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PREFACE

This research was conducted for the purpose of 
my master (MSc) track in Building Technology at 
the faculty of Architecture in DelŌ . I started this 
graduaƟ on with the research topic ‘intelligent 
door handles’ on behalf of the company ALCOA 
Architecture systems. One of my mentors intro-
duced the topic and since I always doubted wheth-
er I had to study Architecture or Industrial Design 
and this topic seemed related to both of these 
studies, I decided to go for it. Therefore one of my 
supporƟ ng mentor during the whole graduaƟ on 
period was from the faculty of Architecture, Dr. 
Ing. T. Klein, and my other (second) mentor from 
the faculty of Industrial Design, Dr. Ir. S. Silvester. 
Through the company, ALCOA, I was guided by Wi-
jnand van Manen.

This research started with a focus on door han-
dles and the operaƟ on of it, but soon it was clear 
to take a broader perspecƟ ve; the interacƟ on 
between façade and user. Therefore the topic 
changed a lot during my process and the project 
came involved with a second company: BAM. The 
project of BAM focuses on renovaƟ ng porch apart-
ments in the Netherlands by applying a 2nd skin 
façade to achieve the goal of energy neutral build-
ings in 2020. The research topic thereby changed 
and from there on focused on the energy neutral 
use of the façade by the occupants. 

Users can diff er a lot in habits, behavior and abil-
iƟ es, therefore I chose to design for the most dif-
fi cult user group; elderly. Since the government 
came up with new laws according to home care, 
elderly have to age in place longer. They have to 
stay healthy independently. The topic of my grad-
uaƟ on research therefore changed in: “Triggering 
elderly to an energy neutral and healthy use of the 
façade”.

The whole graduaƟ on process and topic was a 
very educaƟ ve experience to me. It was new for 
me to design with an user-centered perspecƟ ve 
instead of focusing only on the technical aspects. 
By involving the target group in the graduaƟ on re-
search by observing and interviewing them, the fi -
nal designs became much more real and relevant.

As menƟ oned, during my graduaƟ on I was sup-
ported by my two mentors Dr. Ing. T. Klein and 
Dr. Ir. S. Silvester. I wouldn’t have become this far 
without them. They have always supported me, 
not only in the ideas I had, but also by moƟ vaƟ ng 
me mentally during the obstacles that I was con-
fronted with. Besides them I was also supported 
by my mentor from ALCOA, Wijnand van Manen. 
He was always very open minded in the ideas I had 
and always made Ɵ me to guide me where neces-
sary. My sincere to you three.

Furthermore I would like to thank M. Wolthoorn, 
G. Maiburg, L. Bergenhenegouwen and J. Greven 
for their willingness to parƟ cipate in my research. 
They were not only very fl exible in leƫ  ng me in-
terview them several Ɵ mes in short Ɵ me periods, 
but also gave me much insight in their ideas and 
habits. Without them I wouldn’t have come to 
these fi nal designs.

And last but not least I’d like to thank my parents 
for their all-Ɵ me support and faith in me.
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The goal to achieve energy neutral buildings in 
2020 is geƫ  ng closer. To achieve energy neutral 
buildings, not only new buildings have to be in-
novaƟ ve, also the exisƟ ng building stock has to 
be improved in terms of energy effi  ciency. Be-
sides that, the occupants have to be involved in 
this process too, in the end they have to use the 
façade in an energy effi  cient way.

The purpose of this research was to fi nd suitable 
soluƟ ons for the renovaƟ on of porch apartments 
in the Netherlands. The 2nd skin that will be ap-
plied in this design should not only be energy ef-
fi cient, but should also trigger the occupants to 
use it in an energy effi  cient and healthy way. The 
target group on which these designs were tested 
are elderly. Because of their diff erent deteriora-
Ɵ on aspects and the fact they have to live inde-
pendently longer, we should make sure they are 
able to use this façade too (in an energy effi  cient 
and healthy way).

This research has resulted in a few integrated fi nal 
designs that mainly consist of two parts; a design 
for a home energy management system (HEMS) 
and a façade element design. The HEMS designs 
focus on how to trigger diff erent user profi les of el-
derly to live energy neutral and besides that make 
elderly aware of the necessity to venƟ late regular-
ly (to improve the health of their indoor climate). 
The façade element mainly focuses on the com-
fort preferences of elderly and the improvement 
of their mental and physical health. Besides that 
of course the façade element meets the stricter 
rules regarding to the energy effi  ciency. 

