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Plug-in architecture is a different way of 
approaching buildings. Instead of making the 
immediate result of a building in the urban context 
a goal, a system is created in which the building 
should adapt to future changes in a natural way. 

For this to actually happen, it is key to create a 
structure which allows for elements that can be 
interchanged when demands change. Alvin Toffler 
describes this phenomenon as ‘modularism’, in the 
built environment this can be translated to plug-in 
architecture;

“The attempt to lend whole structures greater 
permanence at the cost of making their 
substructures less permanent.” (Toffler A. 1970:60)

The fact that parts of a building become more 
interchangeable gives opportunities in terms of 
moving, adaptability (layout, interior and exterior) 
and extendibility, and from a more urban point of 
view for the adaptability of a building to its context, 
representation of its occupants and consequently 
also the diversity of the façades.

This concept of plug-in architecture has been 
popular in the sixties and seventies but never 
got out of its experimental phase. Only in Japan 
a decent amount of plug-in projects have been 
realised, this stream of projects has also come to 
a halt. This report will look at the possibilities of 
this concept with the knowledge and technologies 
available today.

WHAT IS PLUG-IN ARCHITECTURE?
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 “Why is it that, in the age of electronic computers, 
space travel, and the mass production of every 
kind of commodity, we are just beginning the 
industrialization of the building process? How can 
such a major sector of the world’s economy be so 
retarded that only recently has the industrialization 
of building been considered a subject for serious 
discussion? … We have focused on “quantity” and 
the “machine” before we have developed the 
framework Ford describes. We have been trying to 
find “how to build” before we know “what to build.” 
We have rushed ahead to turn new technology to 
the production of obsolete forms, using jet-age 
technology to produce horse-and-buggy houses.” 
(Bender R. 1973:6)

Richard Bender describes a frustration with the 
conservatism in the building industry in 1973. Today 
the same is still relevant. Instead of a streamlined 
process, dwellings are reinvented every time and 
every screw is assembled on-site while this is 
more labour-intensive and more expensive to do. 
There must be ways to create buildings with new 
technologies in a more efficient way. 

Apart from the building process, conventional 
buildings also offer little possibilities for the 
occupant to extend, adapt and personalize their 
house, after the occupant buys or rents a space 
it is often only the interior which can easily be 
changed in pure decorative ways. The layout, the 
openings and the facade are often too complicated 
to change. This makes for a lot of uniformity in 
our building environment and exteriors that do 
not represent the occupants. Plug-in architecture 
has the potential to make a difference in this area 

PROBLEM STATEMENT

and may even make the act of moving a lot easier. 
The flexibility that is absent or only available to 
a very limited extend in conventional buildings 
could be reinvented with the principles of plug-in 
architecture.
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SOCIAL RELEVANCE

Build environment has a hard time keeping up 
with the fast developing, dynamic world around 
it. Changes in demand and in technology go much 
faster than buildings –which are often build to stand 
for ages- can cope with. Increasing mobility, the 
rise of internet, the ever increasing environmental 
awareness, but also more temporary changes like 
financial crises resulting in a lower demand for 
certain types of spaces. The current conventional 
static way of building has almost no way of 
answering to any changes in society.

If there is a possibility to create a way of building 
that allows changes, that allows parts to be 
substituted according to demand, that in this way 
allows new technologies to be implemented much 
quicker, than this should be researched. Adding 
potential advantages for occupants in movability, 
extendibility and customizability, which potentially 
sets them free from owning a piece of land and 
instead making them own a movable space makes 
the potential for this type of architecture  for 
society incredibly high.
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SCIENTIFIC RELEVANCE

Plug-in architecture has been extensively 
researched in sixties and seventies. Le Corbusier 
initiated the idea in the thirties with a drawing 
showing how an apartment would slide into a 
structure. In the sixties groups like Archigram, the 
Metabolists and individuals like Cedric Price and 
John Habraken researched the topic and came 
with daring designs of megastructures and visions 
of a new way of building that made use of the 
newest trends and technologies of the time. The 
decades that followed have shown little or nothing 
from the optimistic ideas of that time, the concept 
seems to be forgotten and just another chapter in 
architecture history.

The ideas  of the sixties and seventies were often 
a bit optimistic and unrealistic, there was a certain 
futuristic tendency in most projects that made it 
more an inspiration for future architecture and food 
for discussion, than actual realizable plans. Almost 
four decades have passed since, technologies have 
evolved, different insights on architecture have 
emerged and society as a whole has changed. This 
project will search for old and new opportunities 
for plug-in architecture in order to make a proposal 
for a present-day plug-in system, which has the 
possibility of succeeding in today’s society.
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RESEARCH QUESTION

In this report the advantages of plug-in projects of 
the sixties and seventies will be researched. This will 
give an impression of what these architects were 
attempting to reach when making plug-in designs. 
This will also give a grip on what the disadvantages 
are in comparison to present-day architecture, and 
thus what can be done more than what the groups 
of the sixties and seventies have already done. This 
will give an overview of what the opportunities of 
this kind of architecture both of the past and the 
present are.

These opportunities need to come back in a design 
for a contemporary plug-in system. This is the 
way modules can be placed, moved, connected, 
extended, customized or in any way define a 
context in which the opportunities found in the 
theoretic part can be reached. 

The designed system, has one or more possible 
ways of implementation. In the implementation, 
examples are given of how the system can be used 
in an actual urban situation. It will also show how 
the system can be used and how the advantages of 
the system can best be taken use of.

Together these sub questions will give a good 
picture of what the possibilities of plug-in 
architecture are and whether it is realistic and 
advantageous to use as a building method.

Main research question: 

Can plug-in architecture with the knowledge 
of today be implemented in a realistic and 
contemporary way?

Sub questions:

What are the possibilities that plug-in architecture 
can offer? (‘Theory’ Chapter)

How can the possibilities of plug-in architecture 
be best combined in a realistic and contemporary 
way? (‘Defining the system’ and ‘Design of the 
system’ Chapters)

What are the different ways in which this 
concept could be currently implemented? 
(‘Implementation’ Chapter)
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RESEARCH METHOD

To answer the research question, it is most 
important to know what had been done before 
with the concept of plug-in architecture.  The 
most important architects and thinkers on this 
this subject have been researched, among them; 
Le Corbusier, Archigram (mostly Peter Cook), 
Metabolism (mostly Kisho Kurokawa), Cedric Price 
and John Habraken. Literary works from or about 
these architects (groups) have been consulted 
to get a thorough view of what has been done in 
the field of plug-in architecture.  This gave a good 
picture of what the goals of plug-in architecture 
of these times were and also how these views 
have changed in the decades that followed. In 
order to see what can be done today, an amount 
of (sometimes less known) projects have been 
researched which show how the older plug-
in projects have been an inspiration for a small 
number of recent projects; the Modular Dwelling 
Unit and the Micro-Compact Home are examples 
of this. This gives a contemporary view on plug-in 
architecture.

This research will give a good picture of the 
opportunities of plug-in architecture. The results of 
this extensive research result in a design of a plug-
in system which takes the opportunities of plug-in 
architecture in a realistic and contemporary way. 
The system has also been implemented to test how 
it can function is several types of buildings and in 
an urban situation.
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GOALS

The research aims to gain knowledge about how 
we can learn from plug-in projects of the sixties 
and seventies and how we can use this knowledge 
to create a realistic and contemporary design, 
which can take advantage of the opportunities 
that plug-in architecture can offer. This should 
show whether it is a way of approaching buildings 
that has the potential to change the conventional 
static architecture -which has little possibilities 
of changing to demands- to a more flexible 
plug-in architecture -which has the possibility to 
change with its environment, the society and its 
occupants-.  

“Like medicine (architecture) must move from the 
curative to the preventive.” (Price C. 1984:92)
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THEORY
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Figure 1: Arata Isozaki - City in the Air

HISTORIC CONTEXT

The Plug-In concept is not new in architecture, in 
the 1960’s already a lot has been experimented 
with this idea. The sixties were a time of change, the 
time of a new generation. The six-day workweek 
became a five-day workweek, every household 
got a car and television and we figured out how 
to go into space. Truly an age in which possibilities 
seemed endless. It is not strange that this was the 
era in which mobile housing in all sorts and forms 
was researched most. 

Archigram, Cedric Price and the Metabolist 
movement in Japan are just a few architect 
(groups) who played a role in making a more mobile 
architecture in the sixties and seventies. A lot of 
these architects were inspired by Le Corbusier. The 
Swiss-French architect who played a big part in 
forming modern architecture in the middle of the 
nineteenth century. 
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Le Corbusier is most known for his ‘five points 
of architecture’ presented in his book ‘Vers une 
Architecture’ among other publications.  One 
of the main foundations for this vision was a 
fascination for new materials and technologies 
which he generally found outside the field of 
architecture, like the car industry. Mass production 
(and consequently a degree of standardization) 
was a new technology that became very influential 
in the architecture of Le Corbusier.

“Industry on the grand scale must occupy itself with 
building and establish the elements of the house 
on a mass-production basis. …. we shall arrive at 
the “House-Machine,” the mass-production house, 
healthy (and morally so too) and beautiful in the 
same way that the working tools and instruments 
which accompany our existence are beautiful.” (Le 
Corbusier 1923:7)

The industrial style of building along with the ‘five 
points of architecture’ can be found throughout 

his career in the projects that have been realized. 
A concept drawing for the Unité d’Habitation goes 
even further with the idea of mass production:

“went so far as to envisage complete apartments 
being hoisted directly into position as prefabricated 
units, an idea depicted in a provocative 
photomontage where a godlike hand simply 
inserts factory-made dwellings into the frame, like 
stacking bottles in a wine rack . . . although this 
was not the manner in which the units could finally 
be fabricated and assembled.” (Le Corbusier, by 
Kenneth Frampton, Thames &  Hudson, 2001, p. 
156) 

Although this concept has never been realised in 
any of Le Corbusier buildings, the drawing is now 
generally seen as the basis for the plug-in concept.

Figure 2: Le Corbusier - Plug-in Concept drawing

Le Corbusier
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Most realized plug-in projects are located in Japan. 
Kenzo Tange with a group of young architects came 
with an avant-garde concept, Metabolism, which 
in biology means the continuing renewal of cells 
in organisms. Together with this concept the Tokyo 
Bay plan was presented. (Ross M.F. 1978)

“Tange’s Plan for Tokyo proposed an alternative 
to the uncontrolled expanding metropolis. It 
called for an  “information and communication” 
network capable of growth and change through 
the extension of parallel loops forming an 
extended spine that stretched from The Imperial 
Palace, in central Tokyo, across Tokyo Bay, to the 
suburbs of Chiba Prefecture.  It was generated by 
the desire to structure the haphazard building and 
industrial growth which was rapidly engulfing the 
countryside.” (Ross M.F. 1978)

In the two decades following the presentation of 
the metabolism concept and its first plans, the 
metabolism movement in Japan made a lot of 

plug-in concepts and realized several designs, 
something that has not happened in the rest of 
the world. Most significant is the Nakagin Capsule 
Tower by Kisho Kurokawa, the youngest of the 
group of metabolists. (Ross M.F. 1978)

Figure 3: Kenzo Tanghe - Plan for Tokyo Bay

Metabolism
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This british group of architects were inspired by the 
changing world around them, they saw irreversible 
changes (in the sixties) that were not incorporated 
into architecture. The group was not as much 
interested in actually building, but more in creating 
concepts that should feed discussion. (Sadler S. 
2005)

“The rounded corners, the hip, gay, synthetic 
colors pop-culture props all combine to suggest 
an architecture of plastic, steel and aluminium, 
the juke boz and neon- lit street, the way a city 
environment should be” 

The group made hundreds of drawings of daring 
concepts, among them the walking city (Ron 
Herron) and the plug-in city (Peter Cook). A lot 
of these concepts were inspired by an increasing 
nomadic lifestyle, an increasing expendability of 
goods and the rise of technology. (Sadler S. 2005)

“The fundamental characteristics of futuristic 
architecture will be expendability and transience. 
Our house will last less time than we do, every 
generation must make its own city” 

The plug-in city takes industrialization a few steps 
further and turns a whole city into a factory. The 
city consists out of many superstructures, creating 
an ever enlarging superstructure. Cranes are 
continuously reshaping the city to current needs 
by moving modules, building new structures, 
infrastructure and other necessities. This creates 
a city which is always in a state of change and is 
always renewing itself. Technical elements are 
ignored and also other important factors like 
resulting spaces and customizability are not being 
addressed in the plug-in city. (Sadler S. 2005)

Figure 4: Peter Cook - Plug-In City

Archigram
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Price was mostly an influential writer and teacher 
on architecture, and had close contacts with 
Archigram, although never officially being part of 
the group. He was one of the main advocates of 
adaptable, flexible and interactive architecture. His 
vision was that a building should be able to change 
by the hands of its users. 

