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Introduction

These days the society has to deal with the consequences 

that arise from the depleting sources of finite energy. Not 

only because we are responsible for them in the first 

place, but also because these consequences can result in a 

serious effect on our environment and way of living. The 

market on sustainability skyrocketed in the last decenni-

um, mainly because of the increasing prices of electricity 

and fossil fuels.  As a response to this problem there was 

a growth in the development of sustainable materials and 

technologies, a development that continues up to this 

day. 

Possible solution and its rejection

Even though “green” materials are on the market, the 

most houses are still built with orthodox materials like 

brick. This is why contemporary sustainable houses are 

mostly constructed in a traditional manner, but equipped 

with a better layer of insulation and a high tech installa-

tion which often includes a heat recovery system. 

Aside from this kind of passive housing there’s also an 

active variant that’s even more sustainable when it comes 

to energy consumption; through implementing a variety 

of systems, it is able to generate its own electrical energy 

and even a surplus in ideal conditions. This last case is 

most likely to occur through integrating state of the art 

active equipment that is controlled by ambient systems or 

ambient intelligence (AmI), which is a relatively young 

Preface
technology that has the potential to focus on sustainabil-

ity from the perspective of energy consumption. The is-

sue that most people have with this type of system is the 

fact that they experience a decrease in controllability of 

their environment. One can imagine that this occurs for 

instance when the facade adapts its shading on the 

amount of sunlight that enters a room. When losing this 

feeling of controllability it’s very likely to repulse such a 

system because a resident wants to be in control of his 

house and his environment. 

Goal

The goal of my graduation design is to introduce a do-

mestic ambient system to the residents in such a way that 

they can accept its presence, behold the advantages and 

interact with it as being a part of the home. The system 

should guide the residents into a lifestyle in which they 

are aware of their energy consumption and have the op-

portunity to change it without interference of an auto-

mated ambient system. 

This type of controllability and interaction is a necessity 

for the user in order to make a house into a home, oth-

erwise it’s just a self-regulating dwelling that they live in. 

The resident himself is a part of the home organism 

who’s easily forgotten when thinking about sustainabili-

ty, even though he or she is the origin of the domestic 

energy consumption. We are the missing link in a sus-

tainable community and ambient systems are there to as-

sist us in our behaviour. As Alex Laskey said in his Ted 

Talk called “How behavioural science can lower your en-

ergy bill”; “[...] It’s you, and it’s me. And we can harness 

this resource with no new material science, simply by ap-

plying behavioural science. We can do it today, we know 

that it works and it will save us money right away.”

In the end the design should function as an organism of 

homes that sends out this message to society, showing 

them that a sustainable lifestyle can generate energy in-

stead of consuming it.



Chapter I:
Research

Accepting Ambient Intelligence
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A society where fossil fuels are becoming a scarcity 

should be aware of the concequences the depleating 

resources. This will result in energy costs will transcend 

the monthly rent. We can contribute by reducing our 

energy consumption, but we don’t make the effort. 

While Ambient Intelligence systems in our homes are 

able to do these jobs for us, we don’t accept them in our 

homes because we’re afraid to lose control. How can 

Ambient Intelligence be implented in our house in such 

a way that it becomes a part of the home?

Introduction

The average European house in the twenty-first century 

is built out of the same material for the last 200 years. Af-

ter the industrial revolution, from which new materials 

and technology originated, the main material in the struc-

ture of the contemporary house is still brick. When it 

comes to people’s homes they seem to have an urge for 

nostalgia, trust the known, distrust the new. This might 

already clarify the contradiction of the implementation of 

a system like ambient intelligence inside a home. This 

contradiction will be the foundation from which I will 

start my research. 

Structure of the research

The research will contain the statement of the problem 

that is the implementation of Ambient Intelligence inside 

the home environment. 

This is followed by the main research that includes three 

main chapters. 

At first the term home will be introduced and narrowed 

down to a specific amount of elements to acquire a clear 

overview of the concept needed for this paper. These ele-

ments will be reviewed in terms of affordance, meaning, 

value and affection.  By defining a clear overview of the 

review, a tool is created to test on the uninvestigated sub-

ject that is Ambient Intelligence. 

In the second chapter the concept Ambient Intelligence is 

introduced and defined for the home framework. This 

definition will be tested by the tool that originated from 

the first chapter, hopefully making clear why people gen-

erally reject Ambient Intelligence. This analysis will result 

in a list of positive and negative properties of an Ambi-

ent Intelligence that is set in a home environment. 

These findings will be processed  in the final research 

chapter a that will contain possible solutions for the inte-

gration of Ambient Intelligence inside the home concept.



Problem statement

We’re currently living in a society that has used up most 

of the planets fossil fuels, which results in increasing en-

ergy costs. The reality however, is that people aren’t 

aware that this happening or just ignore the messages 

that are sent. There are system being developed to assist 

the users of buildings. Such a system nested in the build-

ing its structure is called Ambient Intelligence. It’s all 

around and has the ability to interact with the user when 

requested. 

If the possibilities to assist people and making them 

aware of their energy consumption are at hand, than why 

are we still living in a static, non responsive structure? 

The acceptance of new technology inside the house and 

outside should be a logical consequence; it has been like 

this from time immemorial. The only difference is the 

modern day product of the technological evolution, which 

mostly tends to be an appliance rather than an object. 

Julius Posener wrote about this difference between the 

appliance and object in his “Apparat und Gegenstand” 

(Rapp, 2009, p. 8-11) , stating that people are likely to ca-

ress an object and reject an appliance. By this statement 

Ambient Intelligence is bound to fail, being an appliance 

that is nested in the structure of the house. In fact, by im-

plementing it in something static like a wall, the wall it-

self becomes an appliance. 

The question that should be answered in the end is; how 

can awareness in the form of ambient intelligence be in-

terwoven in the design of modern day housing and ob-

tain the acceptance of its (nostalgic) inhabitants, there-

fore making it a part of the home? 

Part I; Affection for the home

Unlike the dwelling which can be stated as an ‘environ-

mental object’ (Coolen, 2009, p. 6), the concept “home” 

is in a league of its own. It’s the phenomenon that peo-

ple have a connection with, they have an affection for it. 

Investigating the origin of this affection needs a frame-

work that defines “home”, bounding the research area to 

a feasible scale from which the research departure can 

take place.

Framework; the elements that make a home

The concept of home will be framed to the essential 

parts, relevant for this research. In order of magnitude 

these are context, house, spaces and objects. Personal val-

ue assigned to each of these elements is what connects 

them in being part of the home. These values origin from 

the qualities of the above mentioned elements. The pro-

cess of an object becoming valuable or even affective to 

Fig 1;  Development of different branches of industry, before and after the industrial revolution
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its user is a complicated one, which I will try to describe 

through the following sequence in the upcoming para-

graphs: affordance, meaning, value/affection. 

Meaning through affordances

How do inhabitants give meaning to an object? It arises 

from their affordances. As William Gaver describes; Af-

fordances are properties of the world that are compatible 

with and relevant for people’s interactions. The relevant 

use of these properties, results in a personal meaning as-

signed by the user. These affordances occur in three dif-

ferent forms. 

First the perceivable affordance; for instance a simple 

chair [1]. From the intentional design perspective it af-

fords sitting on the seat surface and leaning on the back-

rest. Even though undesigned, it can also be used as 

raised surface to reach higher places or as a small table. 

Second in line is the hidden or nested affordance. These 

aren’t directly perceivable but the properties are there. 

For instance a submenu on an iPod [2]; tapping the mu-

sic icon in the main menu, opens up the window that 

shows my library. This new windows comes with a new 

set of icons, explicitly for managing my library, based on 

album title, artist or genre. Organizing a system in a tree 

structure with layers of hidden affordances is convenient 

for the user. Even though the whole structure isn’t per-

ceivable in one screen, every function can be reached and 

adjusted on demand. Hidden affordances are also likely 

to activate the users’ curiosity. They acquire the opportu-

nity to explore the possibilities that are literally hidden 

inside the object. 

Finally there is the false affordance. This actually isn’t an 

affordance; it’s perceived as one but isn’t real. For exam-

ple; Even though most of the walk buttons at pedestrian 

crossings in New York have been deactivated during the 

1980’s, people still push the buttons, whether it’s out of 

habit, ignorance or just sheer hope that it’s working after 

all. Even though they’re useless from a practical perspec-

tive, they might give the user a feeling of control. Does 

this placebo button therefore counts as placebo af-

fordance; it satisfies him even though he actually has 

nothing to be satisfied about. 

