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2027 
Now, 25 years after we started to research in what buildings can do to develop us on top 
of what we can do to develop buildings, I live at a fairy tale like “castle” inspired by Mount 
Saint Michel. At one side I have a view over a marina to the ocean and at the other side I 
look into a lush glazed winter garden atrium with swimming pool and BarBQ evenings. 

The apartment is exactly like I dreamt about. Actually I co-designed every single room on 
the web and outfitted it like I wanted it. Every room is different although I live in a big 
apartment block. Some of the rooms are very sculptural and some has shapes and 
ornamentation I sampled from nature and historical buildings.  

One breakthrough was that everything is combined from modules made by robots and 
giant 3D printers. Another breakthrough is design tools inspired by on-line computer 
games. These pioneering technologies have hit the global market. The product has a 
global market share of almost 10% of the 50 million apartments built every year and we 
have subsidiaries all over the world. We a producing one Townscape@sea every 10 
minutes! 

Townscape@sea is beautiful because we have used the best designer and architects to 
design all the generic solutions. So when you co-design and sample, it is within a generic 
design context making sure that the details are beautiful and functional. Our experience is 
that beautiful and alive architecture encourages those living in Townscape@sea to be 
more daring, interactive and creative 

A lot of ice has melted since global warming took off. We are not so worried about the 
rising water, as we float on it, but we are concerned and produce our own energy with 
photovoltaic tracking the sun and utilising the reflection in the sea. And we produce so 
much wave power that it also powers our boat to the city centre. We save energy using 
seawater for cooling and we process all waste and sewage onboard. 

The caring house recognise me and nurse me with exactly the kind of heating or cooling I 
need. It also checks my health, and the functionality of the building. It is like a caring 
parent to me 

I enjoy that I no longer have to clean the house. The bathroom is completely self-cleaning 
like a dishwasher, many of the other surfaces in the apartment are catalytically self 
cleaning and I have a Honda robot cleaning the rest. It is a clever fellow. When I get a new 
thing, I show the object to my robot and show it where its place is in the house. Whenever 
I ask the robot to tidy up the place all objects are recognised with RFID tags and returned 
to their proper place. The robot has more than photographic memory. It also knows 
everything about the installations hidden in the walls and how to access and repair them. 

So I enjoy the sculptural rooms, the amazing ever changing view over the ocean and the 
lush atrium. We are now senior citizens and particularly enjoy the get together with the 
inspiring neighbours in the atrium. The intelligent apartment read our minds and moods 
and change light, music and entertainment accordingly. It is the theatre of my life, the 
scene set for excitement, love and friendship 
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Townscape@sea 
Executive summary  
Some people consider the present way of constructing buildings as eternal. We have 
asked: What could disrupt the present handmade and semi industrial business model. To 
emphasize this we have phrased two questions:  

1. What kind of product could put the European industry out of business if it was 
introduced to us by the Chinese industry?  

2. What would such a product look like if we use industrial design, robots and ICT to 
make European industry compatible? 

 
The ambition in this project has been to conceptualise a way to make buildings and even 
townscapes a truly industrial product sold on a global market. 
 
The only possible way of transporting city scale buildings and townscapes globally is by 
sea. The only possible way to transport room size modules globally is by standard 
containers. So we focused our research on the potential of this most consequent concept 
Townscape@sea. 
 
Please read this report as a menu. You can choose the ideas that appeals to you and skip 
the rest. Townscape@sea can be build at land too, and we can use modular technology 
without the backbone and so forth. But of course you loose some of the benefits the less 
consequent you are. 
 
The challenge in the Plug&Play project has been to investigate the potential for using ICT 
to provide  

·  Parametric 
·  Scalable 
·  Configurable 
·  Co-designed 
·  Modular 
·  Plug&Play 

....products simultaneous increase both user’s quality of life and productivity in life cycle 
perspective. 
 
This report research in Plug&Play potential at 6 different levels or scales 

·  Townscape 
·  Building 
·  Apartment 
·  Modular level 
·  Installation level 
·  Furniture 

The two top levels are kind of virgin territory for such modular Plug&Play research. These 
levels are particularly interesting for research in synergy effects 
 
Plug&Play adaptability is a key to long term user satisfaction. Your apartment and 
installations is designed to change with you.  
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Townscape level 
Plug&Play townscapes are: 

·  Modular 
·  Transportable 
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Attraction 

Living next to the sea is attractive 
The most expensive constructions sites are along the coast and harbour front. The fastest 
growing site prices are along the coast and harbour front. And, except for the effects of 
global warming and rising sea level, the cost of land along the coast and harbour fronts are 
expected to rise even more in the future. And the good news for floating cities is that they 
move op with the rising oceans.  
 
Living at sea means harbour front view to everybody onboard. All apartments should have 
sea view and balconies opening to the sea. The floor level could even connect to piers and 
marinas for sailing boats and swimming. 
 
The housing along the perimeter of the pontoon could shelter a central glazed square 
providing an attractive all season tropical garden. That will solve the challenge of the 
climatically much more exposed off shore position. 
 
A roof garden and a sidewalk along the periphery of the bottom floor provides an attractive 
out door environment and a base for swimming, sail boats and other water sports. 

 



 9 

 

Attractive sites 
The value of a site is 

·  Reverse proportional to the commuting time to attractive workplaces. So we need a 
fast ferry to the city centre and we need attractive offices onboard. 

·  Reverse proportional to the commuting time to cultural services, attractive shops 
and restaurants so that is another argument for the fast ferry. And an argument for 
good restaurants onboard 

·  Reverse proportional to the distance to sea, forest and great nature. Proportional to 
the view to nature and architecture 

·  Proportional to the good neighbours and neighbourhood.  
·  Reverse proportional to local taxes 
·  Reverse proportional to energy cost and proportional to access to inexpensive 

renewable energy 
Townscape@sea is scoring extraordinarily well on most of these values 

Townscape design potential 
The townscape is designed using the tricks from the historical Italian masterpieces with 

·  A recognisable silhouette 
·  Hierarchy, attraction towards a centre 
·  Different levels 
·  Pedestrian streets boat between and inside public buildings 
·  Point de vue, something to look forward to 
·  Convex and concave spaces 
·  Arcades 
·  Changing daylight 
·  Art work and fountains 

Icon 
Townscape@sea will be an icon, a strong brand when it is 

·  Easy to recognise 
·  Easy to understand 
·  Symbolic 
·  Attractive 
·  Even better in real life 
·  A place visitors recommend to their friends 

Stealth 
The design should be as stealth as possible viewed from ashore to avoid conflicts with 
natural conservation and land owners interest. Among the tools to make the building 
stealth is: 

·  Walls sloping like a roof with mirroring surfaces reflecting the sky 
·  Translucent structure reducing shadow effect 
·  Convex shapes reducing strong reflections of the sun. 