“Architecture must concern itself continually 
with the socially beneficial distortion of the 
environment.” (Price C. 1984)

This vision can most clearly be seen in a project 
he did with Joan Littlewood, the Fun Palace. This 
building was meant to be a ‘university of the 
streets’, a theatre of the people. The building 
would be able to change in whatever way it could 
enable the activities. It is a refreshing idea that a 
building could adapt to the people instead of the 
other way around. The high level of flexibility was 

reached through rotating escalators, gantry cranes, 
foldables and more and controlled by a cybernetic 
program (a self-regulating system of sampling and 
feedback). (Price.C. 1984)

The Fun Palace was meant to be built, building 
permits are the evidence for this. Unfortunately 
the necessary budget failed to come in because the 
local government could not decide whether it was 
a sports venue an educational facility or a leisure 
facility, they did not know how to classify it. Later 
Cedric Price used the principles of the Fun Palace 
in the Inter-Action Centre, which can be seen as 
a small version of the Fun Palace. This building 
though was demolished after twenty years, exactly 
as was anticipated by Cedric Price (buildings are 
temporary). (Price.C. 1984)

Figure 5: Cedric Price - Fun Palace

Cedric Price
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John Habraken has published several books with 
some interesting theories. In his career he gave 
general concepts concerning flexible architecture, 
but stayed mostly away from actual designing. 
Designs would place him in a stylistic corner 
and therefore make his theories less generally 
accepted. (Bosma K. 2000)

Habraken makes a distinction between ‘every day’ 
and ‘special architecture’. He continues by focusing 
on ‘every day’ architecture. This type are the 
spaces that are most commonly used for residents 
and offices. (Bosma K. 2000)

“Housing does not require masterpieces of design; 
what it needs is freedom to grow and to change. 
Traditional architects can continue using their 
talent to design distinguished buildings such as 
city halls and theaters.” (Habraken J. Cited from 
Housing for the Millions by Bosma K. 2000)

For this kind of architecture he opts for the 
separation of support and infill. This would make 
the support a long-lasting structure and the infill 
something much more temporary.  The role of the 
occupant also plays an important role as a shaper 
of the environment in the views of Habraken. 
(Bosma K. 2000)

Figure 6: John Habraken - Concept Drawing

John Habraken
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“From tent to pyramid, we see various gradations 
of permanence, which are rarely predictable for 
that matter. The short-lived tent still stands beside 
the pyramid, however, never having reached old 
age: it has been renewed again and again, just 
as mankind, which lives with it, has constantly 
renewed itself from birth to birth. It is not buildings 
that are permanent, but concepts and thoughts….
Preservation permits only death, however. It is 
better to build for demolition than to let ruins 
stand as obstacles.” (Otto F. cited from Housing for 
the Millions by Bosma K. 2000:86)

The comparison between a tent and a pyramid 
is striking. There has been a trend in the last 
century to build buildings to last forever, but we 
can see how the concept of the tent has lasted 
just as long and will most likely outlast any physical 
building that is build. This is not a comparison to 
criticize conventional architecture. Some types 
of buildings have requirements and qualities that 
allow it to be built for permanence. The pyramids 
are one example but most cinemas, opera houses, 
museums, religious buildings and many more 
would fall in the same category. More common 
buildings like offices and residential buildings 
generally do not have special spatial requirements 
and this allows for a less permanent approach to 
these types of buildings. 

“acknowledge the impossibility of totalised 
planning, and build in a degree of indeterminacy to 
allow for uncertainties in program, obsolescence 
and complete changes of use throughout the life 
of the building.” (Price C. 1984)

In the past century buildings have had a hard 
time keeping up with the fast technological 
advancements and changing needs of the users. 
These changes can be sought in different areas. 

For example:  cars becoming a common possession 
(which resulted in a need for infrastructure and 
parking space), to the environmental consciousness 
of the people (resulting in all kinds of higher building 
demands). At this moment the rise of the digital/
internet age is still responsible for a lot of changes 
and there is no reason to suspect there will be less 
major changes in the future. These developments 
are unpredictable and buildings can only include 
technologies that are available in the present and 
not the ones that are needed in ten years (even 
if you would be able to predict what is needed in 
a decade). There are many examples of buildings 
being out of date even before their completion 
exactly because of this reason. The only option to 
prevent this from happening is to design buildings 
which can adapt to future changes. 

In order to reach this adaptability Habraken 
proposes a separation between support and infill. 
The support consists of the structural elements 
which are meant to be as permanent as possible, 
the infill consists of the functional spaces which 
can easily be replaced when demands change. 
Habraken does not go in to depth how this could 
work in terms of design but sets outlines: 

“’The support structure must have, as far as 
possible, the same section at any given point, and 
it must be as long as possible.’ This means that 
vertical connections such as elevators, stairways, 
and garbage chutes are to be located, wherever 
possible, outside the support structure … Habraken 
envisions ‘long ribbon-like forms’ meandering 
through the landscape.” (Hoogstraten D. 2000: 
105)

The Japanese Metabolists have another approach 
but come to a similar conclusion when it comes 
to temporary modules in the building to make 

CONCEPTS FOR THE AGES
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the ‘mother ship’ a more permanent building. 
The Metabolists compare cities and buildings to 
organisms: 

“The principle of life has not yet been discovered, 
but organisms can be viewed macroscopically 
as stable structures composed of orderly 
arrangements of cells. That organism lives, 
however, because of the constant metabolism of 
the cells…this must be examined microscopically.” 
(Tanghe K. 1958 as cited in Maki F. 1964: 38)

In this concept cities and buildings are made 
with cells (modules) which can be replaced when 
necessary. In Japan most built examples of plug-
in architecture can be found. According to Kenzo 
Kurokawa this is rooted in Japanese architecture:

“Since wood, the traditional building material, 
rots easily, the Japanese have never felt that the 
materials themselves have a sense of eternity. 
On the contrary, they are and always have been 
conscious of the spirit and philosophy beyond the 
materials and regard the form as an intermediary 
conveying that spirit and philosophy to human 
beings.” (Kurokawa K. 1977 as cited in Rethinking 
Technology 2007: 238)

Habraken, the Metabolists but also others like 
Archigram (more futuristic and machine-like) have 
similarities in terms that they all have concepts 
with various gradations of permanence in one 
building. This can be seen as the essence of plug-
in architecture, they all see the necessity to make 
buildings that are more easy to adapt to the fast 
changing world around them.
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The projects of the sixties and seventies have 
a tendency towards flexibility of the building 
and towards its direct environment. The 
interchangeability of the units is mostly used for 
sole objective to keep the building flexible to future 
(unpredictable) changes, a valid reason. Though 
when the possibility of interchanging modules 
exists there are more advantages which have not 
been used to full potential in those projects. One of 
these possible advantages is the possibility for the 
occupant to move easily. 

Moving is not something that most people do often 
(about once every ten years on average). One of 
the reasons the moving rate is so low might be due 
to the complicated act of moving; selling a house, 
buying another and refurbishing this house takes 
months and often longer. This obstacle will often 
scare occupants to stay in their current location, 
which they are not perfectly satisfied with. Taking 
longer commutes, an undersized or oversized 
apartment or an unwanted neighbourhood instead 
of moving to a place where their demands can 
truly be met.

The micro-compact home by Richard Horden is 
mostly thought of as an experiment to create 
small, affordable and eco-friendly student houses. 
The result is a module of only 2,6 m3. This module 
can easily be transported, even multiple units at 
the same time is possible. 

A plug-in system can potentially make the act 
of moving into a much simpler, short term act. 
Provided that the modules can be moved over the 
roads and waterways without much problems, the 
placing of the module can be done in a short time 
(at any time) and enough buildings of the same 
kind are built (or modules can stand without a 
supporting structure) to make for enough choice 

for occupants. When most barriers of moving are 
taken away a nomadic living is supported by the 
build environment and would the act of moving 
most probably be done much more frequently.

NOMADIC LIVING
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Every system has constraints. The impossibility to 
change the size of modules is probably the biggest 
constraint for most plug-in projects currently 
known. All plug-in projects take a certain size 
grid or module which make the modules ‘fit’ in 
the building. These grids or modules are often 
designed to fit a certain target group.

Kisho Kurokawa designed the Nakagin Capsule 
Tower which has been realized in Tokyo in 1972. 
The modules (approximately 3,8m x 2,4m) are 
designed as a small home for business men who 
would live a more nomadic live in up to five places 
in his view. The vision that Kurokawa had for the 
building did not fulfill, as it does with many other 
buildings. The building became as fast out of date 
as buildings with no flexibility. This is a consequence 
of the (too) small units used and the lack of ability 
to attach multiple units together (which could 
have saved it). When there is a freedom to create 
double, triple or even bigger extensions of the 
same module it gives room for more alternatives. 
Diversity in size gives the possibility to focus on 
different target groups and inherently diversifies 
the group of occupants. It also gives opportunities 
for the space to grow (or shrink) with the changing 
life stages of the occupants. (Ross M.F. 1978: 71)

Most known plug-in projects do not have this 
extendibility of modules. Some have a possibility 
to do it in one dimension, giving more possibilities 
in terms of routing and plugging in and out. The 
modular dwelling unit is an example of this.

There is one project in which this freedom has 
been taken as a starting point: The Group Uchida 
Project VII (GUP VII):

“GUP VII employs an erector-set series of structural 
components which clip together leaving a regular 

grid of voids and shafts for mechanical equipment 
which can be replaced easily without disassembling 
the structure itself. … The remainder of GUP VII is 
comprised of “box units.” These units are inserted 
into the skeleton, then interlocked and cantilevered 
in a wide variety of configurations.” (Ross M.F. 
1978:62)

This project shows that it is possible to make an 
extendability in three dimensions. Though this 
does give complexities in organization. Modules 
cannot be reached with bigger structures which 
makes it more static when finished, although it still 
provides a lot of flexibility in terms of piping and 
extending.

The possibility to attach multiple spaces together 
makes for more freedom to the occupant and 
gives room for more target groups to use the 
building. This flexibility is essential when a building 
is designed to stand over multiple generations. A 
building should be designed to function as good as 
possible today with the flexibility to do the same in 
the future.

EXTENDING SPACES
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“Those most affected by the built environment 
possess neither the power nor the tools to shape 
this environment to their will.” (Lefebvre, 1947 as 
cited in Bosma K. 2000: 48)

In the 19th century many buildings were built by 
the people that were going to use it. Buildings in 
that time were still relatively simple and there were 
little regulations. This gave people the freedom to 
shape buildings to their own demands. Because 
every user has different demands, character, and  a 
different financial situation, every building develops 
differently. Before industrialization this resulted in a 
diverse architecture. Because of this, the character 
of the building reflected the character of the user. 
This degree of personalization has almost totally 
disappeared due to the industrialization in the 
western civilization (Java Eiland in Amsterdam and 
the Favelas in Brazil come to mind as exceptions). 

“In the civilized Western world, the occupant of 
mass housing moves into a ready-made dwelling 
for which he has no sense of affinity and which he 
cannot adapt to his own wishes. In many rental 
units, the landlord prohibits him from making any 
changes, and alterations are often difficult from 
a technical perspective, since all elements of the 
dwelling are in their permanent positions when he 
arrives on the scene.” (Hoogstraten D. 2000: 96)

This quote describes the situation which developed 
due to industrialization and mass production. 
For the users the buildings have become too 
complex to make major changes and when it is 
technically possible they find themselves restricted 
by complex regulations. This led Habraken to the 
conclusion that more occupant participation is 
needed in the decision making process. In the 
separation of support and infill he foresaw that the 

infill was, to a large extend, free in placement with 
little standardization. (Hoogstraten D. 2000: 99)

“Habraken draws an analogy between his model and 
the concept of car and highway: two independent 
objects, each of which assumes the presence of 
the other. A support structure, which is part of the 
public infrastructure, provides lay builders with 
the possibilities and points of departure that they 
need to plan their own homes. A precondition 
for the support is communal utilization, while its 
consequences are the space it provides for each 
occupant’s ‘infill package’ and a basis for the 
distribution of authority among the various parties 
involved.” (Hoogstraten D. 2000: 106)

Habraken continuously comes back to occupant 
participation. This is positive when it can be filled 
in on an individual basis, but it might become 
problematic when a thousand people get to 
decide over public or communal spaces. It seems 
unrealistic to come to consensus with this amount 
of people, and the result not very diverse. Many 
people might just pull out since they are not 
interested in the debate about “small” decisions. 
In my opinion this would ultimately lead to a small 
group deciding for all. This would not result in the 
occupant participation that Habraken envisions. 