When reviewing the elements in the framework, a lot of 

affordances are visible. The context allows social interac-

tion on street level and its spaciousness affords activities 

like running and cycling. The house as a structure pro-

tects us by keeping the weather and possible evildoers on 

the outside and simultaneously maintaining generated 

heat (more or less) on the inside. The spaces afford dec-

orating and personalization, a structural canvas so to 

speak. The objects are designed to afford specific tasks in 

and around the house, whether it’s a vase that has to con-

tain flowers or a pair of scissors, that might be used to 

cut the flowers to length before they’re arranged in the 

vase.

Fig 2; Standard, 1934/50 by Jean Prouvé Fig 4;  Photograph of a revealed false affordance.Fig 3; Apple iPod Touch (4th generation)  



Processing; affection through meaning

The affordances discussed above are an important piece 

of the puzzle. However the final value is a result of the 

processing that finds place between the sensory input and 

the motor output. This processing takes place on a viscer-

al, behavioral and reflective layer. Understanding these 

basic neuroscientific concepts will make clear why people 

attach value to objects. Affordances are most definitely a 

step in the right direction, but an object that has mean-

ing isn’t necessarily affective or valuable. Therefore each 

layer will be focused on to figure out how the entire sys-

tem works.

The visceral layer is at the bottom of the scheme; It’s the 

most primal layer of the three and has the ability to make 

rapid decisions on what’s safe or dangerous and good or 

bad. More importantly for this research; it also contains 

the basic instincts when it comes to beauty; symmetry, 

smooth edges and bright and saturated hues are some ex-

amples.

The behavioral layer can be seen as the venue of common 

human behavior. It’s able to enhance or inhibit the vis-

ceral layer. It analyses situations and alters behavior to fit 

in the picture. Also routine activities are part of this lay-

er. Activities convert to  routine by repetition and study, 

time and effort; a musician for example can play his 

chords blind to pay more attention to his stage perfor-

mance. The behavioral affection in this example is de-

rived from the feeling of accomplishment that rises with 

the mastery of the skill and being in total control. 

The reflective layer can best be described as the voice in 

our head when we’re at the point of making a decision. 

It has no connection with the sensory, nor the motor sys-

tem. It only watches over our behavioral layer and keeps 

reflecting present decisions on the ones that have been 

made. It’s the layer that makes our brain superior to the 

other species that walk this planet. 

In the end we prefer some objects over others. Designers 

shape their objects in such a way that it’s attractive to the 

masses. Well designed objects stimulate our visceral lay-

er, triggering us at the moment that we perceive pleasant 

shapes, colors or sounds, affection for these objects is in 

our nature. If the object has to be functional the affection 

is tested on the behavioral layer. Affection increases when 

the object handles as expected and most ultimately mak-

ing it feel like an extension of the human body. Through 

this pleasant cooperative experience the object becomes 

more valuable to us, raising the affection. 

Finally the reflective layer enhances or inhibits the affec-

tion we have, based on previous experiences.
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Apparat und Gegenstand

In his paper called Apparat und Gegenstand, Julius 

Posener explains the difference between the appliance 

(das Apparat) and, in lack of a more specific phrasing, 

the object (der Gegenstand) [6]. The object is a non-

changing instance, a thing like a fork or a vase. Con-

versely there is the changing object, the appliance (der 

Apparat) [5]. What is it that makes the user suspicious 

during their first encounters with appliances and what’s 

the reason to value one over the other?

Trust through reliability

The main reason to distrust modern day appliances is due 

to their reliability. Where a fork or knife will almost cer-

tain perform as expected, appliances have their weak mo-

ment. In other words, the chance of a handle breaking off 

your knife is severely smaller than a led monitor’s (touch) 

power button that malfunctions on the first try to press 

it. High tech gadgets of these days are just less trustwor-

thy than their analog counterparts. 

On the flipside, “Apparat und Gegenstand” was written 

in 1968 and technology as we know it has come a long 

way. Highly reliable appliances like the iPod have been 

designed and accepted globally. They’ve gained trust 

from their user. From my opinion Apple created one of 

the most well respected appliances to date by designing 

an intuitive interface and an operation system that rarely 

crashes and by milling a rounded body out of solid piece 

of aluminum. Through these properties, the visceral, be-

havioral and the reflective level assign positive meaning 

to the iPod, which results in trust and affection. 

Re-education

Next to trust, re-education plays a big part in the accept-

ance of technology. People hate it, when they have the 

feeling they have learn to walk again. For me personally, 

this is the case at the moment with the use of BIM-mod-

eling. It’s a raw deal knowing to have spent years improv-

ing my AutoCad skills, while working with BIM-mode-

ling applications is becoming the standard. Because of the 

different workflow and layout [7,8], I feel like starting all 

over again. Like the most people, I also prefer to post-

pone the re-education of myself and personally I think 

the main reason is the fact that it’s too time consuming 

and less efficient than using the familiar software or ap-

pliance. The thing is, that when we decide to re-educate 

ourselves and invest time, we feel better about ourselves. 

Adapting to the workflow and layout makes us work 

more efficient and a feeling of accomplishment arises, not 

only because of the increasing efficiency but also the mas-

tery of a new skill. 

The difficulty between the last example and a domestic 

situation is the absence of an incentive to commence our 

Fig 5; A reliable appliance; photograph of the inner workings of a 7071 
Chronograph by Patek Philippe

Fig 6; An object; Tilting teapot; A SYP (simply yet perfect) model teapot by 
Ronnefeldt



re-education. As Isaac Asimov (1983) illustrates it with 

the principle of the carrot and the stick; with the stick be-

ing the motive to move start moving to our goal; the car-

rot. Architecture students who mastered BIM-modeling, 

will have an advantage over the ones who don’t, and 

therefore are more likely to be employed. 

Notice of this should become an instant incentive for re-

education to meet the requirements set by the employer. 

However, the competitive element versus fellow appli-

cants or skill set, set by the employer aren’t traceable 

within a domestic environment. The home should be a 

place of tranquility where people can be at rest, not a sys-

tem of hierarchy that motivates re-education. Therefore, 

if re-education occurs, it should be in a non-forced, nat-

ural manner. 

Concluding Part I

The context, house, spaces and objects become a home 

due to the value that people assign to their affordances. 

In general these are perceivable, which makes it easy to 

interact with them. Hidden affordances aren’t perceivable 

at first, but open up after using the upper perceivable af-

fordance. They trigger the users’ curiosity and challenge 

them to explore the nested properties. The user giving 

meaning to the object because of its affordances is just 

half of the story. True value and affection originate from 

the visceral and behavioral processing inside our brains.  

Primal presets in the visceral layer tell us which shapes, 

colors and sounds are and aren’t pleasant, valuing the 

ones that are. The behavioral layer is about being in con-

trol. Value and affection arise when the use of an object 

is a pleasant satisfying experience. It takes two more cri-

teria for appliances to become valuable. Reliability of an 

appliance is of great importance for the behavioral layer. 

Compared to objects, they rely on an electrical input and 

require more parts to function, which increases the 

chance to malfunction, resulting in a dislike of the appli-

ance. 

The second criteria would be a strive for simplicity or a 

natural form of re-education. Trying to understand a 

complex  appliance needs investment of time. This is 

something that users don’t want to do from the moment 

they unpack the box.  The design should be simple in use 

from the start and it’s up to the user to explore the nest-

ed affordances behind the perceivable ones.

Fig 7;  Re-education; Autodesk AutoCAD ribbon

Fig 8;  Re-education; Autodesk Revit ribbon
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Part II; Ambient Intelligence

Also known as ubiquitous computing or everyware, am-

bient intelligence is not only designed to monitor and op-

timize the efficiency of the building as a structure. De-

pending on the components imbedded in its structure, 

it’s also capable of supervising the users and assisting 

them at demand or automatically. Even though these sys-

tems are already being implemented in new  commercial 

buildings and healthcare institutions, they just don’t seem 

to appear in new housing. If the possibilities are numer-

ous and completely adaptable to the preferences of the 

user, than why aren’t systems like these being accepted as 

a part of the house nor the home? The conclusions of the 

previous chapter can be used as a tool to clarify why peo-

ple would naturally reject systems like these.

Reason for rejection

Like the name implies, ambient intelligence can be imple-

mented in every surface of the house, everyware every-

where. In fully integrated situation the Ambient Intelli-

gence is the connecting element between appliances (and 

maybe even objects). So the affordances of the system are 

present, but the user doesn’t assign value to it because it’s 

not perceivable. When reflecting this case to visceral pro-

cessing, the statement can be made that this is because 

there are no pleasant shapes, colors or other sensory trig-

gers around that refer to the ambient intelligence. The 

only visible part is the output, for example in the case of 

curtains that close remotely. Even though the user’s in 

control of the remote that affords moving the curtains, he 

can’t get a grip on the process that follows after he 

pushed his button, because it’s invisible. The blank space 

between input and output removes the certainty of being 

in full control. 

