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Abstract
Since the beginning of this century, there is a growing 
structural vacancy of office buildings in the Nether-
lands. A substantial part of this vacancy consists of ob-
solete offices at unattractive locations. Transformation 
of these offices into dwellings provides in a great social 
need. Big technical challenges for transformation are 
located in the different requirements of the building 
services, the less flexibility of the existing construction 
and the outdated properties of the façades. Improve-
ment of these will have a lot of influence on the quality 
of the building but is also accompanied by high costs.
In this report, research has been done to a different so-
lution regarding supply and drainage of building servic-
es. The conceptual idea is to make use of the possibili-
ties of existing building services and shafts (centralized) 
and renewed load-bearing façades (decentralized) in-
stead of making recesses in the floors. This in context of 
adaptability. Regarding to these concept, the research 
question is: “How can building services for dwellings re-
alized adaptable and make use of the existing building 
services and load-bearing façades of obsolete vacant 
office buildings?” The answer to this question is investi-
gated based on five sub-studies.

Chapter 2.1 discusses the requirements of building 
servies for dwellings. The services can be divided into 
three categories: comfort, energy and sanitary. Each 
category consists of different functions. Based on these 

functions different variants are rated regarding the op-
eration.
Chapter 2.2 focuses on the adaptability requirements 
for the building services. The most important property 
for adaptability is that it must be possible to disconnect 
them from the other components of a dwelling. This 
allows maintainance or renewing and provides in flex-
ibility for other functions, now or in the future.
Chapter 2.3 focuses on existing building services of 
office buildings. The setup of these services is usually 
central in contrast to the setup for residential functions 
because this is mostly per individual dwelling and de-
centralized.  Because of that, applying decentralized 
building services for dwellings is often much more fa-
vorable. In addition, in general only the services for 
comfort can be reused because the services for energy 
en sanitary differ too much from the requirements for 
dwellings. The analysis of two case studies show that 
both buildings use shafts, suspended ceilings and heat-
ing in the façade zone. However, they differ very much 
in the number and location of the shafts.
Chapter 2.4 focuses on the load-bearing façades of of-
fice buildings. These façades can be classified into three 
categories: closed elements, parapets and beams. The 
opportunities of the first one can be found in the layout 
freedom whereas the placement of services and pass 
through of piping in the façade is usually better in the 
second and third category. The analysis of the two case-

studies confirms to this.
Chapter 2.5 focuses on possible concepts for the build-
ing services of dwellings in vacant office buildings. This 
chapter is actually the conclusion of the previous chap-
ters. It has become clear that each dwelling has areas 
with different requirements regarding building servic-
es. Based on these differences and the requirements 
regarding the operation and adaptability of the build-
ing services, several concepts which can be used for the 
transformation of office buildings into dwellings have 
been developed and judged. 
Especially decentralized variants are highly valued 
because they offer great comfort and also provide in 
enough adaptability. Central variants could only be ap-
plied when the use of existing shafts is possible.
In both case studies the two most logical variants have 
been applied although there are several good possibili-
ties. In case of the decentralized variants, in particular 
double façades score very well but the use of these 
much depends on the orientation of the façade.

Finally, it can be established that possibilities and limi-
tations should be investigated per individual building. 
Besides that, the chosen concept is very dependent 
on the orientation of the façade. Ultimately, also other 
requirements play a significant role, for example, with 
regard to the aesthetics. 
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1 Introduction
1.1 Fascination
I’ve always been fascinated by the integration of archi-
tecture and engineering. Firstly because this topic suits 
my personal interests for climate design, technical de-
velopment and detailing, I like solving problems from 
a technical approach. Besides that also because of the 
technical background of my previous studies.

1.2 Background
Context Since the beginning of this century, there is a 
growing structural vacancy of office buildings in the 
Netherlands, in particular in the Randstad (1). Research 
shows that the office market also offers a bad prospect 
for the next years. A substantial part of this vacancy 
consists of obsolete offices at unattractive locations (2). 
The probability that in the near future tenants will be 
found for this buildings is almost zero.

Program To keep the office market healthy and prevent 
long-term vacancy, it is necessary to remove obsolete 
office buildings from the market. Preservation and ren-
ovation of these buildings is, given the structural over-
supply, not a real option. In contrast, transformation to 
dwellings provides in a great social need because the 
supply of new dwellings lays behind the demand, par-
ticularly in the Randstad (3). The gap which is caused 
concerns mainly dwellings for students, starters, young 
dual-earners, empty nesters and elderly people.

Environment Circa 20% of the energy consumption in 
the Netherlands is related to the built environment. Be-
sides that, the building sector consumes 50% of all ma-
terials which are extracted from the earth worldwide, 
and produces 60% of all the waste products.
The conclusion is that in the building industry much 

profit can be achieved regarding sustainability, in par-
ticular to energy and material use. Transformation of 
obsolete vacant office buildings to dwellings can con-
tribute to achieve this sustainability goal.

Transformation? Despite of the mentioned advantages, 
there are several issues which need to be taken into 
account when transforming office buildings into dwell-
ings. Four factors play a crucial role in transformation 
projects: the market, juridical aspects, the quality of 
the location and characteristics of the building.

Technique Transformation of offices to dwellings can be 
technically complex and really depends on the flexibil-
ity of the building. The biggest technical challenges are 
located in the building services, the construction and 
the façades. Improvement of these will have a lot of 
influence on the quality of the building, but is also ac-
companied by high costs. 
The differences between building services for offices 
and dwellings are large because the requirements in 
liveability and comfort differ tremendously. Sometimes 
the existing building services can be re-used, but usually 
they are largely reconstructed. This means that making 
recesses in the floor construction is necessary although 
in practice this is difficult and results in less flexibility. 
Finally, the façades create problems as well. In particu-
lar because of the building physics such as poor sound 
and thermal insulation, thermal bridges, the amount 
of daylight, opening of the windows and because of 
that the ability to ventilate. Also the appearance, the 
absence of balconies, the opportunities for organizing 
the space and the connection of interior walls to the 
façades play a major role during transformation.

2. Offer of office space by age, 31 Dec 2012. 
Source: Kantoren in cijfers 2012, Statistiek van de Nederlandse kantoren-
markt, NVM Business p. 45

1. Vacant office floorspace per municipality, 2013.
Source: http://www.compendiumvoordeleefomgeving.nl/content/figuren/
nl/2152_005x_clo_01_nl.jpg

3. Percentage of expected dwelling shortage in 2020.
Source: Ontwikkelingen in de kwantitatieve vraag (Ministerie van Binnen-
landse zaken en Koninkrijksrelaties)
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4. The standard solution and the conceptual idea for a combination of cen-
tralized and decentralized building services (in section) for transformations 
of office buildings to dwellings. Source: own work

1.3 Problem Statement

1.3.1 Objective
The intention of this report is to do research to a differ-
ent solution regarding the supply and drainage of build-
ing services when transforming obsolete vacant office 
buildings into dwellings. The conceptual idea is to make 
use of the possibilities of existing building services (cen-
tralized) and renewed façades (decentralized) instead 
of making recesses in the floors (4). Because both build-
ing services and façades regulate the indoor climate, a 
(partly) integration of these elements can provide in a 
logical solution. 
Circa a third of the office buildings in the Netherlands 
exists of load-bearing façades, which has less passive 
flexibility than buildings with adaptable façades. Be-
cause transforming these buildings is a big challenge, 
they will be the context of this research.
Because of the environmental problems which are 
mentioned before, sustainability should be taken into 
account as well. To achieve sustainability regarding this 
research, it is important that ������������������������transformation to ������dwell-
ings������������������������������������������������������� is not again part of an existing discard cycle. Becau-
se of that adaptability is important for changing requi-
rements and contextual conditions. This ensures that 
the use of energy and materials will be minimalized as 
well because demolishment is much less an issue and 
re-use will be more important.

1.3.2 Technical research question
How can building services for dwellings realized adapt-
able and make use of the existing building services and 
load-bearing façades of obsolete vacant office build-
ings?

1.3.3 Sub questions
1. Which functions regarding building services do 
dwellings need and which variants can provide in these 
needs the best?

2. Which properties are important to realize adaptabil-
ity and which influence do these properties have on 
the variants of the building services functions for dwell-
ings?
3. What are the characteristics of the existing build-
ing services and which possibilities and limitations 
do they offer regarding integration with the required                     
building services for dwellings and to adaptability?
4. What are the characteristics of the load-bearing fa-
çades and which possibilities and limitations do they 
offer regarding integration with the required building 
services for dwellings and to adaptability?
5. Which variants can be made when the required 
building services and adaptability properties are com-
bined with the existing building services and load-bear-
ing façades?

1.3.4 Methodologies
Different methodologies will be used to answer the 
technical research question.
For the first sub question, a literature study will be 
done to appoint the different functions of the building 
services and the possible variants to fulfill these functi-
ons. By making use of a spread sheet, the variants are 
compared to each other on basis of different criteria.
For the second sub question, a literature study will be 
done to appoint the properties to realize adaptability. 
These properties are also used as criteria to compare 
the variants of the first sub question.
For the third sub question a literature study will be 
done to appoint the differences between building ser-
vices for office buildings and dwellings and to show the 
possibilities of the existing services. These differences 
and possibilities are shown by making use of schemes.
For the fourth sub question a literature study will be 
done to appoint the different load-bearing façades, 
their characteristics and possibilities. These possibili-
ties are also shown by making use of schemes.
Both third and fourth sub questions will be finished 

with the analysis of two typical case-studies. 
For the fifth sub question a subdivision will be made of 
the differences in building services between the typical 
spaces of a dwelling. Finally, on basis of a spread sheet, 
the schemes showing the differences and properties 
and by doing research by design, some concepts of 
building services for the  two case-studies will be made.