Where Habraken was more a theorist who came 
with ideas and left the actual designs to others, 
Archigram and the Metabolists were all about 
the designs. In most of these designs all modules 
are limited to the building they are in; a closed 
system. The modules are mostly identical in one 
building, not so much linking to the personalization 
Habraken was talking about but more towards 
the mass production. The modules still have the 
advantages of the less permanent infill but in a way 
that continues on the path of modernism. It doesn’t 

CUSTOMIZATION



24

solve any problems in terms of personalization.

Other industries have had similar problems. For 
most people a car is too complex to build, therefore 
personalizing it by yourself is nearly impossible.  
Ford came with the mass production of the car, just 
one type and only black but for a good price which 
ultimately lead to the car becoming a product 
for everybody. During the 20th century the car 
industry has developed from mass production 
towards mass customization. Every type of car 
comes with a long range of options: colors, rims, 
interior, electronics, engine, etcetera. In this way 
the demands of the costumers can be met much 
more precisely.  

Back to the quote about plug-in architecture:

“The attempt to lend whole structures greater 
permanence at the cost of making their 
substructures less permanent.” (Toffler A. 1970:60) 

For example: This substructure can be a module, the 
module can be a space of some sort and multiple 
modules can form a house. With mass production 
the only option is a module which fits into the main 
structure with basic functions (always having the 
same price), with mass customization this module 
can be changed with a long range of options: 
colour inside, colour outside, material inside, 
material outside, bathroom, toilet, entrance, 
door types, window types, amount of insulation, 
air conditioning, etcetera. As in the example with 
the car the costumers demands can be met much 
more precisely. With the current building stock 
little can be changed, only the interior is left to 
the occupant. Mass customization could give a lot 
of freedom to the occupant, not only in terms of 
interior but also in exterior and systems.

In this way a building can be build consisting of a 
thousand different modules making spaces for all 
kinds of people with their own preferences. Apart 
from giving them the size and space they need, 

mass customization can also make the unit look 
the way they want it. This would result in a diverse 
palette of different facades, every façade chosen 
by the individual that owns it, showing what they 
want it to show. The building would consist out 
of modules which answer the demands of the 
occupants while the façade always reflects the 
function and the character of the occupants. This 
would be the ideal combination between the open 
system Habraken proposes (which would most 
probably lead to a bureaucratic organization) and 
the closed system Archigram and the Metabolists 
propose (which leads to uniformity). Combining 
the ideas has the potential to result in a flexible, 
diverse, cheap and personalized type of buildings.
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Plug-in architecture can be executed in an endless 
variety of ways. To make a clear assessment of how 
these systems can work and what consequences 
certain types of plug-in architecture have this 
chapter gives a few example projects with their own 
advantages and disadvantages. Both advantages 
and disadvantages can be found in many areas, 
including economic and building technical aspects. 
This report focuses on the following aspects which 
are made up from the past chapter:

Separation of Support and Infill:
Is there a clear separation between support and 
infill? Any true plug-in building has this separation. 

Ability to replace modules:
Does the building have the ability that modules can 
be replaced when they are outdated?

Move module at any time:
Is there a system in place which makes sure that 
single modules can be moved at any moment?

Module extendibility: 
Can multiple modules be connected together or in 
any other way be extended?

Interior customizability:
Can the interior for a large part be chosen by the 
occupant?

Exterior customizability:
Has the occupant influence over the way their 
space looks

The projects have been chosen for the way they 
work on a building level. They all have different 
qualities and different representations of a similar 
concept. Not all the projects have been realised 
but they are all realistic. 

EXAMPLE PROJECTS
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Nakagin Capsule Tower

Architect:  Kisho Kurokawa
Made:  1972

This iconic tower is the flagship of Japanese 
metabolism, and plug-in architecture in general. The 
concept is a mother ship with capsules attached to it. 
The mother ship was supposed to be more permanent 
(200 years), this was reached by making the capsules 
more temporary. 

The capsules are designed to be very compact (2.3 m 
× 3.8 m × 2.1 m) and very high-tech, totally in line with 
the spaceship story which Kisho Kurokawa referred to. 
They were made for business men who according to 
Kurokawa would become more nomadic and therefore 
need small places to stay in multiple cities. 

The capsules were prefabricated off site, and attached 
to the mother ship later, this made the construction 
of the capsules relatively cheap. The capsules were 
supposed to be replaced and updated around every 25 
years, this never happened. The building has not has 
the maintenance it needed and has gone outdated. 
Currently it is on the list to be demolished, although 
multiple architecture groups are lobbying for renewal 
of the capsules instead. (Ross M.F. 1978: 71)

Separation of Support and Infill: Yes
Ability to replace modules:  Yes
Move module at any time:  No
Module extendibility:  No
Interior customizability:  No
Exterior customizability  No

Figure 7: Kisho Kurokawa - Nakagin Capsule  
Tower
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Group Uchida Project VII

Architect:  Uchida Laboratory
Made:  1972

The GUP VII as this project is often referred to is an attempt to create a modular system with a lot 
of freedom to the occupant. In contrast to most other projects where extending is impossible or 
only in one direction, GUP VII has the possibility to expand on all three axis.  

The structure is open and the modules are placed in later, also the walls (sometimes containing 
piping) are in some cases separate from the modules. The boxes are 2,7m x 3,6m which is relatively 
small, often six units are placed together to form an apartment. 

The possibilities with the modules, the three dimensional  connecting possibility and the small 
unit size make for endless variation possibilities. This degree of personalization is something which 
is not seen that much in metabolist architecture, most consist of mass produced and uniform 
modules. (Ross M.F. 1978: 62)

Separation of support and infill: Yes
Ability to replace modules:  If reachable
Move module at any time:  No
Module extendibility:  Yes
Interior customizability:  Yes
Exterior customizability  Yes

Figure 8: Uchida Laboratory - Group Uchida Project VII
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Zip-up Enclosures

Architect:  Richard and Su Rogers
Made:  Never (designed in 1968)

Richard and Su Rogers were set out to create prefrabricated housing, with the possibility of 
extendibility and easy transport. The skin was to provide for its own structure. Multiple similar 
modules could be attached on a row, the total would make a house. One module is a long structure 
which was supposed to be available in a few variations in terms of openings. The design allowed 
for flexible open plans with flexible walls which could easily be moved, this way allowing the plan 
to change to the demands of the occupant. This together with the extendibility gives the occupant 
a whole range of options to adjust their space. (Bergdoll & Christensen, 2009)

Separation of Support and Infill: No
Ability to replace modules:  If reachable
Move module at any time:  If reachable
Module extendibility:  Yes
Interior customizability:  Yes
Exterior customizability  Yes

Figure 9: Richard and Su Rogers - Zip-up Enclosures
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Modular Dwelling Unit

Architect:  LOT-EK
Made:  2002 (only the module)

LOT-EK is an architecture firm which is known for designing with shipping containers. In the 
Modular Dwelling Unit (MDU) a 20 foot container has been modified to create a dwelling with 
spaces that can be pushed out to create (limited) extra space. 

The vertical harbor is a concept where the MDU’s can be placed in a rack. The units are put 
into this rack with a container carrier. An extra steel structure is placed on the sides every other 
unit, these points take care of staircases, lifts, data, piping and more . This ensures that module 
traffic and person traffic wont intersect. The result is a plug-in system which has little options of 
personalization and no possibility to connect multiple modules, but places practical modules in a 
very effective vertical structure. 

Separation of Support and Infill: Yes
Ability to replace modules:  Yes
Move module at any time:  Yes
Module extendibility:  No
Interior customizability:  No
Exterior customizability  No (Colour Only)

Figure 10: LOT-EK - Modular Dwelling Unit implemented in Vertical Harbor
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Micro-Compact Home

Architect:  Richard Horden
Made:  2005 (only the module)

In 2001 Professor Richard Horden initiated the Micro-
Compact Home (M-CH) project on the Technical 
University of Munich. The goal of this project is to house 
students in small, affordable and eco-friendly units. The 
design is based on the scale and order of a Japanese 
teahouse, which had also been a source of inspiration 
in a lot of metabolism projects. This base is combined 
with new concepts and technologies found not only in 
housing but also in aircrafts, yachts and cars. The result 
is a 2,6m cube for living. With industrial fabrication a 
price of just 38.000 euros has been achieved. The unit 
is also suitable for easy transport. 

The tree village is a follow-up project, taking the 
module and putting it into a steel structure, creating a 
vertical community. This concept can be seen as a plug-
in system with modules which are easy to move in and 
out of the structure at any given time. The tree village 
has not been build but it does give the possibility for 
the M-CH to function in more dense areas. The module 
alone has the advantage of being able to function 
without a ‘mother-ship’ and can thus stand alone. This 
makes the unit very movable, whether it is in a ‘tree 
village’ or not.

Separation of Support and Infill: Yes
Ability to replace modules:  Yes
Move module at any time:  No
Module extendibility:  No
Interior customizability:  No
Exterior customizability  No

Figure 11: Richard Horden - Micro-Compact 
Home implemented in Tree Village
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The projects show solutions for diverse problems. 
The Nakagin Capsule Tower made plug-in modules 
to be replaced every 25 years and in that sense did 
not need the modules to be moved at any time. 
The GUP VII is designed for huge flexibility when 
initiating a project and also gives the possibility to 
do it later on, but this is not something to be done 
within a day, just a lot more simple compared to 
conventional buildings. 

Both the MDU and the M-CH have modules which 
have been designed to stand alone, these single 
space dwellings have enough qualities for the 
target groups they are designed for. Both have 
shown that they can be placed in a larger structure. 
They both do not have the possibility to extend the 
single space dwelling and also do not have much 
customization options, which makes them only 
suitable for a very specific target group.

The Zip-Up Enclosure is technically not a plug-in 
building, it does not have the separation of support 
and infill and consequently has no differentiation 
in permanence. It does consist of modules, and 
in contrast to most plug-in projects it is easy to 
extend and it has customization possibilities. The 
way modules can be chosen and placed in several 
ways to create a huge variation of layouts is very 
suitable for plug-in architecture.

The plug-in architecture of the sixties and seventies 
in general can be seen as futuristic and a kind of 
supermodernism. Equality and uniformity were 
very present in those projects, and were seen 
as a quality. This resulted in the megastructures 
proposed in many plug-in designs of this time. 
Views about this have changed in the almost fifty 
years that followed. Today the possibilities of 
individual choice and the power of differentiation 
in architecture are much more acknowledged. 

REFERENCE EVALUATION

Possibilities of a plug-in system with moveable, 
extendible and customizable modules in a structure 
that fits the scale of a specific location have not 
been examined in those times because those 
qualities were less valued. While technologies 
used in those projects were at that time new and 
expensive, today they are common (and cheaper) 
and more sophisticated. This kind of architecture 
has been written off way too soon, when more 
attention is put into the concept it has a serious 
chance of succes.
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DEFINING THE SYSTEM
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The theory gives clear opportunities for a renewed 
kind of plug-in architecture. The new system 
should have the following advantages compared to 
conventional architecture:

Movability:
The system should have easily and individually 
moveable modules, and there must be the ability 
in place to move the modules at any time. The 
less time it takes to take a module in and out of 
a building the more it will take place. To do this 
the boundaries of moving units should be as low 
as possible. These boundaries also involve easy 
transport over the road.

Extendability:
Modules should be in some way able to connect 
to each other. This gives the possibility to extend 
spaces, and thus create larger volumes. Also should 
it give multiple options in dwellings, which should 
lead to a larger target group

Customizability:
The modules should have options for customization. 
This should give occupants the feeling they can 
design their own homes, both in interior –where 
they got a variety of options to create a personalized 
dwelling-, and in exterior –where they can present 
themselves in the way they like-. This should also 
result in facades which represent the occupants, 
and show the diversity within the building. 

STARTING POINT
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The potential advantages of plug-in architecture 
can be reached, and have already been reached to 
a large extend by small scale houses; Tents, mobile 
homes and experimental projects like the Zip-up 
enclosures. These systems though can hardly be 
used in an inner-city situation where some kind 
of vertical building solution is needed to achieve 
enough building volume. 