This takes us to the level of behavioral processing, the 

level that’s all about being in control. When using an ob-

ject or appliance as a physical extension of our body we 

attach value to it. Not only because of its sensory quali-

ties, but also because of the increasing skill that arises 

when using it and eventually mastering it to our pre-

ferred level. An example by Donald Norman is his fa-

vorite knife [9]. Made out of a solid piece of high carbon-

ate stainless steel, the haft is organically and 

ergonomically shaped so the user’s hand fits around it 

seamless and the blade is perfectly sharpened. Working 

with such an object is a joy because it truly functions as 

extension of the body in visible and tangible manner. As 

a result the next time the knife is perceived, the reflective 

layer will be the voice in your head that motivates you to 

use it again, because it results in a feeling of satisfaction.

Like the knife, is there a possibility to master equal con-

trol over ambient intelligence or is it just a sum of pre-

sets that can be loaded through a touch on the tablet? 

Will the coordination of presets for example, satisfy suf-

Fig 9; Global kitchen knife



ficient on a behavioral level that is results in a feeling of 

satisfaction in our reflective processing? 

Most probably the creativity in coordinating the presets 

for a house isn’t sufficient because it’s too easy. Using 

Am.I., it doesn’t take a lot of time nor effort to change 

the setting of a space, lowering the rate of satisfaction. 

There’s a balance that should be found between the un-

satisfying set of presets that doesn’t require directions 

and the satisfying system that gets rejected because of its 

complexity that takes too much time and effort to under-

stand.

A last motive for the rejection of Ambient Intelligence 

might be the “element of surprise”. To return to the ex-

ample of the automatically closing curtains once more, 

it’s surprising that an object is able to move on its own. 

It simply doesn’t do that because it’s an object and not 

an appliance. It should be moved by the user because ob-

jects aren’t powered by electricity. Does this turn the cur-

tain into an appliance, or is it still an object that is pow-

ered by the appliance that is the Ambient intelligence? 

It’s our processing on the behavioral and reflective layer 

that tells us that we close curtains by hand because 

they’re inanimate, making it quite a surprise when they 

start moving on their own. 

Concluding Part II

Because the current “appear-ance” of Am.I. is integrated 

in the walls, it bypasses the sensory perception, only 

making the input and output visible. This results in an 

opaque perspective of the total process, making the user 

uncertain about his control of, and unable to attach val-

ue to this hidden system. 

By controlling it remotely he might learn to know the 

systems functions, but it shall not be satisfying because 

it’s too easy, making its mastery practically insignificant. 

Next to this, self- or re-education is the other extreme, 

because it mostly takes too much time and effort to mas-

ter a complete new skill. 

The element of surprise of the Am.I. system is that it can 

make objects appear as appliances, which confuses our 

processing.
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Part III; Implementation of Ambient Intelli-
gence in contemporary life

After identifying the origin of affection for the home in 

Part I and using this information to find reasons for the 

rejection of Am.I. in part II, we’ve come to the last part 

where the conclusions of these two will be combined. 

The goal of Part III is to see what the possibilities are to 

implement Ambient Intelligence into the house in such a 

manner that it can become affective, hence a part of the 

home.

Perceptibility

By making the control processes perceivable to the sens-

es, the inhabitant is made aware of the part of the pro-

cess that was hidden before. He understands it now and 

might develop an affection for its aesthetic qualities or 

the way it’s put together by a mechanical engineer. Mak-

ing the Ambient Intelligence perceivable stimulates the 

visceral as well as the behaviour processing level

A domestic robot might be an option to make out com-

mands perceivable. An appliance that’s capable to let ob-

jects be objects by physically moving them as we do our-

selves. Robots these days are capable of responding to our 

voice, making us feel in control when they obey our or-

ders. 

A voice controlled Am.I. system can also become affective 

in this way and it doesn’t necessarily need to be visual. 

As long as it’s responding and executes the command 

right, the trust in the system remains and the relation be-

tween man and appliance endures. 

Like a television, we trust appliances from which we 

know that they can be controlled remotely, therefore 

making acceptation easier when implemented in a differ-

ent device like a tablet or smartphone. The gained trust 

makes direct perceptibility of less importance, though it 

has to remain reliable and preferably explorable and 

adaptable to retain the users interest. 

When approaching perception from a tangible perspec-

tive touch screen is said to be less touch because every 

command that we send through a touch screen device 

feels the same. Companies like Tactus are developing a 

system that gives a tactile feedback at the fingertip by in-

flating points on the screen depending on its layout [10]. 

Despite of the varieties in patterns are quite rough at the 

moment, it would be nice to create imitations of different 

surfaces on the touch screen, feeling more connected 

with the appliance or object that’s controlled. 

In the end I think people would like to have to possibil-

ity to revert to the analogue input of a switch that bypass-

es the ambient intelligence. Like everything that’s new, 

it’s a matter of familiarization to control the appliances in 

a different way. It has happened before, for example, 

when the wall mounted light switch was the succession 

of light bulb that had to be mounted manually each time 

the user requested light.

Fig 10; Tangible touch screen by Tactus



Self-education

When the appliance is more extensive in its affordances 

than the light bulb that was described above, interfaces 

on a desktop or tablet can be useful, giving a clear over-

view of the appliances and systems that are connected to 

the ambient intelligence. Through the use of nested af-

fordances this software can become valuable to the user. 

By exploring the possibilities behind each separate func-

tion and setting them up just right, the user can compose 

his or her unique settings. Exploration of these possibili-

ties is a form of self-education that’s actually not that 

much different from self-educating ourselves when figur-

ing out a new smartphone. The only difference is that 

every digital input has a perceivable output in the house. 

By increasing the capabilities of Am.I. control the user 

will feel more satisfied because of the many options he 

has learned to use. After becoming familiar with the ba-

sics, it will be the urge for exploration that makes him 

want to invest time and effort to fully understand the sys-

tem. In the end he has educated himself and gained an 

overview and control of his house in ways we can’t imag-

ine in our traditional ones. Through this process Ambi-

ent Intelligence might become a wireless extension of our 

body, a wireless bond, able to control our home.

Conclusion

The affection for the home origins from combination of 

the affordances that are given by its elements and the val-

ue that is attached to it by the inhabitants. Value is at-

tached on different bases that originate from our person-

al processing. The Ambient Intelligence systems are 

hidden, which leaves a blank space between the input 

and output, leaving the user insecure of his control over 

the whole. The idea that Am.I. should respond instinc-

tively to the desires of the users is in complete contradic-

tion with the concept of the user who’s in control, which 

is why it should be avoided. There are different ways for 

the Am.I. to become a part of the home that should work 

in theory. Where positive meaning rises from its af-

fordances, an object or appliance can obtain value or af-

fection through a positive stimulation of the users senses, 

trust, and mastery of skill. Each one of these stimulations 

can be set as a departure for a concept that includes Am-

bient Intelligence as a part of the home.



14 Awareness of a sustainable lifestyle through Ambient Intelligence  -        R.C. van Bezooijen



Chapter II:
Design

Accepting Ambient Intelligence



16 Awareness of a sustainable lifestyle through Ambient Intelligence  -        R.C. van Bezooijen

The creational process of the final design will start at 

the largest and smallest scale simultaneously. These de-

signs will meet up in the middle which is the house. The 

master plan of the Rodeborg will be analyzed and re-

viewed before the location will be chosen based on the 

qualities that are extracted from the analysis. The fol-

lowing design of the building block will be based on 

the qualities of the location while approached from a 

sustainable point of view; the houses that are a part of 

the block will have a similar approach. The final scale is 

the facade system; the key element that’s meant to 

make its residents aware of their energy consumption. 

The last chapter will close the circle and clarify how the 

research from the paper has influenced the final design.

Introduction

The Rodeborg project is a master plan with a variety of 

dwelling types and a Norwegian theme which can be 

mainly found back in the colour scheme. The entire plan 

was meant to be connected to a heat cold storage, mak-

ing it a sustainable district of hundred twenty houses on 

the east side of the city Klundert. The location has the 

specific property of being almost completely enclosed by 

water, making it an excellent candidate for a master plan 

with a standalone concept or theme.