1.3.5 Relevance
Transformation of obsolete vacant office buildings into 
dwellings will provide in a solution to both the owners 
of the offices and to the society because it offers a solu-
tion for office vacancy and housing shortage.
Different office buildings can be made suitable for dwel-
lings when substantial investments will be done. Due 
to technical constraints this is not always possible. This 
graduation project aims to show that office buildings, 
which are until now difficult to transform due to the 
characteristics of the floor construction, can be trans-
formed more easily by applying the proposed solution. 
Furthermore, this solution also provides in adaptability 
so changing requirements and contextual conditions 
will ensure the required sustainability.
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2.1 Building services dwellings

2.1.1 Introduction
For each building typology different requirements are 
appointed for comfort, energy use and sanitary facili-
ties. These requirements are performed by the façades 
and building services. The façade acts as intermediary 
between the indoor and outdoor space and interacts 
with the building services.
The goal of this study is twofold:  Firstly, the require-
ments for comfort, energy and sanitary of dwellings in 
general will be researched and connected with the as-
sociated functions. Secondly, various function variants 
which can fulfill these requirements are compared to 
each other, on basis of different criteria.
In addition to the requirements for comfort, energy and 
sanitary, also requirements for topics like fire safety, 
aesthetics and space requirements are appointed, but 
these will not be researched in this study.

2.1.2 Functions of building services for dwellings
What are regarding to comfort, energy-use and sanitary 
facilities, functions which are performed by the build-
ing services of a dwelling (5)?
Comfort can be subdivided into thermal, hygienic, 
acoustic and visual comfort whereby thermal and hy-
gienic comfort are related to each other strongly.
Thermal comfort is about keeping the temperature as 
comfortable as possible and can be divided into sun-
protection, insulation, heating and cooling. 
Sun protection can reduce the cooling load of a build-
ing drastically. Therefore, all sun protection principles 
which are generally applied are included in this study
Insulation can reduce both heat and cooling load of 
a dwelling which reduce the required capacity of the 
heating and cooling services drastically. Both sun pro-

tection and insulation mostly have a passive operation.
Both heating and cooling have an active operation and 
produce heat or coolness which is delivered to the spac-
es. This can be done by means of convection (transfer 
of energy by small particles in the air) and by radiation 
(radiation from surfaces). This research focuses on sun 
protection and functions which distribute and deliver 
heat and/or coolness to the space. Insulation and heat/
coolness generators are, except when integrated, dis-
regarded because they do not directly affect building 
services in individual dwellings.
Hygienic comfort is about keeping the air quality in the 
dwellings sufficient. It is about air pollution, humidity 
and odor. The air quality can be maintained by ade-
quate ventilation and circulation. To provide in hygienic 
comfort the supplied air quality must be sufficient and 
circulated enough. As well as with heating and cooling 

particularly building services which distribute and de-
liver fresh air to the space are researched.
Acoustic comfort is related to the prevention of out-
side noises, such as traffic and construction noise, and 
noises from inside, like noises of building services and 
people. Sound transmission can take place through the 
air (air noise) and through objects (contact noise). In 
this research, acoustic comfort is not included because 
it is not resolved by building services.
Visual comfort is about sufficient daylight, view, artifi-
cial light and glare prevention. Sufficient daylight and 
views are achieved by placing enough glazing at the 
right place. Artificial light is realized by artificial lighting 
and glare prevention is countered by sun protection. 
Also glazing is not included in this study because it is 
not part of the building services.
Energy use is about functions for distribution and deliv-

2 Research

5. Functions of building services for dwellings. Source: own work
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A comfort 3 45% 1,35 A comfort 4 45% 1,80 A comfort 4 45% 1,80 A comfort 5 45% 2,25 A comfort 5 45% 2,25 A comfort 4 45% 1,80 A comfort 5 45% 2,25
B individual control 5 35% 1,75 B individual control 5 35% 1,75 B individual control 5 35% 1,75 B individual control 5 35% 1,75 B individual control 4 35% 1,40 B individual control 4 35% 1,40 B individual control 4 35% 1,40
C maintenance 4 20% 0,80 C maintenance 4 20% 0,80 C maintenance 4 20% 0,80 C maintenance 4 20% 0,80 C maintenance 2 20% 0,40 C maintenance 3 20% 0,60 C maintenance 3 20% 0,60
Total 3,90 Total 4,35 Total 4,35 Total 4,80 Total 4,05 Total 3,80 Total 4,25

A comfort 4 45% 1,80 A comfort 3 45% 1,35 A comfort 3 45% 1,35 A comfort 5 45% 2,25 A comfort 4 45% 1,80 A comfort 4 45% 1,80 A comfort 3 45% 1,35 A comfort 3 45% 1,35 A comfort 3 45% 1,35 A comfort 3 45% 1,35
B individual control 5 35% 1,75 B individual control 5 35% 1,75 B individual control 5 35% 1,75 B individual control 4 35% 1,40 B individual control 3 35% 1,05 B individual control 5 35% 1,75 B individual control 5 35% 1,75 B individual control 4 35% 1,40 B individual control 5 35% 1,75 B individual control 4 35% 1,40
C maintenance 4 20% 0,80 C maintenance 4 20% 0,80 C maintenance 3 20% 0,60 C maintenance 5 20% 1,00 C maintenance 5 20% 1,00 C maintenance 4 20% 0,80 C maintenance 4 20% 0,80 C maintenance 3 20% 0,60 C maintenance 4 20% 0,80 C maintenance 5 20% 1,00
Total 4,35 Total 3,90 Total 3,70 Total 4,65 Total 3,85 Total 4,35 C maintenance 3,90 Total 3,35 Total 3,90 Total 3,75

A comfort 4 45% 1,80 A comfort 4 45% 1,80 A comfort 3 45% 1,35 A comfort 4 45% 1,80 A comfort 4 45% 1,80 A comfort 3 45% 1,35 A comfort 3 45% 1,35 A comfort 5 100% 5,00
B individual control 5 35% 1,75 B individual control 3 35% 1,05 B individual control 5 35% 1,75 B individual control 5 35% 1,75 B individual control 5 35% 1,75 B individual control 4 35% 1,40 B individual control 5 35% 1,75 0,00
C maintenance 4 20% 0,80 C maintenance 5 20% 1,00 C maintenance 4 20% 0,80 C maintenance 4 20% 0,80 C maintenance 4 20% 0,80 C maintenance 3 20% 0,60 C maintenance 4 20% 0,80 0,00
Total 4,35 Total 3,85 C maintenance 3,90 Total 4,35 Total 4,35 Total 3,35 Total 3,90 Total 5,00

A comfort: sun protection 2 25% 0,50 A comfort: sun protection 3 25% 0,75 A comfort: sun protection 4 25% 1,00 A comfort: sun protection 4 25% 1,00 A comfort: sun protection 4 25% 1,00 A comfort: sun protection 5 25% 1,25 A comfort: sun protection 3 25% 0,75 A sun protection 5 25% 1,25 A comfort: sun protection 5 25% 1,25 A comfort: sun protection 5 25% 1,25
B comfort: glare protection 5 10% 0,50 B comfort: glare protection 4 10% 0,40 B comfort: glare protection 5 10% 0,50 B comfort: glare protection 5 10% 0,50 B comfort: glare protection 2 10% 0,20 B comfort: glare protection 5 10% 0,50 B comfort: glare protection 3 10% 0,30 B glare protection 5 10% 0,50 B comfort: glare protection 5 10% 0,50 B comfort: glare protection 5 10% 0,50
c individual control 5 15% 0,75 c individual control 2 15% 0,30 c individual control 5 15% 0,75 c individual control 5 15% 0,75 c individual control 2 15% 0,30 c individual control 3 15% 0,45 c individual control 2 15% 0,30 c individual control 5 15% 0,75 c individual control 5 15% 0,75 c individual control 5 15% 0,75
D maintenance 3 10% 0,30 D maintenance 5 10% 0,50 D maintenance 3 10% 0,30 D maintenance 4 10% 0,40 D maintenance 5 10% 0,50 D maintenance 3 10% 0,30 D maintenance 2 10% 0,20 D maintenance 3 10% 0,30 D maintenance 3 10% 0,30 D maintenance 4 10% 0,40
E view 3 25% 0,75 E view 3 25% 0,75 E view 3 25% 0,75 E view 3 25% 0,75 E view 5 25% 1,25 E view 3 25% 0,75 E view 4 25% 1,00 E view 4 25% 1,00 E view 4 25% 1,00 E view 5 25% 1,25
F weather proof 5 15% 0,75 F weather proof 5 15% 0,75 F weather proof 5 15% 0,75 F weather proof 5 15% 0,75 F weather proof 5 15% 0,75 F weather proof 4 15% 0,60 F weather proof 3 15% 0,45 F weather proof 2 15% 0,30 F weather proof 2 15% 0,30 F weather proof 3 15% 0,45
Total 3,55 Total 3,45 Total 4,05 Total 4,15 Total 4,00 Total 3,85 Total 3,00 Total 4,10 Total 4,10 Total 4,60

A usability 3 100% 3,00 A usability 2 100% 2,00 A usability 5 100% 5,00 A usability 5 100% 5,00 A usability 4 100% 4,00 A usability 5 100% 5,00
Total 3,00 Total 2,00 Total 5,00 Total 5,00 Total 4,00 Total 5,00

A usability 4 100% 4,00 A usability 3 100% 3,00 A usability 5 100% 5,00 A usability 5 100% 5,00
Total 4,00 Total 3,00 Total 5,00 Total 5,00

A usability 4 100% 4,00 A usability 3 100% 3,00 A usability 5 100% 5,00 A usability 5 100% 5,00 A usability 4 100% 4,00 A usability 5 100% 5,00
Total 4,00 Total 3,00 Total 5,00 Total 5,00 Total 4,00 Total 5,00

A usability 3 50% 1,50 A usability 4 50% 2,00 A usability 3 50% 1,50 A usability 5 50% 2,50
B comfort 4 50% 2,00 B comfort 3 50% 1,50 B comfort 4 50% 2,00 B comfort 3 50% 1,50
Total 3,50 Total 3,50 Total 3,50 Total 4,00
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6. Rating of function variants based on  3 categories. Source: own work

ery of electricity, gas and communication techniques.
Sanitary is about the supply of hot and cold water and 
drain of gray and black water, needed for faucets, toi-
lets, showers and baths. 
Finally, all functions are divided again into the catego-
ries of comfort, energy and sanitary which make a sep-
aration between the functions which hardly have any 
mutual relationship.