Modular building has been a cheap alternative for 
conventional building, also for the inner-city. In this 
kind of building modules are stacked, each module 
has the structure needed to carry other modules 
of the same kind. Especially the mass-produced 
container has become an option for cheap and 
rapid (often temporary) building expansions. 
Although this has often resulted in monotonous 
facades and uninspiring spaces, in some cases it 
has resulted in interesting solutions. 

When stacking modules vertically only the top 
module keeps the ability to be moved individually. 
The result is a building which loses the ability to 
be changed easily. To achieve individual flexibility 
in terms of moving, connecting and interchanging 

stacking modules is not the solution. The only 
way to keep this ability is to separate support and 
infill, this way the modules can be interchanged 
independent of each other.

MOVABILITY

Figure 12: Conventional building versus a Plug-in building with seperation of  support and infill
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Moving a module has two sides; one is getting 
the module in- and out of a building, the second 
is the transportation from one place to another. 
The easiest way to transport a module from any 
place to another is over the roads. To be able to 
move without any permits over the road, the 
transport has to  conform to road restrictions. Also 
the vehicles which can be used for this kind of 
transportation have their limitations.

Road Limitations:
Standard limitations for road transport concern 
weight, sizes and may vary depending on the 
chosen vehicle and the load that is carried. These 
standard limitations need to be met in order to go 
on the road without the need for an extra permit 
any time a module needs to be transported, 
the obstacles for moving need to be as low as 
possible, the need for a permit would make for a 
huge limitation. Conforming to the limitations also 
means that most roads can handle the sizes, and 
thus that most places can be reached even over 
relatively small roads.

Limitations in weight are not a concern for this 
project, the weight of the modules will not come 
close to the ones mentioned in the regulations. 
The height and the width are the most important 
ones and the widest range for these limitations can 
be gained by choosing a truck with an inseparable 
load. It is in fact a tractor with a semi-trailer. A 
semi-trailer is a trailer which is carried on the front 
end by the tractor, not by its own wheels. This 
choice does however mean that it is not possible 

to move multiple modules at once, as this would 
be a separable load. The choice for a vehicle with 
a seperable load would have made the regulations 
concerning the width much stricter.

For the inseparable load the maximum height 
(mostly to prevent accidents with bridges) is set on 
4 meters, trailer height still needs to be deducted 
from this. Maximum width is 3 meters. The total 
length may be no more than 22 meters, it is not to 
be expected that the length will form any problems. 
(RDW, 2012)

Transportation Size

Figure 13: RDW - Truck with Semi-Trailer - Drawing



36

Figure 14a: Semi low-loader - Side View

Figure 14b: Low Loader - Top View

Figure 14c: Low Loader - Side View
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Trailers:
There are a lot of trailers on the market, each for 
its own purpose. There are two types of semi-
trailers that are suitable for moving the modules; 
the semi low loader, this type has the platform 
just above the wheels, and the low loader, this 
type has the platform in the length direction in 
between the wheels. The semi low loader has the 
platform at approximately 900mm, the low loader 
goes as low as 450mm. The semi low loader has 
two advantages, it has the possibility to take longer 
loads, this will most probably not be necessary for 
this project. When a shorter module is chosen the 
semi low loader can be chosen smaller than the 
low loader which makes for a cheaper trailer and 
a better maneuverability. Last advantage is the 
ability to handle speed bumps and other uneven 
terrain better. 

The height of the module will determine the type 
of semi-trailer is needed; the semi low loader can 
handle modules that have a height of 4000mm 
- 900mm = 3100mm, the low loader can handle 
modules width a height of 4000mm - 450mm = 
3550.

Concluding can be said that modules can have a 
maximum width of 3000mm. The height should 
be maximum 3550mm, but preferably 3100mm. 
The length can only give problems if it exceeds 
8000mm.

Max. 3550 mm

Max. 3000 mm

Max. 8
000 m

m

Figure 15: Maximum module size for road transport
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Figure 16: Peter Cook - Plug-In City

Figure 17: LOT-EK - Modular Dwelling Unit 
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The modules are separated from the structure and 
the maximum module size for transportation has 
been determined. There also has to be a way to 
place the module from the trailer into the building. 
This system has to be in place at all times to give 
occupants the possibility to move at any time. 
In some past plug-in projects these systems are in 
place; archigram often used cranes, in some cases 
placed on rails to give them a bigger reach, LOT-EK 
designed a system with a forklift on a rail. These 
systems are more or less in line with standard 
construction systems (although often adjusted to 
fit the specific needs).

In some projects a whole new system is designed to 
get the modules in place.  These advanced systems 
have reached car parks, where car lifts have been 

introduced. These systems are made with the 
specific goal of parking cars in a more space efficient 
way than what is possible with conventional car 
parks (where the parking versus ramp+road ratio is 
very low). In order to make car park with a car lift 
a serious option the lift system has to work fast to 
keep costumers content, preferably the time spend 
waiting should be shorter than it would be to park 
the car in a conventional garage. The frequency of 
moving cars in and out makes the price of the lift 
system compared to the revenue smaller, making 
it feasible to spend a decent amount of time and 
money to enhance the lift system (especially for 
speed).

Module Placement

Figure 18: Automated Parking System
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Figure 19: Forklift

Figure 20: Reach Stacker

Figure 21: Crane with spreader beam with adjustable counter balance
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Plug-in projects for living (and other functions) are 
different in a lot of ways; the potential advantage 
of a lift in car parks is to be space efficient. The 
potential advantage in plug-in projects is to be 
more flexible in moving and extending, but also to 
keep the total building more flexible. The potential 
advantages for plug-in projects for living are much 
greater, on the other hand is the frequency of 
movement for cars much higher, making the cost 
for moving one unit much lower.  There is also a 
difference in requirement for both systems; the car 
lift needs to be fast in order to be better than a 
conventional car park, five minutes is a long wait 
for this. When a living module is placed, time is 
less of the essence. If it takes an hour to place a 
module, it is not a serious problem, it is something 
you do not do every day. This means that a simpler 
placing system will suffice and the fact that the 
frequency is lower also means that the system has 
to be cheaper in order to make it feasible.

For this reason it is wise to make use of existing 
construction techniques. Cranes, reach stackers 
and forklifts are for this reason a good option. 
These vehicles are mostly designed to build from 
bottom to top. In this project it will be necessary to 
place modules in a structure from the side, giving 
an extra complication. 

Cranes can be placed separate of a building but 
can also be placed on top of them, giving them a 
unique quality compared to the other two options. 
They are designed to place heavy loads on top of 
something else, but there is an option to place 
modules in from the side:  a “spreader beam with 
adjustable counter balance” counterweights the 
weight of the load, making it possible to move a 
module into a structure. 

A reach stacker is normally used to handle 
containers. It hold the containers on the top, this is 
the biggest disadvantage of this type for the use in 
a plug-in project, as it will need extra height space 

between modules to be able to place them, this 
makes them not suitable for this cause.

The forklift is an alternative for the spreader, and 
was, before the introduction of the spreader the 
standard for container handling. The forklift lifts 
loads up from the bottom, the modules do need 
openings where the forks can be inserted. As it is 
a vehicle a secondary system would be needed to 
make it work on higher levels, in this case a crane 
system would probably be a better option. Though 
for small scale projects this vehicle is an excellent 
option for placing modules.
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EXTENDIBILITY

Extendibility is important for giving every occupant 
the space he or she needs, as one household needs 
more than another. Within a plug-in system it also 
gives possibilities to grow within the same building 
and gives in combination with customizability 
a wide range of dwelling options. It gives more 
options for occupants and it makes the potential 
target group a lot larger.

Limited extendibility can be reached through a 
sliding system or a foldout system, but this would 
mean that the module should already be made 
for the maximum size, thus extra costs when only 
a small size is needed, furthermore it would give 
limitations to the extendibility.

Extending by connecting multiple modules gives 
much more options. Simply attaching two units 
together would make the space not air- and 
watertight. In order to reach it in this way a lot of 
extra measures should be taken and implemented 
in each module. This would make the plug-in 
module -which is the most temporary part of the 
building- much more complex and expensive. 
Another way is to place a connecting part between 

two modules. Apart from giving the possibility to 
connect multiple modules in an air- and watertight 
way, it can also provide for the separate structure 
and piping, which is necessary in a plug-in system.

In theory, modules (when cuboid) can be 
connected in 3 directions; vertical, horizontal (long 
side) and horizontal (short side). The modules also 
need entrances and daylight which makes it merely 
impossible to use more than one direction in a 
system where all modules can be inserted in the 
same way, especially when all individual modules 
need to have the freedom to be moved at any time.
This leaves the options to connect the modules 
either vertically, horizontally (long side) or 
horizontally (short side);

Vertical connections make resulting spaces for 
larger apartments very vertical, space needs 
to be spend for staircases, and the floors and 
ceilings would require a big amount of flexibility. 
Especially the last two reasons make it a no-go. 
Both practically and technically this option is the 
hardest of them all.

Figure 22: Direct connection versus a connection making use of a connecting part
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An horizontal connection, gives connections on 
the wall-sides instead of the floors and ceilings, 
which turns out to be much more practical. The 
connection is a lot simpler, the spaces are on 
an equal level and no extra space is needed for 
staircases.

Already has been determined that a module has 
maximum dimensions of 3000 x 3550 x 8000 mm, 
for movement over the road. Because of space 
height it is best to take 3550mm as the height for 
the module. This leaves horizontal dimensions of 
3000 x 8000 mm. Connecting for example three 
modules horizontally on the short side would give 
a space of approximately 3000 x 24000 mm, a very 
long stretched space and the three meter width 
could be very limiting for the spaces required. 
That is why the best option would be to connect 
modules on the long edge; three modules would 
give a space of approximately 9000 x 8000 mm, 
giving all kinds of dwelling options.

Figure 23: Vertical connection versus horizontal (short side) connection versus horizontal (long side) connection

For the modules to be placed in a way that allows 
them to be connected on the long side, it has 
to be lifted on the short side, which brings extra 
complications for the placement. Both forklifts 
and a crane with a spreader beam with adjustable 
counter balance do not usually lift containers on 
the short side because this gives a higher rotational 
force. There is a limited amount of forklifts which 
can carry 20 foot containers on the short side. The 
length of such a container is approximately 6000 
mm. Keeping within these standards can cut cost 
both in power of the machines and in possible 
development cost. The 6000mm will keep room for 
decent dwellings and potential daylight difficulties 
can be evaded in this way. The module will have 
dimensions of 3000 x 6000 x 3550 mm.
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ACCESSIBILITY

In order to design a plug-in building suitable for 
an inner-city situation, the modules have to be 
arranged vertically. On higher levels the modules 
still have to be accessible, there are two ways to 
make this happen; all dwellings need to be directly 
connected to vertical transportation (stairs and 
possibly lifts), or a walkway should be placed to get 
to the vertical transportation.

The system should allow for multiple module 
apartments, which means the amount of modules  
varies depending on the occupant it is for. This 
allows for more flexibility for the user, but this also 
makes it hard to connect modules directly to vertical 
transportation, this would limit the flexibility. An 
apartment would require a minimum of two plug-
in modules, which means that every four plug-in 
modules vertical transportation is needed. This 
would not allow one of the two apartments to 
be extended. When a walkway is constructed to 
connect all modules together it becomes possible 
to make a long string of modules which allows the 
amount of modules per apartment to vary, and 
also make the amount of apartments per string of 
modules (also depending on the size) vary. 

Figure 24: Vertical transportation can not be directly connected to the modules in order to keep flexibility in extendability
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CUSTOMIZABILITY

To make it possible for the modules to be 
customizable it is firstly important to make it 
confirm to certain standard,  most importantly in 
terms of dimensions and the connection system. 
The base can then be mass-produced. By proposing 
a system which is suitable for a large target 
group the amount of modules can potentially be 
enormous , allowing for mass production. The 
base can then be finished in different ways, making 
them different in layout, appearance, performance 
and price.

The customizability becomes more important in 
a later phase of the design process, where the 
system is designed more in detail. At that point can 
be determined which parts have the possibility of 
being customized.



46

DESIGN OF THE SYSTEM
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COMBINATION OF MODULES

A system has been determined in which long 
strings of modules get horizontally connected on 
the long side of the modules. It is important to 
know how this module can get plugged in. This 
should be possible in a rather simple manner and 
in a short time. It would be ideal if a system can be 
thought of where no extra actions are needed, for 
making the module air- and watertight, after the 
module is in place. 