The construction takes place in two phases; the larger 

family houses from the first phase have been completed 

and in the mean time the second phase is on a hold un-

til half of the houses is sold. The second phase is divided 

in two equally sized plots: parcels for bungalows on the 

east side and a plot with ten private parcels on the west 

side. 

Location

Fig 11; The Rodeborg project in Klundert; the plot of choice has been marked red. Fig 12; Phase I, two and three storey houses

Summary



Review on the current situation

Every elaborated project has its flaws which is the main 

reason to review phase one of the Rodeborg project; just 

to understand what challenges appear on site, which de-

sign decisions work well and which problems should be 

avoided.

When reviewing the current built situation it’s noticeable 

that the planned cold heat storage isn’t implemented in 

the master plan, probably because of the consequential 

volume on sight that contains the main installation. In-

stead, every single house is equipped with an individual 

heat pump in combination with a warmth recovery unit.  

A second side mark is the parking problem; The residents 

on the south side have to park their car in front of their 

front yard; a space from which they should have a view 

on the water. These two points are to be taken into ac-

count when designing for this location. 

The last mark that I have is on behalf of the main mate-

rial that has been used for this Norwegian themed mas-

ter plan. Instead of using wood as a material for the fa-

cade or construction, the entire block has been build out 

of brick and painted in “Scandinavian colors”. The qual-

ity of brick as a facade material is nullified because the 

layer of paint on top requires maintenance. 

Of course there are also positive aspects to this plan, but 

they have to be combined with critique to clarify the 

strong points as well as the flaws of the decisions that 

have been made. As a result it will provide a grip in the 

design process of the final project. 

Plot of choice

The most interesting plot on this plan is the area contain-

ing the private parcels because the they won’t sell any-

time fast in economical times like these. It’s more natu-

ral to make  a design for a linked building block instead 

of separate houses for two reasons: the price per square 

meter will drop, which makes living there more afforda-

ble and  the fact that they’re linked will reduce facade 

surface, increasing energy efficiency. 

The orientation is almost perfectly north-south, ideal for 

energy generating purposes, the north and the west side 

have a view on the water and the east has a visual con-

nection with the park that’s located in the center of the 

Rodeborg master plan. 

Fig 13; Panoramic view from thhe south-west corner of the plot
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Volume

The main volume of the block is passed on the perimeter 

of the parcel, inset two and a half meters to leave room 

for a small front yard and parking space. The height is 

derived from the context of the Rodeborg master plan 

and its surroundings. The two story houses on the west 

side and the three story houses on the east side are con-

nected by a sloping volume on the north side of the par-

cel, putting the block to use as a physical connector be-

tween the three story houses on the east parcel of phase 

two and the large area of lawn in the west.

The south side of the block has intentionally been kept 

open for two reasons; the first being the optimisation of 

sunlight for the facades, backyards and courtyard on the 

inside of the block and second on behalf of the involve-

ment of the neighbourhood in the awareness process, 

which is done by showing the inner workings of the 

block; the installation wall, facade system and solar pan-

els. The ten meter wide courtyard in the center of the 

block serves as low key traffic zone for pedestrians and 

bicyclists, eventually turning into a social area for the 

block. Even though this decreases the amount of rentable 

square meters per house, it’s better than stretching the 

backyards and leaving a long small alley that runs a hun-

dred meters from north to south, having no activity or 

social monitoring at all. 

Apart from the two main volumes that contain the hous-

es and the sloped volume that connects them there are 

additional volumes on three of the four corners, contain-

ing peripheral installations for the distribution of electric-

ity, heating and cooling and the storage and production 

of biogas.

Installations; energy generation and  storing

The concept behind the installation model is that it 

should be an integral design for the block instead of a 

sum of individual systems for each house, because in-

creasing the scale of a system will result in a more effi-

cient generation and distribution of the energy. 

The main electrical power source for the block is the 

combined output from the 30 square meters of PV pan-

els that are integrated in the surface of the roof construc-

tion of each house, which should be sufficient to power 

an average household throughout the year. Surplus ener-

gy from these panels is channelled to the Surplus Energy 

Storage, which will be described in the next paragraph.

The biogas is produced from the biological waste that’s 

created by the residents of the block and possibly the rest 

of the Rodeborg district. The gas that is produced from 

this waste isn’t sufficient to heat all the houses, but it 

makes it possible for the residents to cook on gas. 

Block

Fig 14; block design fitted into the Rodeborg master plan Fig 15; SESSy on the north side, installation for biogas and  heat/cold storage on the south side



Heating and cooling of the block will be controlled by a 

heat cold storage system that was intentionally planned 

as main system for the Rodeborg plan; a corner volume 

will provide the space to contain the additional installa-

tions for this sustainable system that uses just a small 

amount of energy. If additional heating is required, it can 

be done by the local electrical boiler that’s powered by 

the solar panels.

When the homes create a surplus of energy during day-

time they have the opportunity to sell this power back to 

the grid, making it possible to reuse some at night when 

no energy is generated. Storing surplus energy on site is 

a second option and from my point of view it’s better 

than retrieving energy from the grid at night, because the 

energy that’s delivered by companies is green because 

they have certificates for it; the electricity that enters the 

home can either be green or grey. Storing surplus energy 

can be done in standard batteries, though when trying to 

involve the community, a stack of batteries won’t be suf-

ficient because there is no direct feedback on the amount 

of energy that is stored inside of it. To make the storing 

of energy visible it’s better to fall back to a more physi-

cal and visual variant. The north side of the plot is a vol-

ume that connects the two story houses on the west side 

to the three story houses on the east side, making it into 

one shape. Instead of making this a static connection like 

a regular wall, this volume will become a dynamic display 

of the surplus energy that is generated by the block 

throughout the day. 

SESSy

The Surplus Energy Storage System (SESSy) that’s inte-

grated in this volume consists of a number of weighted 

elements that get pulled up by motors that are powered 

by the surplus energy from the PV panels of the houses. 

When one weight is lifted to the top, the next one starts 

its hoist; this visualises that something is charging. When 

the sun sets, the PV panels can no longer generate elec-

tricity, so the process switches; the weights drop down in 

a controlled way, powering generators that provide the 

houses with electricity, making the block autonomous 

when it comes to the consumption of electricity as well 

as a visualising the decrease of the stored energy.  

In the end it’s the goal to have a sustainable and auton-

omous block that makes its residents and the communi-

ty around it aware of energy consumption. After the in-

troduction of the separate volumes and systems of the 

block as a whole, it’s time to approach the scale of the 

house, the residents and the facade to find out what their 

part is in the larger picture. 

Fig 16; passage for pedestrians and bicyclists, the line of sight towards the central  green Fig 17; communal space  on the inside of the block
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Fig 18; Morfology of the shape



Fig 19; Top view of the block 1/500
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Fig 20;  north elevation 1/200

Fig 21; south elevation 1/200
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Fig 22; west elevation 1/200

Fig 23; west elevation 1/200 
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Facade system and Am.I
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Here we are, at the final, smallest, though most impor-

tant part of the design: the ambient awareness system; a 

dynamic facade and a smart lighting system. These are 

the tools that make the residents aware when they’re over 

consuming energy and it gives them the opportunity to 

make a change. The desired effect over a long time span 

is to introduce an alternative lifestyle and perspective that 

focuses on sustainability. Just to make it clear; it’s not the 

goal to alter the behaviour of the residents; they have al-

most total control of the house, as a matter of fact I am 

convinced that a house will never become a home to the 

residents when it’s in control of the integrated systems. 

Guidelines for sustainable living

It’s the goal for the block as a whole to be energy neutral 

or to create a surplus amount of energy, meaning that 

every single house within it should have a system that 

monitors the situation in real-time and adapts to the 

measured parameters. In a regular smart or active house 

this is managed by an ambient system that regulates the 

installations, whether invisible like the floor heating or 

visible like the automated shading. The visible systems 

can create unpredictable events for the resident, who get 

the feeling that they don’t have control over their house; 

this is a bad thing since people expect to be in control of 

their house, which should be a thing instead of a ma-

chine. 

Facade shell

As a response to the common ambient system, that is 

mainly being rejected because the lack of control, the one 

in this project won’t be fully automated By doing so, the 

residents will maintain control of their house, increasing 

the chance of accepting the system.  I’m calling it a shell 

because when combined, the three shells can enclose the 

entire space,  isolating it from the outside world. 

Each shell contains 13 hexa’s; shape shifting elements 

that have the ability to change their form depending on 

the performance of the house. They can slide in front of 

the panes or be stored on the sides. Only one out of three 

frames is automated; two spare frames stay stored as long 

as the residents don’t activate them, meaning that they 

have full control over the majority.