All designs are projected on a reference project; 
the BAM 2nd skin project in RoƩ erdam. Several 
parƟ cipaƟ ng elderly gave me insight in their be-
havior and habits according to energy effi  ciency 
and comfort. The designs have been evaluated by 
them, the defi ned user profi les and a requirement 
list several Ɵ mes.

ABSTRACT
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I. INTRODUCTION

This secƟ on provides an introducƟ on of my graduaƟ on project. 
The fi rst chapter provides general background informaƟ on about 
the topic of my graduaƟ on research. Followed by the second 
chapter in which the objecƟ ves, problem statement and scope of 
this research is determined. The third chapter is dedicated to the 
relevance of my graduaƟ on research.



1.  BACKGROUND

1.1 ENERGY CONSUMPTION IN THE NETHERLANDS
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The project started with the idea of designing an ‘intel-
ligent doorhandle’ on behalf of the company ALCOA. 
While discussing this topic, we decided to look at it 
from a broader perspecƟ ve: the interacƟ on between 
façade and user. The interacƟ on between façade and 
user is especially interesƟ ng when you look at the en-
ergy consumpƟ on of buildings; the energy consump-
Ɵ on of a building in the end always depends on the be-
havior of the users (DeltaWonen, 2014). From the 31st 
of December 2020, new buildings have to be delivered 
“nearly energy neutral” (Janssen, 2011). RenovaƟ ons 
have less stringent requirements, but the renovaƟ ons 
should lead to very low energy consumpƟ on (Simons, 
2014a). Because the height on the energy bill is a di-
rect consequence of human behavior, energy neutral 
buildings will only be energy neutral with the appro-
priate human behavior. By changing human interacƟ on 
with a façade, a lot of energy could be saved.

Not only buildings change over Ɵ me, the formaƟ on of 
the building users changes too. The composiƟ on of the 
populaƟ on is changing a lot now in the Netherlands 
because of the so called babyboom. In the period be-
tween World War II and 1970 the birth number raised 
in a lot of countries in Europe. As you can see in fi gure 
4, from the 1970s this birth number declined and the 
amount of elderly raised. The growing ageing popula-
Ɵ on in the Netherlands causes problems in the care 
sector, this also happens in other European countries. 
In the southern part of Europe these problems are 
smaller; it’s common that children live with their par-
ents and care for them (Houben, 2001, p. 655). In the 
Netherlands there is no tradiƟ on like this, so we try to 
fi nd other soluƟ ons. Because of the growing amount 
of elderly, we are trying to fi nd innovaƟ ve soluƟ ons for 
elderly ageing in place instead of moving to a care in-
sƟ tuƟ on. 

While behavior change is needed to cope with the 
stricter energy consumpƟ on rules and more (deterio-
raƟ ng) elderly (have to) age in place, we are trying to 
fi nd innovaƟ ve soluƟ ons to change human’s behavior 
and make these soluƟ ons understandable and easy for 
elderly. We want to try to trigger elderly’s behavior to 
an energy neutral and healthy use of the facade.

To have a beƩ er view on the new rules for energy con-
sumpƟ on in dwellings and the changing rules for the 
ageing populaƟ on, two short paragraphs will provide 
the necessary informaƟ on. 

SAVING ENERGY IN BUILDINGS IN THE NETHERLANDS
Buildings are responsible for 40% of the total en-
ergy consumpƟ on in the EU; low energy consump-
Ɵ on means low CO2 and NOx emissions and less cli-
mate changes (less contribuƟ on to global warming) 
(AgentschapNL, 2013). Therefor the government came 
up with a plan; from the 31st of December 2020 new 
buildings have to be delivered “nearly energy neutral” 
(Janssen, 2011). So, from the 1st of January 2015 it is 
mandatory to hand over an Energy- label-cerƟ fi cate 
when renƟ ng or selling a house in the Netherlands. 
Homeowners can compose their own simplifi ed Ener-
gy-label online (Simons, 2014a).

The Energy-label shows how energy effi  cient a building 
is (Rijksoverheid, 2015b). The Energy-label of a dwell-
ing is determined on diff erent aspects: building type, 
year of construcƟ on, living space, insulaƟ on façade, 
insulaƟ on roof, insulaƟ on fl oor, heaƟ ng system, ven-
Ɵ laƟ on system, window glazing type, etc. (Overheid, 
2015). The most energy effi  cient dwellings get an A-la-
bel (green color), the least energy effi  cient dwellings 
get a G-label (red color) (fi gure 1). The Energy-label 
indicates the energy consumpƟ on of your dwelling. It’s 
no guarantee that you will actually use the energy that 
is stated on the label, the actual energy consumpƟ on 
depends on your behavior (DeltaWonen, 2014). 