Security 
The limited access to Townscape@sea makes it much easier to keep criminals out 
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Global market 
The cities of the world grow by one hundred million people every year.  
 
Most cities were originally build on fertile land where a river, forth or lagoon provided a 
natural harbour. After all, people had a free choice to place the cities the most attractive 
places a thousand years ago. Or it just happened that the villages placed the most 
attractive placed grew to cities. From the list of the 50 largest cities 30 are coastal cities. 
The rest are capitals in the centre of nations. In Europe half of the fastest growing cities 
are next to the coast. We don’t deliver a product for the inland cities with Townscape@sea 
but even a market of housing for 50 million people a year is worth while some effort.  

Productivity 
At this time in history, where almost everything is sold on a global market house 
construction is still local. It is so local that prices on construction work differs with 50% 
even within Denmark. This local handmade tradition has halted the development of 
productivity. But if we started producing buildings at factories, we could obtain the same 
productivity as we have in other industries. This Townscape@sea concept could be the 
break through for industrial productions. Getting even a one percent share of a 25 million 
apartments a year market is 250.000 apartments. With roughly 100 apartments on a 
pontoon a one percent market share equals one pontoon every 3 hours! 

Industrial agent 
In the housing industry we have needed an industrial agent, a company actually providing 
and marketing the industrial product. 
 
The main difference between selling a building and ship is that the site is more than half 
the value of the building. A house is thus typically a combination of a monopoly value of 
the site plus a building that cannot be moved. Thus selling the land and the building is 
mainly a question of selling the land with a building on it. That is why land owners and 
developers are the key players and those who earn all the money. And this is also the 
reason why real estate brokers always speak about the 3 most important issues are 
“location, location and location” 
 
Townscape@sea bypass and shortcut this monopoly. There is no monopoly of the sea 
(yet) and the value is only related to the floating building. The apartments are rented and 
sold directly to the consumers and the modules described below are leased for a limited 
period. 

The end of tenders 
When the entire building and its near environment is a product you can configure at a 
home page the time of projects and tenders are over. You just press ENTER 

Legal issues 
A present there is no specific law for such floating structures. 

·  There is of course rules for ships but most likely not for unsinkable concrete 
pontoons. 

·  There are rules for anchoring but maybe not for permanent anchoring 
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·  There are rules for off shore windmills but they are not floating 
·  What is the jurisdiction of floating constructions 
·  Do you pay taxes on a floating construction outside the national territory? 
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Construction technology 

The pontoon 
The technology to build large floating concrete constructions is well known from the bridge 
and tunnel construction sector. All you need is a dry dock to cast the large construction in.  
 
The dry dock could in fact be a mould with the exact shape we need for the 
Townscape@sea pontoon.  Every day a pontoon is cast in the mould lined with an 
inflatable rubber membrane. The next day the dry dock is filled with seawater, the 
membrane is deflated and the buoyancy of the water lifts the pontoon out of the mould.  
 

 
Sunk tunnel element 

The yard construction process 
Shipyards like Meyer yard in Germany build entire cruise liners indoor. 
(http://www.meyerwerft.de/page.asp?lang=e&main=6&subs=0&did=653 ) 
The large cruise liners are assembled from steel blocks and thousands of cabin modules. 
In fact the finish Aker yards cabin factory Piikio (http://www.akeryards.com/?page=218 ) 
has produced more than 90.000 cabin units. So the process for large industrial house 
construction is available in the ship yard sector.  
 
Townscape@sea is moved to a similar giant construction building where is outfitted with all 
the modules.  
 
 
 
 
 
 
 
 
 
 
 
Meyer yard 
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World wide delivery 
Large objects can be shipped on special semi submersible ships  
 
 
 
 
 
 
 
 
 
 
 
 
Mighty Servant 2 can transport 2 Townscape@sea modules on the deck 
 
The most efficient shape of the pontoon could be a kind of doughnut or torus. Such a 
shape would provide: 

·  Optimal stability 
·  Minimal movements 
·  No slamming 
·  A shape that is slippery to ice forces 

 
 
 
 
 
The deck could be made from pre-stressed reinforced concrete deck elements.  
 
It should be researched if the air cushion trapped under the deck softens the movements 
in heavy seas. It could be used to create wave power in a wind turbine 

Safety 
Marinetek (http://www.marinetek.net/dk/marinetek.html )in Finland has developed a 
concept where expanded polystyrene is used as a core of their pontoons. These pontoons 
cannot sink and the solid core means that ice cannot compress and destroy the pontoons.  
 
They are expected to last 100+ years and experience from more than thousand sites in 
more than 30 countries world wide proves a long expected life time. 
 
To avoid motion sickness the pontoon is anchored with a special Seaflex system 
(http://www.seaflex.net/ ) 
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If the pontoon is large enough it can be safe even in typhoons. Depending of the position a 
size of 60 x 60 m will most likely be sufficient both for safe transportation world wide and 
for safe anchoring. The off shore oil rig industry has tools and know how about moving and 
anchoring large floating objects 
 
If the free board is 5meter and the draft is 3 meters Townscape@sea can anchor in 6 
meter waves and will be comfortable in wave lengths up to 60 m 
 
 
 
 
 
 
 
 
The maps from October 20th 2007 shows that costal locations are usually much below 2 
meter significant wave height 

Balance 
Water tanks can balance average wind load on the building preventing it from listing.  
 
Temporary wind loads and wave forces can be intelligently managed by controlling the 
wave power hydraulics increasing and reducing the resistance. 