At the moment that the energy consumption drops under 

the energy neutral baseline, the automated Facade shell 

will activate to restore equilibrium by adjusting the ener-

gy generation, insulation or shading. It does this by shift-

ing between three modes, each one with a specific shape 

and function.

Fig 24; one of the first concept sketches of the facade system with a view on the inner coutyard Fig 25; final model: generally comparable to the sketch



Changing faces 

It’s the duty of the Facade shells to maintain a balance 

between energy generation and consumption; not only 

the consumption of the appliances, but also the energy 

that is required to heat or cool the space. To make the 

residents aware of the type of energy that is being bal-

anced the  Hexa’s shift into a specific shape that can be 

referred to a certain energy consumption. Apart from the 

standard hexagon shape that can turn 360°, there is a 

shading, insulation and energy generation mode to which 

the Hexa can switch.

When in shading mode, the six fins arrange themselves 

in the most narrow position, creating a sleek blind that’s 

able to withhold direct sunlight and radiation from enter-

ing the space. As a result most of the openness to the 

outside maintains, but the heat radiation isn’t able to en-

ter; reducing the cooling loads, hence the energy required 

to do this. When it comes to controllability, the openness 

of the facade can be adjusted by rotation the Hexa’s, 

making the room more or less private. Interchangeable 

panels might be the most interesting feature for the resi-

dent, because they can really identify themselves and 

their homes by choosing their own material(s) to fill the 

two fins that are dedicated to the shading mode.

During winter time or any other cold period in the year 

there is some extra insulation required on the glass fa-

cade. The Hexa’s can stretch out and connect to eachoth-

er, making a closed element from bottom to top that 

serves as an insulating second skin. Because most of the 

parts are made of metal there’s a thermal bridge; the so-

lution to this problem is a rubber strip between the two 

halves that functions as insulation. The insulation on the 

inside of the Hexa is a hexagon mesh, made out of fab-

ric that can stretch depending on the mode: the air pock-

ets inside this mesh will provide the necessary insulating 

properties when the insulation mode is active.

The energy generating mode will be activated when the 

PV panels on top of the house of the house can’t cope 

with the energy demand from the appliances in the 

house. The two fins that are purposed for the generation 

of energy have a strip of pv-cells running over their sur-

face; approximately 0.25m2 per Hexa, which means that 

every Facade shell can add more than three square meters 

of pv-surface to the total of the house. The emphasis of 

the shape is on the PV panels that align to optimize the 

surface that’s facing sun. The Hexa’s can be rotated to an 

angle that optimizes energy generation.

 

Fig 26; The three basic faces (or modes) of the facade system; insulation, shading and energy generation
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Full insulation; material of choice on outside

Full insulation; PV cells on inside

Full insulation; mix material of choice + PV cells

Full e-generation; PC cells on top

Full shading; material of choice on top side

Facade modes

Every Hexa consists of six fins; two covered with pv-cells, two 

inlaid with a material of choice and two seperate fins.  Three 

modes can be activated; insulation (pv fins on the inside or 

outside), Shader (pv fins on the top or bottom) and energy 

generation (pv on the outside).

Given that every facade shell consists of thirteen hexa’s there 

is a total of 5^13 (approximately 1.2 billion) unique shell con-

figurations, not even taking the material of choice into ac-

count. 



Shading top + PV cell bottom (insulation mode)

Insulation mode top /bottom + shading center

Shading top + material of choice bottom (insulation mode)

PV cell top /bottom (insulation mode) + shading centerE-gen top /bottom (insulation mode) + shading center

Fig 27;  Various facade modes
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Fig 28; elevations, section and section detail of a facade shell and hexa’s

Facade shell mechanics and connection to the facade

Coming up with a dynamic facade system is one thing, mak-

ing it actually work is a whol other story. An assignment like 

this is hard to elaborate with standard architectural software, 

since these don’t have the necessary properties integrated in 

their design. Mechanical engineering on the other hand, is a 

discipline that connects seamlessly, hence the software that is 

used used in  this profession should be suited for the job.

CAD to 3D Cad

Autocad is a program that I’ve been using for years and ev-

enthough it has a 3D-function, there is a program from the 

same developer to do the job a lot better and more efficient.: 

Autodesk Inventor (2013). This is 3D CAD software for me-

chanical design and easily coöperates with other Autodesk 

products like Autocad. This makes it possible to make the 

necessary 2D shapes in Autocad and transform them into 

complex 3D volumes in Inventor and save them as part. 

When every part is created they can be put together in an as-

sembly file: it imports the seperate parts and gives the possi-

bility to constrain them with respect to each other and leav-

ing the necessary degree(s) op freedom.

Mechanical engineering meets building technology

When in insulation mode, the facade shell should connect to 

the window frame to obtain a closed and  insulating seal 

without thermal bridges. This is probably the most complex 

problem of the whole and also the most important since this  

connection should be feasible in order for the system to func-

tion as a real second skin. 



Fig 29 1/2 detail ; horizontal section of the facade shell while in insulation mode and connected to the windowframe 
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Fig 30; 1/5 detail ; vertical section of the facade shell while in insulation mode and connected to the windowframe Fig 31; section of the window frame including the curved jamb



Fig 32; 1/2 detail;  three settings for movement I: No movement, II: Rotation of the morph disc sprocket to change modes of the hexa, III: rotation of the complete hexa in it’s current setting.
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Version 1.0

34 Awareness of a sustainable lifestyle through Ambient Intelligence  -        R.C. van Bezooijen

The first version was specifically designed to switch to the 

three necessary modes; insulation, shading and energy 

generation. 

Assuming that the default mode is the hexagonal shape, 

the morph disc can set up the right set of grooves in 

front of the guiders and interlock with them. 

A turn of thirty degrees let’s the guiders shift position, 

aligning the fins into one of the three modes.

Verdict

The idea of using grooves to guide the fins was good, but 

interlocking again each time the hexa needs to change 

shape takes too much time and leaves plenty of room for 

mechanical errors. 

The main design error is the intersection of the grooves; 

at every of these point the narrow deep grooves leave 

dents in ones that are shallow and broad. Repetitive 

bumping in these points will rapidly wear down the sys-

tem.

1
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Fig 33; component list clarify the name of each part

1:  Main axis bearing

2:  Main axis

3:  Main axis sprocket

4:  Spacer Bearing

5:  Morph disc sprocket

6:  Morph disc / minor curveplane

7:  Guiders 

8:  Morph disc / major curveplane

9:  Morph disc bearing

10:  Secondary axis

11:  Connectors

12:  Insulation slabs / insulation fins

13:  Insulation slabs / empty fins

14:  Empty fins

15:  Insulation fin

16:  Insulation strip

17:  Material of choice

18:  PV panels

Component list

Assemblies from Autodesk Inventor might work fluidly, 

but this doen’t mean that the real physical product will 

do just so. Prototyping allows real time testing and makes 

locating errors easily noticable. Constrainst with offsets 

can be set between parts (like the image above), making 

them work perfect, but when such a model would be 

built physically it would fit too loose and the whole ob-

ject would break or malfunction. 

Since I don’t have the skills to do a full stress analysis 

with Inventor I’ve chosen to prototype the design for the 

hexa mechanics to be sure that it will work in physical 

form.

Prototyping



Fig 34; First physical prototype; lasercut parts from 3mm MDF
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Version 2.0
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The second version of the facade mechanics had some se-

rious adjustments compared to the first version. 

To prevent the intersection of its contact points, the guid-

er had to be redesigned; the space between the broad and 

narrow contact point needed to be increased.

The most notable feature is the new morph disc that lost 

some weight: A minimal design with two non-intersect-

ing tracks for each guider and perforations to save on 

weight and material. The most important feature is the 

continuous groove that makes it possible to shift into an-

other mode seamlessly.

Verdict

The idea of the continuous groove is good, but the move-

ment is quite stiff because the corners are too sharp or 

the transition is too rapid. 

Although the new design of the guiders works properly 

together with the morph disc, it has issues with the as-

sembly to the connector. The connection has a diameter 

of a mere 10 millimeters, but its this same pice that trans-

fers te motion of the guider to the hexa’s. Aluminium is 

strong but i actually fear for the amount of torque inside 

this part when the modes are shifting.

Fig 36;  Prototype 2.0 mechanics assembledFig 35;  Prototype 2.0 connected to secondary axis



Fig 37; Second physical prototype; lasercut parts from 3mm MDF. Parts arranged in assembly order

Fig 38; Different modes of the fins; fltr (default) hexagon, insulation, shading, energy generation.
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Version 3.0
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The final adjustments to the mechanics are quite severe. 