To make this happen the plug-in module can be 
placed around the connecting part. Rain falling on 
the plug-in module will then fall on the connecting 
part which can further transfer the water down. By 
creating a system (see sliding system) where the 
plug-in module gets lowered a few centimeters, 
at the end of placement the air-tightness off the 
system can be guaranteed.

Figure 25: How a plug-in module moves in
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Plug-in Module

Connecting Module

Routing Module

Figure 26: Schematic drawing showing the different modules in the three module system
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The plug-in module is the exchangeable part of 
the building and should be customizable to the 
demands of the occupant. Between the plug-
in module and the connecting part should be a 
way for piping to connect in an easy way. For the 
piping to move within the module, and possibly be 
changed while being in use, a raised floor would be 
a great benefit. Extra height needed to move the 
module around the connecting part will provide the 
space that is needed for this raised floor. Together 
with some predetermined needs, this will give the 
following list of demands for plug-in modules:

-Maximum size: 3000mm x 6000mm x 3550mm 
-System which makes it possible to slide the module 
in, including wholes for forklift and a railsystem
-Easy connection for piping with connecting part
-Raised floor
-Possibilities for customization in layout, interior 
and exterior

At this small scale the extendibility of the total 
system can be a big advantages, especially for 
temporary building extension. As we already have 
plug-in modules it makes it simpler to make a lot 
of the other parts also extendible, this to make it 
easier to place extra modules when extra capacity 
is needed. 

The connecting part, which is already mentioned 
earlier, can be a module as well. This module takes 
care of connecting plug-in module spaces together 
to create multi-module spaces, and it supports 
the plug-in module so it can be easily moved. To 
create the connection between multiple plug-in 
modules the height of this unit needs to follow 
the regulations for ceiling height, which is set at 
2600mm. To make a decent connection between 
plug-in modules the opening needs to be large 
enough (horizontally) to give possibilities in 
connecting spaces. A way is needed to connect 
and separate the plug-in modules, this can be done 
with a sliding of foldable wall. The fact that the 
connecting modules need the ability to be stacked 

means this part is not as movable as the plug-in 
module. It needs to be exactly the same module 
every time in order to keep to a standard, which 
potential occupants can take into account. The 
connecting part will have the following demands:

-High enough opening for regulations (2600mm)
-Large enough opening (horizontally) from one 
plug-in module to another
-A sliding or foldable wall which can connect- and 
separate modules
-System which makes it possible for the plug-in 
module to slide in
-Easy connection for piping with plug-in module
-Stackable
-Structure which can hold plug-in modules and 
multiple levels of connecting modules

The walkway, which connects modules to the 
stairs/lifts, is also a part that can be a module. 
Apart from the primary function of exterior routing 
this ‘routing module’ can give structural stability to 
the other two modules. The routing module 

-Provide accessibility for the plug-in modules
-Structural stability for the total system

This creates a system containing three modules 
which can be extended freely. Only extra things 
that are needed are vertical transportation and 
access to water, sewer, electricity and internet. 
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IN DETAIL

Plug-in Module

Connecting Module

Routing Module

Figure 27: Vertical section 
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Plug-in Module

Connecting Module

Routing Module

Figure 28: Vertical section
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Plug-in Module

Connecting Module

Routing Module

Figure 29: Horizontal section
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The images show the full three module system 
in a technical section, with all of its components. 
This is determined on the demands per module 
previously mentioned. The size of the plug-in 
module has been set on the maximum dimensions 
of 3000mm x 6000mm x 3550mm. Especially 
the height has been a factor. Because the ceiling 
height of the connecting module should be at least 
2600mm, there is little space for the rail system 
and insulation. The fact that the plug-in module will 
get to the 3550mm means that only a low-loader 
trailer can be used to carry the modules, which 
is a minor disadvantage. On the positive side this 
does give possibilities to make the ceiling height of 
the plug-in module 2940mm, which will increase 
the volume to enhance the spaces and give more 
daylight entrance to the resulting spaces. As 
mentioned before it will also result in extra space 
in the floors which is used to place a raised floor for 
extra flexibility in piping.

The connecting module might be most interesting 
as it is made to make the plug-in modules function 
as good as possible. The structure of this module  
needs to be continuous vertically, to transfer loads 
to the ground surface. The plug-in module cannot 
slide through these structural elements, which 
means that the width of the structure defines for a 
large part the width of the connecting module.  The 
column is set on 300mm, this makes for a decent 
carrying capacity, together with the amount of 
columns per amount of surface. To make a warm 
structure, the column should be totally packed in 
with insulation, resulting in about 200mm more 
width in the connecting module, that is not what 
we want as this is a space that can hardly be 
adapted by the occupants. To make the width of 
the connecting module as small as possible, the 
structure has to be cold, resulting in some lost 
space within the module because of the insulation 
that has to be placed around the column locally.

On one side the connecting module needs a space 
for pipes and rainwater drainage, narrowing the 

opening in this module from one plug-in module 
to another. The opening can be closed with a 
separating folding wall, which is similar to those 
seen in modern glass apartments as a way to 
the balcony, courtyard or garden, with the big 
difference that this one is not transparent and is 
equipped with more insulation to make it resistant 
to more noise and cold. When the folding is opened 
it will create a 4000mm opening which is still large 
enough to create relatively large open spaces in 
the dwellings.

Electricity-, internet cables and pipes for water and 
drainage should be connected from plug-in module 
to connecting module. This will take place just 
under the floor where both modules connect to 
each other, at this point the tiles of both modules 
can be lifted and the pipes can then be connected, 
before placing the tiles back in place.  
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Situation while inserting

Situation after placement

Plug-in Module

Connecting Module

Routing Module

Figure 30: The sliding system

Plug-in Module

Connecting Module

Routing Module
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SLIDING SYSTEM

To make sure that plug-in modules can be easily 
slid onto the connecting modules even when they 
are heavier then expected, a rail system is chosen 
with wheels on the plug-in modules. The wheels 
only support the plug-in module when it is slid in. 
The rail lowers at specific points so that when the 
module is in place it will lower two centimeters. This 
will make the plug-in module place its weight on 
a secondary structure of the connecting module, 
this will also make it airtight by compressing the 
sealant tape.
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TARGET GROUPS

By combining a lot of the advantages of other plug-
in projects this plug-in system has the potential to 
be interesting to a relatively large target group in 
comparison to former plug-in projects. This has 
the advantage that when the demand for one 
target group (for instance because of a crisis) falls, 
another group can fill this demand.

The spaces that are created by joining modules 
provides spaces that are suitable for certain 
common functions, mostly residence and small 
offices. The group residence can be narrowed down 
to get a more specific target group. Although the 
defined system has the possibility to be extended 
nearly infinitely, for families who are not expecting 
any changes in family size and do not have any 
ambition to move for a long period of time, this 
type of living might not be the right choice. The 
people that have most advantage by moving in this 
system are the ones that move a lot, or can benefit 
a lot from the extendibility of the system:

- Expats or business men that are moving a lot
- Starters – when living situations change most

These are generally stated target groups, in reality 
everybody that moves a lot and/or has a changing 
demand in amount of space that is needed has a 
good reason for moving to a building which has this 
plug-in system in place.

Small offices can also use this kind of building. 
These offices (which could also be start-ups) have 
a tendency to grow and/or shrink fast. This gives a 
use for this system. The office could also be easily 
relocated when needed and if necessary even 
divided to create two smaller offices. 

The modules could also form a small shop, this is 
only applicable when it is in a location where there 

is a certain amount of foot traffic. This is mostly 
the case for inner city, ground floor locations. The 
shop would be movable, which could make it ideal 
for thematic shops, which only do well on certain 
days, events or seasons. This type though, is not 
researched further in this report.
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DWELLING MODULE TYPES

The designed plug-in system gives certain options 
for different dwellings. To make it easy to form 
combinations of different plug-in modules to form 
a wide range of dwellings, which is also usable in 
some kind of rental system, it is wise to make certain 
standardizations in the layout of the modules. 
Besides the standardization, different modules 
should offer a diversity of functions and spaces 
which result in a variety of choice for potential 
occupants. The entrance for instance requires a 
space for a peg, possibly a toilet, and this might be 
a place which connects to multiple other spaces, 
on the other hand it is not a space that should be 
extremely large. This is something that requires a 
certain type of module, and this is the way that the 
whole system of modules is designed for. Certain 
layouts can be used better when it is at the end of a 
string of modules and should be designed this way 
to make it function best. The result are five types 
of modules, which can each have different variants 
in turn. 

Type L1
-Can only be placed at the far most right of an 
apartment (seen from the entrance)
-Only one can be placed
-Most useful as bedroom

Type L2
-Can only be placed in between type L1 and L3
-Can be placed multiple times next to each other 
-Mostly meant for extra bedroom(s)

Type L3
-The entrance module
-One of these is always present in every 
combination of dwellings
-Only one can be placed
-The entrance is always combined with a secondary 
space, within the same module

Type L4 
-The main space of almost every dwelling
-One of these is always present in every 
combination of dwellings
-Can only be placed in between type L3 and L5
-Can be placed multiple times next to each other
 
Type L5
-Can only be placed at the far most left of an 
apartment (seen from the entrance)
-Only one can be placed
-Provides an extra space next to the main space 
(type L4)
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Figure 31: Types of dwelling modules - 1:100
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DWELLING MODULE OPTIONS

Together, the different types of plug-in modules 
can form a range of apartments, which differ from 
each other in layout, size and functions. They also 
give options for extending or shrinking, depending 
on the demands of the occupants. Every module, 
together with the extra space that is included by 
attaching a connecting module gives a space of 18 
square meters. The smallest apartments proposed 
contain two modules, resulting in a floor area of 
approximately 36 square meters. This would be an 
ideal choice for occupants that live alone and do not 
have a large budget. When the financial situation 
changes or more room is needed, because an extra 
person is living in, an extra module can be added, 
temporarily or permanent. This way the apartment 
can always adapt to the situation the occupant 
is in, without the need for renovations or other 
operations that need a lot of time and/or money. 

The proposed dwellings all have an entrance space 
and a balcony, together with the standard functions 
which can be expected in a dwelling.

In theory the apartment is infinitely extendable, 
it is maximized by the length of the string of 
connecting modules. Most common apartments 
will have a size of three of four modules (leading 
to respectively 54m2 and 72m2 of floor area). The 
layouts which can be formed with the different 
types of modules can vary distinctly, depending on 
the preferences of the occupant and the financial 
means they aim to spend on this.
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Figure 32a: Combinations of modules, example apartments - 1:100
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Figure 32b: Combinations of modules, example apartments - 1:100
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OFFICE MODULE TYPES

The office types have a similar arrangement as the 
dwelling types. As in the dwellings there are five 
types of dwellings which determine the location 
to one another. Some of these then have different 
variants which can be used to form a wide range of 
office layouts:

Type W1
-Can only be placed at the far most right of an 
office (seen from the entrance)

Type W2
-Can only be placed in between type  W1 and W3
-Can be placed multiple times next to each other 
-Mostly meant for extra office room

Type W3
-The entrance module
-One of these is always present in every combination 
of office modules
-Can stand alone (W3 variant 1) 

Type W4 
-Can only be placed directly left of type W3 (seen 
from the entrance)
-Can be placed multiple times next to each other to 
create large open space

Type W5
-Can only be placed at the far most left of an office 
(seen from the entrance)
-Provides an extra space next to the main space 
(type W4)
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Figure 33: Types of office modules - 1:100
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OFFICE MODULE VARIATIONS

The different types with each their different variants 
gives a lot of options to potential occupants. When 
going into an office in the central type W3 module 
on the right closed office spaces can be placed, on 
the left large open spaces can be placed.  This is 
the main concept behind the plans, and because 
both sides can be as large as wanted this gives 
enough choice to house different kind of offices. 
At any moment the offices can be extended or 
shortened to keep up with the demand of space 
which is present. 

In contrast to the dwelling options, the office also 
has the possibility to function with only one module 
(W3-1). This can be extended with an extra module 
or even multiple modules. Though when the office 
gets larger the W3-1 module might not be the best 
option and one of the other W3 modules might be 
more suitable. 

Because the string of modules in a building is 
limited and also the length of the module is six 
meters, this modular type of office is only suitable 
for relatively small offices. For larger offices to 
function, part of the building should be closed off 
from the public and turned into a collective space. 
This means that multiple strings of modules would 
be connected to the same collective office space. 
Static building parts are needed to make this 
happen, and although this should be possible, it 
will not be researched further in this report.



69

Figure 34a: Combination of modules, example offices - 1:100
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Figure 34b: Combination of modules, example offices - 1:100
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Figure 34c: Combination of modules, example offices - 1:100



72

OWNERSHIP

In static architecture apartments are either owned 
by a company (or individual), which rents the 
apartments out to occupants, or they are owned 
by the occupant.