2.1.3 Rating variants
On basis of the three categories different variants have 
been investigated which can fulfill the established func-
tions (6). By meaning of different criteria and weighting 
factors these variants are compared to each other. Both 
criteria and weighting factors are determined per sepa-
rate function. The criteria are related to the provided 
comfort, the degree of individual control, maintenance 
and/or the usability it provides. For sun protection also 
view and weather resistance play a major role. The 
weighting factors are influenced by the importancy the 
criteria have for the different functions. 
The differences for ventilation and circulation are slight 

but the double facade and decentralized unit have the 
highest score. Both variants offer great comfort and in-
dividual control which are the most important criteria 
in this category.
For heating, the radiator, underfloor heating and ceiling 
radiation have the highest score. For the radiator and 
ceiling radiation the emphasis is on individual control 
and for underfloor heating, comfort and maintenance 
have high scores. 
For cooling, night cooling scores maximal despite the 
fact this is a passive function. The ceiling cooling ele-
ments have high scores on individual control but also 
for comfort and individual control they have a good 
rate.
For sun protection the scores are mainly divided be-
tween the fixed variants which are ‘locked’ into a cav-
ity, and because of that almost free of maintenance and 
weather influences, and the movable variants which of-
fer great comfort and a good view. 
For the 2nd and 3rd category the position of the distri-
bution pipes regarding to the space, and the height of 
the connections for delivery are important. Despite of 

the fact that only the criterion usability is applied here, 
it is clear that both the variants pre-wall, grid points 
and milled pipes have high scores for all functions. This 
is due to the fact that different heights are provided.
An exception is the discharge of gray and black water 
because the connections for this are always placed low. 
Although the differences are not very big, it is clear that 
vertical drain through shafts scores higher than the hor-
izontal drains. This also has to do with usability because 
raised floors are not required becaue of the direct verti-
cal drain.

2.1.4 Conclusion
Despite the fact that for each function some variations 
have high scores, it does not mean that these variants 
are also used in the concepts which are developed fi-
nally. Firstly, because in the next chapter the variants 
of this research are also rated on basis of their adapt-
ability abilities.  In addition, in the fifth chapter the pos-
sibilities of the variations are investigated for use in the 
proposed case studies.
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2.2 Adaptability

2.2.1 Introduction
A good building can change continuously without af-
fecting the character. This is related to both changing 
environmental circumstances and to the requirements 
of the users. However, in practice many buildings are 
difficult to change regarding to functional require-
ments so when a building is transformed, these prob-
lems should be prevented by making them adaptable. 
Besides that, this also increases the durability because 
energy and material use is minimized.
The goal of this chapter is divided into two parts: First-
ly, research has been done to properties which are im-
portant to realize adaptability. Secondly the influences 
these properties have on the variants of the building 
services for dwellings are investigated. 
Ofcourse, adaptability covers more subjects than build

ing services, but these will not be included in this study.

2.2.2 Concepts & properties
To figure out the needed properties for adaptability, 
firstly research has been done to concepts and theories 
which have been developed regarding this topic. 
Already in 1914, Le Corbusier identified the idea of 
adaptability with his Dom-Ino concept. By using load-
bearing columns, façades and spaces could be divided 
freely. In the sixties, John Habraken developed the the-
ory of ‘Open Bouwen’ for serial housing. The essence 
of this idea is about how to build for an unforeseen 
future and in advance takes in consideration changing 
lifespans and changeability. In practice this means that 
a dwelling is divided into a support (collectively and 
long lifespan) and infill (individually and short lifespan) 
which made customized serial housing possible and 
can extend the lifetime of the dwellings. Nevertheless, 

it should be taken into account that support and infill 
also influence each other and cannot be designed in-
dependently.
Nowadays, building Lean and IFD emerge increasingly. 
Building Lean mainly concerns the building process but 
IFD is focused on industrialization (I), flexibility (F) and 
build demountable (D). The results of building IFD are 
more quality, freedom of choice and supervision for 
the users, a better managed construction process, less 
impact on the environment and a shorter construction 
time. Practically this means that products are produced 
more quickly and under optimal conditions, without 
disturbance and with a high quality. Also that dwellings 
can be modified during their lifespans and disassem-
bled for reuse or recycling after their lifespan. 
Building services for dwellings has to meet a lot of re-
quirements regarding to adaptability. Firstly, mainte-
nance should be possible. In addition, building services 

7. Rating of function variants for adaptability based on 3 categories. Source: own work

A accessibility 5 30% 1,50 A accessibility 5 30% 1,50 A accessibility 4 30% 1,20 A accessibility 5 30% 1,50 A accessibility 3 30% 0,90 A accessibility 3 30% 0,90 A accessibility 3 30% 0,90
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should be able to expand or shrink and applied at dif-
ferent places easily. Thirdly, it should be possible that 
building services contribute also to function changes of 
spaces or a whole building, both during the construction 
of the building and in the future. In essence this means 
it should be possible to disconnect the building services 
from the other components of a dwelling, which makes 
them adaptable to changing requirements.

2.2.3 Rating variants
The variants of the previous chapter, which can fulfill 
the functions of the building services, have also been 
compared on basis of criteria and weighting factors 
for adaptability (7). The criteria are based on the three 
mentioned requirements and contain the topics acces-
ability, detachability, flexibility and layout freedom. For 
sun protection, flexibility and layout freedom are not 
taken into account because they are not relevant. The 
weighting factors are influenced by the importancy the 
criteria have for the different functions.
The differences for ventilation and circulation are slight 
but the window variants and central mechanical sys-
tem have the highest scores. The window variants offer 
great properties for accesibility, detachability and lay-
out freedom. Only for flexibility they have a low score 
because they can only serve spaces at the façade. In 
contrast to this, the central mechanical system has a 
high score for flexibility and layout freedom and a low 
score for accesability  and detachability because it can 
serve almost all spaces but it is more difficult to main-
tain, adapt and renew.
For heating, the radiation ceiling and both air condi-
tioning systems have a high score. The radiation ceiling 
meets all criteria. The central air conditioning system is 
flexible and offers a good layout freedom because it can 
serve in almost all spaces without major changes. In 
contrast, the decentral air conditioning system meets  
the accesibility and detachability criteria very well.
Also for cooling the radiation ceiling and both air con-

ditioning systems have high scores because of the rea-
sons mentioned before. Night flush meets all the re-
quirements for adaptability because it is essentially not 
part of the building services but part of the ‘support‘.
For sun protection, the internal variants have very high 
scores on both criteria. The remaining high-scoring var-
iants are close to each other but the moveable variants 
have a fairly constant score for both criteria.
For the 2nd and 3rd category, mainly the criteria flex-
ibility and freedom of layout are interesting. For all the 
functions, the raised floor and suspended ceiling have 
the highest score although the pre-wall scores very well 
too. Also here, the score is relatively constant for both 
criteria.
For the drain of gray and black water the raised floor, 
grinding device and seperate shafts have a high score, 
again for all criteria, although the latter is focust mainly 
on accessibility and detachability.

2.2.4 Conclusion
The most important property for adaptability is in es-
sence that it must be possible to disconnect the build-
ing services from the other components of a dwelling.
This allows them to be maintained or renewed easily 
and provide in flexibility for other functions, now or in 
the future.
Despite the fact that for each function some variations 
have high scores, also now it does not mean that these 
variants are used in the concepts which are developed 
finally. Firstly, because then the rating of the variants 
of the first chapter are also included.  In addition, in 
the fifth chapter the possibilities of all variants are also 
investigated for use in the proposed case studies.

2.3 Building services vacant office buildings

2.3.1 Introduction
Most of the existing building services in vacant office 
buildings are too old to fullfill the present standards for 
dwellings. On the other hand, because building services 
have a major impact on the budget of a transformation 
project it is also an opportunity to make use of the ex-
isting facilities.
The goal of this study is threefold: Firstly, the charac-
teristics of the existing building services of office build-
ings will be researched. Secondly, research will be done 
to the possibilities and limitations they offer regard-
ing integration with the required building services for 
dwellings and to adaptability. Thirdly, this research will 
also be done for two case studies which ensure that the 
characteristics, possibilities and limitations of existing 
building services from practice may be researched as 
well.
The building services will be rated based on the criteria 
used in the previous chapters. Some of the discussed 
variants of these chapters are also taken into account 
here if they are characteristic for vacant office build-
ings. Because of that, some overlap will be found in this 
research but that will make more clear what the oppor-
tunities of existing building services are.
This research includes only the analysis of building ser-
vices for comfort, energy and sanitary and does not 
cover sound insulation, fire protection and the services 
for elevators.

2.3.2 Characteristics existing building services
To some extent, building services of office buildings al-
ready have been designed in view of transformation. 
There are areas for pipes, ducts and cables so they can 
be provided of new divisions easily. The problem is 
that, when transformed into dwellings, totally different 
requirements must be achieved regarding to the setup 
of the building services. Because of that, in this chapter 
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not only the characteristics of the building services set-
up of office buildings is investigated, but they are also 
compared to the setup of services for dwellings. The 
services are divided according to the categories com-
fort, energy and sanitary, as in the previous chapters. 
Exceptions are the services for gas. Because these are 
in character very similar to sanitary facilities, they are 
included in that category. The main differences are all 
visualized in a diagram (8).
A general difference between building services for 

dwellings and office buildings is that offices usually 
have a collective and centralized setup for ventila-
tion, heating, cooling and sanitary while for a residen-
tial function, these facilities have been set up for each 
dwelling individual, so decentralized. Facilities for ven-
tilation, heating and cooling generally have plenty of 
capacity for residential purposes although there are big 
ventilation differences between the different spaces of 
a dwelling.  Energy services in office buildings are set 
up differently than in dwellings and also have a much 
smaller capacity. This also applies to the lighting plan. 
The sanitary density of office buildings is generally very 
low, both in relation to the supply of hot and cold water 
and to the drain of toilets and sinks. Facilities for show-
ers and baths are hardly present. Usually, sanitary facili-
ties are only positioned in the center of the office build-
ing whereas dwellings have their own sanitary facilities. 