The morph disc has been seperated in two surfaces like 

in version 1.0, only this time the guider is located in be-

tween the two. This makes sure that the curves on the 

minor and major curveplane won’t intersect and both can 

have their radius increased, thereby increasing the overall 

strenght of the guiders and the connection with the con-

nectors. Furthermore this is the first prototype that is 

compatible with the driv-train system as shown on page 

37 and 38. 

The slabs that are added to the fins will not only estab-

lish a tight seal with the window frame, it will alsopre-

vent the fins from turning in a negative angle from each 

other. 

Verdict

The system on itself functions very smooth, but the con-

tact points for the minor curveplane tend to wander off 

before the major contact point. This is due to a parallel 

path at the start of the curve and results in a malfunction 

of the system. 

Fig 40; Exploded view of the hidden facade mechanicsFig 39; new curve planes on the morph disc V3



Fig 42; Final version of the fins including  insulating slabs

Fig 41; New morph disc, guider (left) and connector (right)
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3D-printable prototype

Final adjustments since version 3.0 has been a modification of 

the morph disc: A curve at the start of the small contact point 

prevents it from taking off before the large one does, decreas-

ing the room for error. 

Model

The 1/2 scale 3D-model will serve as an example model for 

the main mechanics of the hexa’s. Material use has been kept 

to a minimal in order to aquire an open model which easily 

shows the working priciple. 

Printing

A 3D printer builds the model from layers of sintered nylon 

with an accuracy of approximately 0.15mm. When finished 

the model will be polished, which makes it smoother in its 

looks, but more importantly its functioning. 

Other materials allow smaller margins between seperate piec-

es, making them perform better. 

Fig 43; Printable prototype



Fig 44; Prototype drawings scale 1/1
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Solatubes; fix to the flaw

The sunlight is a great companion in this process that 

acts as a medium in the interaction with the facade. As 

explained in a previous topic, regarding the shape of the 

house, the angle of the glass facade is  optimized to max-

imize the amount of direct sunlight.

Flaw

The flaw in the design is that it can’t perform 24/7, be-

cause it depends on natural daylight; the shading only 

has use when direct sunlight is being cast on the facade 

and the PV panels can generate electricity from indirect 

daylight, but have no use after sunset. Even though the 

insulation mode can always be activated to decrease the 

amount of energy that’s required to heat or cool the 

house, it should stay in its place when for example the 

energy consumption of the appliances becomes too high. 

Activating the insulation mode in this case would trans-

fer a false signal. 

To solve the daylight problem there has to be a backup 

system that is able to take over the function of the PV 

panels of the Facade shell. The initial thought of the sep-

arate Hexa’s is that the resident can derive the mode 

from its shape, for example when the PV panels line up 

parallel and face the sun, it should be clear that there’s 

energy being generated. And with the facade being a sys-

tem that assists in retaining the neutral line, it should be 

clear to the user that it’s compensating an energy con-

sumption in the space where it’s been activated. Because 

PV panels don’t generate electricity during the night 

there has to be found another way to inform the residents 

of their energy consumption. 

Fix

The solution is a central wall that contains solar tubes, 

which transfer daylight to the center of each  space and 

has a participating part in the awareness process. The lat-

est solar tube system can be equipped with a daylight 

dimmer for the daylight hours and supportive led light-

ing for the night time, making it independent from the 

weather or time, hence practical throughout the entire 

day. 

The visual concept behind the solar tubes is that they will 

emit light as long as the energy neutral line or the sur-

plus area above it is maintained. The daylight dimmer 

will gradually reduce the emitted light in a space when 

the energy consumption overmatches the generated ener-

gy, signalling the resident that they’re running low on 

sustainable energy. Obviously the power of the home 

won’t go down, but it’s a notifier that makes them aware 

of the current situation.  

Fig 45; Solatube system comparison; default (left) and over comsumption( right)



As told before, this ambient system isn’t designed to force 

the residents into changing their lifestyle, but to make 

them aware of the energy consumption through the in-

troduction of the dynamic facade. The art is to notify 

them in a subtle way, visible but not distracting. I’d like 

to compare the system to a clock that updates the resi-

dents knowledge about the current time: in the case of 

the system the resident only has to look at the facade or 

the solar tubes to get an update about the current energy 

balance. 

The residents will accept the ambient system more easily, 

knowing that they have control over the major part of the 

facade. Getting them curious enough to start exploring is 

the next step in the process of accepting the entire sys-

tem.

Trigger, ability, motivation

Getting people prepared to undertake an action takes 

three things; a trigger, ability and motivation (BJ Fogg). 

The curiosity of the residents will be triggered thanks to 

the Facade shell that automatically shifts its shape accord-

ing to the energy consumption; changes that are made by 

the frame are subtle but noticeable. As a result the under-

standing arises that they have the ability to manually con-

trol the other frames in the same way as the ambient sys-

tem does: by shifting shapes, exploring the possibilities 

they can adjust the spatial perception of the interior as 

well as the aesthetics of the exterior. These properties of 

the system can be a fine motivation to use the system 

more often or even better, switch them to automatic. 

Easy access

Controlling the frames of the facade is relatively easy. 

There will be an application for a tablet or smartphone 

that can control each separate frame, meaning that the 

configuration can be changed on the fly, throughout the 

day, from every location. When the user starts exploring 

the software he will find out that he or she can design 

configurations for each frame, floor or the entire facade. 

This freedom is almost endless since every Hexa can be 

put into three modes and the standard hexagon shape, 

giving each frame 5^13 different configurations to choose 

from. The hidden affordances of the facade system though 

which the residents can identify themselves will become 

a feature that is tempting to explore on different times of 

the day. These configurations can be saved and reactivat-

ed for personal preferences or shared with the neighbours 

to try out, who knows, the neighbourhood might sit to-

gether to discuss the facade configuration of the entire 

block to create a pattern or theme. Activities like these 

bring people together and keeps them interacting with 

their facade in a playful way. 

Positive reflection

The SES-wall is a the real-time monitor of the block as 

an organism, showing the amount of surplus energy 

that’s stored at the moment: it’s the sustainable perfor-

mance indication of the combined homes and a message 

to the residents as well as everyone who passes by. The 

positive feeling that emerges when achieving a common 

goal should motivate the residents to keep doing what 

they’re doing. 

Conclusion

In the end the most important goal of the project isn’t to 

make a change in the awareness of the residents and their 

participation in a sustainable lifestyle: they should be liv-

ing inside a home: a place where everything is just right 

according to the preferences of the residents. Mind you, 

with the implementation of this hybrid facade system 

there rises a new form of personalization. People can ar-

range the configuration depending on their daily chang-

ing preferences. Thanks to the affordances of the auto-

mated Facade shells and the hidden affordances that are 

implemented in the plain applications, we have a trigger, 

ability and motivation for using the system, hence a safe 

plan for the introduction and in the end, the acceptation 

of ambient systems.

Adapting the lifestyle without rejecting the system
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Lighting Analysis
Each mode of the facade system has its own influence on the amount of daylight that enters 

the room. Renderings can make a scene as light as possible, leaving a false image of the space. 

In the end every space should have enough natural daylight entering the room. For regular liv-

ing spaces this should be 200 - 375 lux. Work spaces should receive 400 - 750 lux. The distri-

bution of lux is simplified by a coloured gradient (blue-green-red) that indicates the values (0-

5000) and is projected over the plans.

To calculate the lux values I used the Lighting Analysis system which is implemented in 3D 

studio Max.  Light meters are planes on which the calculation are performed. The subdivi-

sion of the plane is a grid on which data is collected. The denser the grid is set up, the more 

accurate the final data will be.  

The daylight system of 3D Studio Max creates a realistic light in the scene, materials on the 

interior behave as they should in real life and no extra lighting has been added to the scene 

except for the renders; the light (visible in the reflection of the window) is the back-up 

solatube system. 

Every analysis image can be seen as two seperate images: the room on the bottom half is the 

default facade with all facade shell deactivated. The top half will vary depending on the acti-

vated mode in the shells. The sun’s position is in the south-east, so the direct daylight shines 

inside the room with the activated shells. 
Fig 47;  Settings for the Lighting Analysis

Fig 46;  View inside, default open facade, no shells activated



Insulation;

The facade’s insulation mode has the highest impact on 

the performance of the house as well as the quality of the 

space adjacent to it. 

When in full insulation mode, the system adds approxi-

mately 10cm of insulation to the facade, increasing the 

insulation value (Rc) on that surface with at least 2. This 

mode is most efficient during winter time when the house 

needs to maintain it’s warmth. 