A plug-in system where multiple modules form an 
apartment or office, and where individual plug-
in modules can be plugged in and out requires a 
different approach to who owns what. 

The connecting modules, the routing modules 
and other more static parts of the building that 
are not immediately exchangeable and part of an 
apartment or office. They are owned by a company 
that rents out the spaces that are available, we 
will call this actor the ‘building owner’. This part is 
more or less equal to the way ownership in static 
architecture works.

The plug-in modules are different. First we should 
determine the different actors:

Factory
The factory produces the plug-in modules in order 
to sell them.

Building owner
The building owner owns the more permanent 
parts of a building, and might also be interested in 
owning a limited number of standard modules to 
provide for the occupants.

Renting company
The renting company buys plug-in modules with 
the sole purpose to rent them to occupants.

Occupant
The occupant is the end user of the plug-in 
modules. The occupant has the option to rent 
standard modules from the building owner or a 

renting company, or has the possibility to directly 
buy a personalized module from a factory.

Apartments and offices mostly have a need for 
more than one module. This means for example 
that a total of four modules can all be bought 
by the occupant, the occupant will own four 
(personal) modules that form his apartment or 
office. The occupant can also rent these four 
(standard) modules, which results in rent for these 
four modules. There is also the option to buy one 
module and rent the other three modules, the 
advantages of this will be part of the ‘moving’ 
section.
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Figure 35: Ownership of plug-in modules
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CUSTOMIZATION

Mass production was once the main way to produce 
cars and a lot of other products, nowadays cars can 
be chosen in any way a person likes. Aspects like 
color, engine, features, stereo etcetera can all be 
chosen by the buyer. This is referred to as mass 
customization. The production is arranged in such 
a way that this kind of personalization can be easily 
embedded.

This is also the way the plug-in modules should be 
produced. The structure and insulation is always 
made exactly the same. Module layout, exterior 
material and color, window layout of front and 
back, and appliances can be chosen by the buyer.

The occupants of a building will, because of 
the exterior material and color and the window 
layout have their influence on the façade. This will 
continuously change when new occupants move 
in. To make the façade not too chaotic, their will 
need to be some guidelines to the exterior of the 
modules. The modules are already within a grid, 
which creates a strict arrangement of modules. To 
make the fronts (opposite side of the entrances) 
less chaotic in large arrangements, the border 
of the modules will have a predetermined size 
(265mm), the window frames have to be at least 
200mm behind this to make this border stand 
out. Although the materials and color of different 
modules can all be different, only one exterior 
material should be used for one module exterior. 
This way the façade will give an arrangement 
of squares, they will have different colors and 
different window layouts which will give a sense of 
what is behind the façade and will in a natural way 
provide variations in the façade.

This past paragraph might give the impression that 
all modules will have a different exterior material, 
color and window layout, this is not the case. As 

mentioned in the ‘ownership’ chapter, plug-in 
modules can either be bought or rented. The 
rental modules, which are rented out by either 
the building owner or a renting company cannot 
have the same personalization possibilities as the 
units that are directly bought by the occupants 
themselves. The rented modules will all have the 
same exterior material and color (powder coated 
aluminum – grey). The rest: module layout, window 
layout and appliances- is up to the company that 
rents the modules out. This is done to make the 
occupant owned modules  -which are the only ones 
that actually can be personalized- more visible in 
the facade. 

Assuming that most occupants will own one 
personalized module, some none and some more 
than one. This will result in a façade with a lot of 
grey modules, and the personalized modules will 
stand out from those in the way that the occupants 
want.
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Figure 36: Mass-customization, exterior finishing

Figure 37: Mass-customization, front window frames
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MOVING OF A MODULE

The ability to move separate modules at basically 
any time is important for this plug-in system. 
Without it the extending and reducing spaces and 
any kind of personalization would not be possible. 
It also provides its own advantage of being able to 
move easily between structures of the same kind 
(possibly all around the world).

In the chapter ‘defining the system’ the guidelines 
for the system were determined based on the 
ability to move. In this part it was mentioned that 
a large forklift or a crane that has a ‘spreader beam 
with adjustable counter balance’ was needed to 
place the modules, and a low-loader to transport 
the plug-in modules over the road. 

Now that there is a plug-in system in place, the way 
the modules are actually placed can be shown. 

Plugging out (forklift)

1. The module needs to be prepared. Pipes  
should be disconnected, furniture strapped or 
in any other way attached to the module.

2. The forklift puts the fork into the lifting points 
of the module

3. The forklift lifts the module a little and slides it 
out of the structure

4. The forklift puts the module on the ground
5. The forklift puts the fork into the lifting points 

on the long edge of the module and puts the 
module on the low-loader

6. The module is sealed off with three beams and 
some plates, so it is closed off during transport

7. The low-loader transports the module

For plugging in the module, the mentioned steps 
should be done in the opposite order.

Figure 38: Moving a module out of a structure
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To move a three module apartment from one place 
to another it is not always necessary to move all 
the three modules. All furniture and things that are 
owned by the occupant can probably fit into one 
module. In the past ‘ownership’ chapter it is stated 
that both renting and buying is possible. To make 
it easy to move it is wise to own this one module 
that is needed for moving, and rent the other two 
modules. This way only the module that is owned 
needs transportation and the rented modules can 
be rented again on the next location. It would 
be smart for the occupant to choose the type L3 

module, as this is the heart of the apartment, 
as the one that he owns. As the most important 
module for the apartment any choice limitations in 
renting modules should be avoided.

Figure 39a: Apartment in living condition (1:100) Figure 39b: Apartment before moving (1:100)
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Figure 39c: Module being extruded
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MOVING FREQUENCY

The proposed plug-in system has some advantages 
which are directly linked to the movability of 
individual plug-in modules. This does not only give 
the advantage that individuals can move when 
they want, this also gives the other advantages of 
being able to extend their apartments or offices 
and to personalize these plug-in modules. To make 
the system feasible a certain moving frequency is 
required which explain the extra investment costs 
which are required to build up this plug-in system.

The base advantage is the ability to move easily. 
In this part this report will focus on the function 
of living. In the Netherlands a total of around 1,6 
million people move every year. Topping at around 
1,8 million around 1995 and dropping to just above 
1,4 million since several crisis’s hit the economic 
markets. This can be rounded off to about 10% 
of the Dutch population that moves each year. 
For this project it is most important to look at 
moving to another city, moving for the purpose 
of a bigger house for example is not as important 
with this plug-in system as this is taken care off for 
a large part in the extendibility. According to the 
CBS this intercity moving is about 40 percent of 
the total amount of moving. About 50 percent of 
the inter-city movers is between 18 and 35. The 
moving frequency lowers gradually when people 
get older and more settled. In this age ground, 
between 18 and 35, over 10 percent moves to a 
different city every year. This can be translated 
to once every 10 years on average. This would 
result in 10 percent of the plug-in modules being 
changed each year, which would not be sufficient. 
Specific target groups within this age group and 
also outside this age group move a lot more than 
others. This can be people that have to move a lot 
to different locations for work, but also people that 

just graduated and have a lot of changes coming 
because of that. (Huis, M. van. Agtmaal-Wobma, E 
van. 2009)

The proposed plug-in system could have such an 
impact that these figures may not be of much 
relevance, they would only be a reference to 
living in static buildings. As mentioned before, the 
financial market has shrunk the movability from 
about 1,8 million in 1995 to 1,4 million nowadays, 
this results in a 22% decrease in moving. This has 
everything to do with the debt the households are 
in when they would sell the home. When these 
homes would be movable, the individual would 
not need to buy a new home but they could just 
move their own home, possibly even with the debt 
they are in. They also do not have to pay transfer 
taxes when moving to a new location. The selling of 
individual modules is also possible, but in contrast 
to static buildings they can be placed anywhere the 
plug-in systems are located, they are not stuck at 
their location. (Huis, M. van. Agtmaal-Wobma, E 
van. 2009)

The homes can be taken where the occupant is 
going, which also means that the layout, interior 
and furniture automatically move with the moving 
plug-in module. The act of moving becomes a 
short-term act, one that can be done within a day. 
This in contrast with moving from conventional 
buildings, often this requires a long period of time 
to adapt the building to the demands of the new 
occupants. 

By taking away the barriers of moving, making the 
act of moving simpler and done in a short amount 
of time, the total dynamics of moving can change. 
The actual potential moving frequency is hard to 
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determine without a thorough research on this 
topic, as many numbers that are taken as facts, 
might change due to the changed way of moving.
Extending a home is also an act that is long-
term with static architecture. Architects, building 
technicians, permits, etcetera all costs lots of 
money and time. Exact numbers about house 
extensions are not available. With the proposed 
plug-in system an extra module can relatively easy 
be bought or rented and added to the existing 
apartment. When the space is lacking at the 
present spot in the building, the whole apartment 
can be moved to another spot. There is no need for 
architects, building technicians and permits. The 
system embeds these possibilities for the users, 
making it more easy, more common and less costly 
and time consuming than how it is with static 
architecture.

The ease in which the apartment can be extended 
makes even new kind of extensions possible. A 
temporary extension for a party for example, or a 
temporary extension of an office for a big meeting. 
These extensions might be moving from place 
to place within the building (in the ownership of 
the building owner who rents it out), when it is 
available it only needs to be placed on the right 
location. 

Another extra possibility might be the use of the 
system for second homes. The personal module 
can be in place the whole year and this needs to 
be paid rent for, but the other necessary modules 
can be rented only when necessary. This might be 
a month a year but can also be 5 months a year. 
This results in an extendable mobile home, which 
can also be used in dense areas, like cities and busy 
coastlines.

The total moving frequency is hard to predict. It is 
hard to predict what the effects are of the broken 
barriers of moving and extending, and the addition 

of short-term extending are. The advantages of 
the system are best taken use of when the moving 
frequency is high, this will automatically attract the 
people that have this high moving frequency. In 
combination with the broken barriers of moving, 
and the fast changing lives of a big part of the 
target group should result in a move frequency per 
module of at least 30 percent a year
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IMPLEMENTATIONS
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POTENTIAL

In the past chapters a system has been determined 
in which occupants have the possibility to move 
and extend their apartments easily, and which 
also give a range of personalization options. 
The total is unrivaled in static architecture. The 
focus though, has been on the advantages of the 
occupant. The urban consequences have remained 
underexposed.

Static buildings have little possibilities to change 
over time. When this happens it is often a time- 
and cost intensive process. Something which is only 
done when the building is not functioning anymore. 
The time in between the erection of the building 
and the renovation it gradually degrades, because 
it wears down and because new technologies 
catch up with what is present in the building. 
The proposed plug-in system automatically keeps 
the plug-in modules up to date. The modules are 
easy to replace and the occupant decides when 
it is time to buy a new one, to sell or renew a 
plug-in module. Trends on living spaces, layout, 
technologies, exterior and appliances get in this 
way automatically implemented in the building, 
it continuously transforms to the needs of the 
occupants. The main spaces replace themselves in 
this way, this makes the (possibly static) structure 
long-lasting.

The fact that there are possibilities for both 
residents and offices to move into this kind of 
building, makes it that when demand for a certain 
target group drops, the other can fill it up. In 
other economic times this might be the other 
way around. This limits chances of long vacancy of 
plug-in spaces and with that gives more financial 
security for investors.

Another big quality in a more architectural sense 
is the changing façade. Because the occupants 

can buy modules with many exterior (and 
interior) customization possibilities, the façade 
will give a sense of the kind of people which live 
in that building. It will give a sense of who bought 
modules, what the sizes are, and give in a natural 
way variation in the façade, a variation that is 
not ‘made’ by the architect but determined by a 
sum of decisions of the occupants. If spaces are 
available it is visible to the surrounding, and will be 
a signal to the surrounding that it is still possible for 
whomever to live or work in that building. 

In this chapter two types of buildings will be 
determined, the small scale and the large scale. 
Both types have the same plug-in system in place. 
Both types have the ability to take in the same plug-
in modules. The big difference between the two is 
the way they are build up. The small scale has the 
exact plug-in system in place that is explained in 
the past chapters, consisting only out of modular 
parts. The large scale makes use of static building 
parts, this makes it possible to use the system on 
a large scale, but has the disadvantage that it is 
harder to expand the building. 
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Figure 40a: single row of modules

Figure 40b: double row of modules, creates a ‘street’ between the entrances

Plug-in Side

Private Space

View View View View View View View View

Entrance Side
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Layout

When defining the building layout it is important 
to notice that certain inherit parts of the plugin 
building determine the way that it should be 
placed. One side is the side where the modules are 
placed in, this side needs space for that placement, 
depending on what method of placement is 
chosen. This side though is also the side where 
the modules are oriented towards and have most 
windows and balconies, the view from this side 
should be taken into account. The other side is the 
side where the modules have their entrances. This 
side has the walkways, with railings and structural 
elements. Modules can have windows on this side, 
but light entry is not strictly necessary, though as 
it is the entry-side it is important to create a nice 
atmosphere.