Gas installations in offices usually are limited to what is 
necessary for climate control systems and water heat-
ing, and usually are only positioned in the center of the 
building.
Based on these results it can be established that the 
setup of building services of offices is usually central 
while the setup for a residential function is mostly per 
individual dwelling. In addition, of the existing facilities, 
only services for comfort offer opportunities for reuse. 
The differences regarding energy and sanitary are so 
large that they need to be renewed largely or entirely. 
The second part of this study therefore, focuses on the 
possibilities and limitations of a centralized setup, by 
making use of existing shafts, versus a decentralized 
setup, by making use of the façades. In addition the 
opportunities related to reuse of building services for 
comfort are researched as well.

8. Comparison building services offices vs.dwellings. Source: own work 10. Rating position of the comfort building services of existing office buildings (sections). Source: own work

9. Rating central vs. decentral building services. Source: own work
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2.3.3 Possibilities & limitations
The topics discussed in this chapter are again rated 
based on the criteria of the previous chapters.
As mentioned before, when applying a central setup 
of the building services, the existing shafts are reused. 
In a decentralized setup, the services move to the fa-
çade. When this possibility is chosen, for the functions 
of the categories energy and sanitary this means that 
the required services arrive at a central connection by 
the route of the façade. For the facilities for comfort, it 
is more logical to ‘generate’ clean air, heat or coolness 
also decentralized, and thus in the façade. For sun pro-
tection, this research is not relevant.
Based on the comparison it’s clear that a decentralized 
installation setup scores the best on nearly all criteria 
(9). The only advantages of a centralized setup are that 
they are more efficient because they are shared by 
many users, which especially applies for the category 
of comfort facilities. Also flexibility is mainly related 
to these services because they are usually provided 
of canals which can reach all spaces while decentral-
ized facilities normally cannot. The decentralized setup 
scores well because it can meet the requirements for 
comfort, individual control and maintenance, and in 
addition also provides in most opportunities regarding 
adaptability. Because the lifespan of façades and build-
ing services is roughly equal, they can also be combined 
very well.
Regarding to the services for comfort, there are four 
general concepts (10). This mainly concerns the posi-
tion of the services regarding the space. In particular 
services under a suspended ceiling and in the façade 
are common. Again, the decentralized solution is by far 
the best for the same reasons as mentioned in the pre-
vious research. An advantage that is not mentioned in 
the scheme and is important in particular for the sus-
pended ceiling and the raised floor, is that the piping 
of other functions, such as for energy and sanitary, can 
make use of this facilities as well.

2.3.4 Case-studies general
Because practice is usually different from theory, this 
and the next chapter are completed by two case stud-
ies. By means of various criteria, two buildings are cho-
sen for further investigation, based on a database with 
200 vacant office buildings in Amsterdam. The criteria 
are in particular related to suitability of the location 
and the age and façade construction of the building. 
Subsequently, the context and the office buildings are 
analysed which identifies the possibilities and risks (11).
The first building is located at the Panamalaan in the 
eastern docklands on the edge of a residential area. It is 
an office building from the late 90s, with a height of five 
stories. The structure consists of closed load-bearing fa-
çade elements with hollow core slabs in between. The 
second office building is located at the Nachtwachtlaan 
between Oud Zuid and Slotervaart, next to a park with 
residential flats and in between of two residential ar-
eas. It is built in the early 60s and has twelve levels. 
The structure consists of load-bearing façade parapets 
and an in-situ concrete floors. Both offices are oriented 
east-west and the west façade oriented to a highway or 
railway. This requires measures relating to both sound 
and sun protection. Finally, also the wind usually comes 
from the west. This is especially important for the office 
building at the Nachtwachtlaan. Because of the height 
spaces at the top can be influenced by the wind. 

2.3.5 Building services case-studies
This research consists of an investigation to the shafts 
and a part which is related to the comfort facilities. 
What is noticed firstly towards the office building at the 
Panamalaan is that it is provided of a few shafts which 
are applied at the edge of the building (12). This is in 
contrast to the office building at the Nachtwachtlaan, 
which has a lot of centrally arranged shafts. Reuse of 
the shafts of the former building is difficult which means 
that decentralized installations seems to be the best so-
lution. In contrast, the building at the Nachtwachtlaan 11. Analysis context case-studies. Source: own work
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offers many opportunities for reuse of the shafts. 
Both buildings are provided of a suspended ceiling and 
heating in the façade zone (13). The ability to reuse 
these facilities really depends on the choice for build-
ing services in the façade or under a suspended ceiling. 
Hence, they are assessed both good as bad.

2.3.6 Conclusion
The setup of building services of office buildings is usu-
ally central whereas the setup for a residential func-
tion is mostly per individual dwelling so decentralized. 
This while applying decentralized building services for 
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2.4 Façades vacant office buildings

2.4.1 Introduction
Research shows that roughly one third of the vacant 
office buildings in the Netherlands have load-bearing 
façades (Ebbert, 2012). Transformation of these build-
ings is a big challenge because it is hardly impossible to 
replace these façades structurally. Because of this chal-
lenge, they will be the context of this research.
The goal of this chapter is divided into three parts: First-
ly the characteristics of the load-bearing façades are 
researched. Secondly research has been done to the 
possibilities and limitations these façades offer regard-
ing integration with the required building services for 
dwellings and to adaptability. The third part of this re-
search consists of an investigation of the load-bearing 
façades of both case-studies.
Although the physics and esthetics of the façades are 
important as well, they are not part of this research be-
cause these properties are considered to be completely 
renewed. However, the possibilities for the connection 
of interior walls and placing balconies are included be-
cause both topics are very important for transforma-
tion into dwellings.

2.4.2 Characteristics load-bearing façades
Basically load-bearing façades can be subdivided into 
three categories: closed elements, parapets and beams 
(14). Strictly spoken, beams are not covered as being 
load-bearing façades but in these research load-bear-
ing means that there is a structural surface in the fa-
çade zone and therefore this variant is included as well.
In many office buildings, particularly from the 90s, the 
façades exists of closed load-bearing elements without 
columns. Usually they are prefabricated and provided 
with insulation and non-load-bearing sheetsy. In gener-
al, for low buildings the floors can be imposed directly 
on the façades. When the height increases, the floors 
are often imposed on consoles.

13. Rating position of the comfort building services case-studies (sections). Source: own work

14. Typologies load-bearing façades. Source: own work

12. Analysis shafts case-studies (scaled to fit). Blue = elevator, red = building services. Source: own work

Services in ceiling corridor Services in facade office space

Services in ceiling office space Services in floor office space

Case-study: Panamalaan Case-study: Nachtwachtlaan

Case-study: Panamalaan Case-study: Nachtwachtlaan

Central: existing shafts Decentral: renewed façades

X  individual control
X  maintenance
X  accessibility
X  detachability
X  flexibility
√  layout freedom

X  individual control
X  maintenance
X  accessibility
X  detachability
√  flexibility
X  layout freedom

X or √  individual control
X or √  maintenance
X or √  accessibility
X or √  detachability
X or √  flexibility
X or √  layout freedom

X or √  individual control
X or √  maintenance
X or √  accessibility
X or √  detachability
X or √  flexibility
X or √  layout freedom

√  individual control
√  maintenance
√  accessibility
√  detachability
X  flexibility
√  layout freedom

X  individual control
X  maintenance
√  accessibility
X  detachability
√  flexibility
X  layout freedom

√  efficiency
X  individual control
X  maintenance
X  accessibility
X  detachability
√  flexibility
X  layout freedom
 

X  efficiency
√  individual control
√  maintenance
√  accessibility
√  detachability
X  flexibility
√  layout freedom

Less suitable for decentralized building
services:
Less shafts & decentral 

Much suitable for decentralized
building services:
Much shafts & decentral
 

Services in ceiling corridor Services in facade office space

Services in ceiling office space Services in floor office space

Case-study: Panamalaan Case-study: Nachtwachtlaan

Case-study: Panamalaan Case-study: Nachtwachtlaan

Central: existing shafts Decentral: renewed façades

X  individual control
X  maintenance
X  accessibility
X  detachability
X  flexibility
√  layout freedom

X  individual control
X  maintenance
X  accessibility
X  detachability
√  flexibility
X  layout freedom

X or √  individual control
X or √  maintenance
X or √  accessibility
X or √  detachability
X or √  flexibility
X or √  layout freedom

X or √  individual control
X or √  maintenance
X or √  accessibility
X or √  detachability
X or √  flexibility
X or √  layout freedom

√  individual control
√  maintenance
√  accessibility
√  detachability
X  flexibility
√  layout freedom

X  individual control
X  maintenance
√  accessibility
X  detachability
√  flexibility
X  layout freedom

√  efficiency
X  individual control
X  maintenance
X  accessibility
X  detachability
√  flexibility
X  layout freedom
 

X  efficiency
√  individual control
√  maintenance
√  accessibility
√  detachability
X  flexibility
√  layout freedom

Less suitable for decentralized building
services:
Less shafts & decentral 

Much suitable for decentralized
building services:
Much shafts & decentral
 

dwellings are often much more favorable. In addition, 
generally only the services for comfort can be reused 
because the other services differ too much from the re-
quirements for dwellings. 
The analysis of the case studies shows that both build-
ings use shafts, suspended ceilings and heating in the 
façade zone. However, they differ in the number and 

Closed elements Parapets Beams

location of the shafts.
In the next chapter the façades, which should support 
decentralized solutions, are investigated. The results of 
this chapter are included in the last chapter. Based on 
the required functions, adaptability and the possibili-
ties the case studies offer, some concepts for (de)cen-
tralized building services are introduced.
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Load-bearing parapets have been used much longer 
for office buildings. They are connected to the floors 
monolith at the location and transfer the floor loads 
to columns. This principle could be both prefab and in 
situ. The third category consists of façade beams on 
which the floors are imposed. Also this principle could 
be both prefab and in situ.

