget, Nereus, er udviklet i samarbejde med netselskaberne Tre-
for og N1 samt deres el montører. I dag er netselskabernes eneste løsning at 
koble skabene fra ellers risikere de kortslutninger. Dette efterlader forbru-
gere uden strøm indtil en montør har været ude og vurdere hvorvidt der er 
sket skade. Er uheldet ude, skal skabet erstattes og den eneste forebygning 

der kan laves for det sker ikke igen er at hæve skabet.  
Derudover har der gennem projektet været sparring med Triarca der produc-
ere kabelskabe samt stadsarkitekter i Danmark for at tilpasse deres udtryk til 

byrummets æstetik.

Sammen med disse interessenter er løsningsforslaget Nereus blevet udar-
bejdet. Nereus er et redesign af det traditionelle kabelskab specielt lavet til 
at modstå oversvømmelser nu og i fremtiden. Ved at lave et lufttæt kam-
mer i den øvre halvdel af skabet, forhindre Nereus vand i at trænge op til de 
komponenter i skabet der sikrer elnettet operer som ønsket. En egenskab 
som elmontørerne intuitivt og nemt kan aktivere takket være de to kom-
presionslåse der udnytter deres kendte trekantslås system. Låsene holder 
frontdøren tæt ind mod pakningen, hvilket skaber en forsegling rundt langs 

kanten og beskytter skabet.   

More water, more problems
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Our world is changing, and the consequences are 
hitting us closer to home than ever before. 
In October of 2023, Denmark was hit with an 
incident of flooding, the biggest incident in more than 100 
years, and this level of severity is going 
to become more frequent. 
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...70 centimeters of water, but I 
just left my possessions float-
ing in the basement. I wanted 

to sit down and cry. If I could’ve 
made water evaporate by looking 
furiously at it, I would have. I was 
frustrated. I f*cking was helpless.

- Victim of flooding

“
The future points to more water invading our streets. 
When the urban environment and national initiatives fail 
to keep the threat at bay, the fight is brought directly 
upon our doorstep. We protect our homes, our families, 
to the best of our abilities. Barriers to keep the water out, 
pumps to fight the amount that makes it in regardless. 
Life goes on inside, but when the pumps fail, the lights 
go out and the heater stops, life changes for a moment. 

More water, more problems
Your local Cable Distribution Cabinet has malfunctioned 
due to the water, disconnecting you from the power grid. 
You’ve lost power. You’ve lost the ability to fight for your 
home. You’ve lost agency!
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NEREUS
distribution

cabinet of

tomorrow
the cable
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NEREUS If the loss of power during a flooding is 
the pain, then Nereus is the cure. Getting 
what you pay for when you need it the 
most, this Cable Distribution Cabinet of 
the future allows you to stay powered on 
through the whole incident. 

Some people get disconnected from the 
power grid as a pre-emptive measure by 
their local Distribution Company, while 
others fall victim to the nearby CDC 
short-circuiting as water slips in through 
the cracks.  

With Nereus, neither becomes reality. 

the cable distribution cabinet of tomorrow
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and simplicity is key. Nereus utilizes a simple, scientific 
principle for a reliable result under every incident. Every 
time.  

Go grab a glass. Turn it on its head and put it into water. 
Feeling how it wants to push itself upwards? Don’t let it.  

Like with your glass, Nereus is open at its bottom. Coun-
terintuitively, perhaps, this gives Nereus the ability to keep 
water out, being a bulwark against the forces of nature. 

Physics is 
cool ...
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As an incident threatens to force the hand of the Distribution Company 
to disable the power grid under normal circumstances, there is nothing 
to fear when Nereus is deployed. Unlike the regular CDC’s, Nereus em-
braces the water, to an extent, and uses its force against itself.  Usually, 
for water to enter a space, it needs to replace the volume of air already 
present. Nereus, acting like an airtight chamber, gives the air no exits 
to escape through. Except for the bottom, the exact place the water is 
trying to enter. As the two forces meet, they keep each other at bay. 

Contrasting an upside-down glass, Nereus needs a way for the mainte-
nance responsible, the Fitter, to enter. The secret for Nereus to create its 
airtight chamber is the delicate balance between its seal and the com-
pression. When the Fitter interacts with Nereus, it is crucial to its credi-
bility that it is closed the same way, with the same level om compression 
every time, to spare the delicate seal of unnecessary wear and tear.  

Nereus is designed to help the Fitter maintain its effectiveness. 

When Nereus is closed by the Fitter, they cannot over-compress the 
seal, thanks to the intentional dimensioning of the door. By making the 
door connect with the base, the Fitter receives a clear, tactile signal that 
Nereus has been sealed enough and correctly.

Sealing
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By only having one point of entry, with a singular sealing, the possibility of 
making a mistake is reduced 

Nereus is dependent on applying uniform pressure along the area of 
the sealing gasket. This pressure is applied through the door, facilitated 

through two compression locks at the top and an interlocking point at the 
front panel.  

When closing Nereus, the interlocking point is placed to the top of the 
front panel.  

As the door is tilted inward, the angled connection between door and pan-
el begins to create pressure.  

Once the door is tilted in, it can be secured by the Fitter through the two 
compression locks. 

These three points create enough compression on the sealing gasket to 
ensure the function of Nereus.  
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The best way to hide is to blend in and Nereus is designed to be invisible. Well, not completely invisible, 
but just like trouble, you will only find it if you go looking for it. 
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PROUD

OUT
We usually notice things that 
stand out. Even in the busy 
urban landscape, straight lines 
and sharp corners catch our 
eyes. Nereus is rounded on 
every edge, easy on the eyes. 

without standing
Standing
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Packaging

Nereus has been specifically  
designed to be dimensionally  
adaptable. When incorporating 
packaging, this isbenefit, as the 
plinth of Nereus is collapsible, 
reducing the total
height of the cabinet.   
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Assembly
Guide

01

02

04

06

03

05

Unpack the cabinet. 

Open the cabinet by turn-
ing the triangled key 180 
degrees. 

Place the cabinet and ensure 
the cabinet is level. Push the 
panel into place and fasten 
the screws. 

Lock the cabinet by turn-
ing the triangled key 180 
degrees.

Place the bottom of the door 
on the panel and tilt the door 
closed.  

Unscrew the panel. Loosen 
the screws on the side to ex-
tend the plinth to the correct 
height. 
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Data Sheet

Materials

General Specifications  

Base

Weight

Aluminum  

17,2 kg

Aluminum  

280 mm  

Aluminum  

466 mm

Stainless steel

1200 mm

Aluminum  

900 mm

EPDM celullar rubber

566 mm

Yes

Rilsan

Front door

Depth

Panel

Width  

Brace

Height  

Plinth

Height above ground lvl. 

Rubber gasket

Height of plinth

Airtight

Coating
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Business Case
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Nereus is designed as an alternative cable dis-
tribution cabinet for the distribution companies. 
It adresses their increasing problem of flooding 
which. A problem which is unpredictable and 
has great consequences. Finacially and for the 
aspiration of maintaing 100% power supply for 
the consumer.  

To provide waterproof cabinets 
that ensure a reliable power 
supply during flooding.

Nereus’ production cost is 4331,9 DKK pr unit. With bought materials 
and outsourced production and coating the cost is only covering the 
variable costs. It is sold directly to the distribution companies 
depending on their demand for floodproof cabinets. The market today 
consists of 1.1 million CDCs with an estimated 16.5% in a risk zone. Sold 
at 14.000 DKK, Nereus is priced higher than the existing cable distri-
bution cabinet but offers a lower total cost of ownership during its 
50-year lifespan.  

Sales price: 14.000 DKK 

Production: 4331,9 DKK 

Number of CDC’s in Denmark: 1.100.000 

Exposed cabinets 16.5% 



PAGE 21

The Vision / Mission

 Stakeholders 

The aspiration behind the Nereus cabinets 
is rooted in a desire, and a responsibility, 
of partaking in the protection and oper-
ation of the power infrastructure. With a 
goal of influencing the outcome, when 
nature forces itself into our house, Nereus 
secures a life essential resource, when 
disaster could occur. 

Besides providing the distribution companies with a product that solves their problem of flooding. Nere-
us provides value for each stakeholder in a different way whether it be function, aesthetics or interaction.  

The electrical fitter: Employed 
by the distribution companies 
to maintain, replace and install 
cable distribution cabinets. They 
are the users of the product 
and affected by changes to the 
interface,  

The city architects: A public 
employee whose responsibil-
ity is to ensure a coherent and 
architectural vision for the urban 
environment. They are primarily 
interested in the aesthetic of 
the product and a design that 
diruspts the urban environment 
minimally.  

The citizens: The people 
dependent on the functional-
ity of the CDC’s. Without, they 
lose electricity, a key resource 
in modern society and a critical 
tool for protecting their belong-
ings, businesses and homes 
from flooding.  
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Implimentation

A product maturation process 
is initiated where 1:1 prototype 
are built to test interaction and 
achieve proof-of-concept. 
Meanwhile the Nereus AT-series 
is developed while further mar-
ket investigation is conducted.

Final agreements are settled 
with suppliers and manufactur-
ers providing a steady flow of 
goods while tests are conducted 
before achieving necessary cer-
tification. A 0-series is produced 
to help promote the product 
while developing the sales 
channels.  

The Nereus AT-series is 
launched and sold to dis-
tribution companies. In the 
aftermath proof-of-scale is 
confirmed to determine the 
necessary steps before mass 
production is initiated. The 
possibility of developing Nereus 
AT for different cabinets owners 
is initiated.  

1: Product maturation 2: 0-Series 3: Product launch
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One year after launching the 
transition towards mass pro-
duction is initiated. Meanwhile 
the development of Nereus for 
other cabinet types is ongoing 
to expand towards new mar-
kets.  

2-3 years after launch a 2nd launch aimed 
at different cabinet owners (gas, TV, 
internet, etc) is made. The sales channels 
are expanded to include B2C retailers to 
accommodate for increased market size. 
Development of a new product series 
aimed at different use scenarios is started, 
while the possibility of expanding interna-
tional is investigated.  

4:Mass production & scale 5: Establishing a portfolio 
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Variants
Not only the Distribution Companies require future-proof solutions. Looking at 
the market today, a variety of cabinets exist, differing in size, style and pur-
pose. Their common denominator is the need to keep water out. In the future, 
varieties of the Nereus cabinet line will enter the market to bring a security of 
supply to every trade While existing product-series, such as the airtight, Nereus 
AT, will be dimensionally expanded upon

AT53AT46AT40

AT33AT26AT20
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Exploded view

ITEM NO. PART NUMBER DESCRIPTION QTY.
1 Base ALUMINUM 5754 1
2 Door ALUMINUM 5754 1
3 Front panel ALUMINUM 5754 1
4 Plinth ALUMINUM 5754 1
5 Lid ALUMINUM 5754 1
6 Mounting brace ALUMINUM 5754 1
7 Busbars ALUMINUM 6063 4
8 Plastic cover Large ABS 1
9 Plastic cover Small ABS 5
10 Side piece Left ABS 1
11 Side piece Right ABS 1
12 Busbar mount left ALUMINUM 5754 1
13 Busbar mount right ALUMINUM 5754 1
14 Busbar mount top left ALUMINUM 5754 1
15 Busbar mount top right ALUMINUM 5754 1
16 Foam POLYURETHANE FOAM 1
17 Name tag PVC 1
18 ID tag PVC 1
19 Plinth brace AISA 304 2
20 Brace AISA 304 1
21 Left foot ALUMINUM 5754 1
22 Right foot AISA 304 1
23 M8x10 Bolt AISA 304 4
24 M8 Washer AISA 304 4
25 O-ring Hex bolt M3x10 AISA 304 4
26 Hex nut M3 AISA 304 4
27 M10x15 Bolt AISA 304 2
28 M5x30 Bolt AISA 304 4
29 Ø5 Rivet GALVANIZED STEEL 16
30 Ø5 Threaded rivet AISA 304 4
31 Ø14 Gasket EPDM 1
32 Southco E3-13-17 AISA 316 1
33 Southco E3-223-17 AISA 316 1
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Our Motivation
We, as Industrial Designers, are in part responsible for shaping the prod-
ucts of tomorrow. Through our skills, through our empathy and through 
our ability to place something real, meaningful and tangible in the world to 
make a difference. We stand at the brink of receiving our titles and facing 
a new challenge; presenting ourselves to the world through our achieve-
ments. When observing a societal problem of flooding, we therefore felt 
the need to intervene.  

Sexy end results sell. Is this project sexy? No, however, neither is the prob-
lem at hand nor the hardships of victims of flooding. This solution is a ne-
cessity. It is empathy.  

In a world full of change, we must step up and take responsibility for the 
people in it. As Industrial Designers, that is our motivation. 

Kassia AhmFrederik Emil Larsen Maria Nhi Nørbye Olsen

Illustration 1: The team
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Dette afgangsprojekt omhandler den stigende problematik med oversvøm-
melser i Danmark. Det præsenterer et løsningsforslag, som skal hjælpe net-
selskaberne i Danmark med at opretholde forsyningssikkerheden under en 
oversvømmelse. Skulle elnettet, eller mere specifikt kabelskabene, i Dan-
mark fejle, står forbrugeren uden strøm og mister en essentiel ressource i 
deres hverdag og kamp om at beskytte deres hjem, butik, virksomhed eller 
lignende.  

Løsningsforslaget, Nereus, er udviklet i samarbejde med netselskaberne Tre-
for og N1, samt deres el-montører. I dag er netselskabernes eneste løsning 
at koble skabene fra ellers risikere kortslutninger. Dette efterlader forbru-
geren uden strøm indtil en montør har været ude og vurdere, hvorvidt der er 
sket skade. Er uheldet ude, skal skabet erstattes og den eneste forebygning, 
der kan laves for, at det sker ikke igen, er at hæve skabet.  
Derudover har der gennem projektet været sparring med Triarca, der produc-
erer kabelskabe, samt stadsarkitekter i Danmark, for at tilpasse deres udtryk 
til byrummets æstetik.

Sammen med disse interessenter er løsningsforslaget Nereus blevet udar-
bejdet. Nereus er et redesign af det traditionelle kabelskab, specielt lavet til 
at modstå oversvømmelser nu og i fremtiden. Ved at lave et lufttæt kammer 
i den øvre halvdel af skabet, forhindre Nereus vand i at trænge op til de kom-
ponenter i skabet, der sikrer at elnettet, opererer som ønsket. En egenskab 
som elmontørerne intuitivt og nemt kan aktivere, takket være de to kom-
presionslåse, der udnytter deres kendte trekantslås-system. Låsene holder 
frontdøren tæt ind mod pakningen, hvilket skaber en forsegling rundt langs 
kanten og beskytter skabet.   

ABSTRACT



PAGE 6

We would like to thank our main supervisor Christian Tollestrup, who has 
challenged and guided us through a different, difficult yet interesting design 
process by motivating and pushing us forward when things god difficult. Also, 
a big thanks to our technical supervisor, Lars Rosgaard Jensen, who guided us 
through a processed filled with technical challenges when needed 

A big thank you to Niels Holfod and Line Klivanger who have shared their 
real-life experiences and struggles, leading us to take upon a project like this.  

Likewise, a big thank you to N1’s Electrical fitters, Mads Erik Eriksen and 
Mathias Kodahl Jensen, in addition to electrician Jeppe Filt, who was kind 
enough to be available to give us valuable feedback and insight into their 
work of frame.  

Finally, we would also like to say a special thank you to Per Sørensen from 
Trefor, who contributed with important and valuable knowledge, giving us 
the opportunity of during such a project. Furthermore, a thanks to Peter 
Klokkedal Sørensen from Triarca, for letting us into the world of cable cab-
inets. It has been a very interesting and educational experience, which has 
brough great value to the project.  

Per Sørensen Peter Klokkedal Sørensen Jeppe Filt
Security of supply & 
Director of Electricity 

Supply at Trefor

Research & Develop-
ment Manager at Triarca

Electrician

ACKNOWLEDGEMENT

Illustration 2: Stakeholders



PAGE 7

The Nereus project is presented in four parts: A product report, a process 
report, technical drawings and an appendix with additional information and 
references material. It is recommended to read the product report before the 
process report is explored.

The process report consists of six phases that document the process of de-
veloping Nereus, excluding the Epilog. When entering a new phase, a chapter 
summary can be found. Throughout the report, Cable Distribution Cabinets 
will be referred to as either CDC or cable cabinet. In addition, three icons will 
appear when something must be noted. Reading the boxes will provide fur-
ther elaboration.  

All references are made with The Harvard Method, and a complete list of 
references and illustrations can be found at the end of the report.

READING GUIDE

This icon will appear when an investigation has given a relevant insight, 
moving the process forward. 

Insight

Requirement

Reflection in // on action

This icon will appear when results of an investigation can be translated 
into a requirement for the product proposal.  

This icon will appear when a relevant reflective note is tied to an in-
vestigation or observations regarding results of an investigation or the 
method.  
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Illustration 3: Process timeline
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This thesis is driven by an opportunity to secure agency, found within a world of 
increasing unrest. Developed nations are becoming forcefully acquainted with the 
unfamiliar wrath of nature, its citizens feeling the direct impact of an inadequate 
and unprepared urban landscape.  

Whether it is watching your home and possessions being swallowed up by water, 
or the shock of the shear financial consequence, floodings have the potential to 
devastate the lives of the people affected.   

We cannot stop the water, but we can prepare for it. We can alter our daily routines 
for the duration of the incident to protect our homes and families.  

From full urban installations enclosing your house to the smaller Do-It-Yourself 
initiatives, the tools to protect yourself against the known threats are many. The 
best and most accessible solutions, as well as your daily life, require the availability 
of electricity.  

This project explores the opportunities possible to safekeep this critical resource 
during floodings. 

INTRODUCTION
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Illustration 4: Flooding in Denmark



PAGE 14

SCOPE
CHAPTER

01 UNDERSTANDING THE PROBLEM
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SUMMARY
In the scope phase the project frame will be 
outlined. An understanding and definition of 
flooding and its impact on society is estab-
lished. The consequences are investigated 
through interviews so a project direction can 
be identified. A case study and analysis of the 
project direction is then done as preparation 
for interviews with the stakeholders in order to 
understand them and their needs. The follow-
ing information is then processed culminating 
in three initial directions which are presented 
to additional stakeholders before choosing. 
The chapter ends with a dive into the supply 
chain of the user and how the product propos-
al can fit into it. The design brief summarizes 
information gathered throughout the chapter 
alongside a problem statement and require-
ments.  

Flooding in Denmark

Cable Distribution Cabinets

Understanding Stakeholders 
& Experts

The Market

The Initial Direction

The Manufacturer

Initial Design Brief1.8

1.7

1.6

1.5

1.4

1.3

1.2
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FLOODING IN DENMARK
1.2
2023 was a record year in Denmark. The rainfall was the highest 
it’s been recorded since records began 150 years ago. As a conse-
quence of the large amount of water, floodings became more 
severe and frequent (Damberg, 2024). In the days 20th and 21st 
of October 2023 the worst storm surge in more than 100 years 
occurred in Denmark. It was the cause of extensive flooding (see 
info illustration 5 for explanation of flooding types) and is esti-
mated to have caused 1.2 billion DKK of damage and affected 
3300 households (Finanswatch, 2023). On illustration 6 a map of 
Denmark is seen with the areas officially hit by a storm surged 
highlighted (Naturskaderådet, 2023). However, large parts of 
Denmark were also affected by other types of flooding mak-
ing the problem national and not limited to the zone defined by 
Naturskaderådet.  

On illustration 7-9 a comparison of different location in Den-
mark during floodings within the last six months can be seen. 
The consequences and damage done can be extensive. Cars are 
flooded and destroyed. Buildings and stores have to close due 
to surrounding water and less durable houses, shelters etc. are 
destroyed. 

A flooding is defined as the submersion 
of normally dry land with an overflow of 
water (NSSL, n.d). Three different sce-
narios can lead to flooding, those being 
storm surges, fluvial flooding and pluvial 
flooding. A storm surge occurs when the 
sea-level rises due to a powerful onshore 
wind, often combined with high tides.  A 
fluvial, or river flood, occurs when the 
water level in a river, lake or stream rises 
and overflows onto the neighboring land. 
A pluvial flood occurs when an extreme 
rainfall event creates a flood independ-
ent of an overflowing water body. (Zurich, 
2023) 

Three types of flooding

1

2

3

Illustration 5: Three types of flooding

Illustration 6: Stormflod, December 2023

The proposal must be able to withstand future, more severe flood-
ing incidents
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It’s an issue that’s only going to get worse in the future. DMI (Dansk Meteorologisk Institut) expects rainfall to become 
10% more intense and 30-70% as frequent while incidents such as the October storm surge is becoming five times 
as frequent while surges in general will be 7-40 times as frequent. Thus, flooding is a problem that will become more 
relevant and its essential that society changes to accommodate for this new environmental challenge. (DMI, 2024)  

Illustration 7: Grandville, n.d. & Wiencken, 2023 

Illustration 8: Trap Danmark, Knudsen & Larsen, 2021 & Ankerstjerne, 2023 

Illustration 9: Google, 2024 & Christensen, 2024 
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THE STAGES OF FLOODING

Flooding is first of all dependent on rainfall and/or 
water bodies. Therefore, certain geographical loca-
tions will not be affected. However, due to climate 
changes and more intense rainfall these locations are 
dwindling (Walsh, 2023). Another aspect that affects 
this sphere is the increase in urbanization disrupting 
the natural ability of the environment to absorb large 
volumes of water (Stephenson, 1993) ultimately lead-
ing to flooding. In this sphere it’s hard to implement 
solutions to prevent flooding due to scale. 