One third of all Dutch dwellings are built between 1945 
and 1975. The energy rules at that Ɵ me were not as 
strict as they are now, so a lot of dwellings have to be 
renovated now. The three most common dwellings at 
that Ɵ me were: porch apartments (porƟ ekwoning), gal-
lery apartments (galerijwoning) and single-family-hous-
es (eengezinswoning) (Kolk & Peters, 2008).

Figure 2 shows the energy consumpƟ on and faciliƟ es 
of these three common dwelling types in the Neth-
erlands. These dwellings were hardly insulated when 

Figure 1; Energy-label (Simons, 2014a)



1.2 AGEING POPULATION IN THE NETHERLANDS
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built (fi rst column, fi gure 2), in 2008 they were reno-
vated (column 2), but these dwellings should be im-
proved (column 3) (Kolk & Peters, 2008). As fi gure 2 
shows, the energy-label can and should be improved 
from an F-label to an A-, B- or C-label. The energy-in-
dex for these dwelling types is also shown and pres-
ents the energy performance.
As these fi gures show, a lot of dwellings have to be 
renovated to reach the aim of “nearly energy neutral” 
in 2020. But as said before, these targets won’t be 
reached if we are not changing our behavior.

In the next years there will be a growing aging popula-
Ɵ on in the Netherlands, as you can see in fi gure 4. The 
amount of 65-plus elderly will grow from 2,7 million in 
2012 to 4,7 million in 2041 (CBS, 2014). 

CONCEQUENCES FOR THE HEALTH CARE SYSTEM
The growing ageing populaƟ on causes problemaƟ c 
space issues for healthcare centers and reƟ rement 
homes, therefor more elderly have to age in place. 
As an aƩ empt to deal with these problems, the gov-
ernment came up with a new law for social support 
in January 2015. This law found his origin because of 
the growing amount of elderly ageing in place and de-
scribes new rules for home care. The purpose of the 
law is to encourage people to age in place as long as 
possible, therefor greater demands will be made on 
the responsibility and power of the society (Kok, 2014, 
p. 22). The municipaliƟ es in the Netherlands are re-
sponsible for the home care faciliƟ es and therefor ben-
efi t from elderly living independently (without home 
care) as long as possible (Rijksoverheid, 2015a).

While more elderly are ageing in place and behavior 
changes are needed to cope with the stricter energy 
saving rules, we are trying to fi nd innovaƟ ve soluƟ ons 
to change human’s behavior and make these soluƟ ons 
understandable, easy, healthy and comfortable for el-
derly.

Figure 2; Three most common dwellings for the Netherlands and 
their energy performance (Kolk & Peters, 2008)

Figure 3; Energy-label and energy performance table (Kolk & Pe-
ters, 2008)

Figure 4; Age range of the Netherlands for 1970, 2010 and 2030 (CBS, 2014)



1.3 ALCOA & BAM 2ND SKIN PROJECT
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ALCOA
ALCOA is a huge company established all over the 
world. ALCOA Architectural Systems is established in 
Harderwijk, this is the offi  ce of ALCOA on behalf of 
which I am doing my graduaƟ on research. Alcoa Ar-
chitectural Systems designs, develops and sells alumi-
num profi le systems for windows, doors, paƟ o doors, 
conservatories and curtain walls. A generous supply 
in design, color and surface treatment ensures a high 
degree of freedom in design and execuƟ on (ALCOA, 
2015).

During my research, a second company became in-
volved; Royal BAM Group. BAM wants to renovate 
porch apartments in RoƩ erdam to energy neutral 
dwellings by applying a second skin facade. Below 
more informaƟ on will give a clear view on this project.

SECOND SKIN PROJECT BAM
At the moment BAM (in cooperaƟ on with TU DelŌ ) is 
designing renovaƟ on elements for porch apartments 
(porƟ ekwoning) in RoƩ erdam. Currently these apart-
ments have an Energy-label E (Rijksoverheid, 2015c). 

The focus on this renovaƟ on project is no coincidence. 
RenovaƟ on of in this case porch apartments, helps to 
reach the goal of nearly energy neutral buildings in 
2020.  In the next years a lot of buildings have to be 
renovated. Combining my research with this project is 
therefor very interesƟ ng. 

BAM in associaƟ on with Spee Architects, Eneco, 
StorkAir, HRO and the TU DelŌ  are trying to develop 
and realize new facades for these dwellings. These 
new “2nd Skins” should be applicable to a lot of porch 
apartments in the Netherlands. But what should we 
have in mind when talking about ‘energy neutral’ 
buildings?