2.4.3 Possibilities & limitations 
Based on these three categories the possibilities and 
limitations regarding to the building services and to 
adaptability are investigated. By making use of a dia-
gram (15) these possibilities and limitations are indi-
cated by using the colors red and green.

In the first category, the floors have a flexible layout  
(walls can be placed free) and the inside of the façades 
are completely flat because no columns have been 
used. This means that connecting the interior walls 
to the façade is very easy. The only limitations are the 
positions of the window openings. A disadvantage of 
applying building services or piping in the façades is 
that holes have to be drilled. Sometimes this also ap-
plies to the cladding, which is often difficult to remove. 
This limits the flexibility of the chosen building services 
because they are difficult to replace. Moreover, these 
holes cannot be drilled anywhere so research is needed 
to discover which parts of the façades allows drilling 
in terms of load-bearing capacity. When consoles are 

used, there are less opportunities for the implementa-
tion of building services and piping because the upper 
part of each element cannot be adapted.
Load-bearing parapets are regarding to layout freedom 
less flexible than the closed elements because interior 
walls mostly can only be connected to the column. Also 
here the elements can only be drilled at some places 
through which the flexibility of the chosen building ser-
vices decreases. The façades cannot be used at ceiling 
height when prefabricated elements are used. Because 
of that, the building services should be placed below.
Beams offer regarding to placement of building servic-
es and piping more freedom because they don’t have 
a load-bearing façade construction at floor level. How-

15. Possibilities & limitations load-bearing façade typologies. Source: own work 16. Possibilities & limitations case-studies. Source: own work

Closed element: floor on top of
prefab facade element

Closed element: floor on consoles
prefab façade element

Parapet: floor on prefab parapet

Parapet: floor on in situ. parapet

Beam: floor on prefab beam

Beam: floor on in situ. beam

Panamalaan A’dam: floor on
consoles prefab facade element

Nachtwachtlaan A’dam:
floor on in situ. parapet
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2.5 Concepts

2.5.1 Introduction
The four previous studies are combined into this chap-
ter, resulting in a number of concepts which can be 
used for the transformation of vacant office buildings, 
especially with load-bearing façades, into dwellings.
The goal of this chapter is divided into four parts. In the 
first section the different spaces of a dwelling regard-
ing to building services are investigated. In the second 
part the focus is on which general variants can be made 
when the required building services, adaptability and 
space properties are combined. The characteristics of 
office buildings are only generally discussed because 
specific differences lead to too many variations. In the 
third section the variants suitable for the case studies 
are investigated. This part covers the existing build-
ing services and shafts, the load-bearing façades and 

the context of the office buildings. In the fourth part 
research has been done to how these situations have 
been resolved up to now, based on different referenc-
es. The actual designs for transformation of vacant of-
fice buildings into dwellings, based on this study, are 
not part of this report.

2.5.2 Functions and spaces
Dwellings are composed of different spaces which all 
have different requirements regarding building servic-
es. In general, they can be classified into six categories: 
residence spaces, kitchen toilet, bathroom, meter box 
& central heating (if present) and circulation space (17). 
The diagram clearly shows that the functions for com-
fort are mainly related to the residence spaces, bath-
room, toilet and kitchen. Especially the required ventila-
tion capacity is important here. For example, residential 
spaces require 0,7 dm3/s/m2, but the required capac-

ever, at ceiling height these structures have less flex-
ibility because the beams are placed there. The layout 
freedom is the same as for the load-bearing parapets. 
In the first two cases (French) balconies are difficult to 
apply unless some load-bearing façade elements are re-
placed by a new structure or when loggias are applied.

2.4.4 Façades case-studies
Regarding to the case-studies, buildings with common 
load-bearing façades are chosen.
The façades of the office building at the Panamalaan 
consists of closed load-bearing elements with floors 
imposed on consoles (16). The opportunity here is the 
freedom of layout. The limitations are the placement 
or pass through of the building services and piping in or 
through the façades and possibly the cladding.
The office building at the Nachtwachtlaan consists of in 
situ. load-bearing parapets. The possibility of this para-
pets are the implementation of services and piping at 
the ceiling height. The limitations are found in the lay-
out freedom, the connection of the interior walls to the 
façades and the placement or pass through of building 
services and piping in or through the load-bearing para-
pets.

2.4.5 Conclusion
Load-bearing façades can be classified into three cat-
egories: closed elements, parapets and beams. The op-
portunities of the former particularly can be found in 
the layout freedom whereas the placement of services 
and pass through of piping through the façade is usu-
ally better in the other two categories. Both variants 
are discussed in the case-studies.
In the next study these results will be used for the 
possibilities and limitations for concepts of the build-
ing services, both in general and for the case-studies. 
This in combination with the requirements needed for 
dwellings and to adaptability.

17. Building services and quantitative requirements per space typology dwelling
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ity for a kitchen (21 dm3/s/m2), bathroom (14 dm3/s/
m2) and toilet (7 dm3/s/m2) are much larger. Regarding 
electricity the requirements are more spread. The rea-
son that the meter box has a large electricity demand 
is because of the meter that is present there. This also 
applies for the gas connection for heating, which is also 
required in the kitchen. (when cooking on gas). The em-
phasis for sanitary piping is mainly on the bathroom, 
toilet and kitchen. Also in this case a meter is present in 
the space for central heating, which measures the used 
water. Furthermore, also a small outlet of the boiler is 
present here (if present). Based on these data in the 
following section research will be done to which build-
ing services variants may be used in which space.

2.5.3 Concepts general
Based on the results of the research to the operation 
(2.1), adaptability (2.2) and very general, the results of 
the existing building services and load-bearing façades, 
a total score has been made for all functions (18). Based 
on this scheme and the study of the various spaces in 
a dwelling, the best rated functions are combined.  As 
a result, concepts regarding the different categories 

A operation 3,90 50% 1,95 A operation 4,35 50% 2,18 A operation 4,35 50% 2,18 A operation 4,80 50% 2,40 A operation 4,05 50% 2,03 A operation 3,80 50% 1,90 A operation 4,25 50% 2,13
B adaptability 3,90 50% 1,95 B adaptability 4,00 50% 2,00 B adaptability 3,40 50% 1,70 B adaptability 3,50 50% 1,75 B adaptability 3,80 50% 1,90 B adaptability 3,30 50% 1,65 B adaptability 3,30 50% 1,65
Total 3,90 Total 4,18 Total 3,88 Total 4,15 Total 3,93 Total 3,55 Total 3,78

A operation 4,35 50% 2,18 A operation 3,90 50% 1,95 A operation 3,70 50% 1,85 A operation 4,65 50% 2,33 A operation 3,85 50% 1,93 A operation 4,35 50% 2,18 A operation 3,90 50% 1,95 A operation 3,35 50% 1,68 A operation 3,90 50% 1,95 A operation 3,75 50% 1,88
B adaptability 2,60 50% 1,30 B adaptability 2,60 50% 1,30 B adaptability 1,75 50% 0,88 B adaptability 2,90 50% 1,45 B adaptability 2,40 50% 1,20 B adaptability 4,00 50% 2,00 B adaptability 3,50 50% 1,75 B adaptability 3,70 50% 1,85 B adaptability 4,00 50% 2,00 B adaptability 2,20 50% 1,10
Total 3,48 Total 3,25 Total 2,73 Total 3,78 Total 3,13 Total 4,18 Total 3,70 Total 3,53 Total 3,95 Total 2,98

A operation 4,35 50% 2,18 A operation 3,85 50% 1,93 A operation 3,90 50% 1,95 A operation 4,35 50% 2,18 A operation 4,35 50% 2,18 A operation 3,35 50% 1,68 A operation 3,90 50% 1,95 A operation 5,00 50% 2,50
B adaptability 4,00 50% 2,00 B adaptability 2,40 50% 1,20 B adaptability 3,50 50% 1,75 B adaptability 3,50 50% 1,75 B adaptability 3,50 50% 1,75 B adaptability 3,70 50% 1,85 B adaptability 4,00 50% 2,00 B adaptability 5,00 50% 2,50
Total 4,18 Total 3,13 Total 3,70 Total 3,93 Total 3,93 Total 3,53 Total 3,95 Total 5,00

A operation 3,55 50% 1,78 A operation 3,45 50% 1,73 A operation 4,05 50% 2,03 A operation 4,15 50% 2,08 A operation 4,00 50% 2,00 A operation 3,85 50% 1,93 A operation 3,00 50% 1,50 A operation 4,10 50% 2,05 A operation 4,10 50% 2,05 A operation 4,60 50% 2,30
B adaptability 5,00 50% 2,50 B adaptability 3,80 50% 1,90 B adaptability 1,40 50% 0,70 B adaptability 3,60 50% 1,80 B adaptability 3,40 50% 1,70 B adaptability 3,00 50% 1,50 B adaptability 3,00 50% 1,50 B adaptability 3,40 50% 1,70 B adaptability 3,40 50% 1,70 B adaptability 3,00 50% 1,50
Total 4,28 Total 3,63 Total 2,73 Total 3,88 Total 3,70 Total 3,43 Total 3,00 Total 3,75 Total 3,75 Total 3,80