The need for relocating wa-
ter to prevent flooding has 
existed for many years. In 
many places today this task 
falls exclusively on the sew-
age infrastructure. An infra-
structure that was built many 
years ago and has become 
obsolete due to increase in 
rain intensity. Some large-
scale solutions exist to pre-
vent flooding on urban scale 
such as waterproof walls, 
dams, automated water bar-
riers (app. 1). They are owned 
and managed by municipals 
and often take a lot of time 
to implement.  

The Environmental Defense

The Urban Defense
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When the urban anti-flood-
ing measures fail the problem 
becomes individual instead of 
societal. A point of emergen-
cy arrives for the consumer. 
Business- and homeowners 
have to invest in solutions on 
the commercial market which 
are often expensive (app. 2-5). 
Such solutions include water 
barriers, waterproof doors and 
windows or automated per-
manent solutions that can help 
protect the entire property.  

If you did not invest in the larger solutions, there are still 
ways to protect your home. Products directly targeted the 
consumer are widespread in other countries, such as the 
UK, ranging from blow-up physical barriers to products 
that block drains, preventing the backflow presented in 
the Urban Sphere. These are products that the consumer 
is tasked with installing on their own. While not as common 
to the Danish consumer, it does not negate the demand 
for sealing their homes against the incoming flood. 

An interview was conducted with 
Stormflodssikring during the initial 
faming of the project to understand 
the market for anti-flooding products. 
After the flooding of October 2023 
their business experienced an increase 
in inquiries from private consumers. 
Something that is also seen in their 
business model which has switched 
from 5% B2C to 60% over the last 15 
years (app. 1)  

The Property Defense

The Private Defense

Illustration 10: Stages of flooding
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THE VICTIMS OF FLOODING 
To get a better understanding of how flooding affects different individuals two semi structured interviews (delve, 
n.d.) were conducted. The first with Niels, a homeowner in Kolding who experienced flooding. The second Line, a shop 
owner in Faaborg.  

Niels was one of the many people whose property was 
damaged during the October 2023 floodings. His house is 
placed next to a creek and had never before experienced 
flooding and was of the conviction this wouldn’t affect 
him (app. 4). This was a general behaviour observed by 
Stormflodssikring, if consumers hadn’t experienced 
flooding, they wouldn’t be willing to invest in waterproof 
solutions (app. 1). However, the intense rainfall and wa-
ter from Kolding Fjord changed this for him. Illustration 
12 show the water around his house as well as the creek. 

“I had time to grout the door and put-up 
plastic a plastic cover. I thought I was ready 
and went buying submersible pumps. It 
turned out i wasn’t ready at all because the 
water came in through the foundation and 
walls. It entered where i didn’t expect it.”  - 
Niels Holfod, 2024

“I had six submersible pumps going in the basement alongside multiple wet vacuum cleaners. But 
the water levels rose so much Ågade became completely flooded and the outdoor cable box start-
ed smoking and was shut off. In that moment as power went out, I lost since I didn’t have anything 
to fight with. It ended up with 70 cm of water in the basement” - Niels Holfod, 2024

Illustration 11

Illustration 14Illustration 12

Illustration 13

During the interview two important insights were gained. 
The water did not enter through the airgaps around doors, 
windows and through drains. Although he managed to 
cover those himself (illustration 13). It entered through 
the walls and the floor, danamging the basement with 
his personal items (illustration 11 & 14). Secondly, he had 
the situation under control with water pumps until the 
electricity went out due to the power distribution cabinet 
short circuiting. Illustration 12 shows the water level in his 
basement after the power outage occurred.
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Line is the owner of Faaborg Røgeri Cafe in Faaborg, Denmark. Her business is placed in the harbour district and is lo-
cated close to sea-level. Due to a high likelihood of flooding the distribution company that owns the power grid in the 
area decided to shut off power for the docks making pumps impossible to use without a generator. In 2016 and 2017 
she experienced flooding inside her cafe. Afterwards she tried buying big bags (illustration 15) to prevent the water 
from getting in, but it failed. 

“In 2016/17 it started becoming 
more severe, so we had to think 
out of the box. What were we going 
to do in the heat of the moment? 
So, we got some big bags which we 
filled with 1 tonnes of sand in each 
and barricaded my cafe with these 
big bags. It required big machinery 
and was really expensive both be-
fore and after and it only worked 
partially”  “We’ve tried to keep up with the 

development of products year 
by year. Each year I look into new 
products that would be smart-
er that what we currently have. 
Previously I’ve had a watertube 
but it took around 24 hours to 
set-up and 24 hours afterwards 
to remove. We had to find some-
thing more tangible that could 
be applied quicker and two years 
ago i found the boxwall.” - Line 
Klivager, 2024

“We are lucky that we can rent some space in the storage buildings at the harbor so they 
can be stacked on top of each other, so they don’t take up as much space. The local fisher-
men are also very helpful lending a truck we can use to move them” - Line Klivager, 2024

Afterwards she tried alternative solutions but the only one that 
worked was a deployable wall (ill. 16). A solution only possible since 
a nearby warehouse allowed her to store them there for a small fee 
and the local fishermen helps her move them. In addition, she also 
acquired the generator and four pumps to stop water from ruining 
her cafe. The combination of these solutions helped her keep her 
cafe safe during the storm surges. (app. 5) 

Illustration 15: Big bags

Illustration 16: Deployable walls (Boxwall)

After talking with both Niels and Line it 
was apparent that their loss of agency 
happened due to a power outage. With-
out the ability to pump out the water 
they become unable to manage the sit-
uation and the only option left is to do 
damage control. A deeper investigation 
into the Danish power grid must there-
fore be conducted to identify the critical 
area which is the cause behind Line and 
Niels’ loss of agency.  

Insight
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CABLE DISTRIBUTION CABINETS
An essential part of modern civilization is having access to electricity. We use it to power our lights, refrigerate our 
food, charge our phones and power a wide range of appliances, to just name a few things. When a severe flooding 
incident happens, this resource can be compromised. Most likely due to a failure in the power grid thus, removing 
agency from citizens as observed in the two cases of Niels and Line. When investigating the root of the problem, it is 
important to understand the infrastructure of the power supply from and where the problem occurs.  

The electricity network in Denmark 
is divided into the transmission net-
work, owned by the government (En-
erginet) and the distribution network 
which are owned by private compa-
nies. The transmission (Over100 kV 
facilities) network can be described 
as the highway that ensure Denmark 
can import and export electricity be-
tween the neighbor countries and 
between regions to consumer areas. 
The distribution network (Under 100 
kV facilities), also described as coun-
try roads, ensures that electricity is 
connected between the transmission 
network and the consumers. (Ewii, 
n.d.) 

When looking at the power grid and comparing to the insights gathered from Niels and Line the distribution 
network can be identified as being the vulnerable part of the power grid. The cable distribution cabinets (here-
after also referred to as CDC) are of particular risk as explained by Niels. In addition, during desktop research 
it was discovered that Trefor, a distribution company in Kolding, Denmark, had to shut down 400 cabinets 
pre-emptively to prevent damage ultimately leaving 1550 residencies without power during the storm surge in 
October 2023. Furthermore, Trefor had to check the cabinets whereof 225 had to be cleaned and 50 replaced 
due to water damage (Ritzau, 2023).  It was decided to dive into the problem of protecting the CDCs and distri-
bution network during flooding incidents to secure the supply of electricity for the consumers.   

The Danish Power Grid 

Protecting the CDCs 

Illustration 17 The Danish Power Grid

Illustration 17: Distribution Companies in Denmark
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Energinet operates and primarily gen-
erates power from wind turbines, solar 
cells and cogeneration in Denmark. In 
addition, export and import electricity 
from neighboring countries. (Stoubæk, 
N., 2024) Energinet ensures a way for 
power travel on an international scale 
as well as across the country. (Energinet, 
n.d)  

The consumer is not directly in contact with the distribution companies 
that operate the distribution network but instead use electrical supply 
companies as an intermediary to buy power. Through the supplier, the 
consumer buys the ability to receive electricity. (Ewii, n.d) 

The distribution companies ensure a 
way for the power to leave the Trans-
mission Network and reach the con-
sumer (NicolasKJ, 2024; Netto Power, 
n.d.). The companies have a geographi-
cal monopoly on transporting the elec-
tricity in each area and therefore own 
the cables, transformer stations and 
cable distribution cabinets. It is their 
responsibility to maintain and operate 
the distribution network. (Ewii, n.d.)   

Power Generation and Transmission  

The Power Supply Company 

The Distribution Company 
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CASE STUDY OF CDCS IN THE URBAN SPACE 
With an understanding of the power grid, a case study of cable distribution cabinets in the urban environment was 
conducted in Aalborg. The goal was to gain a visual understanding of cable cabinets, their placement and how they 
affected urban space and vice versa. The study was divided into two. Firstly, CDCs in Aalborg Downtown area was in-
vestigated before moving on to a suburban area in Aalborg. 

Suburban 

Area 
Downtown 

Area 

Almost all 
CDCs are van-
dalized with 
graffiti and 
stickers 

Differences:
Almost all CDCs are vandalized with graffiti 

and stickers 

Generally, in 

good condition 

with no stickers 

and graffiti  

Differences:
Located near 
the sidewalk 
further away 
from buildings

The cabinets are generally placed with the same in-
tention regardless of whether it is in the suburbs or the 
Downtown area. The most notable difference is the con-
dition of the cabinets. In the Downtown area they were 
vandalized, which probably is due to the demographic 
differences and traffic around them. The placement of 
the CDCs also varied by a small amount, even though it 
was mostly due to the houses in the suburban area be-

Evaluation

Illustration 18

Number of cab-
inets differs 
from location 
to location

Dimensions 

variers between 

cabinet and 

location 

SIMILARITIES

Triangular locks 

are used in both 

locations and on 

different types of 

cabinets

No consist-

ency in terms 

of design nor 

placement 

Different types 

of cabinets can 

be found next 

to CDCs such as 

district heating, 

internet, TV etc.  

Cabinets are placed to not interfere peo-ple’s daily life 

ing withdrawn into private property. When looking at the 
similarities, two things especially stand out. First is the 
difference in size, number, design and use of cabinets 
from location to location. It seems as though, the same 
types of cables cabinets whether placed in the subur-
ban or the downtown area. The other is the use of tri-
angular locks (see illustration 18) across all cabinet types 
and are particularly interesting for a product proposal.  
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THE CDC ZOOM
With a basic understanding of how the CDCs 
are connected to the power grid and their place 
in the urban environment, a deep dive into 
the actual cabinet from a functional view was 
conducted. The goal is to identify the different 
components that make up a distribution cabi-
net and how these components interact and fit 
into a functional use.  

When evaluating on the research of the Danish 
Power Grid and identifying the cable distribution 
cabinets as the weak link in the infrastructure, a 
decision to contact the owners of the CDCs was 
agreed upon. Trefor was contacted due to the 
company voicing their concerns and problems 
publicly. In addition, at this stage of the process, 
the understanding of how flooding was impact-
ing a cable cabinet and the distribution compa-
ny internally.  

The CDC is connected to the distribution net-
work through supply cables. These cables are 
Ø50 mm wide, holding four sub-cables inside 
(Neutral, L1, L2 and L3) (Bjerre, 2017; Mcfadyen, 
2012) which is shown on illustration 24. Inside 
the CDC four busbars are placed ( illustration 
21). Produced in a conductive material such as 
aluminum or brass, these busbars are placed 
horizontally to distribute power to each cable. 
Each of the four sub-cables are connected to 
their own busbar and ensures a power connec-
tion to the next CDC in the power grid (illustra-
tion 20). (DESG, 2022; Figabara, 2021) A fuse 
switch (illustration. 19 is placed vertically to the 
busbars, attaching to each of the four busbars, 
ensuring a power connection (DESG, 2022; Fi-
gabara, 2021). Through the fuse switch a pow-
er cable is connected, gaining access to each 
of the four busbars. The fuse switch is a safety 
measurement. (Elgrossisten, n.d). If the circuit 
should overload, the fuse (illustration. 22) will 
disconnect the circuit preserving the connec-
tion and prevent damage. (Elgrossisten, n.d). 
The power cables (see illustration 23) running 
into the houses are smaller than the supply ca-
ble and can be anywhere from Ø4 mm to Ø25 
mm (Elgrossisten, n.d).

Evaluation

Illustration 23

Illustration 22

Illustration 21

Illustration 20

Illustration 19

Illustration 24

The product proposal must be ap-
plicable in all contexts
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UNDERSTANDING STAKEHOLDERS
The distribution companies become an interesting stakeholder, as 
the solution to prevent the loss of agency become targeted towards 
them, instead of the likes of Niels and Line. Without being able to 
provide security of supply, the distribution companies fail to uphold 
their task in the power grid. Trefor estimates that the financial conse-
quence of the October 2023 incident was 3-4 million (Ritzau, 2023). 
This covers the likes of replacing cable cabinets and cleaning cabinets 
that can avoid replacement. The biggest expense for Trefor is pos-
sibly the salary of the Electrical Fitters, the employees in the field, 
interacting with the CDC’s, working overtime to establish supply of 
power to the consumer. A meeting was conducted with Trefor’s Head 
of Power Supply, Per Sørensen (app. 6). Through the interview mul-
tiple insights of the incident were gathered. In addition, images pro-
vided to showcase the consequences of flooding in relation to cable 
distribution cabinets. On the illustrations 25-28 the damage done by 
the water can be seen.

The styrofoam protective lay-
er in the bottom of the CDC, 
preventing snails and other 
small animals or insects from 
crawling into the cabinet was 
destroyed by the water.  

The water caused the wires 
to short circuit. The cable dis-
tribution cabinet broke into 
flames and was destroyed.  

Moving debris in the water 
has destroyed the corner 
of the CDC, compromising 
the interior.  

Quick-fix solutions are im-
plemented to protect the 
cabinets so people can main-
tain power, until the Electrical 
Fitters can safely access the 
CDC underneath. 

Through the interview a new stake-
holder was discovered. Electrical Fit-
ters are employed by the distribution 
companies who will interact with a 
possible solution. Establishing con-
tact with the segment (c.f. ‘Develop-
ment - Exploring the Solution Space’ 
- ‘The Electrical Fitter’) will lead to in-
sights regarding the current workflow 
and features of the CDCs alongside 
valuable feedback on concepts.

The Electrical Fitter 

Illustration 25 Illustration 26 Illustration 27

Illustration 28

 The surface must not be conductive 

The product proposal must be re-
sistant to salt 
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Illustration 29 showcase all the cabinets affected by the 
flooding back in fall 2023. The green dots on the map indicate 
which cabinets had to be inspected after the incident. The yel-
low dots show which CDC that had to be cleaned after the wa-
ter level was back to normal, and the orange dots which was 
either destroyed or too damaged and had to be replaced.  

During the dialogue with Trefor, the team were able to specify the underlying problem, the distribution compa-
nies face today. The lack of cable cabinets capable of withstanding flooding forces the distribution companies 
to shut off the power. If not, there is a risk of leakage current and short circuiting which can be dangerous. The 
distribution companies therefore must do damage a control to minimize the number of cabinets affected to 
reduce follow-up repair and maintenance cost. This information led the foundation of the initial design direc-
tions which will be presented in the following section. 

“We chose to cut the power supply pre-emptively, because if we don’t, the water short-circuits the cabinet.” 

“We had 300-400 cable distribution cabinets affected by the flood-
ing [...] multiple had to be replaced due to the water levels.” 

“When the water is gone, we need to re-activate the cabinets. However, this can’t be done before we’ve cleaned 
with a high-pressure cleaner and dried them, which in some cases aren’t even enough.” 

“Cutting the power supply for our customers is never good. It has a societal value, and its expensive for Us as a 
company since our products aren’t capable of withstanding the water.“ 

“There are other stakeholders which uses similar cabinets such as streetlight, traffic lights, district heating, TV, 
internet etc.” 

“When the cabinet is cleaned or the cabinet is placed in a salty area, it is in risk of leakage current. It means 
a layer of salt, if not cleaned properly can conduct a current, which is dangerous.” 

Illustration 30: Per Sørensen, Trefor

Illustration 29

If the power is active during a flooding, there is a high risk of short-circuiting during flooding

Flooding is an extensive problem for the networking companies

Flooding is an extensive problem for the networking companies.

The lack of products capable of withstanding flooding costs the companies economically and af-
fects the societal values.

Network Companies are not the only profession to strug-
gle in this situation. 

Leftover salt can cause leakage current and potentially short-circuiting or harm to the electrical 
fitters or citizens. 
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INITIAL DIRECTIONS
To start off the ideation an open brainstorm session was 
conducted through sketching to identify initial ideas and 
directions based on the insights gathered from research 
and interviews. The goal of the collective brainstorm was 
to explore different techniques or methods for protect-
ing the cable distribution cabinet from being flooded. The 
output of the session (illustration 31-37) was clustered af-
terwards and led to three different categories. After clus-
tering into three directions these were evaluated to see if 
there were any advantages or disadvantages based on the 
team’s current knowledge. By doing this the team realised 
that numerous challenges with the quick-fix solution ex-
isted.

Quick Fix Protection
Description: This direction covers protection methods by 
proposing an ‘add-on/take off’ solution to the existing 
CDC’s. The characteristics of the ideas are primarily tem-
porary solutions, installed by the power distribution com-
panies before flooding occurs. In addition, the solutions 
are inspired by current flooding preventions methods for 
property or business owners. 

Why not ‘quick-fix’-solutions?  

It is symptom treatment and not address-
ing the actual problem.

Requires a lot of manpower to deploy these 
kinds of solutions.

Flooding is unpredictable.

02

01

03

IDEA

IDEA

IDEA

Bags – When water hits, the band expands 
and create a seal shaped like the given 
CDC. 

Barriers are installed before a flooding inci-
dent to prevent the water from entering the 
CDC.   

Air bag – A bag is placed over the CDC and air 
is pumped to even the pressure from the ris-
ing water. 

Illustration 31

Illustration 33

Illustration 32
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A Retrofit Solution Redesign - A New CDC
Description: This direction covers protection 
methods by proposing an additional permeant 
‘add-on’ solution the existing CDC’s. Mostly in-
spired by current urban solutions, the characteris-
tics of the ideas are the radical change needed to 
protect the CDC. 

Description: This direction covers the exploration pro-
tecting the CDC by designing a new waterproof cabinet. 
The characteristics of the ideas are radically different 
than the existing by moving the cabinets underground.  

During sketching an observation of the difficulty 
of redesign ideation is made. Due to missing infor-
mation regarding how a cable distribution cabinet 
is assembled and designed, it was difficult to ide-
ate incremental changes. The proposed solutions 
became radically different in terms of interac-
tions but remained the same aesthetically. At the 
time, a new perspective of the cable cabinet was 
needed to further the exploration of a redesign. 
Product direction remains open between a retrofit 
design and redesign.  

Why not Retrofit or Redesign?  

01

02
01

02

IDEA

IDEA

IDEA

IDEA

Underground – If the cabinet is moved un-
derground permanently, flooding becomes a 
non-issue. 

Titling – When flooding warning is given, the 
cabinet can be rotated underground.  

Urban solution – When the water level 
rises, the water push walls upwards and 
protect the CDC. 

Rubber seal – To seal the bottom of the 
CDC, a big rubber ban is placed to pre-
vent water penetrate the cabinet.

Illustration 36

Illustration 37

Illustration 34

Illustration 35



PAGE 30

TRIARCA

Illustration 38: Peter K. Sørensen, 
Triarca

To aid the process of choosing between the retrofit and the redesign direction, Triarca was approached due to the 
company being a leading manufacturer of CDCs in Denmark, but also to provide valuable expert knowledge on cab-
inets. A meeting was conducted with Peter Klokkeldal Sørensen, Triarca’s Research and Development Manager. The 
aim of the interview was to understand which aspects that should be considered when designing a cabinet, to get 
feedback and comments on the two initial directions. The following section states the key insights the interview. (app. 
7) 

The City Architect (will also be mentioned as CA) was a new stakeholder identified 
through the interview with Triarca. It was discovered that ten of Denmark’s municipals 
have a CA, and their job varies from consultancy to city development and political ad-
visors for the building industry (Arkitektforeningen, 2024). As a part of their job, they 
must ensure a coherent visual urban architecture and a part of that is placement and 
expression of cable cabinets. With the power to refuse the placement of a CDC if it 
disturbs the vision of the urban environment, it is essential to understand their needs 
especially regarding the aesthetics of the product. The next step for the proposal’s 
aesthetic development is to contact the CA for insights (‘Exploring the Solution Space’ 
- ‘The City Architects’).  

“... Installing the extensions 
solutions is often sounted 
by the City Architects. They 
don’t want to visually pollute 
the urban environment.” 

“Installing an extension solution requires per-
mission” 

“We are already looking into a way to secure 
the cabinet without altering its dimensions.” 