Trim 
The building can be assymetrical and that could lead to a listing poontoon unless the 
pontoon is similarly assymetrical. 
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Utilities 
The extra cost of constructing the pontoon and tugging it to position is obviously much 
lower than the cost of land at city coastline and harbour front.  
 
A key challenge is the infrastructure. 
 
One challenge is utilities. There is already experience with ocean cables for electricity. In 
fact, you can use saltwater to substitute one of the cables. There is also experience with 
large flexible pipes for fresh water based on the same technology as our natural gas pipes. 
Rain water can be collected from the roofs of the structure and from the glazing of the 
atrium and stored in the huge pontoon. 

Ceramic tile robot 
A robot lay all ceramic tiles on the floors of the pontoon 
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Sustainability 
Sustainability is about ecological foot print. What building could possible leave less 
ecological footprint than a autonomous floating building producing its own energy, 
processing its own waste water and encouraging public transportation for commuting 

Move off shore and save land 
Growth of the cities reduces fertile land. In the future we will need the fertile land to feed 
people. We need to reverse land based city growth and give the land back to farming. And 
as 71% of the earth is covered by the oceans nothing is more obvious than expanding the 
cities at the seaside instead of covering the fertile land with buildings. 

Wave power 
A floating device can obviously generate wave power. Not as efficient as the dedicated 
wave power unit because we situate the Townscape@sea next to the shore on shallow 
water, but still. 
 
http://www.oceanpowertechnologies.com/products.htm 
 
The energy can be obtained from both wind generated waves and tidal waves.  
 
The energy in the waves is in average 1-10 kW pr. m wave front in costal areas. At 
exposed coast lines as much as 100 KW/m can be experienced. A 60 m diameter platform 
at a sheltered 2 kW/m position will be exposed to 1.000.000 kWh.  
 
The anchor wires can pull a hydraulic piston generating flow for a hydraulic motor driving a 
generator. Even with 50% system efficiency in this conversion such a device will produce 
500.000 kWh/year or about 5000 kWh/apartment  
 
That could be enough for a class A white goods, LED, 12V environment with automatic 
controls. 

Installation synergy 
A household has: 

·  Equipment producing waste heat like refrigerator, freezers and air conditioning 
·  Equipment and rooms where you need de-humidification like dryer, bathroom and 

kitchen producing waste heat in the de- humidification process 
·  Installations needing heating like hot water and heating in the house 

 
There is furthermore areas of the building with excess heat (typically offices) and areas 
that need heating. 
 
The potential in Townscape@sea is that you can get all those things to work together with 
a district heating and a district cooling system combined around a heat pump. 

Heat pump 
Heat pumps are more efficient if they use seawater as media because seawater is warmer 
than the ground and ambient air in wintertime. The efficiency can be further enhanced 
when large areas are used for heating. At Townscape@sea the surface of the vertical 
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installation towers are used as heating and cooling surface. Each additive module is 
interfacing one of the vertical installation containers. This way heating is efficient and yet 
need not be connected to the modules 

Cooling 
Seawater can be used for free cooling of the building 

Solar Energy 
Solar energy is almost 50% more efficient at sea because of the reflection from the sea.  
 
A gantry crane for moving, attaching, replacing and maintaining modules on the facades 
could also be used for a circulating tracking photovoltaic. That increases the production by 
another 50%.  
 
Photovoltaic could move around the perimeter of a cylindrical pontoon. A 30 m high and 20 
m wide array of photovoltaic could produce as much as 120.000 kWh/year or about 1200 
kWh/apartment. This unit will shade direct sunlight and avoid overheating of the 
apartments 

Commuting 
Venice in Italy has proved for decades that it is possible to run a city without cars. The 
floating cities could be connected to the present cities and their infrastructure with fast 
boats.  
 
A sustainable solution would be to run the commuter boats on accumulated electricity 
generated by the Townscape@sea. In that case the boats would most likely be of the 
wave piercing kind known from fast ferries.  
 
If the population of Townscape@sea is sufficiently large, the span between the pontoons 
can be bridged by monorails and hooked up to the local metro. 
 
In order to further reduce environmental load the Townscape@sea could share cars 
ashore 

Bio booster 
Grundfos has developed a new modular Bio booster concept for waste water treatment 
with standard container modules. Such a system would fit the Townscape@sea concept 
just perfect. 
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Fuel cells 
Topsoe Fuel Cell catalysts, fuel processing and process know-how have been applied in 
strategic partnership with Wärtsilä. With the objective to supply fuel cell systems for 
distributed generation and marine APU applications, Wärtsilä is developing highly efficient 
SOFC power units for these markets. Topsoe Fuel Cell catalysts and stack technology are 
utilized in the development of these units. One of the fuel cell systems under development 
is the WFC 20, a 20 kWe SOFC power unit. A 20WH unit can produce 175.000 kWh/year 
so a few of these will be a perfect back-up for a Townscape@sea unit. 

 
SOFC is a potential breakthrough technology for low cost, clean and highly efficient 
production of electricity and heat. A solid oxide fuel cell consists of a cathode, an 
electrolyte and an anode. Oxygen and fuel are reacted at the cathode and the anode, 
respectively. The solid oxide electrolyte conducts oxygen ions but not electrons, thereby 
creating an electrical potential difference, which drives an electrical current.  

Aquaculture 
An interesting research area is using the pontoon as frame for aqua culture farming either 
fish or algae. The algae can be used as bio fuel. The pontoons effect on marine life should 
of course also be investigated. 

Maintenance design 
·  The entire concrete pontoon is made for a 100 year plus lifetime like bridge towers.  
·  The reinforcement is made from materials that are resistible to seawater and non 

corrosive. 
·  The surface is covered with nano surfaces to avoid objects growing on the surface.  
·  A cleaning machine is circulating the entire pontoon using the rails at the periphery 
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Building level 
This concept could 

·  finally catch up with productivity and quality  
·  Utilise synergy of living together in a large compl ex structure.  
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Attraction 

Building design potential 
The entire building is changing all the time when the occupants ad, exchange and remove 
modules, balconies and facade elements.  
 