PEGO (Plaƞ orm EnergietransiƟ e Gebouwde Omgev-
ing) gives the following defi niƟ on for ‘energy-neutral’:

“A project is energy-neutral if there is no annual net 
import of fossil or nuclear fuel from outside the system 
boundary to construct the building, to use the build-
ing and to break down the building. This means that 
the energy within the project boundary is equal to the 
amount of renewable energy that is generated with-
in the project boundary or aƩ ributed to the project 
on base of external measures. The energy that comes 
from the creaƟ on and demoliƟ on of the building is set-
tled into an annual contribuƟ on based on the expected 
life of the building“.
(PEGO, 2009, p.28)

Briefl y the goal of energy-neutral dwellings is to gener-
ate at least as much energy as that will be consumed 
in the dwelling. An energy-neutral dwelling needs a 

Figure 7; BAM 2nd Skin Principles (Spee, 2015)

Figure 8; BAM 2nd Skin Principles (Spee, 2015)

Figure 6; Energy label Second Skin project BAM (Rijksoverheid, 
2015c)

Figure 5; New building ALCOA Harderwijk (ALCOA, 2015)
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liƩ le amount of energy, generates renewable energy 
and uses the energy energy-effi  cient (MilieuCentraal, 
2015). SƟ ll an important aspect is to make sure the us-
ers are using their dwelling energy-effi  cient.

Figure 7 shows the principles of the BAM 2nd Skin 
porch apartments by Spee architects. Solar panels 
and solar collectors should be placed on the roof, gen-
eraƟ ng renewable energy. New venƟ laƟ on systems 
with heat recovery should be placed in the facade, 
reachable from outside. InsulaƟ on and windows will 
be placed onto the facade, to improve the insulaƟ on 
layer. The exisƟ ng situaƟ on (fi gure 8) will also be reno-
vated with a new cladding.

The BAM 2nd Skin project focuses on porch apart-
ments in RoƩ erdam. The porch apartments consist of 
4 fl oors; the groundfl oor with storage and technical 
rooms and 3 fl oors with apartments (these fl oorplans 
are aƩ ached in the appendix A.1). 

Each apartment consists of a small hall, living room, 
kitchen, bathroom and 2  or 3 bedrooms. The living 
room has a small balcony and two bedrooms are con-
nected to a balcony.

Spee Architects is an architectural offi  ce that made a 
few facade opƟ ons (in  cooperaƟ on with diff erent par-
Ɵ es) for the second skin project, two of these opƟ ons 
are shown in fl oorplans in the appendix, clarifi ed by 
visual design opƟ ons of Spee Architects.

The building assumpƟ ons of the BAM 2nd skin project 
are (SpeeArchitecten, 2014);

   Rc - Roof  8
   Rc - Facade  6,5
   Rc - Ceiling  3,5
   Windowtype  Aluminium
   Glasstype  HR++

Another building assumpƟ on of the BAM 2nd Skin 
project is to integrate the installaƟ ons into the facade.

THE TWO PRESENTED OPTIONS (appendix A.1.)
- In the fi rst opƟ on they interrupt the cold bridges of 
the balcony by wrapping up the balconies with ther-
mal insulaƟ on. New insulated facade elements are at-
tached to the old ones and the balconies are provided 
with new balustrades. 

- In the second opƟ on they also aƩ ach new beƩ er in-
sulated panels to the old facades, but these panels go 
around the exisƟ ng balconies.

In both of the opƟ ons the balconies of the bedrooms 
are removed and replaced by big glass facades. Both 
of the opƟ ons and the exisƟ ng situaƟ on are shown in 

elevaƟ ons and secƟ ons in the appendix. 

LOCATION AND OCCUPANTS 
The porch apartments of the BAM 2nd skin project are 
situated in RoƩ erdam; Schere 65-75. This project is 
the starƟ ng point of a lot of other renovaƟ onprojects 
of porch apartments in the Netherlands.

The porch apartments are inhabited by mainly three 
user types (Guerra-SanƟ n, 2014):

1. Elderly, alone or with partner. 
 They live in the residence approximately 15 
  years.
 
2. Families with on average 3 or 4 children (oŌ en  
  with migraƟ on background).
 They live in the residence approximately 4-5 
  years.

3. People with liƩ le local connecƟ on.
 (students, PhD, working abroad temporarily).
 They live in the residence approximately 1-2 
  years.

Elderly are the most important target group, because 
they live in the apartments on average longest. 