A operation 3,00 50% 1,50 A operation 2,00 50% 1,00 A operation 5,00 50% 2,50 A operation 5,00 50% 2,50 A operation 4,00 50% 2,00 A operation 5,00 50% 2,50
B adaptability 4,50 50% 2,25 B adaptability 4,50 50% 2,25 B adaptability 4,40 50% 2,20 B adaptability 4,10 50% 2,05 B adaptability 3,40 50% 1,70 B adaptability 2,00 50% 1,00
Total 3,75 Total 3,25 Total 4,70 Total 4,55 Total 3,70 Total 3,50

A operation 4,00 50% 2,00 A operation 3,00 50% 1,50 A operation 5,00 50% 2,50 A operation 5,00 50% 2,50
B adaptability 4,70 50% 2,35 B adaptability 4,70 50% 2,35 B adaptability 4,30 50% 2,15 B adaptability 3,95 50% 1,98
Total 4,35 Total 3,85 Total 4,65 Total 4,48

A operation 4,00 50% 2,00 A operation 3,00 50% 1,50 A operation 5,00 50% 2,50 A operation 5,00 50% 2,50 A operation 4,00 50% 2,00 A operation 5,00 50% 2,50
B adaptability 4,60 50% 2,30 B adaptability 4,60 50% 2,30 B adaptability 4,40 50% 2,20 B adaptability 4,10 50% 2,05 B adaptability 3,40 50% 1,70 B adaptability 2,00 50% 1,00
Total 4,30 Total 3,80 Total 4,70 Total 4,55 Total 3,70 Total 3,50

A operation 3,50 50% 1,75 A operation 3,50 50% 1,75 A operation 3,50 50% 1,75 A operation 4,00 50% 2,00
B adaptability 4,45 50% 2,23 B adaptability 3,30 50% 1,65 B adaptability 4,65 50% 2,33 B adaptability 4,20 50% 2,10
Total 3,98 Total 3,40 Total 4,08 Total 4,10
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18. Total rating of function variants for the operation and adaptability of building services, based on 3 categories. Source: own work

arised. The first category is a stand-alone. The second 
and third categories have so much in common that they 
are combined (19). Also the concepts are compared 
based on the previously used criteria.
In general it can be determined that the variations of 
category 1 can be divided into central and decentral-
ized concepts. This resulted in six different possibilities 
which are all based on the table of figure 18. However, 
it must be mentioned that it is assumed that windows 
can always be opened and thus can provide in addition-
al ventilation. Therefore, the concepts described are 
the main ventilation which normally operate independ-
ent of the windows. Also important to mention is that 
every dwelling should be equipped with a mechanical 
ventilation to ventilate the bathroom, toilet and kitch-
en. The requirements for these spaces are so high that 
natural ventilation is mostly inadequate. This can either 
by meaning of centralized and decentralized ventila-
tion, depending on the position of the space with re-
spect to the façade. In figure 19, all versions are initially 
provided with central ventilation for these spaces.
The first variant is based on natural ventilation by 
meaning of a window with a ventilation strip. This can 

be both manually or controlled. In the second variant, 
the whole dwelling is mechanical ventilated by cen-
tral ventilation. In practice there are also variations in 
which, for example, the air is supplied naturally and re-
moved mechanically. On the contrary, the third variant 
is ventilated by meaning of decentralized mechanical 
ventilation. The fourth to sixth variant are all variants 
of the double façade. The first is based on the double 
window principle. The second model is a second skin 
façade. Both models are naturally ventilated. The last 
model is a climate façade. Here, the air is supplied me-
chanically into the room and removed mechanically via 
the shaft.  
For heating and cooling three variants are proposed 
which are applied to all ventilation concepts, excluding 
the central ventilation. The simplest model is heated by 
radiators. In addition there are variants with floor and 
ceiling heating. The latter is not divided because many 
variants exist which in essence do not differ very much. 
The latter two can be used as a low temperature heating 
which is more comfortable and sustainable. Both floor 
and ceiling heating can also be used for cooling. The 
question is whether this is relevant, especially when ef-
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19. Rating of composed variants for the operation and adaptability of building services, based on 3 categories. Source: own work

A comfort 2,50 35% 0,88 A comfort 3,00 35% 1,05 A comfort 3,50 35% 1,23 A comfort 3,50 35% 1,23 A comfort 3,50 35% 1,23 A comfort 3,50 35% 1,23
B individual control 4,50 15% 0,68 B individual control 3,00 15% 0,45 B individual control 4,50 15% 0,68 B individual control 4,50 15% 0,68 B individual control 4,50 15% 0,68 B individual control 3,00 15% 0,45
C maintenance 3,50 5% 0,18 C maintenance 3,00 5% 0,15 C maintenance 3,00 5% 0,15 C maintenance 3,00 5% 0,15 C maintenance 3,00 5% 0,15 C maintenance 3,00 5% 0,15
D accessibility 4,00 5% 0,20 D accessibility 3,00 5% 0,15 D accessibility 3,50 5% 0,18 D accessibility 4,00 5% 0,20 D accessibility 3,50 5% 0,18 D accessibility 3,00 5% 0,15
E detachability 3,00 10% 0,30 E detachability 4,00 10% 0,40 E detachability 3,00 10% 0,30 E detachability 3,00 10% 0,30 E detachability 2,50 10% 0,25 E detachability 4,00 10% 0,40
F flexibility 2,50 15% 0,38 F flexibility 4,00 15% 0,60 F flexibility 2,50 15% 0,38 F flexibility 2,50 15% 0,38 F flexibility 2,50 15% 0,38 F flexibility 3,50 15% 0,53
G layout freedom 2,00 15% 0,30 G layout freedom 4,00 15% 0,60 G layout freedom 2,00 15% 0,30 G layout freedom 2,00 15% 0,30 G layout freedom 2,00 15% 0,30 G layout freedom 3,50 15% 0,53
Total 2,90 Total 3,40 Total 3,20 Total 3,23 Total 3,15 Total 3,43

A comfort 3,50 35% 1,23 A comfort 4,50 35% 1,58 A comfort 4,50 35% 1,58 A comfort 4,50 35% 1,58
B individual control 3,50 15% 0,53 B individual control 3,50 15% 0,53 B individual control 3,50 15% 0,53 B individual control 3,50 15% 0,53
C maintenance 4,50 5% 0,23 C maintenance 4,00 5% 0,20 C maintenance 4,00 5% 0,20 C maintenance 4,00 5% 0,20
D accessibility 2,00 5% 0,10 D accessibility 1,50 5% 0,08 D accessibility 2,00 5% 0,10 D accessibility 1,50 5% 0,08
E detachability 1,50 10% 0,15 E detachability 1,50 10% 0,15 E detachability 1,50 10% 0,15 E detachability 1,00 10% 0,10
F flexibility 1,50 15% 0,23 F flexibility 1,50 15% 0,23 F flexibility 1,50 15% 0,23 F flexibility 1,50 15% 0,23
G layout freedom 5,00 15% 0,75 G layout freedom 5,00 15% 0,75 G layout freedom 5,00 15% 0,75 G layout freedom 5,00 15% 0,75
Total 3,20 Total 3,50 Total 3,53 Total 3,45

A comfort 3,50 35% 1,23 A comfort 4,50 35% 1,58 A comfort 4,50 35% 1,58 A comfort 4,50 35% 1,58
B individual control 4,50 15% 0,68 B individual control 4,50 15% 0,68 B individual control 4,50 15% 0,68 B individual control 4,50 15% 0,68
C maintenance 4,00 5% 0,20 C maintenance 3,50 5% 0,18 C maintenance 3,50 5% 0,18 C maintenance 3,50 5% 0,18
D accessibility 3,00 5% 0,15 D accessibility 2,50 5% 0,13 D accessibility 3,00 5% 0,15 D accessibility 2,50 5% 0,13
E detachability 2,50 10% 0,25 E detachability 2,50 10% 0,25 E detachability 2,50 10% 0,25 E detachability 2,00 10% 0,20
F flexibility 2,50 15% 0,38 F flexibility 2,50 15% 0,38 F flexibility 2,50 15% 0,38 F flexibility 2,50 15% 0,38
G layout freedom 3,00 15% 0,45 G layout freedom 3,00 15% 0,45 G layout freedom 3,00 15% 0,45 G layout freedom 3,00 15% 0,45
Total 3,33 Total 3,63 Total 3,65 Total 3,58

A usability 3,00 50% 1,50 A usability 5,00 50% 2,50 A usability 5,00 50% 2,50 A usability 4,00 50% 2,00 A usability 4,00 50% 2,00
B accessibility 3,00 10% 0,30 B accessibility 5,00 10% 0,50 B accessibility 5,00 10% 0,50 B accessibility 4,00 10% 0,40 B accessibility 4,00 10% 0,40
C flexibility 4,00 25% 1,00 C flexibility 4,00 25% 1,00 C flexibility 3,00 25% 0,75 C flexibility 5,00 25% 1,25 C flexibility 4,50 25% 1,13
D layout freedom 5,00 15% 0,75 D layout freedom 4,00 15% 0,60 D layout freedom 4,50 15% 0,68 D layout freedom 4,00 15% 0,60 D layout freedom 4,50 15% 0,68
Total 3,55 Total 4,60 Total 4,43 Total 4,25 Total 4,20

Windows + radiators Centralized HVAC Decentralized HVAC + radiators

Decentralized HVAC + ceiling heating Double window + ceiling heating Second skin facade + ceiling heating

Windows + floor heating Decentralized HVAC + floor heating

Windows + cealing heating

Raised floor Raised floor + Wall(Pre)walls Grid points Raised floor + Grid points