It is a new design challenge to build a house which is already initially designed to be 
changed all the time. It is a kind of collage architecture, a kind of architecture where the 
users display their choices yet contribute to the holism 

The atrium 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The glazed palm garden contains swimming pool, sauna, and wellness rum, in a beautiful 
gardenscape. 
 
Storage room is in the pontoon periphery 

Savannah condition 
Our evolution has been 99.9% of the time on the savannah while we have only lived indoor 
all our life for a few centuries. Our body needs movement and we need strong daylight to 
avoid winter depression.  
 
We thrive in a lush environment with savannah qualities like: 

·  Lush vegetation with flowers 
·  Flowing water and fountains 
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·  Long distance view from a protected position 
·  Natural surroundings 
·  Fire(place) 

The parasol 
The atrium is covered with a large umbrella made from 3 layers of low emission coated 
Teflon membrane and inflated for better insulation and stability. The membrane 
construction is tested for decades in roof constructions like on Lalandia.  
 
The innovation is that the parasol can be opened almost 100% providing outdoor 
experience in summer time and access to exchange of modules.  
 
Rain water can be collected in the centre 

Schools and day care 
Community level service can be designed in the Townscape@sea scale. The above 
illustrated 14 unit 1400 apartment townscape is large enough for school, kindergarten, a 
shop and restaurants. This size is particularly important is you would not like kids to travel 
ashore to go to school as well as you would like to have to take a boat to shop for dinner. 

Synergy between workplace and residential living 
Commuting can be reduced by reintegrating work and living. The pontoon level can be 
occupied by shops and offices. 
 
There is in fact a several ways co-create synergy between modern offices and apartments. 

·  Canteen can be used as restaurant in the evenings 
·  Conference rooms can be used for parties or cinema in the evenings 

The informal areas f the office like palm garden can be shared with the apartments. 

Switching between workplace and residential 
The unique system of vertical installation containers described below provides the 
opportunity to remove the containers and achieve a large office space as long as the 
transformation to office is done in vertical sections. Offices can also be transformed into 
apartments by insertion of the vertical installation containers 

Innovative workplace 
Innovation is new thoughts, ideas, designs etc creating more value (for the users) 
 
The innovation workplace should be both open to guests and confidential so it is designed 
in zones. Communication with the users, partners and colleagues is essential and is 
enhanced with 3D cinema, caves, goggles and other intuitive visual supports. 
 
Flow is state of mind where you are fully concentrated on one challenge only. This 
challenge has to be very interesting and demanding, yet not so difficult that your thoughts 
get halted. Flow is lost immediately if you are disturbed. Innovations offices should thus be 
undisturbed. Sometimes the place for flow in under your shower or walking along a coast 
line 
 
New thoughts are associative, connecting the unconnected. Everything different can 
inspire associations so exiting light, music, plants, decorations, colours, scents etc can 
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trigger associations. The wilder the better. The more senses stimulated the better. The 
more of Gardner’s intelligences at work, the better.  
 
The theatre is a mighty source of inspiration. In the dark room you can focus on 
scenography, enhance with light and hide with darkness. Coloured light sets the mood 
 
Workshops, places where you “just do it” are vital.  

Hotel and student home 
Townscape@sea has its own hotel as an economical alternative to have a guest room 
within your apartment. 
 
Within the same concept your teenage kids can rent their own mini apartment and keep it 
when studying. 

Observatory 
An underwater observatory could be integrated in the pontoon. 
 
A special lighthouse observatory could also be part of the attraction 

Roof garden 
The entire roof is the out door garden. The elevated position protects it from salt water and 
shelter provides an environment where you can grow a lush garden. 
 
A special “hat” module put on top of the stairs provide access to the roof garden and 
houses the lift machinery 

Construction technology 

Optimal size 
There is an optimal size to be found. 
 
Benefits of a larger unit are:  

·  Less motion 
·  Safer transport world wide 

 
But if the unit is too large: 

·  The centre area becomes too large 
·  It will be necessary to have apartments without unobstructed sea view 
·  No building docks are available for very large pontoons 

 
Preliminary studies indicate that a diameter of around 50-70 meter is good. 

Maintenance design 
A permanent crane is available to 

·  Service the parasol and facades 
·  Mount, demount and exchange modules, vertical service modules and balconies 
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Sustainability 
Buildings last as long as you love them more than you hate them. 
 
Adaptability is changing that balance because the building can more attractive and less 
annoying. Adaptability thus leads to a longer life and increased life time is one of the most 
important factors in sustainability 
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Apartment level 
User centred design at apartment level is all about  change during the 
life time of building adapting to your changing lif e style, developing 
family, changing needs and new technological opport unities. 
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Attraction 

Design challenge 
The design challenge is to investigate all possible ways the core can interact with the 
additive modules.  

Molecular design 
The design concept is like a molecule with a number of positions for addition of modules. 
The idea is that all modules and infill elements are global products that can be shipped 
worldwide. 

Centre – periphery layout 
The living room or combined living and dining room area is the spatial core of the building 
providing access to all the additional modules 

Adaptability 
Real estate is not what it used to be. All room size modules are leased because they are 
supposed to stay in the building for a significant shorter life span than the backbone 
structure. 
 
In the IT-world a plug-in is software adding new functionality to your computer. Something 
you download, install and suddenly you can hear MP3 music, use your computer as on a 
Skype telephone, play DVD’s etc. New functionality without new computer.  
 
This scenario is based on the same idea: 
 
2007 
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20 years ago back in 2007 when I was a bachelor I bought a basic apartment at 
Townscape@sea.  
 
As you know, Townscape@sea is a basic house with potential for growth. When I was 
alone, this basic house with kitchen/living room and a corner for my king size bed was all I 
needed.  
 
2009 
 
A few years late I was married, my wife moved in and we went trough the offers on the 
internet and ordered a really fantastic bedroom. It was delivered and attached to the 
apartment, plugged in and a few minutes later it was functional. The next day we had a 
housewarming party. 
 
2010 
 
We surfed for the best wellness room and found a very exotic Japanese offer. A month 
later it arrived and was hooked up. 
  
2011 
 
A few years later we had our first baby and we needed another bedroom and more space 
in the living room. We bought an additional bedroom doubling as a playroom 
 
2012 
 
We evidently needed more space and bought an additional room module with the most 
fantastic kitchen. 
 