2.1 PROBLEM STATEMENT

2.  THESIS DEFINITION

2.2 THESIS OBJECTIVE

14 GraduaƟ on report // Eleonore Aghina 

This chapter provides a brief descripƟ on of the research of my graduaƟ on, in which the problem statement, research 
quesƟ ons, the objecƟ ves and methodology are ploƩ ed.

2.1.1. MAIN PROBLEM
We are looking for a change in human behavior to 
reach the goal of “nearly energy neutral” buildings 
in 2020. Simultanuously more elderly have to age in 
place because of the new health care rules. SoluƟ ons 
should be found to deliver a facade that is used energy 
neutral and contributes to a healthy, safe and indepen-
dent life of elderly ageing in place.

2.1.2. SUB-PROBLEMS
1.  Energy neutral behavior
2. Human behavior - changing behavior or chang-
ing technology to change behavior?;
3. Ageing populaƟ on – DeterioraƟ on of mental 
and physical health;

“ Triggering elderly’s behavior to an energy 
neutral and healthy use of the facade”

 1. ENERGY NEUTRAL BEHAVIOR
Energy neutral buildings will only be used energy 
neutral with the right approach of the occupants. To 
make sure occupants use their facade energy neutral, 
we have to make sure what the right use of an energy 
neutral facade is. 

 2. HUMAN BEHAVIOR -  HARD TO CHANGE
To achieve energy neutral buildings, a change in hu-
man behavior is necessary. The quesƟ on is how human 
behavior could be changed. Should the design trigger 
human behavior to a diff erent approach, or should the 
object be designed for behavior change?

 3. AGEING POPULATION 
The ageing populaƟ on faces mental and physical 
health problems. These deterioraƟ on aspects could be 
postponed or provided with excellent environmental 
condiƟ ons. What are the most common deterioraƟ on 
problems and how could these be postponed or pre-

vented to make sure the ageing populaƟ on can live in-
dependent and healthy longer?

2.2.1. GENERAL OBJECTIVE
The general objecƟ ve of my graduaƟ on project is to 
design an innovaƟ ve, interacƟ ve façade element that 
triggers elderly to energy effi  ciently use their façade. 
Elderly should be able to use the façade element inde-
pendently and the idea of the element should lead to 
a healthier way of living for elderly, implemenƟ ng new 
technologies could lead to these soluƟ ons.

The goal of this research is to provide a (range of) ide-
a(s) for ALCOA which can be implemented in their ex-
isƟ ng products. Because the composiƟ on of the pop-
ulaƟ on is changing, it’s aƩ racƟ ve for ALCOA to off er 
mulƟ -ageing-understandable products on this market. 

RESEARCH QUESTION: 
 “How can elderly be triggered to an ener-
gy neutral and healthy use of the facade?”

- Triggering/ changing human behavior
The façade element should trigger people to an ‘ener-
gy neutral-behavior’. The design of the element should 
be smart; not everyone understands how to use their 
home energy effi  cient. The element should be smart in 
changing human’s behavior.

2.2.2. SUB-OBJECTIVES
Design an interacƟ ve facade element which sƟ mu-
lates people to use their façade energy effi  ciently and 
triggers elderly who age in place to use their senses 
to prevent or postpone possible ageing issues. The 
façade element(s) should be;

Figure 9; Sub-problem 1 (own illustraƟ on)

Figure 10; Sub-problem 2 (own illustraƟ on)

Figure 11; Sub-problem 3 (own illustraƟ on)



2.3 METHODOLOGY

2.4 BOUNDARY CONDITIONS

GraduaƟ on report // Eleonore Aghina 15

- Energy neutral
The façade element should help to have a nearly ener-
gy neutral building and should be used with an energy 
neutral approach.

- Easy understandable (for elderly)
The interacƟ ons between façade and (ageing) people 
have to be simple but aƩ racƟ ve. While elderly don’t 
understand all new technologies and face mental prob-
lems, interacƟ ons have to be aƩ racƟ ve but obvious.

- Integrated in the Second Skin design
The design of the façade element(s) should be inte-
grated in the Second Skin design. It should give an an-
swer to the diff erent energy effi  cient aspects. It should 
be an all-in-one interface.

- Independent and healthy living environment
The acƟ ons which result in an energy neutral building, 
should also provide an independent and healthy living 
environment for elderly.

-  Added value
The design of the 2nd skin should not only aim for en-
ergy neutrality, but should also have an added value 
for the occupants. The design should provide overall 
comfort.