“...The IP class is a parameter of competition...” “[...] Our transmission network 
(power grid) is unique compared to 
the rest of the world. There are only 
four manufactures in Denmark, us 
included. Other countries won’t de-
sign to ours, it’s too small. “ 

New stakeholder: 
The City Architect

The proposal must function without 
needing permission in the build-up 
phase off an incident

The product 
proposal must be 
non-intrusive in 
the urban space 

The solution must fit the standards 
dimensions

The product must be resistant to 
all types of water

The product proposal 
must fit into the exist-
ing infrastructure of the 
power grid

Who can refuse a CDCs? 
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With additionally information gained, a revaluation of the initial product direction could be decided. When discussing 
retrofit it was important to differentiate between an ‘Internal retrofit solution’ (a solution that is added inside the CDC) 
and an ‘External retrofit solution’ (a solution added outside the CDC): 

The solution space re-
quires electromechanical 
knowledge the team does 
not possess. In addition, 
it is a temporary solution 
that becomes irrelevant 
when cable cabinet com-
panies develop a solution.  

Like the internal solutions, 
it is a temporary solution. 
Furthermore, the context 
of the CDC’s varies in terms 
of terrain, the space around 
the cabinet is depended on 
the area it its placed, and 
the number of cabinets 

placed together. 

It is a permanent solution, 
that contrasting to retrofits, 
won’t become irrelevant in 

the future.  

Why not choose the retrofit 
direction? (Internal solutions)

Why not choose the retrofit 
direction? (External solutions) Choosing a redesign

Danish Standards
What are Danish standards and are they important? - During the interview with Peter K. 
Sørensen, R&D (Research and Development) Manager at Triarca, Danish Standards was in-
troduced to the project. Danish Standards ensure a common language is spoken between 
companies no matter the origin country. Common guidelines ensure safety, and a common 
standard is met when new products are introduces to the market. To ensure the solution can 
be implemented, Danish Standards for ‘Low-voltage switchgear and controlgear assemblies 
– Part 1: General rules’ (DS/EN IEC 61439-1:2021) (App. 8) and ‘Low-voltage switchgear and 
controlgear assemblies – Part 5: Assemblies for power distribution in public networks’ (DS/
EN ICE 61439-5:2023) (App. 8) are covered. Although these are requirements for the solution, 
these will be seen as the framework for the design. The guidelines are added to the product 
specifications list and not seen as requirements.  

Must be able to operate in the temperature interval 
–25 to 40 degrees Celsius  

Must be able to operate in 100% humidity in –tem-
perature interval –25 to 27 degrees Celsius  

Must have an IK code of 10 

Must have an IP code of 34D+ 

Must be UV resistant in temperate climates

Must have a lock that prevents the public from ac-
cessing the interior  

The cables must be easily connected through the 
front 

Cables must enter the cabinet from below 

(DS/EN ICE 61439-5:2023)

The solution must be labelled

Manufactures name or trademark 

Type designation or identification number 
or any other means of identification

Means of identifying data of manufacture 

Rated current of the assembly

Rated voltage of the assembly

Rated frequency of the assembly

IEC 61439-X (X shall be defined)

The ambient air temperature must not exceed +40 
degrees (average over a period of 24h does not ex-
ceed 35 degrees. And under -25 degrees.   

(DS/EN IEC 61439-1:2021)
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THE SUPPLY CHAIN
When redesigning the CDC, it is important to take dis-
tribution companies business model into consideration. 
The Distribution companies’ role is as mentioned earlier 
(c.f. ‘Cable Distribution Cabinets’) to maintain a part of the 
power grid. When the consumer pays their power suppli-
er, they pay an additional fee to the distribution compa-
ny to use their cables to transport the power. However, 
the consumer is not directly in contact with the distribu-
tion company (Energistyrelsen, 2023). This fee is called a 
‘Tariff’ and is part of the distribution company’s source 
of income.As previously mentioned, each company has 
an assigned geographical area to maintain and operate 
(c.f. ’Cable Distribution Cabinets’). This means the num-

Distribution 
Company

Manufacturing Company

Consumer
Power Grid

Distribution 
Company

Electrical
Fitter

ber of potential customers is somewhat fixed. Their only 
way to increase revenue is therefore to reduce expenses 
or increase revenue. Their revenue however is fixed since 
the tariff are regulated by a third party. Price is therefore 
the main point of competition for manufacturers of cable 
distribution cabinets. (NicolasKJ, 2024) 

Although exploration of initial concepts for the redesign 
should be explored, it will be in the distribution compa-
nies’ interest to not sway from their current supply chain 
(Illustration 39).  

Illustration 39
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INITIAL DESIGN BRIEF

This project explores consumers agency during a 
flood. A cable cabinet to accommodate the chang-
ing climate and minimize the risk of power outage. 
The focus is to tackle flooding of cable distribution 
cabinets by designing the cabinet of the future. 

The proposal must be able to withstand future, more severe flooding incidents

The solution must be labelled Must be able to operate in the temperature interval 
–25 to 40 degrees Celsius  

Must be able to operate in 100% humidity in –tem-
perature interval –25 to 27 degrees Celsius  

Must have an IK code of 10 

Must have an IP code of 34D+ 

Must be UV resistant in temperate climates

Must have a lock that prevents the public from ac-
cessing the interior  

The cables must be easily connected through the 
front 

Cables must enter the cabinet from below 

Manufactures name or trademark 

Type designation or identification number 
or any other means of identification

Means of identifying data of manufacture 

Rated current of the assembly

Rated voltage of the assembly

Rated frequency of the assembly

IEC 61439-X (X shall be defined)

The ambient air temperature must not exceed +40 
degrees (average over a period of 24h does not ex-
ceed 35 degrees. And under -25 degrees.   

The product proposal must be non-intrusive in the urban space 

The product proposal must be applicable in all contexts  

The proposal must function without needing permission in the build-up phase off an incident 

The surface must not be conductive 

p. 14

p. 28

p. 28

p. 22

p. 24

p. 25

p. 28

p. 28

p. 28

The product proposal must not corrode 

The product proposal must be resistant to salt 

The product proposal must be resistant to all types of water 

The product proposal must fit into the existing infrastructure of the power grid 

The solution must fit the standards dimensions 

How to design a waterproof cable distribution cabi-
net that ensures security of supply, during flooding, 
while fitting into the established infrastructure of 
the distribution companies and Danish power grid. 

To provide consumers like Niels and Line with agen-
cy during flooding incidents by maintaining the 
electrical supply to their home, so they can take 
measures into their own hands during incidents. 

Distribution companies.

Introduction

Danish Standards Danish Standards
(DS/EN IEC 61439-1:2021) (DS/EN ICE 61439-5:2023)

Aesthetics  

Functionality  

Problem Statement 

Goal
Target group 
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DEVELOPMENT
CHAPTER

02 EXPLORING THE SOLUTION SPACE
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SUMMARY
The following chapter starts the converging 
process (Dubberly, n.d.) by initiating the de-
velopment phase of the project. As the initial 
sketching rounds progress, the team is ulti-
mately forced to take a step back diverging 
in the process (Dubberly, n.d.) to establish an 
overview of the stakeholders and which one 
has influence on what element of the ca-
ble distribution cabinet. To gain a better un-
derstanding of the solution-space (Dorst & 
Cross, 2011), interviews with two distribution 
companies’ employees are conducted where 
their workflow is observed through shadowing 
(Bagger & Sperschneider, 2003). Furthermore, 
the team acquires two different cabinets for 
deconstruction. While a new stakeholder is in-
troduced to give insights on the aesthetic as-
pect of the CDC. The chapter concludes with 
an analysis of existing CDCs on the market and 
why certain existing solutions fail and can’t be 
implemented. 

Design Brief 2.0

The Initial Design Approach

Establishing An Overview

The City Architect

The Electrical Fitter

Deconstruction of a CDC

Defining the Workspace

‘Why can’t we just’?

Market Analysis

2.9

2.10

2.8

2.7

2.6

2.5

2.4

2.3

2.2
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Split ring

O-ring

Stepped neck dam ring

THE INITIAL DESIGN APPROACH
With a well-defined problem another ideation round is conducted to try and converge towards initial concept di-
rections that can be tested and evaluated in context. Before initiating the ideation, a case study of different sealing 
methods is conducted to gain inspiration from other products and contexts.  

To understand different sealing methods that can be used in relation to a product proposal different reference prod-
ucts are investigated.  

A neck dam (illustration 40) is a piece of equipment used 
on full-zip suits in certain conditions, such as diving, with 
the purpose of creating a seal between the attachable 
helmet and the rest of the suit. The neck dam is split 
in four components to create a seal around the diver’s 
neck:  (Kirby Morgan Dive Systems,nu.d)

A special kind of zipper is commonly utilized in 
equipment for traversing space. On a spacesuit, a 
piece of rubber is layered in between two zippers. 
When the suit is pressurized. The rubber expands 
within the sandwich (illustration 41) of zippers and 
rubber, creating an airtight seal. (Lewis, 2015) 

O-Rings is a sealing component that is placed in-be-
tween two parts in a groove. They are often designed 
with a O-shape but can be found in a variety of shapes. 
When the two parts are compressed together the O-ring 
will deform due to its elastic material and fill out the 
groove between the parts creating either an air-tight or 
liquid-tight sealing depending on design. (Apple Rubber, 
2021) 

Screws spaced evenly out 

Case study of sealing methods

Neck dams

Space suit zippers

O-rings

Illustration 40

Illustration 41

Illustration 42
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The vacuum containers on illustration 43 is a product that helps make food 
last longer by removing the air inside. When applying pressure on the but-
ton the lid is pressed down (illustration 44) forcing air out of the container. 
When the button is let go an airtight seal is created by the gasket. Due to 
pressure differences a vacuum is created on the inside. When the button is 
pressed again the gasket and lid moves downwards letting air back into the 
container neutralizing the pressure. (Davis, 2021) 

Rubber gaskets (illustration 46) are used to seal the 
space between two surfaces or joints. (Santopseal, 
2022) Unlike O-rings they do not require a groove to 
be placed into. The gasket can be in a variety of differ-
ent shapes such as triangles, squares, circles or differ-
ent polygons depending on needs. They can also be 
designed in both rigid and flexible material after use 
scenario. Apple Rubber, 2021,) 

Cable glands (illustration 46) are a product used to se-
cure cable entry from one area to another. This could 
be outdoor cables into electric enclosures. When 
tightening the cable gland, an internal rubber gasket 
creates a seal around the cables, protecting the elec-
trical components from liquids, dust and moisture. 
(RS components LTD, n.d.)

Vacuum containers

Rubber gasket  

Cable glands

Illustration 43

Illustration 44

Illustration 45

Illustration 46
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OPEN IDEATION
With inspiration gathered from different sealing techniques a new ideation phase is initiated and an open brainstorm-
ing session was used to generate concepts. The ideas are based on the problem statement and focus on a redesign 
of the cable distribution cabinet. On illustration 47-55 some of the concepts can be seen and the remaining concepts 
generated can be found in appendix 10. After the ideation round the concepts were clustered into four categories: Ca-
bel entry, Door, Lid and Radical designs. During the development of the concepts and while clustering them it became 
apparent that there were certain issues with the concept generated.

01 02CATEGORY CATEGORY
DOORS LIDS

Illustration 48

Illustration 47 Illustration 49

Illustration 50
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The first insight gathered was related to the de-
tailing of the ideas. It became too much of a 1:1 
implementation of different sealing strategies 
into the existing cabinet. This was particularly 
visible on illustration 54-55 in relation to cable 
glands. The remaining design of the cabinet were 
almost identical to existing CDC designs leaving 
much of the solution-space unexplored. Sec-
ondly, concepts in the door and lid categories 
became too focused on fixing exposed openings 
of the current CDC design, thus limiting the solu-
tion-space instead of exploring the feasibility of 
more radical ideas such as those seen on illustra-
tion 50-53. Lastly, since the requirements found 
in Chapter 1 ‘(Understanding the Problem’) were 
very functional and technical orientated it be-
came difficult to develop ideas that aesthetically 
differed from the current CDC design. In addition, 
when trying to solve the entire design of the CDC 
in one go, the ideas quickly got deemed a failure 
or ‘not good enough’ to the concepts not being 
detailed enough for the requirements.  

0403 CATEGORYCATEGORY
CABLE ENTRY RADICAL DESIGNS

Illustration 51

Illustration 52

Illustration 53

Illustration 55

Illustration 54
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PROBLEM SLICING 
By evaluating the previous process through reflection-on-action (Malinin, 2018) the team decided upon a new ap-
proach. To unfold the ideation process and allow for a better exploration of the solution-space (Dorst & Cross, 2001) 
a new approach to concept development were attempted. To make the process easier the problem was sliced into 
nine sub-problems (Dubberly, n.d.). By doing so, the team had less requirements to consider at once, by only focus-
ing at one problem at a time. Each sub-problem was brainstormed upon individually and the results can be seen on 
illustration 57. 

After coming up with different ideas for the 
nine sub-problems an attempt to combine 
them were done. This process was inspired by 
Ulrich and Eppinger’s (2016) product specifi-
cation rating method. Each idea was evaluat-
ed based on the requirements. The goal was 
to identify the best sub-solutions for each 
problem to combine into one overall concept 
for the product proposal. Each requirement 
was weighted equally, and the solution were 
rated from 1-5 with five being the best. The 
results led to the following product proposal: 

The problem slicing method helped creating ideas and prin-
ciples for solving different problems however, stagnation 
happened since it became too complicated combining the 
sub-solution into one overall concept. The next step is there-
fore to diverge the process (Dubberly, n.d.) and gather more 
information especially in relation to aesthetics and interaction 
before proceeding with concept development. 

Combining the different solutions into the 
“perfect cabinet” however, did not succeed. 
The attempt to slice into sub-problems, to 
make sub-solutions (Dubberly, n.d.) and then 
to a concept was a good approach but ulti-
mately failed. This was due to three things 
happening simultaneously. 1) The initial 
sub-solutions are simplified to a principal 
level. Combining them, however, didn’t show 
how they would interact with each other 
which led to stagnation in the design process. 
2) The perfect solution becomes a gener-
ic cabinet design since the requirements are 
primarily technical and functional and little 
is known regarding aesthetic and interaction. 
3) Not all principes are compatible with each 
other and not all requirements can be used 
on every idea. This makes it hard to compare 
solutions properly. A consequence which also 
ultimately led to the base construction and 
the ground sealing being excluded from the 
process.

The perfect solution 1. Door/cover (Open mechanism)

2. Door/cover (Sealing method)

3. Roof construction

4. Base construction

5. Interaction

6. Locking mechanism

8. Cable entry

8. Cable entry 9. Shape

Illustration 57

Illustration 56

Reflection in // on action
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and are 

non-disruptive

Requirement

A waterproof cabinet 

that ensures agency 

during flooding and 

doesn’t interfere with 

their daily lifes

Retation to
the CDC

Dependent on the power it provided during their everyday life and especially during flooding incidents to maintain agency

Key 
insights

The cabinet can 
short circuit 

during flooding
Agency duringflooding is dependenton a reliablepower supply

Requirement

An electric isolatedand financially viable solution

that ensures power supply to the consumers in the incident of flooding

Key 

insights

Unknown

Relation to 
the CDC

The owner of
the CDC.

They have the responsibility to operate and maintain it, alongside the distribution network
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ESTABLISHING AN OVERVIEW
During Chapter 1 ‘Understanding the problem’ four different main stakeholders were identified whereof two were 
interviewed. The goal with these is to obtain information, insights and feedback throughout the project. During the 
‘Initial Design Approach’ stagnation occurred due to the lack of knowledge however, some known unknowns were 
identified being aspects of aesthetic and interaction. To maintain an overview of the different stakeholders and what 
information originates from whom the following board (seen on illustration 58) has been made. It is constituted of 
four aspects from each of the four stakeholders: Key insight, Relation to cabinet, Known unknowns and Requirement. 
The latter is an accumulation of each stakeholder’s requirements and needs. 

During the remainder of the report an icon will be present when working with one or more of the four main 
stakeholders. Illustration 50 showcases the different stakeholder icons. 

Illustration 58

Illustration 59
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THE ELECTRICAL FITTER
To identify the electrical fitters known unknowns (c.f. ‘Establishing an overview’) in relation to interaction two different 
distribution companies are contacted to establish a meeting. Both meetings are a combination of a semi-structured 
interview (Delve, n.d.) and shadowing (Bagger & Sperschneider, 2003) where their workflow in replacing a CDC is 
observed. The company with geographical monopoly (‘understanding the problem’ - Cable Distribution Cabinets’) 
in Aalborg is N1 and they were therefore contacted. This interview was conducted on site where a cable distribution 
cabinet was being replaced. It had been heavily damaged by a snowplough (see ‘step 2’ on illustration 60). Besides 
the interview N1 also provided technical drawings for some of their cabinets and an extension module. Both the new 
and old cabinet were Triarca Trilite cabinets. Replacing a cabinet is a one-person job but for safety reasons two people 
must be present. During the replacement of the cabinet the team documented each step. These are presented in the 
storyboard on illustration 60. In addition, new insights were gathered (app. 11) leading to a new set of requirements 
which are shown on their respective position in the storyboard. 

The plastic is removed. The barrier is removed so 
the electrician can access 

the damaged cabinet. 

The new cabinet and fuse 
boxes are unpacked. 

The cabinet is unlocked with 
a triangle key, and the cover 
is removed. The is installed.  

While one electrician un-
packs the cabinet, the other 
electrician collects the tools.

An electrician moves to an-
other cabinet and cuts the 

power.  

The damaged cabinet is 
opened. 

The electrician slides the 
covers in place and locks 
the cabinet with the trian-

gled key. 

To detach the wires from 
the cabinet, the strips that 
hold the wires in place are 

cut.  

Due to the new cabinet be-
ing taller than the damaged 
cabinet, the electrician digs 
the hole deeper to not re-

place the cables.  

The electrician attaches the 
wires to the cabinet with 

strips. 

An electrician replaces the 
cabinet labels by transfer-
ring the letters to the new 

cabinet.  

With a ‘Wrench’ and drill the 
electricians are removing 

the fuse boxes.

The electrician removes the 
damaged cabinet by dig-

ging. 

Before the electrician can 
take out the fuses, he 
measures the voltage to 

ensure the power is off. 

Illustration 60

The busbars must be fixed into place  

 It must be possible to 
lock the cables in place

The panel handle must 
be above the ground

The ID must be transfer-
able from the old design 

 The front door must not 
intersect with the terrain  
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Replacing a cabinet with TREFOR

Fuses are installed. Cables are cut.  New cables are extended 
and tiltet into the cabinet. 

Shrink wrap is placed to 
gather the cables. 

Cables are attached to the 
fuses. 

Illustration 61

Illustration 62

Leakage current is the unintentional flow 
of electricity through conductive materi-
als. To prevent leakage current different 
product categories, have different rat-
ings referred to as classes. A cable distri-
bution cabinet is categorised as a Class II 
product. (Sunpower electronics, n.d.) 

An isolation class of II means that the user is protected by at 
least two layers of isolating material. For the CDC’s this 2nd 
layer of protection is the non-conductive coating. A double 
isolation class is indicated by a double square symbol as seen 
on illustration 62 (Intersafe, 2019). 

A new known unknown has been identified through 
shadowing. The workspace for which the fitter can work 
can be limited due to terrain, buildings, roads etc. This 
area needs to be investigated further to understand in-
teraction limitations. Another key insight gathered dur-
ing the interview was, that the importance of the coating. 
Cabinets today are coated to prevent leakage current 
from happening since the metal is conductive. Howev-
er, if the coating starts to crackle or someone interferes 
with the surface by for example painting it or vandalizing 

To gain additional insights into the process of replacing a cable cabinet, a visit with Trefor’s electrical fitters in Vamdrup 
was conducted (app. 12). This was to verify that the process of changing a cabinet is the same as N1. In addition, to see 
observe the problem of a flooded cabinet first hand. Like the N1 visit, an on-site interview in addition to shadowing was 
conducted. An ABB Combi-Line (see illustration  61) cable distribution cabinet had been partially submerged in water 
for 14 days back in October 2023 and needed to be replaced. The new cabinet is a Triarca Trilite cabinet with a 1-meter 
extension to accommodate for future floodings.  

 From observations and the conversation with the elec-
trical fitters during the outing, a few additionally insights 
were added to the data collection. When opening the 
cabinet, the most noticeable was the way, that the inner 
components was placed (shown on step 1) different-
ly from the Triarca Trilite cabinet. This meant, unlike the 
N1 visit, the fused had to be installed in a different way.  
As mentioned, on the replacement, a 1-meter extension 
was added to the cable cabinet causing a cable extension 
to be had before installing the fused. Furthermore, an 
extension was only possible due to the context and the 
location of the cabinet. Had the replacement happened 
in an urban city area, an extension would not be possi-
ble due to covering of residents’ windows. Another key 
insight was the importance of the cables being dry when 
mounted on the fuses or during the extension of cables. 
The electrical fitters used alcohol to wipe off any dirt and 
to make sure the cables are dry.

“Every company has their own design inside the cabinet. We like the new 
(Triarca’s model) because it’s a lot lighter than the AAB, even though we 
have extended the cabinet by 1 meter. Also, its faster to install the cabi-
nets in the fuses.” - Bjarne 

“Extension of cabinets is 
only the solution for coun-
tryside cabinets.” - Bjarne 

it with graffiti the safety can no longer be guaranteed by 
the distribution companies. The electrical fitters there-
fore always do a visual check for this alongside rust that 
has the same effect when working with a cabinet (APP 
11). In the section ‘Understanding the problem’ - ‘Cable 
distribution Cabinets’ a case study was done to observe 
cabinet in the urban space. When looking at the safety of 
these a lot of them are compromised due to stickers and 
graffiti posing a potential safety hazard.