2013 
 
When our second child was born it was time to extend the apartment into the next 
apartment and ad another child module. We upgraded all the windows inn fill elements to 
super-insulating windows. This was also a Plug&Play operation done in one day. 
 
2015 
 
The old bathroom was very outdated so together with the other documents we decided to 
exchange it for a much more intelligent and energy saving one. We got a good price for 
our old bathroom which is now serving in Poland.  
 
2032 
 
The first kid left home and brought along her module. 
 
2035 
 
The second kid left home and brought along her module and we moved back to one 
apartment unit 



 27 

Addition/partition of apartments 
The flexibility to add two apartments to one big apartment has been a dream for decades. 
But in real life it does not work because the neighbour apparent is not vacant. Within this 
Townscape@sea concept it is however possible because it does not matter where in the 
building two apartments are vacant next to each other because all the additional modules 
can be moved during the day. This way you can use your private modules in the new 
double apartment. The same principle works of course when senior citizens want to split 
their double apartment into two. 
 
The apartments can be added through the passage between the bathrooms. 
 
An interesting alternative is to connect apartments vertivally by removing a section of the 
deck to give room for stairs between the apartments. 
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Construction technology 

Long term backbone for modules 
We distinguish between: 

·  The “eternal” backbone 
·  Infill elements 
·  Room size modules. 

The eternal backbone is the frames and columns that you attach the rest to. The frame 
should be constructed to last forever in materials like galvanised steel and concrete. All 
installations are within the modules, so the backbone is completely without installations.  

Turning the container format 
It is a challenge to keep the height down to the container height of 2.44 m and still provide 
2.35 m indoor. 
 
As all installations are vertical in the service containers we have no installations in the 
floors. They can thus be quite thin.  
 
If we use nano or vacuum insulation we can keep insulation down to some 5 cm (se nano 
insulation below with 8 times performance equalling 40 cm insulation)  
 
If we furthermore turn the containers 90 degrees we can use the container max height of 
2,9 m as the width and the with of the containers as height. This leaves us with a format of 
2,8 interior width, enough for passing by a bed.  
 
 
 
 
 
 
9`6”High container and turned 90 degrees providing more interior space  

Docking interface dimension 
The common docking interface used for all modules and facade elements is thus 2.9 meter 
wide and 2.44 m height. This is so to speak the USB of the Plug&Play building concept 
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Modular level 
 
Larger room size units means: 

·  fewer components to handle in the construction proc ess 
·  functional rooms to be traded globally also on a se cond hand 

market 
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Attraction 

Industrial design 
The scale of industrial design has been lifted from component to modular scale. That 
means both: 

·  Much more care about the details 
·  A wider choice of production technologies and materials 
·  New functionality integrated in the product. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Mariko Mori : Wave UFO  Anish Kapoor: Cloud Gate 
 
The industrial design can lead to new shapes hardly possible without industrial tools, CNC 
milling machines and 3D printers 
 
 
 
 
 
 
 
 
 
 
 
 
 
Industrial design of entire room: Zaha Hadid, Puerto America hotel 
 

Product development process 
All ordinary buildings end up being prototypes. Development and production as one 
process 
 
In the industrial process development is separated from production 

·  Innovation 
·  Prototype 
·  Test 
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·  0-series 
·  Test 
·  Production 
·  Feed back and improvement 

 
This separation is of course particularly important as industrial processes repeat both the 
genius and the mistakes in large numbers. 
 

Generic design rules 
The generic design rules are in two categories: 

·  The interface with the interface measure of 2,44 x 2,89 m including the installation 
interface for electricity, ICT etc. and the bolts used to attach it to the backbone and 
transfer the forces in a secure way 

·  The transportation limitations set by the international standard containers 
·  The design rules set by the producer limited by the actual production facilities, 

materials, strength, safety etc. 
·  Design principles set by the designer brand concerning details and quality´ 

 
From an industrial point of view it is not important that all the modules look alike. The 
important thing is that they can be produced automatically by the same machines. 

Design wizard 
Each supplier of room size modules and service modules has their own interactive design 
home page where the users can co-design their module and customize it with installations. 
The design wizard should guide the users through a kind of “20 questions to the professor” 
process narrowing down the co-design through a lot of visual rather than textual choices. 
 
You know the kind of software where you can compose a face to fit someone you have 
seen. This design wizard is a little like that. You are shown a lot a bathrooms and frame 
the design details you like in each of the pictures. The software put all these clues into a 
favourite list of pictures you can compose in a drag and drop mode until you have a 
visualisation of your favourite bathroom. This visualisation is then processed by the 
computer into several scenarios. Again you can frame the solutions you want and this way 
your personal bathroom emerges. All along you have a price meter running based on the 
actual components and size of kitchen you have selected. You continue the same process 
with kitchens, bedrooms, livings rooms etc and finally with the entire house. All along the 
process you know the price tag of your new building. 

Sampling 
The basic principle of configuration is sampling. You put a lot of objects together. But 
sampling has more to it. You can sample shapes and forms. For instance reproduce a 
classic statue or manipulate objects from nature in scale to fit your demands. Look at 
Gaudis and Caletravas designs. They are bionic, learning from shapes in nature. 

Generative art 
Computers can generate shapes and forms. Fractals are the most well known computer 
generated shapes but an Italian team around professor Suddo has developed a much 
more complex generative art design software. http://www.generativeart.com/  
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Pull down menu architecture 
The high industrialisation encourages a kind of MPV (Multi Purpose Vehicle) or auto 
camper mindset where you, just like the pull down menus of the computer interface, can 
activate different functionalities when needed.  

Borrowed space 
The room size modules can borrow space from the central room in the apartments in 
several ways: 

·  Curving sliding doors engulfing part of the central room 
·  Hinging doors swinging into the central room 
·  Wall elements sliding into the central room perpendicular to the interface 

 
The principle of borrowed space has the following advantages: 

·  Overcoming the limitations of the international container module 
·  Using the area of the central room twice as efficient as it can both belong to the 

private rooms and to the communal space. 
 