The method of this research consists of several stages 
(fi gure 13). The literature study was focused on energy 
consumpƟ on according to human behavior, elderly’s 
deterioraƟ on, design for behavior change and design-
ing for personas. Therefore books, websites, arƟ cles 
and input from ALCOA and my tutors are used.

Case studies are used to look at the exisƟ ng market of 
my research subject. The BAM 2nd Skin project is used 
as a reference project to apply the fi nal design to.
 
Interviews are done with specialists and elderly (the 
target group) to get more specifi c informaƟ on on their 
needs and demands. 

From there on concepts are translated into fi rst de-
signs. The designs are evaluated with the outcomes 
of the previous research, interviews and other input. 
From there on severel designs are chosen. 

These designs will be developed more in detail. The 
designs will be evaluated aŌ erwards.

2.4.1. ENERGY NEUTRAL - 2ND SKIN PROJECT
An applicaƟ on of the goal of nearly energy neutral 
buildings is shown in the BAM 2nd Skin project. To im-
prove the behavior of using the 2nd skin project ener-
gy neutral, the research will give answers on how to 
achieve this. Not all research conclusions can be ap-
plied in the BAM 2nd Skin project in this Ɵ me of grad-
uaƟ on period. One aspect of the BAM 2nd skin project 
therefor will be designed into detail. 

The BAM 2nd Skin project focuses on the facades, the 
roof and the ceilings. In my graduaƟ on project I will 
only focus on the facades. The goal is to achieve ener-
gy neutral buildings. An energy neutral building needs 
a liƩ le amount of energy, generates renewable energy 
and uses the energy energy effi  cient. In this project my 
focus will be on the energy effi  cient use of the facade.

Figure 12; Sub-objecƟ ves (own illustraƟ on)

Figure 13; Methodology (own illustraƟ on)



2.5 DESIGN ASSUMPTIONS
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2.5.1 ENERGY CONSUMPTION
With the same building condiƟ ons, some occupants 
sƟ ll use twice as much energy as other occupants do. 
To reach the goal of energy neutral buildings, not only 
building characterisƟ cs should be improved also occu-
pants behavior should be changed. The quesƟ on is if 
occupants should be able to regulate their own com-
fort or should the facade take over the whole control in 
living comfortably and energy effi  ciently.

OCCUPANTS HAVE CONTROL OVER THEIR COMFORT
Occupants mostly prefer to have control over their 
own comfort. To make sure occupants use their facade 

energy neutral, occupants should be more aware of 
their energy consumpƟ on. How should occupants use 
their facade in diff erent situaƟ ons (winter/summer & 
day/night) and how can we make sure they will use 
their facade energy effi  cient?

FACADE TAKES OVER CONTROL OF OCCUPANTS’ COMFORT
To prevent the problem of variaƟ ons in energy con-
sumpƟ on with similar building characterisƟ cs, the fa-
cade should take over the control of occupants’ com-
fort. While  occupants prefer to have control over their 
own comfort, we should take a look at which comfort 
aspects according to energy consumpƟ on could be tak-
en over by the facade.

The design assumpƟ ons are supposed design direcƟ ons 
which are important related to the research quesƟ ons. 
These assumpƟ ons are devided in two direcƟ ons; ‘en-
ergy consumpƟ on’ and ‘healthy life of elderly’. 

2.5.2 HEALTHY LIFE OF ELDERLY
Elderly deteriorate. Their deterioraƟ on will be post-
poned or prevented when they live in an healthier en-
vironment. An healthy environment doesn’t only point 
to physical health, but also to mental health.

PHYSICAL HEALTH
Households with elderly prefer diff erent comfort set-
Ɵ ngs than households without elderly. People more 
oŌ en noƟ ce odour air in households with elderly for 
example. How could the physical health of elderly be 
pursued while elderly sƟ ll feel comfortable? 

MENTAL HEALTH
Elderly deteriorate of physical health, but also mental 
health could be the causing factor of deterioraƟ on. Op-
Ɵ malizaƟ on of environmental aspects of elderly could 
prevent or postpone deterioraƟ on of elderly.

The quality of the environmental air and comfort 
should be opƟ mal and clear for elderly to prevent or 
postpone deterioraƟ on of elderly’s health.

2.4.2. ELDERLY LIVING INDEPENDENT AND HEALTHY
The research focuses primarily on elderly, but also 
gives answers for other user types. New laws in the 
care sector and therefor the higher amount of elderly 
ageing in place, makes this the most important target 
group of this Ɵ me. Their health, comfort preferences, 
abiliƟ es and safety should be taken into account.