It must be possible to re-
move the entire front face 
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THE CITY 
ARCHITECTS 
“Cable distribution cabinets in the Downtown 
area are if its technically sound and if possible 
placed underground or on private land (possi-
bly against the building facade). By location on 
the road area an assessment of the cabinet’s 
visual significance in the urban area must be 
performed.” - Hans Schiøtt, Rådmand for Mag-
istratens 2. Afdeling (Municipality of Aarhus) 

“Cable distribution cabinets are not 
placed ‘withing the fortification”
- Municipality of Frederiksberg

When disusing Triarca’s product line with Pe-
ter K. Sørensen, R&D Manager at Triarca (c.f 
‘scope’ - ‘Triarca’, an insight was gained in 
terms of the aesthetics of the cable distribu-
tion cabinets (app. 7). This led the awareness 
of city architects as a stakeholder with a par-
ticular focus on the aesthetics of the product 
proposal. To unfold this aspect of the project 
further an interview is set up with a city archi-
tect.  When interviewing Susanne Viuf, Road, 
Park & Environment, Urban life & Operation, 
The Urban-, Cultural- & Enviromental Area, 
municipality of Frederiksberg (app. 13), it ap-
peared as though generally the City Archi-
tects are in control of approving placement 
applications of CDC’s. Although the City Ar-
chitects acknowledge that the cable cabinets 
are a necessity, the CDC’s must not interfere 
with the overall architectural vision of the 
urban area. The municipality of Frederiksberg has decided that CDCs 

must not be visible in the Downtown area, which means 
that underground CDC’s must be installed in highly ar-
chitectural aesthetic areas to prevent visual pollution. 
However, even though it is not always possible Susanne 
is still striving for an urban environment without CDCs 
in Frederiksberg. Acknowledging that they can be a ne-
cessity Frederiksberg municipality has published a de-
sign manual setting certain aesthetic guidelines. It states 
that all CDC’s in the area must be ‘Frederiksberg green’ 
(RAL6009), meaning that the CDC must be customizable 
in terms of colour to be placed. RAL is a colouring system 
that is used to define varnish, powder coatings and plas-
tics (Ralcolorchart, u.d). Another important aspect for 
Susanna was the concern about vandalism of the CDCs. 
Currently the cabinets are battling plastering of posters, 
stickers or graffiti. Although it’s the distribution compa-
nies’ responsibility to keep the cabinets free of vandal-
ism, an employee of the municipality scours the CDCs 
for vandalism in a given area and message the distribu-
tion companies, expecting the companies to remove the 
stickers, posters and the graffiti within 48 hours.  

Illustration 63

The product proposal must be integrated or invisible 
in the urban space 

The product proposal must be customizable re-
garding 
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CASE STUDY: STREET FURNITURE 
To gain a better understanding of vandalism, a case study 
was done. It explored a popular urban area in Aalborg. 
Found in the urban area is street furniture. These are 
typically designed to improve the urban environment 
by providing socializing, shade, shelter or greenery (Miko 
Engineering, 2024). When establishing a general under-
standing of the commonalities among these, it was found 

An example of non-design related to the project is the 
shape of the cable cabinet. During the initial sketching 
rounds (c.f. ‘The Initial Approach’), different shapes of the 
CDC were explored. Although no conclusion to whether a 
round or oval shape was ‘the best’, the resemblance to 
garbage bins made it apparent as to why these shapes 
weren’t an ideal. Currently, the cable cabinets are a 
stand-alone shape in the urban environment (illustration 
64) and combined with a triangled interface (c.f. ‘Under-
standing the problem’ - ‘Cable Distribution Cabinets’) the 
cabinet are easily recognized by electricians and electri-
cal fitters.  

Non design is defined in this project as: The process of designing products that provides no aes-
thetic value to its surroundings and is visible only to these who need to interact with it.  

Illustration 64

to be the colour palette of natural shades such as: brown, 
gray and black is favored. This palette of colours blends 
into the environment so focus can be on function for 
those who need it. The design language becomes numb 
trying to remain neutral in the larger urban picture – it 
becomes a “non-design” aimed to not stand out.  (app.14) 

When looking at vandalism, illustration 64 showcases 
that generally flat uninterrupted surfaces are the main 
target of vandalism. In addition, ridged or busy surfaces 
are mostly left out. Posters and stickers are commonly 
found on flat surfaces where the message of the stick-
er or poster is uninterrupted whether it’s a flat surface 
or rounded surface with a big radius. Furthermore, when 
evaluating the research, it was found that the height of 
the current cabinets serves as a stool apart from deliver-
ing power to the surrounding building (Bugosciga, 2021), 
so exploring different heights may be beneficial for pre-
serving the lifespan of the CDC. 

The product proposal must not en-
courage vandalism through its shape 
or surface 

The product proposal must not re-
semble other types of street furniture 
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DECONSTRUCTION OF A CDC
During the interview with N1’s electrical fitters the dam-
aged Triarca Trilite cabinet were obtained (illustration 66). 
Likewise, the ABB Combi-line cabinet from Trefor (illus-
tration 65) were obtained after the visit. This information 
corresponds to insights gathered from Trefor (app 6 & 12) 
and Triarca (app. 7) that showcased Combi-Line and Trilite 
as being the trending cabinets among distribution com-
panies. When making a quick visual inspection the team 
observed that they differed greatly in design language, 
material and interaction. Therefore, a comparative anal-
ysis is performed to identify similarities and differences 
between the cabinets. To do this each cabinet are de-

constructed into components providing insights while 
reflection-in-action (Dorst & Cross, 2001). To get an in-
itial overview of the two cabinets each part were noted 
alongside material if known. On illustration 65 & 66 an 
overview of the deconstructed cabinets can be seen. 
The ABB cabinet was constructed from 148 components 
while the Triarca cabinet used 72. For a complete over-
view of the components, production methods used, and 
materials see appendix 15-16. The goal of this process is 
not to understand every step of the production process 
but rather to observe differences between the two cab-
inets. 

A notable difference between the two cable distribution 
cabinets is that the ABB Combi-line cabinet were ob-
tained with fuses and cables while the Triarca Trilite only 
included busbar system.Due to a variation in material the 
two cabinets have been produced differently. The Com-
bi-line is made from extruded fiberglass polyester while 
the Trilite is made from aluminum. The trilite body, pan-
el and door is made from sheet metal that are cut ei-
ther with laser or waterjet and then bend into the correct 
shape. The Combi-line extrusion has an integrated rail 
system where other parts can be connected to. 

Some of the differences between the two cabinets are:  

Key takeaways 

Illustration 66Illustration 65

 The triangular locking mechanism. Combi-line use a 
bolts while Trilite is a 90 degree cam lock.

Cables are attached directly on the busbar in ABB while 
it goes through a fuse box on Trilite.

The Trilite cabinet has greatly reduced risk of touching 
the busbar but requires larger components.

The number of joints in the ABB cabinet is way high-
er than the trilite since each supply cable has multiple 
components where it connects to the busbar.

The Trilite is faster to lock but less rigid and durable.

Rivets are more used on the ABB while the triarca 
uses bolts.



assumed that the design is optimized for the current in-
frastructure.  
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Although the components of the two cables cabinets look different, it is found that the function is the same, which 
can help us pinpoint what component is the foundation of a cable cabinet: 

Illustration 67

Main body: The base 
of the cabinet

Plinth: For stability

Panel: For access to the wiresinet
Door: For access to the fuses

Roof: To complete the 
base of the cabinet 

Busbars: To distribute electricity to 
fuse boxes and between supply cables

Electricity covers: Security 
of the technician/electrician 
working inside the cabinet

Label brackets: 
For identification purposes

Triangled locking mechanism: 
For identification purposes

Crossguard: For mount 
the wires in place

After the two user visits and the deconstruction of both 
CDC’s the team decided to keep the existing infrastruc-
ture of the CDC’s electro-mechanical interior and in-
stead focus 100% on waterproofing the cabinet itself. 
This choice of project direction was made based on three 
factors: 1) The team evaluated their design competences 
were better utilized 2) Redesign the fuse switch, busbars 
etc. required a deep understanding of electricity which 
would take too long to acquire. 3) If a successful water-
proofing of the cabinet could be done a redesign of the 
cabinet were not needed. From this point forth the team 
will therefore use the Triarca Trilite interior and its dimen-
sions as the basis for new concepts. The Triarca Trilite is 
chosen since it was the cabinet chosen as replacement 
during both visits (c.f. ‘The Electrical Fitter’). It is therefore 

The electro-mechanical interior 

After deconstructing the two cabinets the team realized 
that besides interacting with each other and the cabinet 
some stakeholders also interacts with different parts 
of the cabinet. Therefore, a fifth aspect is added to the 
board being the CDC. The fifth space is divided into two 
different aspects. One is the CDC as a product. The other 
are the seven different components: Base, Panel, Door, 
Lid, Locking mechanism, Plinth and Interior. This infor-
mation expands upon the understanding of the cable 
distribution cabinet from Chapter 1 giving both insights in 
material, components and function. 

The Board 2.0 
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Relation to 

the CDC

The owner of

the CDC.

They have the 

responsibility 

to operate and maintain 

it, alongside the 

distribution network

Known 

Unknown
The workspace 

available

The cabinet

The 
base

The 
plinth

The 
roof

The 
door

The 
interior

The 
panel

Key 
insights

Vandalism is a safety hazard. 

The lock must not interfere with 
placing the cabinet. 

The bottom of the door must be 
a certain height above ground.

It must be possible to reuse cables 

and fuse boxes without disassemble.

 

All companies use triangular keys 

but often different ones. 

Must have complete access 

to the interior.

It must be possible to

fixate the cables.

 

Safety is top priority.

 

Moisture and condense 

can be a safety hazard

Relation to 
the CDC

Employed by the
distribution

companies to 
maintain, replace
and install CDCs.

They are the 
users of the 

product

Rewuirement
The solution that doesn't interfere with their workflow and gives easy and safe  access to the work 

area while maintaining 

the current interaction 

interface.   

Relation to 
the CDC

Responsible for 
the urbannenvironment and must ensure the C

DC’s fit in and 
are non-disruptive. 
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A waterproof cabinet 

that ensures agency 

during flooding and 

doesn’t interfere with 

their daily lives

Retation to
the CDC

Dependent on the power it provided during their everyday life and especially during flooding incidents to maintain agency
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The cabinet can 
short circuit 

during flooding
Agency duringflooding is dependenton a reliablepower supply

Requirement

An electric isolatedand financially viable solution

that ensures power supply to the consumers in the incident of flooding
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It is a growing 

problem for distribution 

companies. All cabinet 

professions have 

this problem. Waterproof 

CDCs doesn’t exist.

Requirement

A solution that addresses 
the current discrepancy 

between the architectural 
vision of the urban 

space and the functional 
need for cable cabinets.

None

Known unknown

Key 

insights The colour of the 

cabinet must be 

customizable. 

Would have them 

completely 

removed if possible. 

Known 
unknown

None

Known 

unknown

None
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DEFINING THE WORKSPACE

Observing the CDC from the front, the immediate 
adjacent area to the cabinet can be crossed out 
as possible maneuver space, as CDCs are often 
placed in rows (‘understanding the problem’ - 
‘Cable distribution cabinets’) (app. 17), also includ-
ing other variants of installations cabinets such 
as TV and internet cable cabinets. When placed 
in city areas, CDCs can often be seen placed be-
low windows of residential buildings, limiting the 
height of the CDC as well as the workspace of the 

electrical fitters in a vertical axis. 

From a front view of the CDC, the workspace is locked to the area of the cross-section of the CDC itself. From a side 
view of the CDC, it is open on the front side. From a top view, the workspace is open to the immediate front of the CDC.  
While the areas showcase possible limitations to the physical dimensioning of the CDC a more interesting point is how 
the workspace influences the interaction between electrical fitter and CDC. By determining workspace, conclusions 
regarding sub-solutions can be made. Showcased on illustration 69, sub-solutions interfering with a crossed-out 
space are dismissed.  

As observed in front view, the CDC is limited in 
height due to urban placement. In the urban en-
vironment, CDCs are placed with their backside 
against the walls of buildings, leaving the front as 

a possible workspace.  

As observed from the front view and side view, the 
CDC is limited to its immediate adjacent area and 
its backside. From this perspective, the electrical 
fitters ‘tool space’ can be observed and marked in 
the maneuver space, adjacent to the immediate 

workspace of the front.  

The workspace describes the immediate area around the CDC where it can take up space, either through physical 
presence or active movement. The workspace is perceived from three perspectives of the cabinet, the front, the side 
and the top, shaped by knowledge of parameters Electrical fitters’ workflow and urban context (app. 11, 12, 14). By 
visually determining the workspace from known parameters, development decisions regarding the proposals charac-
teristics in an urban context can be supported. Furthermore, the solution-space can be narrowed down in relation to 
interaction making the next ideation session more tangible.  

Front View 

Side View Top View

Illustration 69



Cabinet System
Cabinet system

ABB
CDC2000

ABB 
TS-Line

ABB
Flex-Line

ABB
Combi-Line

Triarca
KSE

Triarca 
Trilite

Coating Rilsan n/a No Powder 
coated

n/a Rilsan or 
polyester

Rilsan

Isolation 
class

2 2 n/a n/a 2 2 2

Lock Triangle Triangle Triangle Padlock Triangle Triangle Triangle
Moisture
barrier

Yes Yes Yes Yes Yes Yes n/a
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MARKET ANALYSIS 
During the interview with Trefor (c.f. ‘Understanding the problem’ - ‘Understanding the stakeholders’) Per Sørensen 
mentioned the three manufacturers of CDCs in Denmark which are primarily used by them and other distribution 
companies. Triarca was one of these companies and are also the Trefor’s supplier and was therefore approached ear-
lier in the process. Besides Triarca there are also ABB and Cabinet Systems in Denmark. Furthermore, the results from 
the deconstruction of the cabinets showed a vast difference between designs. To gain an understanding of the market 
today and what similarities there are between cabinets a comparative analysis is therefore conducted. The analysis 
involves seven different product families from the three manufacturers. One from Cabinet System, two from Triarca 
and four from ABB.  When analysing at the seven products (app. 18) from illustration 70-72 some similarities can be 
observed. The products are made from three materials. Either aluminum, thermoplastic with fibre glass or stainless 
steel/galvanized steel. To prevent the surface being conductive most are coated. Either with Rilsan made from Nylon 
or polyester giving them isolation class II.  The standard today is to use triangular keys for either locks or bolts to lock 
the cabinet. None of the cabinets scores higher than 44 on an IP Code which correspond with waterproofing being an 
issue on existing cabinets. However, a moisture barrier is a common trait to prevent moisture from the ground and 
small animals entering. Ventilation exists in some products either in the top or on the door. Triarca and cabinet sys-
tems seems to value anti-graffiti surfaces and texture highly why ABB has less of a priority on it. Colour is dependent 
on the individual product, but some are fully customizable. 

When looking at the cabinets today their goal is to be lightweight, durable, safe and cheap. During the Triarca in-
terview (app. 7) it was mentioned that whether they win or lose the contracts for the different distribution cabinets 
often comes down to the smallest of price changing thus implying that price is the primary competitive aspect. The 
value proposition for the product proposal however is different from those of cabinets today. Instead of focusing on 
price-performance the new concept will focus on minimizing TCO (Total cost of ownership) during its lifespan. The 
goal is to provide an insurance for the distribution companies where a new cabinet would be cheaper than changing an 
existing multiple times due to water damage while also reducing manpower needed for maintenance. This has led to 
the following value proposition: To provide waterproof cabinets that ensure a reliable power supply during flooding. 

How will we differentiate?  

Illustration 70 Illustration 72Illustration 71
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WHY CAN’T WE JUST?
During development (‘Understanding the problem’ - ‘Initial direction’) certain ideas arose and were discarded among 
the team members as they were deemed “bad ideas”. Some of these solutions observered to be used in the real 
world, however. One of those covers up the cabinet (illustration 75) and extends the cabinet (illustration 81) (‘The 
Electrical Fitter). To better understand why these solutions were discarded as bad ideas, a step back was taken in the 
design process. The question of “why not use this solution/principle” was asked with the goal of understanding the 
solution-space. The following section describes the most prominent ‘why not’-scenarios: 

Taking inspiration from Niels, why not just grout the openings closed 
before each flood? This solution is found to be a coping strategy instead 
of a solution to the problem. Grouting requires a lot of manpower and 
time due to the number of vulnerable cabinets in Denmark. In addition, 
it would be costly to the distribution companies. A major concern with 
this kind of solution will be the difficulty of opening the cabinets again.  

One of the distribution companies’ current solutions is to try to cover 
the cabinet before an incident. Illustration 75 shows an attempt to cov-
er the cabinet with a barrel and 11 sidewalk tiles. In addition, the tech-
nicians pumped the barrel with air to create pressure to keep the water 
out. Illustration 76, showcase the inside of the cabinet and where the 
water level ultimately stopped. The attempt ultimately failed due to 
the barrel not being heavy enough to withstand the pressure of the 
water while also not being airtight.  

Taking inspiration from other counties, raising the cabinets to the util-
ity pole would be a viable and permanent solution. Although Danish 
Standards only include guidelines for the current distribution cable 
cabinets, the time, cost, and the effort to rewire the entire Danish pow-
er grid will be a major operation. In addition, the context of the cur-
rent placements of cabinets does not always allow for these kinds of 
changes.  

Grouting the 
openings closed 

Raise the 
cabinets

Cover it up

1

2

3

Illustration 73

Illustration75

Illustration 77

Illustration 74

Illustration 76

Illustration 78

Water
 level
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The manufacturing companies’ solution for the flooding problem is to 
extend the cabinets. When purchasing a cabinet, the customer can re-
quest an extra component, extending the cabinet by either 0.5, 0.75 or 
1 meter. Due to the various cabinet placements in different contexts, 
shown on illustration 81, an extension does not always allow for this 
type of solution due to blocking windows or the cabinets being placed 
in bushes. This was also verified during the CDC case study in chapter 1 
and when establishing the workspace of the electrical fitter. Research 
shows residents being unhappy with this solution because the cabinet 
blocks the view (Jørgensen, 2014). Even though this is the best currently 
solution, it is a coping strategy, and the cabinets can only be extended 
so far before inevitably flooding occurs. 

Evaluating the different products, it became apparent that three things were of importance for a product proposal. 
Firstly, the proposal must not be a coping strategy but instead a permanent solution that solves the flooding problem. 
Secondly, the proposal must fit into the existing infrastructure otherwise it will not succeed in implementation. And 
lastly, it must not require manpower present before/during each incident.  

This strategy seemed like a good idea to fulfill the city architects desire 
for removing the cabinets while also safekeeping them from flooding. 
However, since multiple residents often are utilizing the same cabinet, 
this would mean a huge restructuring of the power grid is necessary 
which would be expensive for all parts. Furthermore, the cabinet must 
be accessible for the distribution companies, which would not be pos-
sible if they were to be placed on private ground.  

Evaluation 

Extend the 
cabinet 

Place the cabinet 
inside the house 

5

4

Illustration 81

Illustration 79

Illustration 82

Illustration 80
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DESIGN BRIEF 2.0

A waterproof solution  

A design that blends into the urban enviornment 

A proposal that maintain and improve upon ex-
isting interaction interfaces 

How to design a waterproof cable distribution cabi-
net that ensures security of supply, during flooding, 
while fitting into the established infrastructure of 
the distribution companies and Danish power grid.

How to design a waterproof cable distribution cabi-
net that ensures security of supply, during flooding, 
while fitting into the established infrastructure of 
the distribution companies and Danish power grid.

To provide consumers like Niels and Line with agen-
cy during flooding incidents by maintaining the 
functionality of cable distribution cabinets giving 
them the resources needed to fend off flooding, 
while also designing a solution that integrates the 
product into the environment without compromis-
ing the workflow of the user.  

Distribution companies.

To provide waterproof cabinets that ensure a relia-
ble power supply during flooding. 

Distribution 
Companies

Citizens

Electrical Fitters

City Architects

Problem Statement Unique selling points  

Goal

Target group 

Value proposition 

Stakeholders: 
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The proposal must be able to withstand future, more severe flooding incidents

The solution must be labelled Must be able to operate in the temperature interval 
–25 to 40 degrees Celsius  

Must be able to operate in 100% humidity in –tem-
perature interval –25 to 27 degrees Celsius  

Must have an IK code of 10 

Must have an IP code of 34D+ 

Must be UV resistant in temperate climates

Must have a lock that prevents the public from ac-
cessing the interior  

Must have a triangle interface lock 

The panel handle must be above the ground

It must be possible to remove the entire front face 

The cables must be easily connected through the 
front 

Cables must enter the cabinet from below 

Manufactures name or trademark 

Type designation or identification number 
or any other means of identification

Means of identifying data of manufacture 

Rated current of the assembly

Rated voltage of the assembly

Rated frequency of the assembly

IEC 61439-X (X shall be defined)

The ambient air temperature must not exceed +40 
degrees (average over a period of 24h does not ex-
ceed 35 degrees. And under -25 degrees.   