Double window + floor heating Second skin facade + floor heating

Double window + radiators Second skin facade + radiators Climate facade

A comfort 2,50 35% 0,88 A comfort 3,00 35% 1,05 A comfort 3,50 35% 1,23 A comfort 3,50 35% 1,23 A comfort 3,50 35% 1,23 A comfort 3,50 35% 1,23
B individual control 4,50 15% 0,68 B individual control 3,00 15% 0,45 B individual control 4,50 15% 0,68 B individual control 4,50 15% 0,68 B individual control 4,50 15% 0,68 B individual control 3,00 15% 0,45
C maintenance 3,50 5% 0,18 C maintenance 3,00 5% 0,15 C maintenance 3,00 5% 0,15 C maintenance 3,00 5% 0,15 C maintenance 3,00 5% 0,15 C maintenance 3,00 5% 0,15
D accessibility 4,00 5% 0,20 D accessibility 3,00 5% 0,15 D accessibility 3,50 5% 0,18 D accessibility 4,00 5% 0,20 D accessibility 3,50 5% 0,18 D accessibility 3,00 5% 0,15
E detachability 3,00 10% 0,30 E detachability 4,00 10% 0,40 E detachability 3,00 10% 0,30 E detachability 3,00 10% 0,30 E detachability 2,50 10% 0,25 E detachability 4,00 10% 0,40
F flexibility 2,50 15% 0,38 F flexibility 4,00 15% 0,60 F flexibility 2,50 15% 0,38 F flexibility 2,50 15% 0,38 F flexibility 2,50 15% 0,38 F flexibility 3,50 15% 0,53
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E detachability 2,50 10% 0,25 E detachability 2,50 10% 0,25 E detachability 2,50 10% 0,25 E detachability 2,00 10% 0,20
F flexibility 2,50 15% 0,38 F flexibility 2,50 15% 0,38 F flexibility 2,50 15% 0,38 F flexibility 2,50 15% 0,38
G layout freedom 3,00 15% 0,45 G layout freedom 3,00 15% 0,45 G layout freedom 3,00 15% 0,45 G layout freedom 3,00 15% 0,45
Total 3,33 Total 3,63 Total 3,65 Total 3,58

A usability 3,00 50% 1,50 A usability 5,00 50% 2,50 A usability 5,00 50% 2,50 A usability 4,00 50% 2,00 A usability 4,00 50% 2,00
B accessibility 3,00 10% 0,30 B accessibility 5,00 10% 0,50 B accessibility 5,00 10% 0,50 B accessibility 4,00 10% 0,40 B accessibility 4,00 10% 0,40
C flexibility 4,00 25% 1,00 C flexibility 4,00 25% 1,00 C flexibility 3,00 25% 0,75 C flexibility 5,00 25% 1,25 C flexibility 4,50 25% 1,13
D layout freedom 5,00 15% 0,75 D layout freedom 4,00 15% 0,60 D layout freedom 4,50 15% 0,68 D layout freedom 4,00 15% 0,60 D layout freedom 4,50 15% 0,68
Total 3,55 Total 4,60 Total 4,43 Total 4,25 Total 4,20

Windows + radiators Centralized HVAC Decentralized HVAC + radiators

Decentralized HVAC + ceiling heating Double window + ceiling heating Second skin facade + ceiling heating

Windows + floor heating Decentralized HVAC + floor heating

Windows + cealing heating

Raised floor Raised floor + Wall(Pre)walls Grid points Raised floor + Grid points

Double window + floor heating Second skin facade + floor heating

Double window + radiators Second skin facade + radiators Climate facade
A comfort 2,50 35% 0,88 A comfort 3,00 35% 1,05 A comfort 3,50 35% 1,23 A comfort 3,50 35% 1,23 A comfort 3,50 35% 1,23 A comfort 3,50 35% 1,23
B individual control 4,50 15% 0,68 B individual control 3,00 15% 0,45 B individual control 4,50 15% 0,68 B individual control 4,50 15% 0,68 B individual control 4,50 15% 0,68 B individual control 3,00 15% 0,45
C maintenance 3,50 5% 0,18 C maintenance 3,00 5% 0,15 C maintenance 3,00 5% 0,15 C maintenance 3,00 5% 0,15 C maintenance 3,00 5% 0,15 C maintenance 3,00 5% 0,15
D accessibility 4,00 5% 0,20 D accessibility 3,00 5% 0,15 D accessibility 3,50 5% 0,18 D accessibility 4,00 5% 0,20 D accessibility 3,50 5% 0,18 D accessibility 3,00 5% 0,15
E detachability 3,00 10% 0,30 E detachability 4,00 10% 0,40 E detachability 3,00 10% 0,30 E detachability 3,00 10% 0,30 E detachability 2,50 10% 0,25 E detachability 4,00 10% 0,40
F flexibility 2,50 15% 0,38 F flexibility 4,00 15% 0,60 F flexibility 2,50 15% 0,38 F flexibility 2,50 15% 0,38 F flexibility 2,50 15% 0,38 F flexibility 3,50 15% 0,53
G layout freedom 2,00 15% 0,30 G layout freedom 4,00 15% 0,60 G layout freedom 2,00 15% 0,30 G layout freedom 2,00 15% 0,30 G layout freedom 2,00 15% 0,30 G layout freedom 3,50 15% 0,53
Total 2,90 Total 3,40 Total 3,20 Total 3,23 Total 3,15 Total 3,43

A comfort 3,50 35% 1,23 A comfort 4,50 35% 1,58 A comfort 4,50 35% 1,58 A comfort 4,50 35% 1,58
B individual control 3,50 15% 0,53 B individual control 3,50 15% 0,53 B individual control 3,50 15% 0,53 B individual control 3,50 15% 0,53
C maintenance 4,50 5% 0,23 C maintenance 4,00 5% 0,20 C maintenance 4,00 5% 0,20 C maintenance 4,00 5% 0,20
D accessibility 2,00 5% 0,10 D accessibility 1,50 5% 0,08 D accessibility 2,00 5% 0,10 D accessibility 1,50 5% 0,08
E detachability 1,50 10% 0,15 E detachability 1,50 10% 0,15 E detachability 1,50 10% 0,15 E detachability 1,00 10% 0,10
F flexibility 1,50 15% 0,23 F flexibility 1,50 15% 0,23 F flexibility 1,50 15% 0,23 F flexibility 1,50 15% 0,23
G layout freedom 5,00 15% 0,75 G layout freedom 5,00 15% 0,75 G layout freedom 5,00 15% 0,75 G layout freedom 5,00 15% 0,75
Total 3,20 Total 3,50 Total 3,53 Total 3,45

A comfort 3,50 35% 1,23 A comfort 4,50 35% 1,58 A comfort 4,50 35% 1,58 A comfort 4,50 35% 1,58
B individual control 4,50 15% 0,68 B individual control 4,50 15% 0,68 B individual control 4,50 15% 0,68 B individual control 4,50 15% 0,68
C maintenance 4,00 5% 0,20 C maintenance 3,50 5% 0,18 C maintenance 3,50 5% 0,18 C maintenance 3,50 5% 0,18
D accessibility 3,00 5% 0,15 D accessibility 2,50 5% 0,13 D accessibility 3,00 5% 0,15 D accessibility 2,50 5% 0,13
E detachability 2,50 10% 0,25 E detachability 2,50 10% 0,25 E detachability 2,50 10% 0,25 E detachability 2,00 10% 0,20
F flexibility 2,50 15% 0,38 F flexibility 2,50 15% 0,38 F flexibility 2,50 15% 0,38 F flexibility 2,50 15% 0,38
G layout freedom 3,00 15% 0,45 G layout freedom 3,00 15% 0,45 G layout freedom 3,00 15% 0,45 G layout freedom 3,00 15% 0,45
Total 3,33 Total 3,63 Total 3,65 Total 3,58

A usability 3,00 50% 1,50 A usability 5,00 50% 2,50 A usability 5,00 50% 2,50 A usability 4,00 50% 2,00 A usability 4,00 50% 2,00
B accessibility 3,00 10% 0,30 B accessibility 5,00 10% 0,50 B accessibility 5,00 10% 0,50 B accessibility 4,00 10% 0,40 B accessibility 4,00 10% 0,40
C flexibility 4,00 25% 1,00 C flexibility 4,00 25% 1,00 C flexibility 3,00 25% 0,75 C flexibility 5,00 25% 1,25 C flexibility 4,50 25% 1,13
D layout freedom 5,00 15% 0,75 D layout freedom 4,00 15% 0,60 D layout freedom 4,50 15% 0,68 D layout freedom 4,00 15% 0,60 D layout freedom 4,50 15% 0,68
Total 3,55 Total 4,60 Total 4,43 Total 4,25 Total 4,20

Windows + radiators Centralized HVAC Decentralized HVAC + radiators

Decentralized HVAC + ceiling heating Double window + ceiling heating Second skin facade + ceiling heating

Windows + floor heating Decentralized HVAC + floor heating

Windows + cealing heating

Raised floor Raised floor + Wall(Pre)walls Grid points Raised floor + Grid points

Double window + floor heating Second skin facade + floor heating

Double window + radiators Second skin facade + radiators Climate facade
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ficient blinds are applied. A fourth variant is based on 
heating or cooling by meaning of a centralized system 
and has only also been applied to this ventilation con-
cept. Finally, night flush ventilation can always be ap-
plied if the construction is not covered. An advantage 
of night flush ventilation is that cooling of the dwelling 
is of less importance.
Regarding sun protection, outdoor blinds are by defini-
tion better than inside blinds. Only glare can be blocked 
well inside. For outdoor blinds, moving blinds are by 
definition better than fixed ones because these can be 
adjusted individually, based on the position of the sun 
and the weather. A comment is that this is dependent 
on the wind, thus moving blinds can be applied only on 
higher elevations when placed in a cavity. In case of this 
research the most ideal situation is assumed so all vari-
ants are fitted with moveable blinds.
Concluding it can be determined that decentralized 
variants have the highest scores. This has to do with the 
comfort which can be achieved and the possibility of in-
dividual control. Nevertheless, it should be mentioned 
that double façades and blinds are only interesting 
for sun-facing façades. The differences between floor 
and ceiling heating are very small so the choice for this 
should be determined for each project separately. The 
resulting differences mainly relate to the slow warming-
up of the floor heating and the opportunities related to 
adaptability. The central services score reasonably as 
well. What is striking is that they have a fairly stable but 
average score on all criteria. They are particularly useful 
when a lot of existing shafts can be used.
Regarding the second category, in figure 18 it can be 
noticed that especially (pre-) walls and grid points score 
well for all functions. Also the raised floor scores for 
almost all functions reasonably high. Because the dis-
charge of gray and black water will always take place at 
a low point, again a raised floor will function the best. 
When combining the various possibilities it should be 
mentioned that always horizontal elements are neces-

sary for the supply and discharge of the various func-
tions. This is because the starting point of this study is 
that no holes are drilled into the floor. Therefore, hori-
zontal elements are required in all cases except when 
functions are located directly next to a shaft or façade. 
Finally, five variants has been made: a raised floor, walls 
or grids on the edges of the dwellings and combina-
tions of both.
Based on the analysis, it can be concluded that in par-
ticular (pre-)walls and grids on the edges of the dwell-
ings have highly valued. This is because raised floors are 
not required and the flexibility and freedom of the lay-
out are also not affected. Both possibilities can also be 
provided with walls or grids at three, two or only one 
side, although this will drastically reduce the flexibility. 
The combined variants do also have a quite high score, 
mainly because they offer a lot of flexibility in the mid-
dle of the dwelling. The choice for one of these solu-
tions will have much impact on the floor plans.