Although the insulating performance of the facade great-

ly increases, it symultaiously decreases another important 

quality of the facade: the entrance of daylight. A Facade 

shell in insulation mode will block every ray, drastically 

decreasing the amount of daylight that enters the space. 

The top room in image on the right shows the result of 

a fully insulated space. This means that when a room is 

being used and all three facade shells are activated, at 

least one should be deactivated or in another mode to al-

low enough daylight to enter the room. Fig 49;  Analysis of the insulation mode (top; full insulation active. bottom; open facade)

Fig 48;  View inside, insulation mode, solatubes activated
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Shading;

The analysis of the shading mode is already a lot more 

colourful than the insulation mode. In the current setting 

the hexa’s have turned into horizontal oriented shading 

fins (shaders) that partially block the daylight. The angle 

of the shaders can be adjusted to regulate the amount of 

direct light that enters the room. 

During summer time this mode provides the most opti-

mal view through the facade shell as well as it keep the 

warmth of the sun outside and reduce the cool load.

Fig 51; Analysis of the insulation mode (bottom; full insulation active. top; open facade)

Fig 50;  View inside, shading mode



Energy generation;

The bulky brother of the shader gets activated when  ap-

pliances consume energy to the point where the fixed so-

lar panels on the roof can cope with the demand. The 

shape of the energy generation mode aligns the two fins 

that contain the pv cells to obtain optimal power genera-

tion. The angle can be adjusted when prefered. 

A normal space requires 200 lux to 375 lux, though the  

bottom room with the active energy genetion mode hard-

ly reaches 200 lux. A number of hexa’s should switch 

back to shading mode to increase the amount of daylight 

to the point that the aforementioned demands are met. A 

second option is to deactivate one shell, which allows a 

lot of daylight in. 

Fig 53; Analysis of the insulation mode (bottom; full insulation active. top; open facade)

Fig 52;  View inside, energy generation mode
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Shape

The shape of the house emerged from the idea that its fa-

cades, including the roof, should receive an optimal 

amount of (direct) sunlight that can be put to use as a 

mean to generate power as well as a medium for the 

awareness system. While the two main blocks are orient-

ed north south, having their facades on the east and west, 

there’s always a moment during daytime that both fa-

cades don’t receive daylight; at noon, when the sun is ex-

actly in the south. To solve this issue, the northern point 

of the glass facade shifts outwards, creating a trapezoid 

shape that’s able to receive sunlight for a longer period. 

The closed part of the facade shifts inwards in order to 

maintain a repetitive sequence. This same idea is applied 

to the roof: the plane on top of the glass part of the fa-

cade has a slope of about twelve degrees to increase effi-

ciency of the PV panels that are integrated in the surface. 

The part of the roof on top of the closed part of the fa-

cade will stay flat so it won’t cast a shadow on the follow-

ing slope. 

Zones

The house has two main zones, easily perceivable from 

the outside and in; a solid, closed part that covers approx-

imately a third of the facades and the transparent part 

that covers the remaining two thirds. The closed volume 

contains the main servant spaces and traffic spaces; the 

hallway staircase, toilet, bathroom, storage and installa-

tions, leaving the transparent volume open for the main 

functions; living room, kitchen, dining room bedrooms 

and study. 

The choice for a contrasting facade hasn’t only been 

made for the sake of the servant spaces that don’t require 

much daylight and living functions that appreciate ample 

daylight. From research by Alain de Botton (The archi-

tecture of happiness) it’s been made clear that most peo-

ple prefer a traditional house over a modern house, main-

ly because of the  familiarity and reliability of the used 

materials. Another reason to repulse a modern house is 

because of the industrial appearance that attends it.  To 

give the resident the feeling that he or she is entering a 

traditional or maybe contemporary house, the entrance is 

in the solid volume which is made out of brick; it’s just 

a third of the surface, but sufficient to create a familiar 

feeling when entering the house. 

This solid volume stands for the contemporary sustaina-

ble architecture, where glass surfaces are reduced to in-

crease the insulated surface of the facade: people feel at 

home because of the traditional materials that have been 

applied, but the consequence is a loss in natural daylight 

and connection with the outside world. 

On the flipside there is the glass facade; two point seven 

meter, floor high panes, separated by point three meter 

House

Fig 54; morfology of the house shape Fig 55; division of the zones



wide ribbon; a great contrast to the volume next to it and 

from my point of view a possible foundation for a mod-

ern way of sustainable housing, where well balanced and 

efficient installations can make a house perform in such 

a way that it emits no CO2 and generates its own ener-

gy with a possible surplus. Since glass isn’t sustainable at 

all when it comes to insulating a house, the dynamic fa-

cade system is introduced, giving the glass facade more 

sustainable properties, but since this system is on anoth-

er scale level, it will be described in the next chapter.

Fig 56; west and east facade of a three storey house
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Fig 57; west and east facade of a two storey house 1/100 



Fig 58; west and east facade of a three storey house 1/100
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 Construction method and materials

With the concept of the block being sustainability it’s a 

necessity that the every part of the process should be 

looked at from this same perspective. The most impor-

tant point in this process is the the design phase where 

every decision will have a consequence for final product 

that will be elaborated; it’s not only the search for sus-

tainable materials, but finding ways to construct those 

materials in a sustainable way and cutting emissions on 

production, transport and construction. There’s a vast 

amount of programs that can test the sustainability of a 

project including its carbon footprint, but in the end 

most of it comes back to the Trias Energetica; the basics 

to design, hence build in a sustainable manner. 

Element design, fabricating, transpor and assembly

The size of the building blocks that a house exists from 

can vary from the smallest stackable brick to entire pre-

fabricated elements like walls floors and complete dor-

mers. From the perspective of sustainability there are 

quite some arguments to prefer prefabrication of larger 

elements over the traditional on site stacking of bricks. 

The most important demand for prefabricated elements 

to be cost efficient is the amount of replications that can 

be made; a one off piece is cheaper to make on-site. In 

the following paragraphs I will describe the process from 

producing the element to its assembly on the building 

site to get an insight in the properties that the materials 

should have to be sustainable. 

When producing elements in a dry and heated space, 

there is no delay due to bad weather, the constant tem-

perature assures a predictable process, for example the 

curing of a concrete element, and the factory machines 

can make parts that have minimal error margins; a better 

quality equals a more sustainable product. 

The waste material from the production process is more 

likely to be recycled inside the factory than on the build-

ing site, having no waste reduces the weight of the parts, 

hence the weight of the transport, reducing the emis-

sions. It can’t be said that it takes less space to transport 

an element thank to its clean weight, because when pre-

fabricating 3D-elements like dormers there is a lot of air 

inside the transport which is lost space. On the other 

hand 2D-elements like prefabricated walls and floors can 

be stacked easily  and in larger amounts than the raw ma-

terials. 

When the elements arrive at their location they are lifted 

from the truck onto the building site, where they can be 

stored or mounted in place. As the weight influences the 

emissions of the transport over the road, so it does when 

the on-site crane has to hoist them from the truck; light-

er loads, lighter crane, lower emission. 

When mounted into place, a mechanical assembly of the 

elements is most sustainable because it offers the possibil-

Fig 60; Lignatur 2D prefabricated floor element, completely made out of woodFig 59; Trias Energetica scheme



ity to demount the building into separate elements of the 

same material; making the recycling process a walk 

through the park. 

Materials

While most houses, including the ones on the Rodeborg 

master plan, are built from brick and poured or prefabri-

cated concrete, wood is a more sustainable material be-

cause it’s renewable, machinable with a smaller amount 

of energy, better insulating and more light weight which 

reduces the CO2-emission.

Most people would prefer brick over wood because it’s 

more solid, durable and doesn’t start to squeak after a 

couple of decades, but the contemporary developers of 

wooden building elements are able to deliver systems that 

in my opinion are a worthy replacement for their stone 

counterparts: companies like Lignatur and Metsä Wood 

develop well engineered bearing wooden wall and floor 

elements. Because of the above-mentioned advantages, 

wood will be used as the main construction material for 

the entire block.

Even though the construction material is wood, there is 

still a third of the facade that should be made out of 

brick, which is hard to recycle because of the mortar that 

binds them. Clickbrick is a system that’s developed by a 

company that bears the same name and it uses no mor-

tar whatsoever. The connection is made mechanically, us-

ing clips to interconnect the bricks and a sequential com-

bination with a wall tie to connect the stacked surface to 

the load bearing wall behind it. These bricks won’t be 

painted because they have nice characteristics as they are, 

retaining the properties that brick should have on the 

outside of a facade; solidity and durability.