The product proposal must be non-intrusive in the urban space 

The product proposal must be applicable in all contexts  

The proposal must function without needing permission in the build-up phase off an incident 

The product proposal must not encourage vandalism through its shape or surface 

The product proposal must not resemble other types of street furniture

The surface must not be conductive 

p. 14

p. 28

p. 28

p. 43

p. 43

p. 49

p. 40

p. 41

p. 22

p. 24

p. 25

p. 28

p. 42

p. 42

p. 28

p. 28

p. 49

p. 49

p. 40

p. 40

p. 40

p. 40

The product proposal must not corrode 

The product proposal must be resistant to salt 

The product proposal must be resistant to all types of water 

The product proposal must be integrated or invisible in the urban space 

The product proposal must be customizable regarding colour 

The product proposal must fit into the existing infrastructure of the power grid 

The solution must fit the standards dimensions 

The proposal must prevent moisture inside the cabinet 

 The product proposal must have the isolation class I 

 The front door must not intersect with the terrain  

The ID must be transferable from the old design 

It must be possible to lock the cables in place 

The busbars must be fixed into place

Danish Standards Danish Standards
(DS/EN IEC 61439-1:2021) (DS/EN ICE 61439-5:2023)

Aesthetics  

Functionality  
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DEVELOPMENT
CHAPTER

03  A NEW TAKE ON CABINETS
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SUMMARY
The following chapter is an extension of the de-
velopment phase converging (Dubberly, n.d.) 
based on the information gathered, and cov-
ers a new method regarding concept develop-
ment. A combinatorial design approach (Pahl 
et al., 2007) is utilized to discover two different 
concept directions. Throughout the chapter a 
more hands-on approach is utilized changing 
the team’s mindset towards reflection-in-ac-
tion (Malinin, 2018) and a build-measure-learn 
loops (Ries, 2011) where prototypes are built, 
and test performed. The chapter concludes by 
closing the development phase by determin-
ing the concept of the cabinet based on expert 
feedback. 

A Combinatorial Design 
Approach

Mini Tests

Feedback - An expert’s 
Opinion 1.0

A  Competition

3.4

3.5

3.3

3.2
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A COMBINATORIAL DESIGN APPROACH
Based on the additional information gained in chapter 
2 (Exploring the solution space – Development), the 
method of problem slicing (Dubberly, n.d.) (‘Chapter 2 
– The Initial Design Approach’) was resumed, but with a 
different approach, the goal being to converge towards 
a product proposal. A combinational design approach 
(Pahel et al., 2007) was attempted based on the insights 
from each stakeholder, leading to a different categori-
zation of the sub-solution (Dubberly, n.d.) from the first 
problem slicing attempt. From the 2nd attempt, seven 
slices were drawn, each showcasing different methods of 
solving the given slice (see illustration 83). With the infor-
mation gained from chapter 2, a narrowing of the solution 
space was achieved and sub-solutions from the previous 

slice could be eliminated (see illustration 83). By applying 
a combinatorial approach, the development phase be-
came more tangible since the focus area was narrowed 
down to two different slices, for example: A) The front 
edge must act as an edge for the door combined with 
full access to the interior. This step was then repeated 
combining the slices two and two.When moving on to the 
next step in the combinatorial process the team expe-
rienced stagnation. Trying to combine further combine 
the principles into one or more concepts became in-
tangible due to a lack of physical understanding of the 
different aspects of the principles. This is something 
that is going to be explored further in the next section 
of the report. 

Illustration 83

A
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m
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PROTOTYPING 1.0
To create a physical understanding of the principles described during the combina-
torial approach the team opted into rapid prototyping (Schrage, 2003) switching to 
a ‘reflection-in-action’ (Malinin, 2018) mindset while making concept development 
more tangible. The prototypes made were divided into; Locking mechanisms, Attach-
ments and 1:2 prototypes.

For the attachment of the door to the panel two concepts were made both inspired by the existing solution seen on 
the Triarca Trilite cabinet (illustration 84) 

Prototype C: (Illustration 87) shows a concept where cutouts are made into two flanges on the cabinet allowing for 
hooks to enter locking the door in place. 

Prototype A: A modification of the existing solution where pressure is created when tilting the door (illustration 85) 
onto the 90-degree section of the panel fixing the door in place and sealing the cabinet.

Prototype B: A cutout in the panel allows for two tabs mounted on the bottom of the door to attach to the back of 
the panel creating a seal between the parts

Attaching the door to the panel

Attaching the door to the cabinet Illustration 87

Illustration 86

Illustration 85

Illustration 84
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Illustration 88

Illustration 89

Illustration 90 Illustration 91

Prototype D: (illustration 88) is a concept where the door and panel are slid into the cabinet from the top and down-
wards creating a flush surface and meeting with a recess and tab that extends from side to side like prototype B.  

For the lid attachment prototypes of three principals were made.  

Prototype E: (illustration 89) is made up of two parts. The lid and a mechanism that allows the lid to lock in place. A 
spring is placed inside the box on the underside of the lid which folds in when pressing in on two buttons placed on 
the sides of the lid. The design resembles that of a door and requires minimal interaction when placing the lid while 
more steps are required to release it, allowing to accommodate for electricians and electrical fitters to easily close the 
cabinet multiple times during a scenario.

Prototype F: presents a solution where a frame is placed on top of the cabinet creating a 
surface for a squared lid to be placed upon. The frame was iterated upon multiple times, 
and on illustration 90 a variant can be seen that facilitates the attachment of a gasket. 

Prototype G: is a lid with an inte-
grated hinge that allows the top to 
be opened when interacting with the 
cabinet.

Attaching the lid 
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Illustration 94

Illustration 95 Illustration 96

Illustration 93Illustration 92

For the locking mechanism, two variants of locks were prototyped. The principle for both is a cam that is moved be-
hind a flange on the cabinet. Prototype H achieves this through a slider, inspired by the ABB cabinet while prototype I 
(illustration 94) uses a 90-degree turn lock.  

After building prototypes A-I and learning through multiple build-measure-learn loops (Ries, 2011) two 1:2 prototypes 
were built (illustration 95-96) to gain an understanding of the interaction between different parts when working in a 
larger scale

Prototype 1 (illustration 95): is a cabinet designed 
from one sheet where the sides are bent alongside a 
flange on either side. On the bottom and the top, a 
frame is attached creating an offset edge that allows 
for a gasket or O-ring to be placed connecting to all 
four edges of the door and panel. 

Prototype 2 (illustration 96): is designed to avoid 
joints on the lid by bending a cardboard to create 
the top, and sides alongside two internal walls that 
also covers parts of the bottom. The trade-off for 
this design is that the back of the cabinet must be 
attached separately. Prototype 2 also address the 
waterproofing of the cabinet differently and is made 
with the ambition of making it airtight to prevent wa-
ter from entering. This will be explained alongside 
two other concepts in the following section. 

Locking mechanisms 

1:2 scale models 
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Although today’s versions of diving bells func-
tions by a pump regulating the air pressure inside 
the bell (Britannia, n.d.), the historical diving bells 
functions by trapping air inside, making it impos-
sible for water to enter due to the pressure of the 
air. Imagine a sink full of water and when sinking 
a glass upside down a pocket of air is trapped in-
side, restricting the water from entering the glass 
(Bryant, n.d). 

The airtight concept builds upon prototype 2’s design. 
The concept includes an airtight design based on a prin-
ciple that is mostly seen in diving bell designs. Although 
the distribution companies currently try to prevent water 
inside the cabinet (‘Chapter 1 - ‘Understanding stake-
holders & experts’), this concept allows a small amount 
of water to enter in between the walls. The idea is to take 
control of the water, deciding how and where it enters the 
cabinet in case of flooding, thus redefining the team’s 
understanding of ‘a waterproof’ solution.  

01 CONCEPT
An Airtight Design 

Illustration 97

THE CONCEPTS 
After combining the principles into more detailed solutions and creating prototypes a new brainstorm session was 
initiated based upon the previous ideas. This led to three concept directions: 1) An airtight design and (2) A waterproof 
design 3) A sliding top.

The half walls inside the cabinet are intended to control 
the water level, ensuring the water can only rise to a cer-
tain point.The complicated process of sealing multiple 
surfaces at different assembly points is simplified thus 
reducing potential sources of errors. By applying the div-
ing bell principle in the design, an open bottom can be 
achieved making cable entry easier. Something of rele-
vance when considering the fluctuating number of ca-
bles in each current cable cabinet already placed. 
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The waterproof concept builds upon a fully sealed cabi-
net. It is constituted of five components that have to be 
attached to each other on site. A base which is placed in 
the ground, a bottom plate which allows for cable entry, a 
panel, a door and a lid that fixates the door in place. The 
concept revolves around cables entering either through 
cable glands or triangular rubber attachment. When the 
water rises the pressure of the seal is amplified securing 
the integrity of the cabinet. The cabinets base is built on 
prototype 1’s design and aims to create four edges around 
the cabinet, being the bottom, top and two flanges that a 
gasket can be attached to.  

The 3rd concept challenges the current interac-
tion and interface of the CDC today. Instead of 
removing the front door during use the top of the 
cabinet is placed on sliders and can be moved up 
to access the interior. This design goes against 
the discoveries regarding the workspace (c.f. ‘Ex-
ploring the solution space’ - ‘Defining the work-
space’) and even though the concept in certain 
aspects weren’t feasible, showing a radical design 
to the users would give valuable insights. 

In order to choose a concept direction, feedback from the stakehold-
ers was needed. The three directions present different ways to wa-
terproof the cabinet but greatly differentiate in their way of doing it 
thus changing the workflow of the electrical fitters. A new meeting 
was therefore established to gain feedback on the concept directions. 

02

03

CONCEPT

CONCEPT

A Waterproof Design 

A Sliding Design   

Illustration 98

Illustration 99
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Illustration 100

Illustration 101

Illustration 102

Illustration 103

MINI TESTS 
To better understand the three project di-
rections, a set of mini tests were conducted. 
Firstly, a test of the airtight solution was done 
in mini scale to validate if it was possible to 
prevent water from entering with an open 
bottom. Secondly, some of the sealing meth-
ods considered for the front door were tested 
since both concepts relied on an opening in 
the front.  

A quick test of the airtight solution was con-
ducted by 3D printing the concept on a scale 
of 1:5. The test checked if water would flood 
the cabinet’s interior from below. A see-
through acrylic sheet was then grouted to the 
front of a 3D printed model to seal the edges 
and to ensure an airtight model left only one 
point of entry for air. Before the experiment 
could take place, the model was filled with 
water to ensure no leaks would occur.  

To simulate a CDC a container was filled with 
soil. The 3D model was then placed before 
adding water. When adding water, the model 
started to float to the top before eventually 
tilting due to buoyancy (Illustration 102). To 
prevent this from happening a lid was care-
fully placed on top of the container to hold 
down the 3D model. The model was then left 
overnight.  

Although the experiment progressed as 
hoped and no water was present inside the 
cabinet and additional concern the design 
emerged. When inspecting the model, con-
densation on the acrylic sheet was clearly vis-
ible (see illustration 103).  

Preparation and hypothesis:  

The test:

The result:

01 TEST
Airtight solution   

buoyancy?
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Illustration 104

Illustration 105

Illustration 106

Illustration 107

The first test aimed to examine how a sealing between the 
door and the base would function. A box resembling the 
cabinet was made (illustration 104) with two flanges. A door 
was then designed that would create a flush surface while 
allowing for sealing tape. When applying equal pressure on 
the sides, the sealing would deny water from exiting the box 
(illustration 105). However, when filling the box with water a 
leak was discovered between the bottom of the door and the 
bottom of the box. Due to 3D print warping (edges of the print 
lifting during the printing phase) occurred, it compromised 
the integrity of the test, and it was discarded.  

When discussing ranking the different sub-solutions for the 
cabinet’s front door, it was decided to conduct mini experi-
ments to hopefully narrow the potential solutions. Two types 
of barriers were 3D printed and then tested to see if water 
would penetrate the seal.

A slip of rubber is placed between the two components that 
resembles the joint between door and panel and pressed 
down into the box, seen on illustration 106. When a down-
ward force is applied, the components are squished together, 
prohibiting the water to get though. The barrier was placed in 
a container and all surrounding edges were sealed with seal-
ing tape. One side of the barrier was then filled with water. The 
experiment was left alone for approximately 10 minutes. Af-
ter some time, water slowly began to leak onto the other side 
of the barrier.  When identifying where the leak was coming 
from, it was found to be a gap in the tape used. The sealing 
between the two components, however, functioned.  

When evaluating the three quick tests some key takeaways 
were identified. The first test showed that buoyancy and 
condensation could be a problem when the cabinet is sealed 
and must therefore be investigated further. When looking at 
the two sealing experiments it was concluded that the tests 
only evaluated whether or not the principle worked. Since 
these principles were observed and inspired from current 
solutions, the sealing method is already confirmed to be via-
ble. Instead, a sealing method test must look at the concept 
holistically so it can be tested in relation to its use scenario.  

Sealing method 1:

Sealing method 2: 

Evaluation:

02 TEST
A sub-solution 
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FEEDBACK - AN EXPERT’S OPINION 1.0
When deciding the direction of the concept, an expert’s opinion was needed and the N1 electrical fitters were contact-
ed again. In addition, an interview was also set up with an electrician in the team’s network since it had been discov-
ered that electricians also work with CDC’s. For both interviews prototypes and sketches were brought.  

The interview with the electrician (app. 19) was 
a semi-structured interview (Delve, n.d.) out 
of context limiting the information to act-
ing-out and situated-use (Bagger & Spersch-
neider, 2003). During the interview the team 
obtained a supply cable (illustration 108) in 
addition to the cables previously gathered (il-
lustration 24) giving an understanding of the 
rigid nature of supply cables. The interview 
also provided the following insights:  

To not damage the connectors 
inside a cable it is important not 
to bend it with too small of a ra-
dius (illustration 109). Most cables 
have an assigned radius often de-
fined as diameter multiplied by 
a factor often between Dx4 and 
Dx16 (Nexans, u.d.).  

Interview with electrician
A CDC might be opened multiple times each 
time an electrician or fitter interact with it since 
they cannot leave them while being open. 

The cables must be static for the connectors 
(illustration 108) inside not to break over time.  

The size of supply cables is increasing due to in-
creasing demands (e.g. electrical vehicles).

The cables are buried up to 70 cm below ground.  

The bending radius of the cables are important 
for not damaging them. 

Illustration 108

Illustration 109

Based on the interview with the electrician and the elec-
trical fitters (c.f. ‘Exploring the solution space’ - ‘The 
Electrical Fitter’) five scenarios were illustrated. These 
each describe what task(s) and interaction(s) the user ex-
periences during their work.   

Scenarios 

The product proposal must not exceed 70 cm below ground 
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Illustration 110

Illustration 111

Illustration 112

Illustration 113

Illustration 114

Disable cabinet

Disable cabinet

Disable cabinet

Excavation of new cables

Excavation of new cables

Extend cables

Extend cables

Install cables

Install cables

Connect fuses

Install cables

Take off covers

Take off covers

Take off covers Take off covers

Take off covers

Disconnects power

Disconnects power

Change cabinet

Change cabinet

Place cabinet

Place cabinet

Close cabinet

Close cabinet

Close cabinet

Close cabinet Close cabinet

Close cabinet

By comparing the five scenarios it becomes clear that the removal of the front door l is a guaranteed interaction 
whenever someone interacts with the CDC. The panel is removed in every scenario except in number 5 and as such 
is also frequent interaction between user and product and the same is true for attachment of cables. For scenario 
1-3, which is the fitters’ tasks solely, the attachment of fuse boxes and placement of cabinet also occurs alongside 
potential extensions of cables in scenario 2.  

01

02

03

04

05

ELECTRICAL FITTERS

ELECTRICAL FITTERS

ELECTRICAL FITTERS

ELECTRICAL FITTERS & ELECTRICIANS

ELECTRICIANS

Changing a cabinet

Extending a cabinet 

Installing a new cabinet 

Changing or adding cables

Disconnecting fuses 



PAGE 68

“In terms of workflow, the concept is very nice. Al-
though I’m concerned about electricians not closing 
the cabinet correctly.” - Jeppe Filt, Electrician.

The cables must not be stressed and bend, otherwise 
the connectors inside might break” - Jeppe Filt, Elec-
trician.

Opportunities 

Concerns 

“The cables only get bigger, and the number of cables 
is increasing, so if you minimize the space in the bot-
tom, it might be a problem. We don’t want to stack 
the cables on top of each other.” - Mads Erik Eriksen, 
Electrical Fitter

“It’s a super nice concept on paper – Would be better 
ergonomics from the increased height but it wouldn’t 
work in praxis.”  - Jeppe Filt, Electrician

“If the cables are attached properly, the cabinet won’t 
go anywhere, I don’t think. Also, typically gravel is 
placed in the bottom of the plinth.” - Mathias Kodahl 
Jensen, Electrical Fitter

 “You have to gradually switch between them [Speaking 
of tightening wheel nuts] to ensure the wheel is placed 
correctly so you would have to number the screws if 
using screws for the front door] - Jeppe Filt, Electrician.

“It will be too difficult to open the lid due to all the rigid 
cables that are connected to the interior”  - Jeppe Filt, 
Electrician.

Review of the airtight concept 

Review of the sliding concept 

Our evaluation

Our evaluation

Accommodating for the changing number of 
cables in each cable cabinet.  

After discussing the product proposal with the electrician alongside the previously known issues (c.f. ‘A 
combinatorial design approach’) the team decided not to pursue this direction further and therefore didn’t 
discuss it with the electrical fitters.  

Buoyancy when flooded.  

Installing future cables won’t be an issue. 

No interfering with the current workflow.  

Carelessness when closing the door or the pan-
el.

Condensation in the cabinet. 

The product proposal must not exceed 70 cm below ground 



PAGE 69

“The cable glands sit at the bottom of the cabinet, cre-
ating a blind working area and that can be a problem” 
- Jeppe Filt, Electrician.

Opportunities 

Concerns 

“I see most potential in this concept. Getting cables 
through individual holes would be no problem.” - Jeppe 
Filt, Electrician

“We currently tilt the cables inside the cabinet, because 
it’s the easiest.” - Mads Erik Eriksen 

“The electric supply cables are non-flexible; you can-
not bend it. It may be possible to bend the power ca-
bles running into the house.” - Mathias Kodahl Jensen 

“With cable glands you can tighten them to much twist-
ing the gasket and ruining it” - Jeppe Filt, Electrician.

Review of the waterproof concept 

Choosing a concept

Our evaluation

The feedback from the electrician and electrical 
fitters were contradictory on certain aspects when 
asked about the favorable concept. The electrician 
favoured the waterproof concept while the electri-
cal fitters preferred airtight. When looking at the five 
scenarios this feedback makes sense. The electrician 
works with less rigid cables and do not have to deal 
with inserting the fuses boxes. Overall, they perform 
fewer interaction types than the fitters do however, 
they perform them more frequent. The argument for 
choosing a waterproof design was to accommodate 
for the number of times the electricians must open 
or close the cabinet while working. A potential mis-
management when interacting with the cabinet could 
occur and the waterproof design is more forgiving in 
that sense. It was chosen to move forward with an 
airtight design due to it accommodating all types of 
interactions better. It allowed for the addition of ca-
bles after the initial installation. Furthermore, it also 
had fewer potential points of failure with no bottom 
and an attached top meaning only the door and pan-
el had to be airtight when locked. Overall, the con-
cept disrupted the current workflow of the fitters the 
least possible making it ideal.  However, based on 
the feedback of the two interviews the concept was 
adjusted also combining some of the features of the 
waterproof concepts. Illustration 115-116 shows a new 
mock-up. The base of the cabinet was changed to 
that of the waterproof concept thus simplifying the 
production. A new design was made for the gasket. 
Instead of the frame from the waterproof concept 

The point of failure is not critical. Compared to 
an airtight design, the door and panels are not 
critical points of failure. 

The number of joints between sealings and ca-
bles creating a lot of weak points. 

Utilizing existing solutions within electrical 
sealing.

Entry for the supply cable.

Adding additional cables.

The workflow when installing the cables.

a recess is made for the gasket (illustration 116) by 
bending the flanges on the front of the cabinet while 
also extending one edge of the lid. The main design 
challenges for the new concept were the sealing be-
tween lid, door, panel and base alongside the joint 
necessary for the recess when it goes from base to lid 
(illustration 116). Something that will be explored in 
the following chapter.  

Illustration 116Illustration 115
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COMPETITION 
During further research of distribution companies in Denmark the team gained access to documents (app. 20 ) from a 
ruling between Triarca and Nexel, the owner of the distribution companies Radius and Cerius on Zealand (see illustra-
tion 17 in ‘Chapter 1’ - ‘Cable Distribution Cabinets’). Triarca had complained to The Danish Complaints Board for Public 
Procurement (Nævnenes Hus, n.d) that Nexel chose ABB as their supplier from 2023-2028 during a tendering process 
since ABB should have been disqualified. In the document a set of requirements were set to the supplier in order for 
them to be able to win the contract. When evaluating possible contenders Nexel rates the proposal as follows: 60% 
price, 30% tests and 10% QHSE (quality, health, safety, environment).  Based on these requirements the following 
product specifications could be made:  

Besides the requirements the documents also showed that Radius and Cerius buys 5735 cabinets every year. Compar-
ing this to their total cabinets of xxx an estimate can be made on how many cabinets are being bought in Denmark 
each year. Cerius and Radius combined has 302.000 (Cerius, n.d. & Radius, n.d.) cabinets out of the roughly 1.1 million 
(Greenpower, 2019) in Denmark which equals 27.5% of the total number of cabinets. Given the assumption that all 
distribution buys the same % of new cabinets each year this would set the yearly acquisition of CDCs in Denmark to 
roughly 21.000 cabinets.   