2.4.3. TECHNOLOGY - ALCOA 
The technologies which will be used in the fi nal design 
should be in agreement with ALCOA. In the end the 
fi nal design could be an input for new devices in AL-
COA’s products.

2.4.4. INTEGRATED DESIGN
The design should give an answer to diff erent health 
demands of elderly and simultaneously to the energy 
effi  ciency goal.
All outcomes should be considered to be designed as 
integrated as possible, so the design will be seen and 
used as a completely integrated object.

Figure 14; Boundary condiƟ ons (own illustraƟ on)



3.1 SOCIETAL AND SCIENTIFIC RELEVANCE

3.  RELEVANCE
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With this research I want to prove the link between 
human behavior and energy consumpƟ on of buildings. 
The interacƟ on between human and the use of their 
façade should be improved to save energy and provide 
healthy comfort. I want to prove this with an innova-
Ɵ ve user interacƟ on design. The design can trigger 
human behavior, whereby people will use their façade 
energy effi  ciently and healthy.

Below a few recent and relevant newspaper arƟ cles 
and reports about energy consumpƟ on, behavior and 
elderly represent the relevance of today:

What is the sociatal and scienƟ fi c relevance of this research? Will the outcome have a fi nancial advantage on the cur-
rent market? These issues are described in this chapter, followed by a Ɵ meframe of the whole graduaƟ on period.

In 2020 all new buildings have to be ‘nearly energy 
neutral’. While the energy consumpƟ on of a building 
in the end always depends on the behavior of the user, 
innovaƟ ve user interacƟ ons have to be invented. The 
types of building users can diff er a lot, the populaƟ on 
is changing. The amount of 65-plus elderly grow from 
2,7 million in 2012 to 4,7 million in 2041 (CBS, 2014). 
A direct consequence will be the growing amount of 
elderly ageing in place. So elderly should be able to live 
with these innovaƟ ve user interacƟ ons too. While the 
ageing populaƟ on is growing and the demand for en-
ergy neutral buildings increases, this research is very 
relevant for the society.

Figure 15; The eff ect of energy 
performance regulaƟ ons and oc-
cupant behavior (Guerra-SanƟ n, 
2010)

Figure 16; Achieving energy effi  ciency through behavior 
                 change (EuropeanEnvironmentAgency, 2013)

Figure 17; Help elderly to learn to save energy (HLNregio, 2014)

Figure 18; Ageing: a chance for energysaving (Middelkoop, 2014)

Figure 19; January 2015: everyone needs an energylabel 
               (Wegwijs, 2014)

Figure 20; The cabinet wants to save more energy (ANP, 2014)

Figure 21; Energyeffi  cient housing pays off  especially with el
                 derly, but is in pracƟ ce diffi  cult (PBL, 2014)



3.2 FINANCIAL RELEVANCE

3.3 TIMEFRAME AND PRODUCTS
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Changing the interacƟ on behavior between facade and 
human/elderly should save a lot of energy. This would 
provide fi nancial advantages for the residents and 
would also help to reach the goal of nearly energy neu-
tral buildings in 2020. Therefor in fi nancial perspecƟ ve 
it is really interesƟ ng to do this research.

The Ɵ me span of this graduaƟ on research is approxi-
mately nine months. Because of personal issues, I de-
cided to do this research project in approximately 12 
months instead of 9 months. The Ɵ meframe is present-
ed in fi gure 22.

In this period of Ɵ me diff erent method stages will be 
gone through and several products will be produced. 
These products are;
- Final thesis/ report
-  Final design(s)
-  Drawings and visualisaƟ ons
-  Details of the fi nal design(s)
-  EvaluaƟ on, conclusions and recommendaƟ ons
-  PresentaƟ on 
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Figure 22; Timeframe graduaƟ on (own illustraƟ on)
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II. PRELIMINARY RESEARCH

This part of my thesis goes more into detail on the target 
group, elderly, and their deterioraƟ on. Followed by a research 
part about behavior according to energy consumpƟ on. 

Chapter 4 will give you a detailed view on elderly and their 
deterioraƟ on while ageing. This will be followed by a chapter 
in which diff erent user profi les are defi ned regarded to the 
diff erent interviews I did. These user profi les are usefull to test 
and evaluate later design decisions on.
Chapter 6 will provide informaƟ on on occupants’ behavior ac-
cording to energy consumpƟ on. And the last chapter of this 
secƟ on will go deeper into designing for the desired behavior 
according to energy consumpƟ on.