Maybe the most important material in this project is the 

one that we look right through; glass covers the largest 

part of the facade. It isn’t the most sustainable material 

because of the ecological footprint of the production pro-

cess, however glass is infinitely recyclable and the panes 

on this project are all the same size, which is ideal for 

mass production. As mentioned in the previous chapter, 

we know that glass is a bad insulator; to somehow com-

pensate this fact the houses will have HR++ glazing, 

though this should be sufficient in combination with the 

facade system.

Fig 61; Lignatur 2D prefabricated insulating element Fig 62; Clickbrick, stackable groutless system. Sustainable and durable
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Recapitulaion

Due to the depleting sources of finite energy, the time 

has come to start living more sustainable. We are the 

missing link for a sustainable future and ambient systems 

are there to assist us in the process of becoming aware of 

our energy consumption. This should be easy, were it not 

that humans don’t want to be taught by electronic devic-

es or let them influence our lives without our permission. 

This was the fundamental challenge of the design; how 

can the chain be closed, when the last link doesn’t want 

to fit in?

In the paper called “How can Ambient Intelligence be-

come a part of the home” I’ve researched why people re-

pulse some new technological developments and why 

they embrace others. The result of this paper states that 

this has to do with the user who wants to be in control 

of this things and appliances. Julius Posener explains that 

things or “Gegenstande” don’t do anything on their own 

and appliances or “Apparaten” do, making them unpre-

dictable, hence more unreliable than things. On the oth-

er hand, when a machine; does work properly, has an ac-

ceptable learning curve, looks nice and can function as an 

extension of its user, it will be accepted undoubtedly: an 

ambient system should have the same properties to be 

successful as a part of the home. 

Clear visual language 

The primary ambient system of the block is the dynamic 

facade that adapt itself depending on the energy that is 

required in a specific space. The residents can see the fa-

çade slide in front of the window of the designated room 

while it will shift its mode to a configuration that is most 

efficient for the situation. Because every mode has its 

own particular shape, it’s plain to see for what purpose 

the façade has been activated.

Involvement

Interaction with the system and exploring its possibilities 

will be the step in the acceptation process which requires 

a trigger, ability and motivation. The trigger is the facade 

that’s activated to rebalance the energy generation, noti-

fying the residents on their energy consumption. The 

ability is the control of the application on the tablet, 

hence the control of the Facade shells. The motivation to 

use this application can be the possibility to personaliza-

tion the facade. A second motivation can be the sustain-

able perspective: When the resident controls the applica-

tion he or she acquires supportive information on the 

automated Facade shell, showing them the energy that’s 

being generated by the PV panels or the reduction in en-

ergy consumption thanks to the insulation or shading. 

Through displaying this information and maybe by link-

ing them to saved expenses, the residents might rethink 

their decision for the configuration to be aesthetic, prac-

tical, sustainable or maybe all at the same time. 

Mastery of skill 

When the residents are given the opportunity to modify 

the standard configurations  to their own preferences, 

there is  a chance that an affection for the façade system 

will develop. The façade has the potential to become the 

reflection of its residents personality, relating themselves 

to the facade. And when people can relate to an appli-

ance, they will be more likely to explore its affordances 

and hidden affordances, which in the end makes them a 

master of the skill. This personalization and interaction 

are the tools that make the façade a part of the “Gegen-

stand” that is the home, rather than a stand-alone “Appa-

rat” that merely provides shading or insulation. 

Acceptance

By gradually introducing the mechanics using the auto-

mated frame and giving control over the largest part of 

the dynamic facade, the acceptation of the ambient sys-

tem will become more obvious than a situation in which 

the resident is emerged in an automated environment of 

ambient intelligence. From my point of view a hybrid 

ambient system is the bridge between contemporary liv-

ing and living in a so called “smart home”. When the res-

idents have explored the possibilities of the system, learn 

to work with it, saved their preferences, gained confi-

dence and maybe even developed affection for it, there is 

a great chance that in the end the entire system will be 

set on “automatic”. Through the manual inputs of the 

residents the system knows what they prefer whether 

there are one, two or three panels active. It’s like having 

a companion that watches over the house when you’re 

gone and if you so desire, assists you when you’re home. 

A domestic synergy between resident and technology, 

that’s what smart living is to me.

Conclusion



Studio

The last year has been a challenging, but most of all an 

educational and fun experience. From the research in at 

the start of the year to the elaboration of the design in 

the end.  The studio was is a well balanced combination 

of theory and practice. Even though I’m more interested 

in practice, this studio motivated me to do theoretical re-

search because the choice of subject was quite free. This 

gave me the opportunity to combine my interest in sus-

tainability, gadgets, artificial (ambient) intelligence and  

engineering into an architectural assignment. 

Research

Getting into the mechanics and science behind ambient 

intelligence was nice, because I was really interested in 

finding a reason behind the general rejection of Ambient 

systems. An important lesson that I’ve learned during 

this phase was to keep your goal in mind, focussed on the 

main topic; literature can provide a lot of extra informa-

tion on a research subject, but this doesn’t mean it’s im-

mediately useful. This was something I had to get accus-

tomed to if I wanted to do my research more efficient, 

because I normally  read complete pieces when I find 

them interesting. 

In the end I was quite satisfied with the conclusion that 

arose from the research, because I had the narrowed 

down the pieces of information to a “toolbox” which ac-

tually stated the design guidelines for an easier accept-

ance of ambient systems.  

Design process

From the start my goal was to present a integral design 

for a sustainable building block. Achieving such synergy 

is difficult because there are lots of parts that intercon-

nect and hence affect each other. With the priorities set 

on the sustainability and efficiency of the block and acti-

vating awareness with the residents the primary focus 

was on the block and the (awareness) façade system. 

Designing on multiple scale levels at the same time was 

probably the greatest challenge. This was especially diffi-

cult at the beginning when decisions had to be made on 

the scale of the large block as well as the small scale fa-

çade system. Although the difference in size of scale is 

vast, they still affect one another  and can’t be treated like 

individual aspects of the design. The void in between the 

two scales can’t take a shape until they both have a solid 

concept to start from. The design of the houses and pe-

ripheral functions arises from these concepts and make 

the connection between the three, filling the void and 

completing the integral design. 

It was a process with an interesting interaction where the 

large scale residential block and an engineered façade sys-

tem helped determine the shape and properties of the 

houses, which in their turn complement the shape of the 

block and the display of the façade system. 

Prototyping

After determining the provisional designs for the block, 

house and facade system the focus shifted to the design 

of a feasible facade system, because it’s the essential part 

in making the residents aware of their energy consump-

tion. The second reason is the fact that it’s an assignment 

that would best fit a  mechanical engineer and since I’m 

not, it would take more time to come up with a working 

design.  

The predictions were right: trial and error made this a 

time consuming, but fun process: Having a design on 

your laptop and making it into an actual moving physi-

cal model feels like quite an accomplishment. Unwitting-

ly a lot of hours have been spent on the fabrication of dif-

ferent prototypes, fixing errors, smoothing out the design 

and getting them recut and reassembled; this continued 

until two weeks before the final colloquium. 

Conclusion

Becoming somewhat obsessed with perfecting the facade 

system, I constantly had to remind myself of the architec-

tural challenge that is actually the goal of the assignment; 

I am supposed to design with a certain vision, rather than 

just designing a working machine that fulfils its function. 

For me this is where architecture distinguishes itself from 

other technical professions. It has a link directly to the 

user: Architects don’t just design invisible mechanisms or 

appliances that can be set aside; when they do it right, 

they create a combination of spaces in which people will 

can adjust to their preferences, a place which they will 

call home.

Personal reflection
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boris magnam, volorepre dunto ent, officiurem voloreri-

bus velit aut labor aut planihil im iderovi duntem suntio 

imo ommoluptiur aboriam laboressit odi dipid et dolor-

pos volupit debit harchicae voluptatet doluptatur, culla 

seditas quiasped molorecero quideriae quiasim illuptur 

am, tempore rferfernam res sum ius autes eos sint mo of-

fic to ipictat quundi voluptat fugia denihicid quiat unt pe-

rum ea num quam inim duciis aut offic te poressi conem 

que poria con pero conseque nonseri tiberuptust quisiti 

de culpa volupta tibusandam is rehent, niate litem et aut 

eturiam, officiam non re velent adignam, utet ut hiti bla-

borio. Obitae volorrum que voluptus, cus.

Uciis inctur, od quam cum adis que cuptaque inctaque 

endio et aut ut pa que est entur?

Litatis est quas iment.

Renihillaccum explitatur?
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