The cabinet must be able to be coloured based on the RAL system. 

The cabinet must be designed to prevent condensation around the 
interior.

Maximum height above ground: 900mm.

Maximum depth: 280.

The cabinet should be coated with anti graffiti.

Must have identification of class II insulation.

Maximum weight 40 kg.

Must be able to attach 10 characters in the ID holder.



The product proposal must not resemble other types of street furniture p. 43
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The requirements from Danish Standards can be found in ‘The Initial Design Brief on page 31.

The cabinet must be designed to prevent condensation around the interior

Maximum height above ground: 900mm

Maximum depth: 280 mm

The cabinet should be coated with anti graffiti.

Must not exceed 70 cm below ground

Maximum weight 40 kg

Must be able to attach 10 characters in the ID holder.

DESIGN BRIEF 3.0

The proposal must be able to withstand future, more severe flooding incidents

The product proposal must be applicable in all contexts  

The proposal must function without needing permission in the build-up phase off an incident 

The product proposal must not encourage vandalism through its shape or surface 

The surface must not be conductive 

p. 14

p. 68

p. 28

p. 40

p. 22

p. 24

p. 25

p. 28

p. 42

p.68

p. 28

p. 68

p. 68

p. 68

p. 68

p. 68

p. 68

p. 64

p. 66

p. 40

The product proposal must not corrode 

The product proposal must be resistant to salt 

The product proposal must be resistant to all types of water 

The product proposal must be integrated or invisible in the urban space 

The cabinet must be able to be coloured based on the RAL system.

The product proposal must fit into the existing infrastructure of the power grid 

The proposal Must have identification of class II insulation

The ID must be transferable from the old design 

Cable must be fixed next to each other

Aesthetics  

Functionality  

p. 40The busbars must be fixed into place

Must have a triangle interface lock 

It must be possible to remove the entire front face 
p. 49

p. 41
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SUMMARY
The following chapter showcases the initial de-
tailing of the product. The concept is problem 
sliced (Dubberly, n.d.) into major subsections 
to be detailed. Due to the integrated nature of 
the CDC as a product type, multiple themes are 
addressed and executed in parallel through-
out the process continuing with the hands-
on mindset from chapter three. The parallel 
process of the chapter has been simplified to 
a linear process in the report where the most 
essential parts of the concept are detailed first 
making the process easier to comprehend. 
The proposal has been detailed through tests, 
prototypes and expert sparring. The chapter 
concludes by presenting the product proposal; 
Nereus. 

Problem Slicing

Coating

Creating the Seal

How Do We Connect the 
Door And the Panel?

Addressing the Buoyancy

What About Condensation? 

Defining the Interior De-
sign

How Do We Close Cabinet?

Nereus AT46

4.4

4.5

4.7

4.9

4.10

4.6

4.8

4.3

4.2
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PROBLEM SLICING 
With an overall concept designed to solve the flooding 
problem a detailing phase is begun to transform the cab-
inet from sketch (illustration 117) to detailed CAD mod-
el. During the rapid prototyping process (‘A New Take on 
Cabinets’ - ‘Prototyping’) different models were made 
with the intention of using metal bending as a production 
method. The specific metal will be specified during ma-
terial consideration after a design has been made but the 
initial thoughts using an unspecified metal. 

Although elements of the cabinet are very much depend-
ent on each other and it is difficult to break up into small 
sections, the current concept design is sliced into slightly 
bigger, but tangible pieces to retain a manageable over-
view of the process (Dubberly n.d.). On illustration 117, 

SEALING

PANEL

DOOR

INTERIOR

PLINTH

LOCKING MECHANISM

LID

the design is broken up into five parts: Sealing, lid, pan-
el/door, interior, plinth and locking mechanism since 
these are the main areas where different components in-
teract with each other. The concept will be detailed in said 
order starting with the sealing since it lays the foundation 
for the airtight concept and is intertwined with all other 
aspects. The illustration will be updated throughout the 
chapter until a complete 3D model is achieved. It should 
be mentioned that even though not thoroughly explored 
yet, the design’s initial measurement is based on the Tri-
arca Trilite cabinet to have a reference point making the 
detailing process even more tangible. Throughout the 
chapter tests and ideations will be conducted to specify 
these measurements to the product proposal needs. 

Illustration 117
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USING COATING TO OUR ADVANTAGE 
In the earlier stages of detailing the concept the question of “How do we ensure, that the CDC is airtight?” was asked. 
During ‘The Initial Design Approach’ (chapter 2), O-rings and rubber gaskets were identified as being effective and ver-
satile solutions that can be adapted to a variety of different industrial usages under different circumstances. Utilizing 
their versatility and ability to be adapted into different scenarios made them ideal for the sealing between door/panel 
and cabinet. However, it was discovered that during the attachment of the lid, even though not fully detailed, small 
airgaps would be inevitably which would have to be sealed. The idea was therefore to utilize a coating to cover these 
gaps while also achieving the requirement of a double insulation class.  

Because the cable cabinets are placed outdoors, it is important to 
protect it against the weather, more specifically against corrosion. 
From the ‘Market Analysis’ in chapter 2, it was discovered that a 
Rilsan powder coating was favored by some of the competitors, 
leading to a case study (app. 21). Furthermore, the market analysis 
also showed the coating had the ability to be colored with RAL after 
demand thus fulfilling requirement: ‘The cabinet must be able to 
be coloured based on the RAL system’. Rilsan is a thermoplastic 
synthetic coating made from castor oil (illustration 118), that is de-
rived from plants. It is a nylon coating that is a cheap and durable 
alternative to stainless steel (Kersten, 2024) that provides a strong 
abrasion resistance and resilience (CSI, 2020). Multiple variants ex-
ists but for outdoor applications,  Rilsan PA11 is the most common. 
In appendix 21 a more in-depth comparison can be found between 
variants. PA11 It is more flexible, has a lower permeability, improved 
impact properties and better dimensional stability than other vari-
ants. In addition, this type of coating is light weight and can last for 
over 50 years (Arkema, 2024), making this coating the top candi-
date for the product proposal.  

Permeability is a term that is used to describe 
the capability of gas or liquid to pass through 
a porus material (Cambridge Dictionary, n.d). 
It is defined as: 

Rilsan is often applied in a thickness of 0,25-0,5 mm. To ensure a uniform coating four inserts are placed in the based. 
These are used to stabilize the base during the dip process, which will be elaborated upon further in the production 
section of the report. Then connecting to both the surface of the lid and base of the cabinet this will create a coating of 
0,5-1 mm thus sealing the openings. To further validate the use of Rilsan to coat the cabinet an analysis from Arkema 
(2022a) showed, that when comparing the permeability with that of PVC plasticized and natural rubber the Rilsan is 
far superior. A permeability test shows how many grams of gas particles move through the material in 24 hours (app. 
21). The results show that 2g of air can travel through the material at 20 degrees pr square meter. This would mean 
that the coating makes the cabinet practically airtight since the area of open surface is so small and Rilsan is therefore 
chosen also securing an insulation class of II.  

 “The velocity with which a fluid of specified vis-
cosity, under the influence of a given pressure, 
passes through a sample having a certain cross 
section and thickness.” - Britannica, 2024 

Rilsan 

Permeability 

Illustration 118

Illustration 119
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CREATING THE SEAL 
With the lid fixed to the base, this only leaves 
the front door and the front panel to be sealed 
against the base with either a rubber gasket or 
an O-ring. In this section different lids will be 
presented and the question of “how to make 
an airtight seal between (1) the door and the 
base? (2) the panel and the base?” (showcased 
on Illustration 120) will be answered. To start 
off, the process was slowly moving away from 
sketches and towards cardboard prototypes 
applying a build-measure-learn (Ries, 2011) 
mindset simultaneously with reflecting-in ac-
tion (Malinin, 2018). The purpose was to better 
the understanding of how the lid was to meet 
base. Illustrations 121-124 showcase different 
methods of how the lid potentially could look 
like. Additional ideas not presented are listed 
in appendix 22. 

In this idea, the lid has a bend flange and three separate 
rubber seals for each edge. A gasket is placed in the slits 
on the edges of the base in addition to the lid to ensure 
the seal won’t move when closing or opening the front 
door. A concern with this idea was the seal on the lid be-
ing placed too far back.  

This idea builds upon bending a flange on the lid like pre-
sented on illustration 121, in order to continue the slits 
from the base. A rubber gasket or an O-ring is placed in 
the slit. Upon reviewing, the feasibility of a 90-degree 
bending radius of a rubber seal was a concern.  

To accommodate for the concern of the gasket being 
placed too far back into the cabinet in the 3rd idea, this 
idea ensures that the gasket will be able to stay flush with 
the edges of the base. Although the joints are now flush 
with each other, a concern is a potential air gap when op-
erating with separate rubber parts.  

To solve the concern of the 90-degree bending radius, a 
lid with a rounded flange was attempted. Although the 
design solved the problem, a new difficulty of connect-
ing the lid and the base arose due to the different shapes.  

Illustration 120

Illustration 123

Illustration 121

Illustration 124

Illustration 122
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During the construction of different lids, desktop research on different materials best suited for the seal was explored 
(app. 23). Even though it was possible to narrow the material down to two different sealing materials: EPDM and Ni-
trile, a decision could not be made. Both materials seemed good in an outdoor context, however, the main gap of 
reliable information was the lifetime of the materials when used as sealing. A meeting was therefore established to 
gain expert knowledge.  

Illustration 127

Illustration 125

Illustration 126

To help the team make a deci-
sion in terms of sealing mate-
rial, Aalborg Gummivarefabrik 
(AAG) was contacted to gain a 
better understanding of the 
difference between EPDM 
and nitrile. A visit in addition to 
a meeting with Henrik Meller-
gaard at Aalborg Gummivare-
fabrik was established to gain 
feedback on the different lids 
in addition to the base design. 
Some of the key insights were 
as follows:  

During the visit to Aalborg Gummivarefabrik, 
five different types of rubber gasket samples 
were acquired, shown on illustration 125. In 
addition to the interview, specifications such 
as bending radius, price, material type were 
researched (app. 24) to guide the team in the 
right direction. It was observed that the gas-
kets with a clamping profile were around three 
times as expensive as the ones without. A solid 
cellular gasket was also acquired but informa-
tion from AAG showed that it was more prone 
to damage if over compressed.  Even though 
expensive when comparing the five samples, 
the rubber gasket chosen was an EPDM cellular 
rubber clamping profile with steel posts (see il-
lustration125). With a clamping profile it is pos-
sible to attach the gasket on both the front and 
side giving flexibility in the design process while 
controlling the compression by customizing the 
cross section. Furthermore, this type of gasket 
is not dependent on adhesive due to a clamp-
ing profile also allowing for easy replacement. 
The gasket chosen is a recommended Ø16 mm 
gasket with a bending radius of 20 mm (app. 24) 
that is a standard assortment gasket for AAG.

With the sealing method decided, detailing of the base in addition 
to the lid could progress further. Another round of rapid prototyp-
ing with cardboard and the gasket sample was conducted. Due to 
the gaskets clamping placement and the wish to have one contin-
uous gasket all the way around the cabinet, the lid was detailed to 
have a curve with a radius of 20 mm as shown on illustration 126, 
securing the attachment of the gasket without twisting it. Further-
more, it was decided to change the base flanges (see illustration 
127) to accommodate the new lid.  

Consulting an expert 

Choosing the gasket Modifying the design  

The gasket must be produced in EDPM, due to the material being better suited 
for outdoor applications and will last longer.  

The lifespan of an EDPM rubber gasket is approximately 20 years. Due to the 
requirements stating the proposal must last 50 years, the ability to change the 
gasket must be considered both when deciding the type of gasket and how the 
gasket is attached to the product proposal. 

When showcasing the different lids, the designs with separate gasket joints (idea 
3 and 4) would potentially compromise an airtight concept.

The door and the panal must equally distribute its pressure on the gasket to 
ensure its integrity. 
A gasket is better suited than an O-ring since it can be shaped to our form.  

The door and the panal must equally distribute its pressure on the gasket 
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HOW DO WE CONNECT THE 
DOOR AND THE PANEL?
Continuing the journey of detailing the product proposal, the question of “how the connect the door and the panel?” 
was the next task to untangle. The starting point from chapter 3 was an attachment system inspired by the Trilite 
cabinet (see illustration 128) where the door and the panel locks together when the door is tilted into place. When 
designed with the correct tilting angle the hypothesis is that just the right amount of pressure will be applied on the 
gasket creating a tight seal. For the development of the door and panel, a set of design parameters were set:  

A hook-inspired system was initially test-
ed, with the idea of making the tilting and 
interlocking go smoothly and prevent the 
components from moving, once the tilt had 
completed. However, it was quickly dis-
covered that to make the two hooks meet 
would require one hook to be shorter (il-
lustration 129), compromising the tension 
and stability between the parts, allowing 
the door to move. A fear was that if the pro-
cess was to not end in tension, or the per-
son performing the tilt would have trouble 
making the parts interlock, they would re-
sort to a more aggressive approach to close 
the front door, putting the rubber gasket at 
risk of being damaged. A prototype of the 
interlocking, inspired by the existing Triarca 
Trilite, is therefore made (illustration 130 and 
131) which tests the system as one contin-
uous bent surface. The challenge becomes 
determining the dimensioning of the inter-
locking parts and the angle of where tension 
is created, but interaction stays smooth. 
 To truly understand the relationship be-
tween angles of the interlocking and the 
interaction, prototypes of the relevant com-
ponents must be built in materials with sim-
ilar characteristics to the metal of the CDC. 
A verification process has been planned to 
take place after hand-in. 

The front door must be tilted into place. 

During the tilt, tension between the front door and front panel should increase. The tension is needed to 
ensure a good compression on the sealing gasket at the bottom of the door. 

The Front Panel must be secured to the body in a way that the tension does not compromise its shape or 
function. 

The action of tilting and closing the Front Door must be manageable for the people interacting with the 
CDC. 

The front panel must act as an edge to the front door.

Tension

Illustration 129Illustration 128
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To simplify the design and remove the complexity of cre-
ating an airtight seal between three components: door, 
panel, base it was decided to only have the cabinet air-
tight from the door and upwards since the panel primar-
ily was underground anyway. To achieve this the gasket is 
changed to being at the bottom of the door and closed 
at the ends preventing dirt or small animals from enter-
ing. Furthermore, this also reduces the cost related to 
sealing the cabinet overall creating a win-win situation. 
The placement of the rubber gasket is shown in illustra-
tion 132. 

Hypothesis: Angles 45/45, two sides meet! How much 
tension? How is interaction? How long would the sides be 
to create good tension?

Triarca Trilite: Angles unknown. The two sides do not meet; 
therefore no tension is felt when testing on the cabinet. 

Tilt
Tension

Illustration 130

Illustration 131

Illustration 132
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DEFINING THE 
INTERIOR DESIGN
When defining the interior of the design, it 
was decided to base the busbar system on 
that of Triarca’s Trilite cable cabinet (‘Explor-
ing the Solution Space’ - ‘Deconstruction of 
a CDC’). When exploring how to install the 
busbar system (see illustration 133), a few is-
sues need to be addressed since the concept 
differs from that of the Trilite cabinet today. 

It was observed during the initial user visit 
(‘Exploringt the Solution Space’ ‘The Electri-
cal Fitter’) that when the distribution compa-
nies receive a cabinet, the busbar system is 
already installed. During the deconstruction 
of the cabinets, the team learned that the 
busbar system is assembled and then insert-
ed from the top before a lid is attached (app. 
15 & 16). Due to the decision of fixing the lid 
to the base before getting it powder coated, 
it is no longer an option to install the interior 
from the top (see illustration 134). Should the 
interior be installed beforehand, the busbars 
and covers would be coated and it would no 
longer be useful, as the system’s function is 
to be conductive to transfer power. On the 
other hand, if the lid and base are coated 
separately the air gaps in-between will no 
longer be filled.  

When exploring if it was feasible to install 
the interior from the front, that was quick-
ly debunked. Because of the flanges on the 
edges of the cabinet, it would be difficult to 
maneuver the components into place with 
the current design (see illustration 135). The 
most likely idea would be to make the door as 
wide as the busbar system thus creating a lot 
of unutilized dead space on the sides. 

This left the installation of the system from 
beneath as the only option. To keep the in-
stallation method for the manufacture as 
simple as possible, it was decided to keep the 
components that the busbar rest on today 
(see illustration 136). This led to a redesign of 
the top metal brace creating a gap for the in-
terior to slide into and then being put down-
wards into place before securing it with a bolt 
showcased on illustration 137. 

Illustration 133

Illustration 135Illustration 134

Illustration 137Illustration 136

Lid in the way
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Illustration 138

After deciding on the sealing, attachment of the door and panel alongside the interior the outer dimensions of the 
cabinet above ground could be made. Due to the busbar system and the space, it needs alongside the parts that 
attach it, the width of the cabinet was set to 466 mm (illustration 138).  By adding flanges to the cabinet alongside a 
gasket the workspace is reduced for the electricians and electrical fitters. To compensate for this change, the depth 
of the cabinet has been increased to the maximum of 280 mm (illustration 138). A dimension dictated by the require-
ments set by Nexel’ (‘A New Take on Cabinets’ - ‘A Competition) when choosing new cabinets. For the cabinet’s height, 
a maximum of 900 mm above ground was dictated by the requirements from chapter 3. To ensure that the fitters can 
easily open them without the door intersecting with the ground the panel is placed 50 mm above ground. To further 
ensure the safety of the cabinet the busbar system is placed as far as possible away from ground level thus leading to 
a maximum cabinet height of 900 mm. 

On illustration 138  the outer dimensions of the product proposal above ground can be seen. The maximum dimen-
sions allowed are utilized to ensure easy interaction and the security of the electronics. The tradeoffs mean a heavier 
and more expensive cabinet. Something that must be evaluated upon when a finalized design is achieved.  

90
0 

m
m

50
  m

m

To dimension a cabinet 

466 mm
Ground

228 mm
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ADDRESSING THE BUOYANCY

When developing an airtight concept, buoyance has been a 
concern since choosing the direction. Even though when men-
tioning buoyance to the electrical fitters in chapter 3 (‘Feed-
back - An Experts’ Opinion’), they were convinced that the 
cabinet wouldn’t move if the cables are secured. When explor-
ing the different cable attachments methods in chapter 3 (‘A 
Combinatorial Design Approach’) cable binders were one of the 
options considered. It is a quick and effective way of attaching 
a cable and is always carried around by the users. To maintain 
the simple workflow, it was therefore decided to maintain the 
bar that is used today. 

During the interview with both N1 and Trefor’s electrical fitters 
(app. 11 and 12), it was discovered that for stability purposes, 
part of the plinth gets covered in gravel, something that could 
be utilized as counterweight for the cabinet.  When calculating 
the buoyancy (app. 25) the result showcased a force of 110 kg 
lifting the cabinet. Assuming that each of the four sub cables 
from the two supply cables pulls by an equal force, this would 
mean a downwards pull of 13,75 kg on each. To decrease this 
force the plinth was therefore made as long as possible. When 
visiting the electric fitters (app. 11 and  12) it was observed that 
the Triarca cabinet arrived with the plinth pushed into the cab-
inet. A design feature that would be ideal to replicate to mini-
mize transportation and packaging cost. As seen on illustration 
139 this allows for a plinth that is 450 mm whereof 420 mm can 
be filled with gravel as counterweight.  

The result shows that this amount of gravel only contributes 
approximately 44 kg of counterweight, leaving a remaining 66 
kg of buoyancy. When calculating the force each cable would 
be exposed to, the calculation assumed the remaining 66 kg 
would be equally spread amongst the eight distributions cable 
leaving a force of 8 kg meaning the gravel effectively reduced 
stress by 42%. A test with the ABB Combi-Line cabinet fuses 
was conducted to verify that the cables could withstand the 
force no problem (app. 26). With the results validating the as-
sumption no further investigation of counterweight was done.  