This clear distinction in sides will most often result 
in a certain building layout. It is possible to create 
a single line building, the plug-in side will be the 
most interesting visually and view from this side is 
also most important, this side should be oriented 
to the most prominent side. As this is also the side 
of balconies, a south or west orientation would be 
a plus as well.

It is also possible to create a building with a double 
line, mirrored. Both entrance sides will be oriented 
towards each other, which will create a street. This 
will make the exterior mostly consisting of the 
plug-in side, where personalization is most visible 
and the plug-in placement is visible. The balconies 
and views will be towards the surroundings. 

Third way is to close the edges, creating a block 
(possibly open on 1 side). This will create a 
courtyard, which can be public or communal. The 
entrances are still directed towards the inside, the 
balconies and views towards the surroundings.

Restrictions of the plug-in system also include that 
modules need to placed directly vertical, overhang 
is most often not possible, this would make plug-
in modules unreachable by the placement system. 
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Figure 40c: A closed block of rows, creating a courtyard
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Figure 41: Build-up of a small scale plug-in building
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THE SMALL SCALE

The proposed system, explained in the past 
chapters, can be used on a small scale. This has 
the advantage that it has little demand for static 
building parts. This means that it can be build up 
from the three basic modules; the connecting 
module, the routing module and the plug-in 
module. This forms the base of the building, four 
other things are required; a solid floor (which is 
strong enough to carry the potential weight), some 
kind of stairs (so the entrances can be reached), 
connections to water, electricity, etcetera, and 
a forklift to place the plug-in modules. If this is 
in place, the resulting building is easy to expand 
or shrunk and easy to move (possibly the whole 
building). These advantages can be added to the 
flexibility advantages which the system already 
offers.

The forklift will have a height range which will 
determine the maximum height of the building. 
Typically this will be three or four levels. When 
the forklift has an even higher range it might be 
necessary to place a lift. This would incline more to 
the large scale building, as this is generally a static 
building part.
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THE LARGE SCALE

Large scale buildings will require the ability to use 
static building parts. What kind of static parts will be 
used is up to the architect, this is mostly depending 
on the size and complexity of the building. Building 
parts that are most obvious are the lift cores and 
possibility to include the crane in the building.

Lift cores
The addition of lift cores is important for the 
reachability of higher apartments and offices. Apart 
from the vertical transportation of people, this can 
also be of importance to the structure of a plug-in 
building. Although structural calculations are not 
covered in this report, the structure in place in the 
three modular system can potentially reach high 
levels (looking at already build container buildings). 

Crane
For higher buildings a forklift is insufficient for the 
placement of modules. A crane with “a spreader 
beam with adjustable counter balance” will be 
needed. This can be placed on the ground, which 
will add to the architecture of a building which 
is always under construction. Another way is to 
make the crane(s) part of the building. This can be 
done by using the lift core structure and placing a 
platform on top of the building. On this platform 
the crane should have the ability to reach all the 
plug-in modules. This can be reached by placing 
the crane on a rail.

Other static building parts
In theory the amount of static building parts can be 
infinite. A part of the building might even be totally 
conventional (and even consist of static apartments 
instead of the proposed plug-in system). When the 
building has the goal to be as flexible as possible by 

Static building parts

using the proposed plug-in system it might still be 
necessary to construct spaces like: entrance space, 
parking, personal storage space, parks and possibly 
extra functions within the building.



92

Figure 42: A range of types of large scale buildings
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Building Examples

The renders shown on the left page show initial, 
general, designs based on the designed plug-in 
system. The plug-in system gives room for two 
general types of buildings, a tower or a more 
rectangular building. 

Further the vertical rise points have a large impact 
on the composition of the facades. They can be 
placed in line with the modules, but also in the 
inner space. To keep the unity of all the modules 
in the facade it is necessary to make a kind of edge 
around them. When the lift cores are placed in line 
with the modules this edge becomes wide, if not it 
gives possibilities to make it thin, this space though 
will then be neede within the inner space.

The renders show the diversity of modules that 
can be placed, and how this results in a diverse 

facade. The personalized modules stand out from 
the standard modules, exactly like it is supposed to. 

The inside space though is dominated by 
uniformity. No activity is taking place in this area 
and the human scale is swallowed by the large 
scale of the walkways with its (necessary) structure 
and railings. 

Figure 43: Inside space of a large scale plug-in building, when no measurements are taken
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Figure 44a: loads being distributed vertically through the connecting modules

Figure 44b: modules in packages, per package the loads are moved to the cores, giving possibilities to open up the building
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Opening up the building

The building examples show the problem of 
uniformity within the inner space, resulting in a 
large scale building which loses relation to the 
human scale.

This problem was also common with modern 
architecture, which was especially common in the 
sixties and seventies. Building become oversized 
and feel out of touch with the occupants. On a 
small scale this problem is in this plug-in system 
tackled with the customization and personalization, 
but this is more visible on the plug-in side, the 
side which is most commonly directed to the 
surrounding. The other side is directed inward, the 
personalization is visible but less present on this 
side. To break the oversized, modernistic character 
of these spaces, smaller packages of modules are 
necessary. Horizontally the strings of modules are 
needed for the flexibility of apartments, vertically 
not necessarily. Instead of making packages of 
modules of eight (horizontal) by ten (vertical) for 
example, a division of two module packages of eight 
(horizontal) by four (vertical) can give a smaller 
scale, provided that some kind of seperation of 
spaces is made.

In order to reach this vertical division it is necessary 
to construct platforms or boxes which provide the 
structure needed to place these module packages. 
These can be hung on the present structural lift 
cores, like bridges. For this the amount of modules 
in a string needs to be limited in order to make the 
necessary structure limited.

Because less modules are stacked, the forces 
can be limited and the windbraces at the routing 
modules can be spared out.

The platform also gives options to construct extra 
communal space, where more activity can take 
place. compared to the basic walkways, which 

were in place with the large module package in the 
example buildings.

A smaller scale is reached by placing the module 
packages and the communal spaces at higher levels 
can seperate the different areas, without losing the 
diverse large scale exterior facades.

The platforms also give possibilities to open up the 
building. Openings in the building can be placed 
at different places, which gives options for light 
entry, communal spaces, all upto the architect who 
analyses the surroundings in order to determine 
the best solution for a specific location. 
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Figure 45: Build-up of a large scale building with module packages
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Construction

The construction of an opened up large scale 
building is for a large part conventional and static. 
The ground floors and lift cores are built in a 
conventional way. The module packages (without 
the modules at this point) can be assembled on 
site and put in between the lift cores using external 
cranes. When these are in the right places, the top 
is placed in a similar way. This is the part where 
the cranes are put onto a rails. This will give the 
necessary means to place single modules, with the 
cranes which are on the building.

After some decades, when the surrounding urban 
situation might have changed it is possible to make 
changes in the building. For this to happen, the 
building has to be disassembled to the second 
step and the module packages can be placed at 
different locations. Possibly static parts outside the 
lift cores can be renovated without any problems 
at any time.

With some extra additions the building could be 
extended with extra lift cores, followed by more 
module packages. In order to reach this, the lift 
cores need to be built to accept these extensions. 
This is not worked out further in this report.
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Figure 46: A large amount of plug-in buildings is needed to make it a succes
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Multiplicity of Buildings

For this concept of plug-in architecture it is 
a necessity to have multiple buildings of the 
same kind. The advantages of extendibility of 
modules cannot be taken advantage of without 
mass production. The advantage of movability is 
determined by the ease of placement but useless 
without a large range of choice of locations. The 
personalization of modules is possible without 
mass customization, but it will cost much more. 
Mass customization becomes a lot cheaper per unit 
when large numbers are required. Larger numbers 
make more options for variations feasible. This can 
lead to a bigger success of the total plug-in project, 
a circle of success which can only be reached when 
there is a big market to begin with. 

To reach this big market and large production 
numbers a large number of projects are needed, 
preferably international. This could increase the 
numbers and moving possibilities massively. 
Obviously some large partners and investors are 
necessary to reach this large scale.
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Use-Case: Strijp-S

Figure 47: Map of Eindhoven

To give an example of a large scale building which 
uses the proposed plug-in system an area in 
Eindhoven is chosen. Philips has been the grow 
engine of Eindhoven and boosted its growth in the 
20th century. Strijp-S has been a Philips-owned 
area and closed off for the public until recently. 
Philips is moving from the inner city, the buildings 
they leave at Strijp-S have an industrial character, 
contrasting with most of the residential areas of 
the city. Currently the area is under development, 
several buildings have been transformed to create 
spacious lofts. Strijp-S is becoming a creative 
center, with many innovative start-up companies, 
small designer shops, leisure and events. The goal 
is to create an area in which living and working will 

be combined to create this creative center, in the 
industrial setting that the area presently has.

Strijp-S consists of several industrial landmarks, 
most prominent: ‘het klokgebouw’ and ‘de 
hoge rug’. ‘Het klokgebouw’ is a building which 
continuously houses events on the ground floor, 
and offices and fitness in upper floors. ‘De hoge 
rug’ are three similar buildings that currently house 
lofts, (often small) offices and on the ground floor 
some shops. These buildings were all factories of 
Philips, all have the same white concrete finish 
which give it its distinctive industrial appearance, 
but most importantly they form –together with 
‘het veemgebouw’- a triangle, which is incomplete. 
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Figure 48: Strijp-S

In this triangle are some other (some historic) 
buildings, but they are of a much smaller scale, 
which make ‘het klokgebouw’, ‘de hoge rug’ and to 
a lesser extent ‘het veemgebouw’ the edges of the 
area. In between these buildings is a square where 
most activities within Strijp-S take place. 

The area has multiple construction projects in line. 
Some of those projects have been put on hold due 
to the fall of the housing market and the vacancies 
of office space. The restructuring of the area takes 
place, but at a lower pace than was anticipated.
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Figure 49: ‘De hoge rug’
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Figure 50: ‘Het klokgebouw’
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Figure 51: Map of Strijp-S showing the building site

Site Specific Design

Several factors within Strijp-S make it an excellent 
location for this plug-in concept. The industrial 
appearance, the innovative character, the scale of 
the buildings, the mixture of functions (both living 
and working spaces are useful) and the available 
space at this moment.

To ‘complete’ the triangle which is formed by ‘het 
klokgebouw’ and ‘de hoge rug’, the position next to 
‘het klokgebouw’ is ideal. It is a position between 
a low intensity road and a heavily used train track, 
which connects Eindhoven to the north and west 
of the Netherlands. On the other side of the road, 
is some open space, the main square of Strijp-S is 
located in this space, this is often used for activities 

throughout the year. This area is most prominent 
within Strijp-S, the building site will be directly 
connected to this.

To place this plug-in building with a crane and 
spreader beam it is necessary to keep enough 
room for the placement of the modules. This is at 
least the length of the spreader beam (15,5m), plus 
the length of a module (6m), plus moving space 
(2m), in total 23,5m. This space is only necessary at 
the places where the modules are inserted and the 
space to move the module to that position.
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Figure 52: Strijp-S and the building location
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Figure 53: Map of Strijp-S showing the plug-in building

The urban position, requires the building to be 
directed more towards the rest of Strijp-S and 
closed towards the railroad. To create a building 
that has a lot of possibilities within an urban 
environment it is best to use the system discussed 
in the  ‘opening up the building’ paragraph. This 
means that plug-in modules are put into bigger 
modules (module packages) which can be hung 
between the lift cores. This gives the possibility to 
open up the building on the Strijp-S side (by placing 
less module packages), and closing it off on the 
railroad-side (by placing more module packages). 
As the open side is oriented towards the south-
west this side also makes the entrance of sunlight 
into the inner space more common. 