2.5.4 Concepts case-studies
Ultimately, there are no concepts that clearly have the 
highest value. This means that it must be determined 
per building which concept suits the best. For both case 
studies several good concepts are possible, but only the 
two most logical concepts are elaborated. In addition, 
in both cases the concept is only applied to the most 
difficult façade. The other façades suffice with a sim-
pler concept and are therefore less interesting to be 
researched.
The office building at the Panamalaan is characterized 
by a façade oriented to the west and also to a busy rail-
way. This means that sun and sound insulation must be 
taken into account. The building has a load-bearing fa-
çade of closed elements and only has two shafts, both 
at a decentralized location. Based on these properties 
it is determined that a double façade is the most logi-
cal choice. This variant has decentralized ventilation 
and has a good soundproofing as well, even when the 

windows are opened. Because of the closed load-bear-
ing façade the best variant which can be applied is the 
double window because then the construction hardly 
needs to be adjusted. Both the floor and ceiling heating 
could be used, in particular as an additional heating or 
cooling when the façade cannot provided in the needs. 
In this variant floor heating is chosen. For the piping of 
the second and third category the grid point’s model 
is chosen. This variant scores very well and has a lot of 
potential regarding the layout freedom. This is already 
a strong point of this building and thus more empha-
sized by applying this variant.
In the second variant, the decentralized HVAC has been 
applied although additional measures should be taken 
into account regarding sound insulation. When the 
windows are opened, soundproofing is not possible. 
In this case, the existing radiators are used. Although 
this variant does not have the best comfort and most 
possibilities regarding adaptability, the piping is already 
present. For the piping of the second and third category 
also the grid system is chosen but in this case placed in 
the middle of the dwelling in combination with a raised 
floor (20).
The office building at the Nachtwachtlaan is charac-
terized by a façade oriented to the west and to a busy 
highway. In addition, the height plays (12 floors) a 
major role as well. This means that in addition to sun-
protection and sound proofing also nuisance regarding 
the wind should be avoided. The building consists of 
load-bearing parapets which give more freedom in the 
plane of the façade compared to closed elements. It is 
also provided of many central shafts. Based on these 
properties also here a double façade has been chosen, 
although in this case it is the façade filling variant. Even-
tually, this could also be a climate façade. Also here, 
heating and cooling can be performed by a floor or ceil-
ing heating. Here has been chosen for ceiling heating. 
Information about the existing installation space be-
hind the parapet is not present and because of that not 
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21. Concepts office building Nachtwachtlaan 20. Left: second skin façade, right: centralized HVAC.  Source: own work

20. Concepts office building Panamalaan 188-196. Left: double window, right: decentralized HVAC. Source: own work

If outdoor areas are important, bigger adjustments are 
necessary. This can be done by the exchange of a load-
bearing wall into an open element. A second option is 
applying a loggia although some requirements related 
to thermal insulation are important then.
The next step in the process is the making of design 
but that does not belong to the contents of this report. 
Also in that case, several variants are developed and/
or combined which means that the final façade can 
also be performed as a ‘hybrid’ of ‘integrated’ façade 
(Knaack et. all. 2011). This combines the advantages of 
different concepts.

2.5.5 References
In order to show how situations like this have been 
solved in practice, this paragraph is focused on refer-
ences. In particular, references of solutions are shown 
which do not occur frequently in dwellings.
Both first two references show examples of double skin 
façades. Although these are not combinations with 
load-bearing façades, both solutions indicate the po-
tential of double façades for dwellings. In the first case, 
the dwellings are equipped with extra surface by plac-
ing a winter garden and balcony in front of the existing 
structure. Expected is that the energy needs will de-
crease to 50% (22a). In the second reference the façade 
is provided of a double skin for soundproofing of the 
adjacent highway. In this picture, it is also clear where 
the ventilation flaps are positioned (22b). The third ref-
erence is of a double window. This is a variation of the 
second skin façade and is applied within the framework 
of one window (22c).
The fourth and fifth reference show different variants of 
decentralized services. The ClimaRad system is a com-
bination of balanced ventilation and heating (23a). The 
breathing window is a balanced ventilation system with 
heat recovery (23b). The sixth reference shows a ceil-
ing heating. By meaning of a foil, it can be heated elec-
trically and provide in infra-red radiation in the spaces 
(24). The last three references are related to the supply 
and drainage of piping in dwellings. The first reference 
shows a variant of the flexible floor. The space under 
the floor is used for the pass through of various types of 
piping. This system is suited for both offices and dwell-
ings (25a). The second reference shows also a variant 
of the flexible floor. By meaning of a matrix tiled foam-
floor, various pipes can be applied, both on the lower 
and the upper face (25b). The third reference shows a 
flexible wall system for the connection of, in particular, 
sanitary pipes (26c). All these references show that the 
developed concepts are based on existing systems and 
thus work in practice.
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used. For the piping of the second and third category 
the pre-wall system is chosen. Because the layout of 
the building provides slightly less freedom, a variation 
which just provides in additional flexibility regarding 
piping has been chosen.
Because of the present shafts, the second solution is 
a central ventilation system. This variant also provides 
in heating and cooling by meaning of this ventilation. 
Eventually, also a part of the existing suspended ceiling 
could be used, when in a good condition. For the piping 
of the second and third category the raised floor and 
wall variant is chosen (21).
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22. a: Lacaton & Vassal, Paris, b: de Architekten Cie, Amsterdam, c: Hans Kollhoff, Berlin

23. a: ClimaRad, b: Breathing window 24. Infraheat heatings foil

25. a: Interlevel floorsystem, b: Matura floorsystem, c: Geberit wallsystem

2.5.6 Conclusion
Regarding this last chapter, it has become clear that 
each dwelling has areas with different requirements 
regarding building services. Based on these differences 
and the requirements regarding operation and adapta-
bility, several concepts which can be used for the trans-
formation of office buildings into dwellings have been 
developed and judged. Especially decentralized vari-
ants are highly valued because they offer great comfort 
and also provide in enough adaptability. Central vari-
ants could be applied when the possibility to use exist-
ing central shafts is present. 
In both case studies the two most logical variants have 
been applied although there are several good possibili-
ties. The actual designs for the case studies, based on 
this study, are not part of this report. They will be de-
signed based on more research to the different applied 
systems.
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3 Conclusion & Recommendations
Regarding to the problem statement it is clear that new, 
often decentralized, systems are required for transfor-
mation of office buildings into dwellings. Affecting the 
floors because of the pass through of building services 
gives some structural problems. Because of that a con-
cept which makes use of the possibilities of existing 
building services and shafts (centralized) and renewed 
load-bearing façades (decentralized) is conceived. This 
is instead of making recesses in the floors and in con-
text of adaptability. Based on this concept an answer to 
the following research question has been found: “How 
can building services for dwellings realized adaptable 
and make use of the existing building services and load-
bearing façades of obsolete vacant office buildings?”
Based on five sub-studies this report has led to the fol-
lowing conclusions:

1. Building services for dwellings are related to comfort, 
energy and sanitary and each category can be divided 
into different functions. These functions can be com-
pleted by different variants.

2. The most important property for adaptability is that 
it must be possible to disconnect the building services 
from the other components of a dwelling. This allows 
maintainance or renewing and provides in flexibility for 
other functions, now or in the future.
3. For transformation it is important to know what kind 
of shafts regarding the amount, the dimensions and the 
position, are present in an office building.
4. Generally, only building services regarding comfort 
are able to be reuse. Because of the large qualitative 
and quantitative differences in energy and sanitary, this 
categories are hardly possible to reuse.
5. Load-bearing walls can be divided into three catego-
ries: 
A: Closed façades without columns. 
These offer a lot of layout freedom, but cause more dif-
ficulties when interaction between the two sides of the 
load-bearing structure is necessary. 
B: Parapets with columns. 
These offer less layout freedom but have more options 
regarding integration of building services in the façade. 

C: Beams with columns. 
Also these offer less layout freedom and have more 
options regarding integration of building services in 
the façade. 
6. Decentralized systems are usually the best option 
because they offer much comfort but still are adapt-
able. 
7. An office building that provides in the ability to re-
use existing shafts, sometimes can also be provided of 
centrally organized services.

Based on these conclusions it can be established that 
possibilities and limitations should be investigated per 
individual building. Besides that, the chosen concept 
is very dependent on the orientation of the façade. 
Finally, also other requirements play a significant role, 
for example, with regard to the aesthetics. 
Regarding the input of this report a design will be 
made for one of the case studies. In this case, more 
research will be done into the variants of the chosen 
concept.
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