42
0 

m
m

Illustration 139
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HOW DO WE CLOSE THE CABINET?  
When exploring how to attach the front cover as well as the 
panel it was discussed whether both components need the 
same solution. Looking at the panel, the most essential part 
of the attachment is to secure it prober so it can act as edge 
for the front door to latch upon. The discoveries from the dif-
ferent use scenarios (‘A New Take on Cabinets’ - ‘Feedback - 
An Experts Opinion’) showed that this interaction is not nec-
essarily done every time and a simple screw solution were 
opted in to (illustration 110-114). It was considered using bolts 
with a triangle head but since the panel was underground lev-
el this seemed like an unnecessary cost increase which would 
also complicate the workflow. Locking the front door proves 
a bit more difficult to solve. The requirement states that the 
interface must be with a triangled interaction method and 
combined with the requirement of the product proposal being 
airtight, this narrows the solutions space significantly to either 
triangled bolts as seen on the ABB Combi-Line cabinet or tri-
angled locks such as rotary locks or compression locks.  When 
exploring the solution space, one of the first iterations was to 
lock the front door with triangled bolts. But during feedback, it 
became apparent that securing an equal pressure around the 
seal would be difficult with creating a specific sequence like 
seen on car tires (illustration 97), ultimately disrupting the us-
ers’ workflow. An alternative solution was to remove the front 
lock from the outside and make it a sliding lock mechanism on 
the inside (illustration 140) (‘A New Take on A Cabinets’ - ‘Proto-
typing 1.0’). However, due to the design of the flanges holding 
the gasket this and a fixed lid the access became impossible 
thus dismissing the idea. To compress the gasket sufficiently, a 
lock that pressed the door and base together was needed and 
compression locks with a triangular interface were explored. 
On illustration 142, a latching solution is shown. Turning the 
lock consists of a 180-degree rotation. The first 90 degrees 
move the cam from vertical to horizontal while the second 90 
degrees pulls the cam towards the base compressing the seal 
and creating a tight seal. Two maintain an equal pressure when 
a lock is placed on both sides (illustration 141), meaning the us-
ers only need to interact in two places to fixate the door thus 
disrupting the workflow minimally while maintaining a familiar 
interface. To validate these assumptions models were made of 
three ideas and a simulated scenario were conducted making it 
apparent that the compression latches changed the workflow 
the least. The compression lock chosen is the Southco E3-13-17 
(Southco, 2024) with a clockwise 90 degree turn and its coun-
terpart E3.223-17 (Southco, 2024) with counterclockwise rota-
tion. Both locks have a maximum compression force of 450N 
(app. 27).Illustration 141 shows the current design of the door. 
To create stability the edges are bent slightly inwards. An initial 
concern was that if the edge were to be extended until it con-
nected with the base then scratching could occur damaging the 
coating or gasket. The next step for the door and gasket design 
is to calculate whether the compression lock creates too much 
pressure, thus damaging the gasket. 

“You have to gradually switch between them 
[Speaking of tightening wheel nuts] to ensure 
the wheel is placed correctly so you would 
have to number the screws if using screws for 
the front door.” - Jeppe Filt, Electrician

“We open and close the door multiple times, 
and with a lot of screws, it would take too 
long and be annoying.” - Mathias Kodahl 
Jensen, Electrical Fitter

Illustration 141

Illustration 140

Illustration 142
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WHAT ABOUT CONDENSATION? 
Condensation can be perceived as the enemy of most electronics, espe-
cially within the CDC, as exposure to water creates a risk of corrosion of 
components and short-circuits to any electrical system. On a summer 
day, the aluminum cabinet absorbs heat from the sun. Combined with the 
heat-generating electronics within, the temperature of its insides can be 
expected to rise fast. Air that is heated can absorb and hold onto water, 
in the shape of water vapor (NASA, n.d). Once the temperature drops, or 
encounters a cooler surface, the water vapor is released, becoming the 
condensation we all know, either from the walls of our bathroom after a 
long, hot shower or enjoying a cold, canned beverage on a hot day (illus-
tration 143). This was also observed to be the case during the rapid pro-
totype tests (‘A New Take on Cabinets’ - ‘Prototyping 1.0’). The following 
section describes how this issue is solved for the product proposal.

To tackle the problem of condensation an experiment was set up where holes were added to the design of an airtight chamber. The hypothesis is that the water will only 
rise to the hole’s top point when submerged in water. This was tested and validated with small scale 3D printed models (app. 28). Creating holes in an airtight chamber 
might seem counterintuitive to its purpose, but if placed strategically, the idea is that they can help reduce condensation in the cabinet without compromising the ability 
to negate the effects of flooding.  

To validate possible features of the product proposal with the ability to negate the 
threat of internal condensation occurring, a test setup is created. 

Humidity sensors

Reinforced with 
silicone sealant

Front plastic 
sheet

Resealable 
holes

Covered in foil

Open bottom

The test is conducted in three setups: Without holes, with one hole on the back 
and lastly, a test with two holes on each side of a box. The goal is to test the effec-
tiveness of the holes for A) reducing moisture inside the cabinet B) reducing the 
temperature inside the cabinet. In addition, the box will be held above water for 10 
seconds and left alone for 30 minutes while the sensors record the temperature 
and RH values every 10 seconds. 

Working with condensation, and testing for ways to prevent it, three terms deserve clarification to simplify the process of understanding of their connection. 

Temperature (Celsius) can be perceived as a con-
tainer, changing its capacity and size depending on 
its value, The Temperature Bucket is created. All 
other values are relative to this. 

Relative Humidity (RH) (Percentage) describes how 
full of water vapor The Temperature Bucket has 
become. As the imaginary container changes in 
size, so does the required volume of water vapor 
for it to reach 100%. 

Once the RH reaches 100% The Temperature 
Bucket is full.  The dew point (celcius) describes the 
point where the bucket overflows, if the tempera-
ture drops but the vapor remains. The air releases 
vapor as water on nearby surfaces, causing con-
densation. 

Validating the test  

Testing setup The setup

Understanding the terms

Illustration 143

Illustration 148Illustration 147Illustration 146

Illustration 144

Illustration 145
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(see app. 29 for full results and data results). 

As the temperature differs from the top half of the cabi-
net to the bottom half, a problem occurs. It is known that 
hot and humid air rises. If the bottom half of the cab-
inet is significantly cooler, this part will have trouble in 
absorbing the vapor and escorting it out of the cabinet. 
As observed in the third setup, causing a greater divide 
between the RH values as temperature falls.  

When reviewing the results a few conclusions can be 
made: (1) The third setup shows that the temperature 
decreases rapidly in the bottom of the box compared 
to the top where it actually maintains temperature for 
longer. This causes only the imaginary bucket in the bot-
tom of the box to decrease in size. This means that the 
water vapor no longer can stay in the bucket and needs 
somewhere else to stay, causing it to rise to the top, thus 
increasing the RH as well.  For the product proposal, this 
means that there will be a major risk of condensation oc-
curring at the top of the cabinet if two ventilation holes 
are placed respectively to the 2nd setup. It was there-
fore decided to have one hole for ventilation only since 
the results indicate a slower-paced and uniform cooling, 

Takeaways

The results

Illustration 149

minimizing the risk of condensation. In addition, (2) for 
safety purposes, it was decided that a foam cutout was 
to be placed on the roof on the inside of the cabinet, to 
absorb and hold the water vapor until the air is able to 
absorb it.  

The diameter of the holes tested were of Ø 20 mm. A 
hole this size would allow for foreign objects and small 
animals to enter the cabinet thus risking the integrity of 
the solution. From the interview with the Electrical Fit-
ters (App. 11), snails entering the cabinet is an issue due 
to their slime beings conductive. To prevent this from 
happening with the ventilation holes, multiple holes are 
made with the diameter of 10mm. The holes are placed 
above ground but below the edge of the door to ensure 
an airtight chamber is maintained. It would be beneficial 
to conduct more tests to measure the effectiveness of 
the holes over a longer period to conclude the most ef-
fective configuration. These tests will conclude on:  

In this setup, a decrease in RH is also detected in the 
bottom half as well as a high RH at the top like in the 
2nd  setup. While the RH went down in the bottom 
half, along with the temperature, it seemed as if the 
solution worked well. However, during this discovery, 
it was noticed that the RH of the top was on the rise, 
raising speculation that the vapor simply rose to the 
higher, warmer part of the box, instead of escaping 
through the two holes. When the imaginary bucket 
of the top was full, the RH value of the bottom half 
seemed to steadily decrease, thanks to the holes.  

In this setup a decrease in RH in the bottom half due 
to its means of escaping through the hole. It stays 
high in the top, as humid air tends to rise upwards. 
If given more time, it is assumed that there would 
be a decrease in RH in the top half, once the air was 
able to transport the humidity to the bottom and out 
through the hole.  

This setup shows that there is a RH of 95 % (the cap 
of the sensor) at both ends of the box. The imagi-
nary bucket of the top and the bottom remains full 
throughout the test as temperature drops, because 
there is no way for the humid air to escape.  

The ability of the configuration to reduce RH in the 
bottom.

The ability of the configurations to reduce tempera-
ture in the bottom.



PAGE 86

NEREUS AT46
Nereus (illustration 160) is a reinterpretation 
of the traditional cable distribution cabinet. 
Thanks to its EPDM rubber gasket an airtight 
chamber is created, sealing the door along 
the edges.  A chamber which ensures that the 
flooding problem experienced today won’t 
affect Nereus. It has maintained key features 
such as a mounting bar for the cables (1), a 
name and ID tag for the distribution company 
(2), a locking mechanism utilizing a triangular 
interface (3) and a brace for stability (4).  

For the name and ID tag the height dimen-
sions of the Triarca cabinet were chosen. This 
ensures that the ID can be moved and elim-
inates the need for additional components. 
Requirement (‘Must be able to attach 10 
characters in the ID holder’) dictates that it 
must be possible to attach 10 letters to the 
cabinet. During the first user visit (‘Exploring 
the Solution Space’ - The Electrical Fitter) it 
was observed that the current cabinets facil-
itated 7 letters. Therefore, a new size is de-
signed with the capability of 10 letters.  

When moving the base of the aluminum cab-
inet after removing all other components 
(‘Exploring the Solution Space’ - ‘Deconstru-
ing of a CDC’) it was observed that a clear lack 
of stability was present hence the addition 
of a stability brace. It is therefore assumed 
that the design of Nereus will experience the 
same challenges and a brace is also added 
here. It is strategically placed in the back, so it 
won’t intersect with the plinth when moving it 
upwards. The goal of the Nereus cable cabi-
net is to ensure a reliable power supply during 
flooding so agency can be preserved for the 
end-user while also decreasing risks for the 
distribution companies.
With an initial model of the Nereus cabinet 
and a basic understanding of the relationship 
between components the concept can now 
be tested. The next chapter will work towards 
achieving a proof-of-concept (Gillis,2023) 
before transitioning to a proof-of-business-
case. 

The name identification tag

The stability brace
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Illustration 150
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SUMMARY
Choosing the Materials

How to look like an up-
grade? 

Interactions & Scenarios

The Last Details

Production

How is Nereus Assembled? 

Production Specifications

5.4

5.5

5.7

5.8

5.6

5.3

5.2This chapter presents the finalization of Nere-
us design. Through protoyping, tests and feed-
back from a production company adjustment 
are done, while simulation is performed to 
confirm the cabinet creates an airtight cham-
ber. This leads to the presentation of materi-
al choice, production methods and assembly.  
The chapter concludes with product specifica-
tions.  
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CHOOSING THE 
MATERIALS
Earlier on in the process it was decided that 
Nereus should be made from a metal (‘Prov-
ing the Concept’ - ‘Problem Slicing’) in order 
to use metal bending for production. During 
the market analysis (‘Exploring the Solution 
Space’ - ‘Market Analysis’) it was noted that 
the cabinets coated with Rilsan was produced 
in either aluminum, stainless steel or galva-
nized steel. For stainless steel the alloy 304 
were chosen since it is the most used and 
versatile material while being corrosion re-
sistant and having excellent bending prop-
erties (MetalTek, 2024).  The Aluminum alloy 
5052 were chosen due to the same proper-
ties being present (Kliecker Metal Corpora-
tion, 2020).  
On table 1 a comparison of different prop-
erties can be seen (MakeltFron, 2024) (Uni-
fiedalloys,2024) (Crossroad Galcanizering, 
2020). These properties are chosen based on 
discussion throughout regarding production, 
use and cost.

Even though the stainless steel has better 
corrosion resistance and is stronger alumi-
num is chosen to be the primary material for 
Nerues. Because the product gets coated, 
those properties are not as important. In-
stead, weight is of major importance for the 
fitters, discovered during the initial interviews. 
When analysing the CAD file (illustration 151) 
the volume can be found as 0.0052m3. This 
would mean a cabinet of SS304, Alu5052 and 
galvanized steel would weight approximately 
42 kg, 14 kg and 41 kg respectivly. Based on 
this aluminum 5052 is chosen as the material 
for Nereus.  

Stainles 
Steel
 304

Aluminum 
5052

Galvanized 
Steel

Density (g/cm3) 8,00 2,68 7,86
Corrosion resistance Low Medium Medium
Tensile strength (MPa) 505 290 565
Extrusion Yes Yes
Stamping Yes Yes Yes
Lasercut Yes Yes Yes
Deep drawing Yes Yes Yes
Can be rilsan coated Yes Yes Yes
Price Medium

-high
Medium Low

Table 1

Illustration 151
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HOW TO LOOK LIKE AN UPGRADE?  
Throughout the report the design of the CDC has been developed based on a form-follows-function approach. Dur-
ing the different ideation processes the more radical solutions have been dismissed due to the narrow solution-space 
(Dorst & Cross, 2001) dictated by the technical requirements. The functional aspect has overall dominated the design 
process.  From this point, a pursuit of intentional aesthetic development began, looking for minor opportunities to 
move within the boundaries of the solution-space while respecting the established and function-driven aspects of 
the CDC.  

Illustration 152

Illustration 153

For Nereus to be visually identified as a waterproof upgrade a case study of GoPRO cameras is conducted. GoPRO is 
a product line of small, action cameras, meant to be brought along by the user on their adventures. Looking at the 
evolution of the camera and its features (illustration 152) the story of the waterproof feature can be seen. Initially, an 
add-on solution that allowed the user to opt into a new use scenario was designed. Over time this feature became 
integrated into the design language of the GoPRO camera ultimately enhancing the credibility of the waterproof fea-
ture, which can be adapted into the development of Nereus aesthetics. Appendix 30 shows a comprehensive analysis 
of the different GoPRO cameras.

Fist iteration
Not waterproof

Add-on solution 
to add feature

Feature integrat-
ed into aesthetics

When comparing Nereus with the other products on illustration 153, it can be placed in between the neutral and 
hidden design expression. The cabinet must be invisible in the urban space (‘Exploring the Solution Space’ - ‘The 
City Architects’) and thus not visibly disrupt which the products that explicit communicate waterproof would do. The 
products placed here are identified with fillets and only minor visible air gaps and an overall smooth and flush surface.  

Illustration 152 shows a range of waterproof products with different aesthetics. On one side, products that belong in 
water, both in function and aesthetically like pool toys and boats. On the other side are waterproof products where the 
initial aesthetics are crucial for their identity and thus the waterproof feature becomes a hidden integrated feature like 
seen on the JBL speaker (illustration 153).

The development of Nereus 
transcends the usual timeline of 
products. Instead of adding an 
extension or external solution, 
the feature of waterproof is in-
tegrated as a part of Nereus.

GoPRO – A case study



PAGE 92

PROTOTYPING 2.0
Before reaching a finalized product proposal, the aesthetics of the lid will first be addressed based on the findings of 
the GoPRO case study. Afterwards the final touches in relation to interaction with the door and panel will be conduct-
ed simultaneously with simulation of the gasket’s compression behaviour.  

The conclusion from the case study was that the air gap between door/panel and base were crucial to signal water-
proof while also allowing for space to mount the door. Three versions (illustration 154-157) were therefore modelled 
of the current lid with different airgaps.  

On illustration 158-160 three different variants of a new lid can be seen. This lid is designed to be flush on all four sides 
with the base creating a more uniform and integrated look mimicking the reference products from the case study. A 
fillet of 20 mm, 10 mm and 3 mm were applied to the design. These were shown to Per Sørensen from Trefor during a 
team’s meeting (app. 31). This interview provided little valuable insights into the different shapes since it was too hard 
to determine from the initial renderings. Instead, the team decided to round of the edge as much as possible to limit 
the surface area where posters, stickers and graffiti could be applied.  

When evaluating the three air gaps of 1mm, 2 mm and 5 
mm it became apparent, that a 5 mm air gap would ex-
pose the gasket too much and was quickly dismissed as 
being too large. In addition, when building a mock-up in 
cardboard and testing how to close the door, it became 
apparent, that it was difficult to centre the door when 
closing the door. This resulted in the user having to scrape 

The Air gap 

Rounding of the lid  

along the joint between the door and the panel, leading 
to the conclusion, that the joint would be damaged in the 
future. When testing the interactions for 1 mm and 2 mm 
no significant difference (Illustration 157) was present 
and the 1mm gap was therefore chosen so centralizing 
the door was easier. 

Illustration 157

Illustration 160

Illustration 156Illustration 155

Illustration 159

Illustration 154

Illustration 158
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When testing the carboard mock-ups of the panel, it was 
found to be difficult placing the panel correctly because 
of the fitter essentially having to balance the panel while 
placing the bolts (shown on illustration 163).  A new ap-
proach was taken to improve the design, to ensure that 
the fitters placed the panel correctly by adding two feet 
at the bottom of the base. Furthermore, this enhances 

When testing the attachment of the door on prototypes 
(illustration 165) it was discovered that aligning the sur-
face of the door and base completely flush was extreme-
ly difficult.  Since nothing prevented the door from being 
over compressed a risk of damaging the gasket were 
present. A change was therefore made to the design giv-
ing the door an additional bend. This surface would face 
up against the surface of the flange on the base ensuring 
that the gasket is not capable of compression more than 
40% (Elasto proxy, n.d), which is the recommended com-
pression percentage for achieving ideal sealing. The last 
flange of the door, highlighted on illustration 166, also 
ensures that no sharp edges intersect between door 
and base thus damaging the coating.  

To further strengthen the attachment of the panel thread rivets (illustration 164) were inserted in the cut out previous-
ly made for the bolts. By doing so, the simplicity of the bolts were kept while enhancing the strength of the assembly.  

Changing the panel  

The change of the door  

Illustration 163

Illustration 164

Illustration 166Illustration 165

Illustration 162Illustration 161

the panels’ ability to create a secure edge for the door 
to attach to. The attachment was prototyped and tested 
with and without feet (app. 32) when it was moved to a 
location without a surface to rest on (illustration 161-162). 
This confirmed the difficulties present when trying to 
align the panel with the bottom and the feet were there-
fore added. 

The coating must be protected upon closing/opening the door
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Illustration 167

When plotting in the data the following model is shown (illustration 167). On this model two things happen. A defor-
mation at the top of 0.7mm happens while a deformation of 3.6mm happens in the in the centre. The centre defor-
mation would however not appear in real life. This is due to the compression locks being applied as a force in the 
simulation and not a reactive force or constraint which they would be in real life. This is done to simplify the model.  
More interestingly, in the top of the model it can be observed that an outwards deformation of only 0.7mm deforma-
tion happens. This correspondents with a reduction in compression on the gasket with 4.5% leaving the total at 35.5% 
and well above the 15% minimum requirement. From a theoretical viewpoint the two compression locks should as 
such be enough to keep the door in place while compressing the gasket, however, further tests need to be conducted 
on a 1:1 model with accurate dimensions and correct materials alongside a piece of the gasket from AAG to validate 
this. 

With the problem of over compressing the gasket solved, 
it needs to be tested whether the aluminum door ap-
plies enough pressure to achieve the 40% compression. 
A simulation of the door is therefore made to evaluate 
its deformation. The door is affected by two forces. The 
lock and the gasket. Since the gasket is made from cellu-
lar EPDM identifying a young’s modulus is difficult with-
out extensive testing. Obtaining the correct data would 
therefore only be possible, if given the datasheet specif-
ically for this product. To be able to test the compression 
of the gasket, a smaller test was therefore conducted by 
the team. Here the force needed to compress a gasket of 

F = k • ΔL

ΔL = Deformation of length in Meters

k = Spring Constant in N/m

F = Force in Newton

Simulation and tests  
6 different lengths were tested (app. 33). The hypothesis 
was, that the force would increase as a result of an in-
crease in length thus providing a theoretical tool for cal-
culating the force of the full gasket.  The force required 
to achieve the 40% compression percentage, which is 
equivalent of 6,4 mm deformation. While elastomers like 
EPDM are not known to follow Hooke’s Law, this test will 
be considering the gasket to be a spring, for simplification 
of calculation. Hooke’s Law is be applied to determine 
the ability of a spring to compress.

The six tests show that the value k can be considered to 
scale in a linear fashion per centimeter of gasket. This 
means that the Force(N) can be calculated, using the k 
for 200cm of gasket, as well as the ideal compression of 
6,4 mm. The result shows (app. 33) that the gasket needs 
to be uniformly applied 35kg (358N) of pressure to reach 
the desired compression. As it is compressed, the gasket 
pushes back at the door. To create the desired uniform 
pressure across the gasket, the door may not deform 
outwards. By doing so the compression percentage will 
fall lowering effectiveness of the seal. A general rule of 
thumb is, that a gasket should not be compressed with 
no less that 15% which is equivalent of 2.4mm. To calcu-
late whether or not the door deforms with more than 2.4 
mm the pressure from the gasket needs to be calculated. 
This can be done through the formular: P = F/A

Where F is the force of the gasket and A is the contact 
area it has with the door.  When doing this (see app. 33 
for calculations) we get a pressure of 21.500 Pa or 21.5 
Kpa. With this information, and the maximum force for 
the lock known as 450N (‘Proving the concept’ - ‘How do 
we close the cabinet’) a simulation can set up. 
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THE PRODUCTION OF NEREUS AT46
Illustration 168 showcases how Nereus is manufactured. For simplicity, the illustration will leave out all the standard 
components. It was decided that the following components: the base, plinth, panel, door, busbar holders and the 
feet will use the same production methods. The productions steps for these components follow the black guideline 
and numbers on the illustration. Different from the rest is the production of the lid. This is due to the desire of double 
rounded edges and can only be achieved by deep drawing. The production of the lid will follow orange guideline and 
numbers.  