The plug-in system can potentially be used in all 
thinkable scales. For this location, the masses of 
the old Philips buildings are prominent. The height 
of these buildings is about 35 meters, the height 
of the new building will confirm to this height in 
order to continue the masses and complete the 
triangle. This height will for the plug-in system 
translate into an eight story building. The length 
and width of the building is determined by the 
length of the strings of modules which is used, 
this will also have direct implications on the size 
of the inner space. The strings should be between 
six and ten modules, this provides the flexibility 
in the use of multiple modules for different types 
of apartments and offices, and keeps structural 
height limited. The strings will be between 22 
meters (for 6 module strings) and  36 meters (for 
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10 module strings) Larger strings are possible even 
within the module packages, but lattice girders in 
front of the walkway will be necessary to cover the 
extra span. This would determine the appearance 
of the inner space for a large part, and because of 
this it is better to avoid these large spans.

The plot gives room for a building that is wider 
than the 36 meter string that is mentioned above. 
This is also necessary to match with the scale of 
the present industrial buildings which surround the 
plot. To make this, two separate strings are placed, 
this will create an extra lift core in the centre of 
this axis. This results in a building with six structural 
cores, two rows of three. In between these cores 
the module packages are placed. 

Figure 54: Strijp-S with the plug-in building
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Figure 55: Exterior render of the plug-in building 
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Figure 56: Section of the plug-in building with its functions

Rail Side
(Closed)

Strijp-S Side
(Open)

Living/Working
Shops
Personal Storage
Bicycle Parking
Car Parking
Module Preparation

Functions

The ground floor is used as a public park, enterable 
from the Strijp-S side.  By making the inner space 
public and welcoming, this space will be kept more 
active. This is strengthened by the mixture of 
functions. 

The park can be separated into two parts; one 
area is totally open towards Strijp-S, the other is 
raised one floor. The area that is open is the south 
side. Module packages are placed here, but only at 
higher floors, which give the feeling of a high portal 
where people can freely move in and out from. 

This park is raised one floor halfway, a stairs covers 
the height difference. This higher area is partly 
used for small restaurants or cafeterias. Another 

stairway leads up above these functions towards 
a park with a view towards ‘de hoge rug’ and the 
main square of strijp-s.   The area underneath the 
raised park is used for static building functions like 
personal storage, bicycle parking and a reception. 
The more public sides (directed to strijp-s) have 
functions like shops and cafeteria. 
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Figure 57: Ground level park of the plug-in building
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Figure 58: Raised park
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Human Scale

In between the lift cores are seven areas where 
module packages can be placed; all around the 
building and one in between the middle lift cores. 
Modules are placed from the exterior side of the 
building, which makes this last one hard to reach 
for the cranes. It is a possibility to leave this area 
open, but to make the scale of the inner area 
smaller it is preferable to place a mass here. This 
mass can be used for communal functions like a 
sauna, fitness area, community centre, etcetera 
(this mass is not worked out further in this report). 
The module packages provide the option to place 
‘bridges’ between them. These can be used as small 
communal parks for higher floors. The amount and 

Figure 59: Combinations of modules, example apartments - 1:100

size should be limited as it will have consequences 
for the light entry within the inner space and for 
the lower occupants. These bridges have mainly 
an architectural function; it make the spaces in 
the inner space not as large as once was common 
in modernistic architecture, the spaces should be 
related to the human scale. As the bridges will not 
cover the whole inner area the occupants will have 
the feeling that they are in a large scale building, 
but these ‘bridges’ will give a human scale to the 
whole building. 
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Figure 58: Plan: Ground Floor
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Figure 59: Plan: Top level
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Figure 61: South-West Elevation
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Figure 62: North-West Elevation
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Figure 63: North-East Elevation
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Figure 64: South-East Elevation
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CONCLUSION
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The conclusion for this report can be given on the 
basis of the stated research questions. The main 
research question is:

Can plug-in architecture with the knowledge 
of today be implemented in a realistic and 
contemporary way?

To answer this research question is divided in three 
sub questions, together, the subquestions give a 
view of the answer of the main research question.

What are the possibilities that plug-in architecture 
can offer?

In the ‘Theory’ chapter a number of possibilities 
have come to the surface, based on research on 
plug-in architecture of the sixties and seventies, 
and taking contemporary views on architecture 
into account. The three main opportunities for 
occupants are; movability, extendibility and 
customization. For these opportunities to be 
taken in an inner-city situation there has to be a 
separation between support and infill. The support 
is the static part (which is long lasting and has the 
ability to hold the infill) and the infill the mobile 
and more temporary part (which has the possibility 
to be moved, interchanged and be used in different 
ways, for instance with different functions). 
When this is taken care of options in movability, 
extendibility and customization are possible in a 
way that is impossible when using traditional static 
architecture, where the separation of support and 
infill is not present. 

Movability:
By detaching the infill from its support, it gives 
opportunities to take the infill out of this support. 
For this to happen there has to be a system in place 
that can take the infill (or modules as it is often 
referred to in this project) out of its structure. 
This potentially gives free way to moving modules 
from place to place, renewing modules when they 
are out of date and other changing demands by 

stakeholders like occupants and building owners.

Extendibility:
To make the infill movable there are limitations in 
size, these smaller modules have to be connected 
in order to create spaces suitable for a large target 
group. In many past plug-in projects a too specific 
target group has been taken that could be fitted in 
a single (often movable) module, which has made 
the projects not lasting over time.

Customizability:
In the sixties and seventies when most plug-
in projects have been designed, modern 
architecture was at its high, this architecture can 
be characterized as large in scale and uniform. This 
came from a feel of collectiveness and equality that 
was present in those times. Today, the individual 
is more prominent in daily life, but facades do not 
reflect this in the build environment. A system 
of modules in a framework gives room for mass 
customization instead of the mass production 
which was visible in the plug-in projects of the 
sixties and seventies. Mass customization gives 
the occupant the possibility of changing their 
module in a way that they like, making it more 
personalized. This can not only make the dwellings 
personalized and other parts of the interior, but 
also the exterior and thus the way they represent 
themselves in their environment. This can also 
provide for buildings which are less uniform, while 
still keeping the advantages of mass production.
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How can the possibilities of plug-in architecture 
be best combined in a realistic and contemporary 
way? (Defining the system + Designing the system 
Chapters)

In the ‘Defining the system’ and ‘Designing the 
system’  chapters gives a proposition of a plug-
in system that is realistic and contemporary, 
and can make use of the advantages; movability, 
extendibility and customizability. These demands 
have resulted in a system consisting of three 
modules; a plug-in module, a connecting module 
(which also supports the plug-in module) and a 
routing module.

Plug-in Module:
This module provides the interior, private spaces 
and is the most temporary part. It is movable, 
can be connected to other plug-in modules 
(extendible) and customization gives a range of 
options in dwellings, interior and exterior.

Connecting Module:
This module provides for the structure needed to 
make the plug-in module as flexible as possible. 
Apart from that it has the ability to connect (but 
also if necessary separate) two modules. It also 
provides the necessary piping for the plug-in 
modules.

Routing Module:
This module is needed to connect the spaces to 
staircases or lifts, it also provides structural stability 
to the total system.

All modules are necessary to make for the total 
system to work. Though the connecting module 
and the routing module can in larger buildings 
be combined with the static parts like the vertical 
core to create a larger structure to provide for the 
flexibility of the plug-in modules. This will turn to a 
system which has less options for the total building 
to expand but it will still provide for the main 
advantages of the system.

What are the different ways in which this concept 
could be currently implemented? 

The implementation chapter gives two main ways 
in which the designed system could function. The 
first is a small scale, extendable way. Apart from the 
three modules this system only needs a staircase 
and connections to water and electricity. It does 
have the disadvantage that it needs an external 
way of placing the modules. A forklift for this is 
the most realistic option, this will give restrictions 
in terms of the height modules can be placed, 
this depends on which forklift is chosen for this 
task. The fact that not a lot is needed to place this 
system does give it extra possibilities for temporary 
extensions, and easy extending existing structures. 

A large scale implementation combines static, 
permanent building parts with the modular plug-
in system. It requires an integrated system for 
moving the modules; a crane placed on a rail on 
top of the building is the most logical choice. An 
extra structure is needed to carry the crane and 
the potential weight it should carry. The cores used 
for vertical transportation (staircases and lifts) can 
provide for these structural needs, and at once 
take care of the routing within the building. 

To create a smaller scale within these large scale 
buildings it is recommendable to create module 
packages. This gives opportunities to divide the 
large inner space, less structural demands for 
the routing module (making it more open), the 
possibility to create openings in the building, 
possibility to create ‘bridges’ between these 
packages and to make buildings that truly fit into a 
specific location.
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Can plug-in architecture with the knowledge 
of today be implemented in a realistic and 
contemporary way?

This report has shown that from an architectural 
and technical point of view it is certainly realistic 
for plug-in architecture to be implemented in a 
contemporary way in today’s build environment. 
There are a lot of advantages to plug-in architecture 
that are impossible to reach with conventional 
static architecture, and especially for everyday 
architecture like housing and offices it offers great 
potential. The system and implementations made 
in this project are just an example, different views 
on plug-in architecture could lead to many more 
reachable projects on this subject.

For plug-in architecture to actually find its way 
to the build environment, much more is needed. 
Three points can be potential problems; 

-Plug-in architecture is not present in the 
architecture debate, attention is needed, in this 
way it can develop further.

-This report does not handle the economics 
involved in a plug-in project. As plug-in architecture 
is a new style of building, it also needs a new finance 
system. The temporality of parts of the building, 
the more permanent static parts of a building, a 
new renting- and buying system, a non-real-estate 
way of living, more flexible buildings and broken 
constraints of moving would change the financial 
system of buildings. Whether this is achievable in 
this sense requires an extensive financial research 
on this subject.

-There are certain advantages to plug-in 
architecture that people might not embrace. This 
kind of architecture gives people possibilities that 
are unprecedented in static architecture, but they 
need to be acknowledged by the public to be 
successful.
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RECOMMENDATIONS

This report is a view on plug-in architecture in 
the current build environment. The resulting 
plug-in system takes opportunities of old plug-in 
architecture and new trends in architecture and 
other industries. By taking different principles for 
designing the plug-in system, the result can vary 
drastically, and in a different way possibly just as 
successful. There seems to be a whole field of 
possibilities for plug-in architecture which is hardly 
researched. Most plug-in projects of the past have 
been unrealistic, it is time for a movement which 
make realisable plug-in projects, the possibilities 
seem to be out there.

Whether it is truly possible to go from curative to 
preventive in a plug-in style depends for a big part 
on the extra costs involved. As plug-in architecture 
is a whole new style of building, it also needs a 
whole new finance system. The temporality of 
parts of the building, the more permanent static 
parts of a building, a new renting- and buying 
system, a non-real-estate way of living, more 
flexible buildings and broken constraints of moving 
would change the financial system of buildings. 
Whether this is achievable in this sense would be 
food for research for a more economic research on 
this subject.

A lot of aspects of this project can be worked out 
further. This report shows the potential of a plug-
in system. Aspects like structural design, building 
physics, mechanical engineering, etcetera should 
be researched further in order to see whether the 
assumptions in this report can be realised. 

The way the building is implemented in this project 
also shows more possibilities. The static part could 
potentially be extendable. This would fit into the 
views of the plug-in projects in the sixties and 
seventies. In these times buildings were often 

designed as towers where a structure was placed 
in between. Placing an extra tower expands the 
whole grid, potentially creating a total city in the 
same modular way. The implementation of Strijp-S 
shows the basis for this type of extendibility, but 
more research is needed to make this convincing.
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REFLECTION

Researching the possibilities of a new way 
of building has definitely been inspiring. It is 
enlightening to see what extra opportunities 
can be taken by taking a different approach to 
architecture. After designing a system which could 
take advantage of most of the potential of plug-in 
architecture, it became clear that a lot of problems 
arise that are not present when designing a 
conventional static building, it became clear that it 
was impossible to design a fully worked out design, 
where all questions regarding the system and its 
implementation can be answered. This requires 
more research, and attention from specialists, 
from multiple fields in the building industry. The 
overload of problems caused the level of finishing 
not to be as far as was anticipated.

Although the level of finishing could be better, the 
main goal of researching the possibilities of plug-
in architecture and designing a convincing realistic 
plug-in system is in my opinion successful, even 
though the prove regarding economic feasibility, 
structure, building physics and mechanical 
engineering is not given. This report shows that the 
plug-in concept shows promise. 

The implementation on Strijp-S is only one possible 
solution of creating a large scale building with this 
plug-in concept. With more time is spend on the 
design, the implementation could possibly be 
much more promising than is shown in this project. 
I feel that time limitation has impacted the design 
of the implementation. It does however show 
that the designed plug-in system can be used in 
multiple ways and can vary in scale and design in 
different locations. 
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