The shape can furthermore be extended beyond the modular limitations by means of solar 
shading outside a window. A window will usually be thinner and a wall. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Rooms sliced into modules 
Some rooms has a functionality that does not fit into the modularity . They can be 
composed from a number of attached modules together creating the wanted space. The 
modules can be added both vertically and horisontally. 

Self cleaning bathroom 
A self cleaning bathroom is maybe the best example of a room made possibly by 
industrialising the entire room. 
 
Cleaning a bathroom at a hospital cost every year as much as an industrially produced 
bathroom. At a hotel it cost half as much as frequency is lower and in an apartment still 
less. But need you be convinced that a self cleaning bathroom is convenient and hygienic? 
 
Inspired by a dishwashing machine that keep itself clean inside using: 

·  Water without chalk 
·  Dishwashing soap and surface tension agent 
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·  Smooth surfaces 
·  Re circulated sprayed water 

 
We did all the same thing with the bathroom: 

·  Using cleaned rainwater 
·  Producing all the surfaces in toughened glass and stainless steel 
·  Installing a circulation sprayer in a closed recirculation loop 

 
The doors to the bathroom and to all cupboards are completely water tight with the same 
technology as in the door of dishwashing machines. Automatic control ensures that no one 
is present in the bathroom during the cleaning process and that the doors are closed and 
locked. 
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Construction technology 

Modular components in modules 
All components in the modules are Plug&Play too. That means that you can attach and 
detach all surfaces. If you want a new surface in the bathroom you can change it because 
the watertight barrier is behind the surface. You remove it and replace it. 
 
And the modular components are put together by Plug&Play components. It is like those 
Russian dolls. Whenever you remove a layer the next layer is also Plug&Play 

Room size modules 
A wide choice of room size modules functionalities is available 

·  Bathroom module 
·  Bedroom module 
·  Children’s bedroom module 
·  Kitchen module 
·  Workshop rum module 
·  Scullery room module 
·  Wellness room module 

Vertical service modules 
Stairs, lifts, sewage, water and heating are basically vertical installations in an apartment 
building. We choose to take the consequence and make these modules as 12.2 m long 
standard containers with the smart twist that we turn it 90 degrees into a column on arrival 
and hoist it down through the roof.  
 
The advantage of this solution is: 

·  No installation work on site, everything is complete finished to be plugged on at the 
bottom 

·  The entire column of installations can be lifted out and replaced. So during a day 
you can have new bathrooms in all the apartments without even a single worker 
entering your apartment. 

·  All the rum size modules are service from and plugged into these vertical service 
modules 

·  The walls of the vertical service modules are preinstalled with interfaces for kitchens 
and other installations to be plugged into the vertical service modules 

·  The building can be changed from apartments to offices during the day. Offices 
need much less stairs, lifts and bathroom than apartments. 

 
The vertical service modules are part of the building structure stability. You can detach one 
for replacement and the remaining 31 columns will still provide stability. But even though 
the cylindrical shape provides stability you can not detach all of them without loosing 
stability of the construction. 
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The vertical service modules contain: 

·  Heating and cooling surfaces facing all rooms including the attachable modules. 
·  Sprinkler 
·  Ventilation with heat recovery 
·  Water 
·  Seawater for flushing of toilets 
·  Sewage from toilet 
·  Gray water sewage 
·  Rainwater for shower and washing machine 
·  Electricity 
·  12V electricity 
·  ICT 

Infill elements 
The basic assortment of infill elements fitting into the backbone frames are: 

·  Wall elements with customized size and shapes of windows 
·  Roof elements 
·  Deck elements with finished floor 
·  Balconies 
·  Glazed baconies 
·  Sunshades 
·  Bay windows 
·  Windows 

 
The roof elements can be customized with slopes and curves 
 
The elements are insulated it different levels depending on exposure and climate. 
Elements facing the glazed atrium need less insulation than elements facing artic climate.  
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Open source 
Just like open source software it is vital to this concept that the free market will provide a 
large number of customized alternative designs of the both vertical service modules and 
room size modules. Only if you have this free market choice you can configure the kind of 
apartment you really like. 
 
The challenge for the townscape producer is to design the entire townscape to be more 
beautiful when covered with a wild diversity of modules. 

Type approval 
The authorities has approved each module and vertical service module to fulfil their 
demand and accepted the complete building which ever of the approved modules and 
elements are substituted. This put limitations to the modules performance on issues like 
fire, energy, safety and weight if they are going to fit into the entire structure and balance. 
 
An international system for type approval is already functional for ships. The large 
classification companies like Norske Veritas approve ship design and construction for 
world wide use. This principle could be copied to Townscape@sea in close collaboration 
with authorities. National demands on energy and environmental load could be met as well 
to fully comply with national standards. 

B2C 
The ordering module is based on a structured system for ordering of the different kinds of 
component for the building. You move trough ordering the deck, floor, facades, windows, 
ceiling, roof, HVAC installations, electrical installations etc. In each order module you can 
choose different suppliers who are capable of delivering the parametric scalable 
components. You can compare cost, warranty, service agreement, delivery time etc and 
choose the most favourable. You are guided through this procedure until you have ordered 
everything for the building. 

Vacuum insulation 
The limited dimensions of the room size modules calls for thin and highly efficient 
insulation. Vacuum insulation is the thinnest and most efficient insulation available. You 
know the principle from thermos and Dewar jars and. It has not been possible to use 
vacuum technology in buildings because the technology is incompatible with 
craftsmanship, cutting and nailing. Vacuum insulation should have as few edges and joints 
as possible because the insulation at edges is poor. Vacuum technology is highly 
sophisticated industrial technology. If we build the modules with the same technology as 
car factories utilise, we could construct vacuum insulated steel modules with extremely 
thin insulated walls. The two layers of vacuum could be kept apart by: 

·  Spacing material like mineral wool, silica gel or foam glass 
·  Corrugated metal sheets 
·  Single and double curved surfaces 

Or any combination 

Nano insulation 
Nano insulation is a kind of insulation foam with very small dimensions of the bubbles. The 
benefit of the small bubbles is that there is no convection because the air molecules 
cannot move freely around. There is furthermore no radiation due to the enormous number 
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of layers. And there is very limited transmission through the nano insulation material. The 
overall effect is up to 8 times as good insulation as mineral wool 
http://www.aerogel.com/ 

Add on insulation panels 
As an alternative to vacuum or nano insulation the insulation can be added to the surface 
with click on panels 

Double double glazing  
It is not a print error. Using two layers of double glazing provides insulation near 0.5 
W/m2K. This can further be improved by metallic Venetian blinds in the cavity to 
somewhere near 0.35 W/m2. Such windows reduce thermal bridges along the edges, and 
provide the potential for pre-heating of ventilation air. If the Venetian blinds are containing 
phase change materials the pre heating effect is enhanced because the effect is delayed 
from day to night. 