Rilsan is primarily applied by two different methods: 
electrostatic spray coating and fluidized bed dip-coat-
ing. In this case Nereus is ‘fluidized bed dip coated’ to 
ensure that all gaps are sealed properly. The process 
consists of immersing a preheated element into powder 
suspended by rising airflow. When the coating comes 
into contact with the element, it melts and forms a 
film on the surface of the component. (Arkema, 2022b 
;2022c) 

The production method chosen for Nereus lid is deep 
drawing due to the curvature. The process is transforming 
a flat sheet metal by ‘punching’ the sheet into a hollow die. 
In addition, the hollow die combined with the mechanical 
action of ‘punching’ applies both tensile and compression 
forces that transforms the shape under hight pressure. 
(ATACO, 2024)   

Powder Coating

Deep Drawing

Illustration 168
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HOW IS NEREUS ASSEMBLED?
With an overview of how Nereus is produced, assembly details for the manufacture are specified. Nereus is assembled 
by using bolts, washers, rivets, waterproof bolts, nuts and O-rings in addition to standard components, listed along the 
way. The follow section will describe and illustrate (169) how Nereus is assembled in the correct order. 

The lid, feet, busbar braces are connected to 
the base by rivets. When joined, the assembly is 
Rilsan coated, ensuring that all nooks and cran-
nies is sealed. After coating, a brace for stabili-
ty is sled into the base from the side. Flaps are 
bended to secure the stability brace in place. 

After coating, the plinth is assembled by sliding 
the cable bar in a premade slit. The cable bar is 
joined by bending the flaps. Furthermore, the 
foam pad is glued on the inside of the lid.  
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The cover is then connected to the base as-
sembly by bolts. 

The busbar system is placed and secured to the 
base. The gasket is then placed on the flang-
es of the base and the plinth assembly is then 
connected to the base assembly by bolts on 
the side of the base. 

Before connecting the door to the base assem-
bly, the identifications brackets are connected 
by bolts with O-rings to ensure an airtight as-
sembly. In the same manner, the compression 
latches are connected to the door. With the 
door assembly complete, the door is joined to 
the base assembly, and Nereus ready for pack-
aging.

Illustration 169



PRODUCT SPECIFICATIONS

The product proposal must not resemble other types of street furniture p. 43
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The cabinet must be designed to prevent condensation around the interior

Maximum height above ground: 900mm

Maximum depth: 280 mm

The cabinet should be coated with anti graffiti.

Must not exceed 70 cm below ground

Maximum weight 40 kg

Must be able to attach 10 characters in the ID holder.

The proposal must be able to withstand future, more severe flooding incidents

The product proposal must be applicable in all contexts  

The proposal must function without needing permission in the build-up phase off an incident 

The product proposal must not encourage vandalism through its shape or surface 

The surface must not be conductive 

p. 14

p. 68

p. 28

p. 40

p. 22

p. 24

p. 25

p. 28

p. 42

p.68

p. 28

p. 68

p. 68

p. 68

p. 68

p. 68

p. 68

p. 64

p. 66

p. 40

The product proposal must not corrode 

The product proposal must be resistant to salt 

The product proposal must be resistant to all types of water 

The product proposal must be integrated or invisible in the urban space 

The cabinet must be able to be coloured based on the RAL system.

The product proposal must fit into the existing infrastructure of the power grid 

The proposal Must have identification of class II insulation

The ID must be transferable from the old design 

Cable must be fixed next to each other

Aesthetics  

Functionality  

p. 40The busbars must be fixed into place

Must have a triangle interface lock 

MUST BE FLUSH

The gasket must not be at risk of being damaged when closing the door

The coating must be protected upon closing/opening the door

It must be possible to remove the entire front face 
p. 49

p. 75

p. 76

p. 91

p. 41



The solution must be labelled

Must be able to operate in the temperature interval 
–25 to 40 degrees Celsius  

Must be able to operate in 100% humidity in –tem-
perature interval –25 to 27 degrees Celsius  

Must have an IK code of 10 

Must have an IP code of 34D+ 

Must be UV resistant in temperate climates

Must have a lock that prevents the public from ac-
cessing the interior  

The cables must be easily connected through the 
front 

Cables must enter the cabinet from below 

Manufactures name or trademark 

Type designation or identification number 
or any other means of identification

Means of identifying data of manufacture 

Rated current of the assembly

Rated voltage of the assembly

Rated frequency of the assembly

IEC 61439-X (X shall be defined)

The ambient air temperature must not exceed +40 
degrees (average over a period of 24h does not ex-
ceed 35 degrees. And under -25 degrees.   

Danish Standards

Danish Standards

(DS/EN IEC 61439-1:2021)

(DS/EN ICE 61439-5:2023)
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SUMMARY
The last chapter presents Nereus from a busi-
ness and market perspective. The market size 
is investigated before presenting a revenue 
stream and sales price. The strategic fit (Louise 
& Haase, 2022) for Nereus is then presented 
focusing particularly on product-market and 
product-user fit. Lastly the future for the pro-
ject is presented in the form of a market im-
plementation and future variants.  

The Value Chain

Estimating the Cost

Strategic Fit

Designing a Product Series

Implementation Plan

6.4

6.5

6.6

6.3

6.2
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ESTIMATING THE COST
With production and materials established alongside a fully detailed design, the cost of Nereus can be established. 
Before setting a price for the product, the size of the existing market is investigated to determine what a realistic price 
could be.   

In chapter 3 it was established that the Danish market 
consists of 1.1 million cable distribution cabinets with a 
sale of approximately 21.000 new cabinets a year. Since 
it was observed that Trilite P21 XL were used for both N1 
and Trefor, its price of 5750 DKK excl. VAT were used as 
a basis for the establishment of a market size.  
If all cabinets in Denmark were to be replaced this 
would lead to a potential market of 6.325 billion DKK. 
However, not all cabinets are in zone where it would 
make sense to place a floodproof cabinet. Research 
shows, that 1/6 households in Denmark is considered 
in risk of flooding (illustration 171) leading to a market 
share of 1.035 billion DKK (Stephensen, 2024). This 
means that Nereus could take 16.6% of the Danish cab-
inet market for distribution companies given no other 
manufactures adapt floodproof solutions. 

Today the manufactures of cable distribution cabinets 
earn their money through tenders which provide them 
with supply contracts for a number of years. This busi-
ness model, however, does not make sense for Nereus. 
Since the CDC solves a specific problem, the companies 
will buy directly from Nereus depending on their needs.  

To establish the cost of Nereus it is important to understand the expenses related to cabinets today. Two scenarios 
(app. 34) have therefore been set-up where different factors influence the TCO (total cost of ownership) for the dis-
tribution companies. These scenarios show how high the TCO can be when having to swap the cabinet prematurely 
during its 50-year lifespan while also during regular check-ups adding extra salary expenses.  

Scenario 1 – Replacing a cabinet 
(no extra check-ups during the 50 years) 

Scenario 2 – Changing the cabinet once prematurely 
(3 additional check due to flooding) 

Cabinet cost: 5750 x2  
Salary during installation: 3000x2DKK  

Total cost: 17500 DKK 

Cabinet cost: 5750 x2  
Salary during installation 3000x2  
Salary during check-ups: 1800x3 

Total cost: 22.900 DKK

When looking at the scenarios it becomes apparent that even with one premature change the TCO for a cabinet on a 
location increases drastically as a result of flooding. Even though the calculations are a rough approximation, they can 
still be used to show how expensive a regular cabinet is to maintain even though their cheap initial cost. Furthermore, 
a cabinet in a risk zone will always be exposed meaning that something will happen again until a solution is found, 
which today is buying an extension increasing TCO further.  

The market size

Revenue stream 

Cost scenarios

Evaluation

Illustration 171
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To validate the business case of Nereus an estimation of material, components and production cost is found. The basis 
for this cost estimate is that all production is outsourced thus reducing upfront investment. For simplicities sake, this 
estimate does not involve expenses related to salary, facilities, tools and transportation.  

This map shows how much it differs with a small area, 
whether a cabinet is exposed or not. As such, establish-
ing the actual market size is difficult and would require 
a full cross reference of the cabinet’s placement and a 
flooding map.  

Since the market is highly competitive and not a lot of 
information is available it is hard to determine the cor-
rect price without a thorough market investigation. When 
looking at scenario 1, the total cost of ownership is 17.500 
DKK.To obtain a competitive advantage, the TCO for 
Nereus must be lower throughout its 50 years lifespan. 
Based on this value-driven pricing approach, a reduc-
tion of 20% is set. This number is an estimate of what 
point Nereus becomes competitive viable but cannot be 
known for sure. Overall, this sets the sales price of Nereus 
at 14.000 DKK.  

When talking with Kenneth from Stormflodssikring (app. 
1) he said, that after experiencing damage people are 
more willing to buy, indicating that if a cabinet has been 
damaged at an exposed location, the distribution com-
panies might be more willing to invest. Illustration 172 
shows a map over a section of Aalborg. On it, the place-
ment of CDCs can be seen alongside the blue spots pres-
ent at a 10-year incident.

To gain an accurate price estimate, contact was estab-
lished with KM Vandskæring who performs bending, laser 
cutting and water jet cutting in Aalborg (app. 35). While 
discussing the project, feedback was given on the ma-
terial choice, and a recommendation of swapping from 
aluminum 5052 to 5754. Furthermore, KM Vandskæring 
provided production feedback related to the bending 
lines and their placement (app. 35). This led to a fine-
tuning of the dimensions related to the flanges. Looking 
at table 2 an overview of the different expenses can be 
seen. The production, coating and material cost has been 
calculated for each part (app. 36). For the deep drawing 
of the lid, a reference product was found since a rea-
sonable price were not obtainable through research. The 
cost of this reference component is relatively low since 
upfront investment of die and machine is already cov-
ered. To accommodate for the expenses not taking into 
consideration a margin of an additional 100% is added to 
the cost of the product. This covers transportation, salary, 
administration etc. This number is likely way to high thus 
representing a worst-case scenario.  

 Proof of business case

KM Vandskæring 

Table 2

Illustration 172 

Cost Estimate
Standard components  561,34 DKK

Coating  410,97DKK

Material  336,12DKK

Laser cut 538,38DKK

Bending 315,70DKK

Stamping (reference product) 3,44DKK

Transport -

Salary -

Tools -

Facilities -

Total 2.165,95DKK

Total cost including marign 4331,9 DKK

Cabinets should be replaced pre-emp-
tively to prevent damage during flooding 

The replacement of cabinets is deter-
mined by a cost/risk assessment by the 
Distribution Company 

Cabinets are not likely to be replaced at 
this time 

Red – high risk 

Yellow – medium risk  

Green – low risk



INNOVATION

LONG-LASTING
PRODUCT

Com
pany - Product Fit

Market - Product Fit

Use
r -

 P
ro

du
ct

 Fi
t

PA
RA

D
IG

M
 

Radical

Team 
Exploration

Market 
Demand

Incremental

PAGE 104

STRATEGIC FIT
To succefully implement Nereus as a new cable distribution cabinet it has throughout the project been a subconsius 
goal of ensuring a strong strategial fit (Haase & Laursen, 2022) (llustration 173). During the development phase dif-
ferent principle, concepts and models have been made trying to fullfill the product-user fit and product-market fit.   

When looking at the product-market fit it was clear, 
since the cable cabinet direction were chosen, that the 
approach to the market fit was to gain a competitive ad-
vantage by differentiating in the market through the ad-
ditonal feature of being floodproof. The design process 
were difficult since there was a desire to explore radi-
cal, innovative solutions for both design and technology 
(verganti, 2003) (illustration 173). However, in reality the 
market demanded incremental changes since new solu-
tions have to fit into the grid. Instead, when looking at the 
4P-model (Mabogunje et al., 2013), the radical innovation 
came on the paradigm parameter where the fundamen-
tal definition of a cabinet were challenged by making it 
an airtight chamber. Though difficult to asses at a con-
ceptual stage the market-fit seems strong due to the 
differentitation in features driven by needs in a otherwise 
red ocean market.

When looking at the product-user fit it can be seen from 
two perspectives: The fitters and the distribution compa-
nies. Nereus delivers a solution meeting the needs and 
expectations the fitters and electricians have. It deals 
with flooding and secures their flow of electricity. Nere-
us creates a saftey insurance for the companies reliefing 
them of an otherwise growing  concern creating a strong 
user fit. For the fitters the product proposal aims to dis-
rupt their currrent workflow as little as possible while 
maintaining the current features they value, however, to 
make a stronger user fit concrete feedback on a detailed 
prototype is needed to verfiy the findings and decisions 
made.  

The focus throughout this project has been to make a 
strong product-market fit and product-user fit. How-
ever, when looking at the company fit it has been a pri-
ority to design a cabinet that reflects the values of the 
company. Nereus is an expensive cabinet that provides 
a saftey net with a lower TCO for the distribution compa-
nies and as such the company needs a brand of reliable 
and high-quality products. As a new company, the cre-
ation of a strong product-company fit heavely relies on 
the creation of branding and marketing.  

Product-Market fit 

Product-User fit 

Product-Company fit  

Illustration 173
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DESIGNING A PRODUCT SERIES
When looking at the market today a variety of cabinets exists (‘Exploring the Solution Space’ - ‘Market Analysis’). 
Within each family different sized cabinets exists (app. 18) often indicated with different numbers such as Triarca Trilite 
P21 XL. The cabinet designed and presented is considered the first in a new series of airtight cabinets being the Nereus 
AT46. Illustration 174 shows an overview of the planned products within the AT-series for the future. The dimensions 
of these are dictated by the addition and removal of busbar modules. 

Nereu
s AT46

Nereus AT36?
Nereus AT XXL

Illustration 174
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IMPLEMENTATION PLAN
To map out the future of Nereus an implementation plan has been made. It is constituted of five phases that de-
scribes the next steps for the product proposal: 1) Product maturation 2) 0-series 3) Product Launch 4) Mass produc-
tion & scaling 5) Establishing a portfolio. The implementation plan describes the steps needed to go from a single 
detailed product, Nereus AT46, to a company with a portfolio with different families and variants within.  

A product maturation process is ini-
tiated to finalize the design. 1:1 pro-
totypes, with the correct material 
and coating are built so the inter-
action between door and panel can 
be verified alongside the sealing. 
Meanwhile the design of the Nereus 
AT-series is developed to accommo-
date for different contexts. A second 
proof-of-business-case is conduct-
ed to validate the proposal while also 
taking aspects such as transporta-
tion, distribution, facilities, tools and 
manpower into consideration.  

Final agreements are established 
with different companies, so the 
supply of standard components 
and aluminum is ensured while also 
having dedicated manufactures for 
the cabinet. Different tests are per-
formed on the finalized design to 
achieve necessary certifications for 
a CDC. In the meantime, sales chan-
nels are developed, and a 0-series is 
produced to help promote market-
ing and establish agreements with 
distribution companies.  

The first batch of the Nereus AT 
product series is produced and 
launched in Denmark. In the after-
math of the launch proof-of-scale 
is investigated to determine the 
needs for a transition towards mass 
production. An investigation of oth-
er cabinet types such as TV, district 
heating and internet is conducted. 

Step 1: Product
Maturation

Step 2: 0-Series Step 3: Product 
Launch
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One year after launching the Nereus AT-se-
ries a transition towards mass production is 
initiated. A development phase is initiated to 
adapt Nereus AT into other cabinet types ex-
panding the market for the product. The nec-
essary certifications required is gathered and 
resources are relocated into marketing of the 
product.  

Two-three years after launch an evaluation of the produc-
tion line is initiated to check the feasibility of moving pro-
duction internal to reduce expenses. The Nereus AT-series 
is relaunched with a focus on selling to different types of 
companies. To accommodate for the increased market, 
agreements with retailer(s) are made to sell the cabinet. 
With a reliable profit the development of additional prod-
uct families is initiated with focus on other scenarios that 
require special made solutions such as areas with storms 
or artic temperatures while also analysing the global mar-
ket to identify whether it is feasible to become an interna-
tional company.  

Step 4: Mass Production
 & Scaling

Step 5: Establishing A Portfolio
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CONCLUSION
While flooding in Denmark have been more severe these past years, 
the focus of the protecting the affected cities and its people from this 
natural disaster has increased. This master thesis project challenged 
the flooding problem. Instead of focusing on flooding prevention like 
the majority of solutions today, the focus for this thesis has been to 
provide agency for those affected, giving them the necessary resources 
to fend off against “invasive” water, by proposing a new cable distribu-
tion cabinet.  

The process has culminated in the product proposal Nereus. The cable 
distribution cabinet is designed to withstand current and future, more 
severe, flooding incidents so providing a steady and reliable flow of 
electricity between distribution companies and their customers. Nere-
us is a reinterpretation of the traditional CDC incorporating a new key 
feature. With its open bottom, it does not prevent water from enter-
ing but instead utilizes the creation of an airtight chamber to safekeep 
the electrical components hidden inside. Nereus builds upon the es-
tablished infrastructure of the power grid, by incorporating existing 
internal components, making the transition from current solution into 
Nereus easier to implement for the distribution companies.  

Nereus provides the distribution companies with a cabinet that presents 
a unique feature that solves their ever-growing problem of flooding, 
thus giving it a competitive advantage over existing competitors. The 
product proposal challenges the business models of today, presenting 
a new strategy that doesn’t rely on winning competitions, but appeals 
to the need for flood resistance solutions to ensure a reliant power 
supply for their customers.  

Through its flood resistant design, Nereus acts as an insurance for the 
distribution companies in the eventuality of flooding, ensuring that the 
power supply is maintained. Meanwhile, it eliminates the risk of dam-
age to the CDC thus lowering the total cost of ownership for a higher 
upfront investment. 

With an aspiration to design a CDC capable of withstanding flooding 
Nereus has on a principal level achieved its goals. The success of Nere-
us lies within the unique value proposition and whether it can challenge 
an otherwise conservative market. 
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REFLECTION

Nereus is a product proposal that falls into the category 
of solutions which are reliant on one feature to be im-
plemented successfully. Therefore, having physically 
validated the product in a scenario akin to the real-world 
application is vital. However, a 1:1 prototype made with 
the correct materials and a rubber gasket is needed to do 
so. Due to the complexity of the design process and the 
scale of the product this was not attainable before hand-
in, and an uncertainty exists regarding the effectiveness 
of the sealing. In retrospect, creating real size prototypes 
in the right materials could have proven to be beneficial 
to the exploration of more than one design challenge. 
As an example, the attachment between door and panel 
relies on the relationship between angles and the strain 
of material, which must be optimized to both ensure the 
correct amount of pressure for the gasket while creating 
a seamless interaction between CDC and fitter.  

The CDC market in Denmark today is a very competitive 
space. Limited information was obtainable so there is an 
uncertainty of whether there is enough room for an addi-
tional competitor to enter the market, elaborating mar-
ket analysis is therefore required to validate the feasibility 
of the business case. With a strategy that revolves around 
selling products depending on needs, and not submitting 
tenders for contracts, it seems plausible, given that the 
strength of the selling points is strong enough.  

Throughout the project, the process changed between 
a ‘form-follows-function’ and ‘function-follow-form’ 
approach. While form follows function acts as the usual 
philosophy for Industrial Design students, its opposite has 
been prevalent throughout certain aspects of the pro-
cess. The narrow solution space established early forced 
the function-follows-form mindset onto the project. 
This can be seen in the case of creating a sealing meth-
od. Assuming from the beginning that the solution would 
resemble the current shape of a box, box-like sealings 
dominated the creative process. An effort was made in 
the beginning to challenge this idea, but it quickly faded 
due to the restriction of the form thus forcing the func-
tion to follow the form.  

This project worked with the problem of CDC’s being 
compromised during flooding. An initial wicked prob-
lem of “how do we prevent the consequential damage 
of flooding” turned into a well-defined tame (Tollestrup 
& Laursen, 2017) problem of “how do we make a water-
proof cabinet?”  

The team’s expectations were that when working with 
a tame problem, more time could be used on diverging 
during the design process. However, the fast limitation of 

The development process of Nereus was for a long time 
primarily influenced by design thinking (Tollestrup & 
Laursen, 2017) approach, where the principles of co-evo-
lution of problem-space and solution-space (Dorst & 
Cross, 2003) were explored. Due to the early introduction 
of Danish Standard and specific requirements the solu-
tion-space were limited which hindered the co-evolution 
process. When reflecting on the process this is especially 
apparent in the ideation processes, where too much time 
was spent trying to find the perfect solution. In retro-
spect, it is apparent, that when switching towards a more 
execution-based approach applying rapid prototyping 
(Schrage, 2006) while engaging in build-measure-learn 
(Ries, 2011) loops, the team kickstarted the otherwise 
stagnated design process. This would likely have led to 
a more tangible exploration of the solution space ear-
lier. Furthermore, it could also have helped promote in-
teraction and aesthetic aspects into the design process 
instead of being mainly driven by the functional aspect. 

Prototyping  

A new business case

The design philosophy 

Exploring the solution space 

The design process 

the solution-space forced all non-incremental changes 
to be suffocated out of the project. As a consequence, 
the final proposal’s aesthetics does not completely fulfill 
the aspirations set out, however, compared to products 
today it stands out as more integrated proposal when 
looking at the urban environment. The clearest ex-
ample of this is the down-prioritization of working with 
anti-vandalism’ due to distribution companies not eval-
uating upon this criterion. In retrospect there should be 
more diverging and exploration throughout the project. 
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