Vacuum windows 
Vacuum windows might be particularly attractive in this industrial context becuase they has 
the performance as vacuum insulation and nan insulation plus the transparency. An 
interesting hybrid could be windows that are partially supported by aerogel or nano 
insulation in order to be transparent where that is wanted and translucent the other areas. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The glass wall can be a lattice work with nano insulation distributed in patterns within in 
the cavity.  
 
Insulating feathers between the two layers of glass 
 
 
 
 
 
 
 
 
 
 

 



 38 

 
 

Robot production 
The modules could take advantage of the high productivity methods of the car industry and 
use all kinds of industrial robots. If we keep the figures in mind, we are talking about a 
sector where a 1 percent market share is 1 million apartments a year equivalent of maybe 
5 million modules. We are obviously operating in the same number of units as the car 
industry. 

3D printer 
Once upon a time a text was dictated to someone who steno graphed in, typed it, had it 
corrected, retyped it, negotiated a price with the print shop, send it to the print shop, had a 
typographer set it in led types, had the preprint corrected and then finally had it printed. 
Today you type, have misspellings corrected by the computer and click on “print”. 
Printers are also available for 3D objects. The Dutch company www.materialise.com can 
produce man size objects in polymer. The American company www.zcorp.com can 
produce somewhat smaller objects in gypsum material and cure them in polymer. 
The building size 3D printer is shortcutting the construction process in the building sector 
in a similar way. The days will be over when 

·  You destroyed the 3D information in you CAD model as you printed drawings and 
descriptions 

·  Had a tender among construction companies, negotiated the price and contract 
·  Had the construction company analysing your drawings for flaws that can justify 

extra bills 
·  Had the worker interpret approximately what you construction look like 
·  Make wood or steel casts with poor accuracy 
·  Poor the concrete into these casts with similarly poor accuracy 
·  Followed by building meetings and eventually arbitrage to sort out the disputes 

When the concept of 3D printer is fully implemented, the conventional process is obsolete. 
You click “print” and software will control a robot to build whatever can be build from 
concrete composite. 
 
Most 3D printers add thin layers horizontally supported by a media. It is not feasible to 
build containment around a house and fill it with polymer or gypsum powder like it is done 
in 3D printers.  
 
The advantage of this 3D printer process is: 

·  Almost all expenses of man power is saved 
·  Form work for casting concrete is saved and no waste generated 
·  Any architecture, style, shape, surface structure, pattern etc. can be build 
·  Concrete can be cast in an intelligently distributed density variable (0-100%) saving 

material and minimising thermal bridges 
·  The building process can be fast as the robot can compose concrete with fast 

curing 
·  The robot builds exactly like designed with minimal tolerances allowing use of 

prefab components later in the process 
·  The building is stronger, airtight and water tight as the process is continuous without 

joints 
·  Special surface material can be added with the same robot 
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One concept is to produce the desired shape in polystyrene insulation foam, mill it to the 
desired shape with a robot and coat it with shotcrete. 
 
The ultimate perspective is that you can build whatever you want where you want it. The 
robot can be used in new buildings, even high rise, and it can be used within existing 
rooms. It can build whatever shapes you fancy. You can even 3D scan Gaudi’s Sagrada 
Familia in Barcelona and Michelangelo’s David statue and copy it to any scale (respecting 
intellectual property). 
 
The perspective is furthermore to extend this concrete technology to include a metal 
technology for electric cabling and a polymer technology for pipes. This way you could 
build anything but real wood. 

Casting 
Robots can be used to create the most beautiful and functional moulds for casting of 
modules. Look around the interior of a car or airplane. All objects are cast in industrial 
designed very functional shapes. The modules could be produced in a similar fashion 

Smart textiles and soft modules 
One innovative way of overcoming the spatial limitations of the container module is to build 
one or more sides in smart inflated textiles with translucent properties.  

Maintenance design 
The maintenance strategy is to: 

·  Exchange Plug&Play surfaces 
·  To return, sell or exchange modules 
·  To refurbish modules at the factory 
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Sustainability 
All modules and infill elements can be detached and returned to the manufacturer for 
upgrading or recycling. 
 
The air tightness and insulation is better in such an industrial product than in a handmade 
one. Qualities comparable with cars and planes are possible 
 
As all surfaces and components are easy to unplug they are also easier to recycle 
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Installation level 
Installations are developed and becoming obsolete s o fast that they 
should be particularly easy to install, detach, rep lace and upgrade. They 
should be like USB components including the ICT and  power plug-in 
functionality as well 
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Attraction 

Healthy healing building 
The purposes of intelligent installations are: 

·  Improving the health of the users 
·  Convenience 
·  Comfort 
·  Reducing energy consumption, pollution and other environmental loads 

 
The rent in an average office building in a city is around 5% of the turnover. Investing 20 
extra in a healthier indoor climate means a one percent increase in cost. If you perform at 
your best instead of being ill, too warm, too cold or winter depressed due to lack of daylight 
the extra cost will be balanced after only two more days of peak performance 

Caring building 
In the caring building the computer learn your habits and preferences and arrange things 
and tune functionality, light, sound etc. to suit you. 
 
A caring building can even keep an eye on you personal health, calling an ambulance if 
you have an unusual heart rhythm or become unconscious. 

Security and safety 
Intelligent buildings watch over your safety, protection against burglaries, alarming the 
police in case of burglary or fire 

Automatic maintenance 
House should be maintained with a preventive maintenance program as we know it from 
airplanes. This way everything always functions well and you never experience 
breakdowns. A humanoid robot makes such a maintenance program possible without 
excessive cost 
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Technology 

USB 3 
Imagine the entire building being a computer and all the components being USB 
connected peripherals. 
 
The genius of USB is that it is both ICT network and power supply. Why not extend the 
USB format to provide more Amps? Why not exchange the present plug with a next 
generation USB3 plug powering all the lamps, multimedia devices and white goods except 
the washing machine, the dryer and the dishwasher. 
 
Imagine all components like windows, doors, cupboards, ventilation etc. being networked 
and exchanging information. 

Sensors 
Imagine sensors and automation embedded in all components communicating with each 
other. 
 
We need the sensors to monitor everything that can damage the building and create a 
health hazard to its users. The sensors can monitor: 

·  Overload, crack formation, material fatigue like it is already done in for instance the 
new Boeing 787 plane 

·  Functionality of components, systems and installations as we know it from cars and 
air planes. 

·  Issues particular problematic in apartments like humidity, allergenic substance on 
the construction materials 

 
Some of these sensors are so embedded that they need to work as RFID getting their 
energy from radio waves and communicating with radio waves. 

Swarm intelligence 
Swarm intelligence is the kind of intelligence emerging from a totally of many components. 
There is a good chance that all the components of your house could develop into swarm 
intelligence taking care of you. 

Immune system 
Next generation sensors could be active releasing agent to cure and repair damages in the 
system. 

12V Wireless electricity 
Wireless electricity sounds like a dream. But if you have a rechargeable electrical 
toothbrush you most likely already have wireless electricity in your house. Radio and TV 
signal are also wireless electricity 
 
Wireless electricity is transferred via induction over short distances. It was the Danish 
scientist HC Ørsted who in 1820 first discovered induction and the unit for induction is 
named Oe after him. So wireless electricity is by no means new. 
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Wireless electricity could be integrated in walls, floors, ceilings, windows etc. providing the 
potential of placing lamps and other electrical devices everywhere in the room and move 
them around freely without wires. They can be connected to the automation system with 
Bluetooth or WLAN. 

·  Integrate sensors of light, temperature, air pollution and humidity 

Integration in utility systems 
In a system where all components are networked it is possible to control consumption on 
several levels: 

·  Devices like dishwasher, washing machine, dryer and particularly the car can be 
charged whenever it is most convenient for the utility grid, or in a building like the 
Townscape@sea it can be charged whenever renewable energy from wave power 
and Photovoltaic are available. 

·  Co-generation systems like fuel cells producing both hot water and electricity are 
controlled to run when electricity prices are high, for instance when renewable 
energy is insufficient. 

·  Heat pumps are running when electricity prices are low and storing energy as heat 
in phase change materials. Heat can be stored in salt hydrates and ice can function 
as cold storage 

Smart textiles 
Textiles are developing into a smart material Curtains and carpets could be 

·  Woven with heating wires like the drivers seat in the car 
·  Woven from materials storing light for the night 
·  Woven from photovoltaic material producing electricity 
·  Woven from LED materials emitting light 
·  Woven from phase change materials storing heating or cooling. Thin layers of 

phase change materials are particularly efficient 
·  Woven from catalytic materials cleaning the air and avoiding allergenic micro 

organism 
·  OLED folios displaying pictures and movies 

Home entertainment 
At the time this Townscape@sea is ready the convergence will be fulfilled and home 
entertainment will be pervasive and wireless. Even the cell phones will be projectors of HD 
picture. This 60 “ device will be sold by Motorola ultimo 2008 
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www.microvision.com   
 http://www.portfolio.com/culture-lifestyle/goods/gadgets/2007/08/13/Movie-Projectors-for-
A-Cell-Phone 

Humanoid robots 
Repair and maintenance can be carried out by humanoid robots if we carefully design all 
installations to be: 

·  Accessible for a humanoid robot 
·  Ease to plug in and remove loyal to the Plug&Play concept 

 
We can expect humanoid robots like Asimo to be able to perform repair and maintenance 
better than humans because they more directly can: 

·  Access digital self diagnoses in the components 
·  Communicate flawless with sensors 
·  Interpretation of data from the swarm intelligence network within the house 
·  Access all updated manuals and instruction 
·  Read RFID code 
·  Interact with GIS information 

 
The robots can even become swarm intelligence exchanging “best practice” from their 
repair and maintenance work practice and providing feed back on a semantic web 
improving the manuals 
 
A particular advantage of the robot is that it digitally can read x,y,z coordinates in a local 
high definition GPS and act upon this knowledge 
 
The robot can furthermore work 24/7 and do any work independent of organisational 
barriers. 

Mega functionality modules 
Installations can also be integrated in mega units with a number of different functionalities 
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Self assembly systems 
A successfully designed Plug&Play system is also a self assembly and self disassembly 
system 

Maintenance design 
The maintenance strategy is to build all installations in a kind of USB system with an easy 
to use Plug&Play interface for easy, fast and trouble less exchange 
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Sustainability 

User habits 
The difference between the best and the worst user habits is very significant. The best 
user consume haft the average while the worst consume twice the average. The challenge 
is to use automation to achieve the results of the best users. 

System thinking 
A building is a very complex system where the different components influence the 
functionality of others. When the natural ventilation automation system opens the windows 
to get rid of excess heat, the cold air falls down to the radiator thermostat that opens for 
the heating starting a vicious circle. This is one of the prime reasons to connect all 
automatic system into one system. 

Prognostic automation 
The challenge of passive solar heating and heat storage within the building construction 
materials and in phase changing materials is that we often: 

·  Don’t know if we need to store cooling or heating 
·  Are not present to act on it 

 
We need an automatic system linked via semantic web to the metrological prognoses 
deciding if we need to store heat or cooling. Semantic web means that the computer in the 
house can ask the computer at the metrological institute questions and get meaningful 
answers. 
 
Based on a strategy, information from all the embedded sensors knowing the temperature 
in the heat storing materials and a 3D Finite Elements simulation software the optimal 
strategy is calculated. 
 
The automatic controls se to that solar shading, open able windows, shutter, blinds etc is 
operated in an optimal manner. 
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Furniture level 
Plug&Play is trivial at furniture level as it has b een widespread to 
rearrange furniture for millenniums. 
 