4.  ELDERLY

4.1 ELDERLY AGEING IN PLACE
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The amount of 65-plus elderly will grow from 2,7 mil-
lion in 2012 to 4,7 million in 2041 (CBS, 2014). Most of 
these 65-plus elderly are women (fi gure 24), because 
women live on average 5 years longer than men (CBS, 
2012). 

In 2012 4% of all 65-plus elderly in the Netherlands 
lived in a care or health insƟ tuƟ on. Figure 25 shows 
that most elderly in health and care insƟ tuƟ ons are be-
tween 80 and 94 years old, most of them are women. 

Elderly prefer to age in their familiar and safe home as 
long as possible instead of going to a care insƟ tuƟ on. 
Care insƟ tuƟ ons are mostly impersonal environments 
for them (SaƩ eliet, 2014).

The need to control the care costs and the desire to 
age in place as long as possible are mutually reinforc-
ing moƟ vaƟ ons that through the implementaƟ on of 
new technologies is rapidly actually achievable.

Ageing in place gets harder when you have to do it on 
your own, especially when you have some kind of age-
ing phenomena. Most women stay behind, by the age 

In the Netherlands between World War II and 1970 
the birth number quickly raised, the concequence of 
this so called babyboom is the rising amount of elder-
ly in our populaƟ on coming years. The growing ageing 
populaƟ on in the Netherlands causes problems in the 
care sector, there is no space for everyone in health 
and care insƟ tuƟ ons. For this reason more elderly have 
to age in place. 

The fi rst paragraph of this chapter is about the situa-
Ɵ on in the Netherlands and the amount of elderly that 
has to age in place. 
Elderly oŌ en suff er from diff erent deterioraƟ on fac-
tors, which makes it harder for them to age in place. 
The most common deterioraƟ on factors are discussed 
in paragraph 4.2. 
When elderly age in place, they also have to regulate 
their own comfort and energy consumpƟ on. Elder-
ly are big spenders of space heaƟ ng because of their 
higher temperature preference and their presence at 
home is larger. The energy consumpƟ on of elderly will 
be discussed in paragraph 4.3.
Paragraph 4.4 will provide conclusions about the most 
important deterioraƟ on factors elderly face and what 
the concequences are for the energy consumpƟ on in 
these situaƟ ons.

of 78 half of the women are widowed (fi gure 26 and 
fi gure 27) (CBS, 2012). Therefor it is necessary to take 
all possible deterioraƟ ons into account when consid-
ering ageing in place.

Figure 23; Age range of the Netherlands for 2030 (CBS, 2014)

Figure 25; Amount of elderly in health and care insƟ tuƟ ons by age 
and gender (CBS, 2012)

Figure 24; Percentage of men and women in the older populaƟ on 
(persons 65 years and older) by age (CBS, 2012)



4.2 DETERIORATION OF ELDERLY

4.2.1 MOBILITY PROBLEMS (IMMOBILITY AND INSTABILI-
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The geriatric giants are the most common deteriora-
Ɵ on factors elderly face as Marjolein van der Pol says 
(2014). The geriatric giants are; mobility problems (in-
stable and immobile), sensory disorders, inconƟ nence 
and cogniƟ ve disorders. 

If someone suff ers from one of the geriatric giants, 
the cause of this syndrome is always a concequence 
of mulƟ ple diseases simultaneously. A geriatric syn-
drome can be treated most eff ecƟ vely, when you deal 
with the problem from diff erent angles (Olde-Rikkert, 
2013). 

Twenty-fi ve percent of 65-plussers in the Netherlands 
have one or more disorders and already 53 percent of 
all 80-plussers experience one or more disorders (fi g-
ure 28) (CBS, 2011). The next subparagraphs will go 
deeper into the diff erent geriatric giants.

Twenty-six percent of 65-plus elderly have mobility 
issues. Most of these mobility problems are walking 
issues, issues carrying bags (force issues), and stand 
up and bend down issues (Olde-Rikkert, 2013). As fi g-
ure 29 and 30 show elderly are most vulnerable for 
mobility issues and most of these elderly are women 
(CBS, 2011). 

Most mobility issues are caused by severe back pain, 
joint problems (artrose), arthriƟ s (reuma) and elderly 
falling more easily. The best way to prevent mobility 
problems is to exercise enough (at least 30-60 minutes 
on a moderate intensity on at least 5 days a week). 
Also fall prevenƟ on measures can help to prevent el-
derly falling more easily (Olde-Rikkert, 2013). 

Mobility, sight and hearing disorders are also listed by 
highest level of educaƟ on (fi gure 31). It seems that 
people with lower educaƟ on have more disorders 
than people with higher educaƟ on. 

Most elderly with mobility problems also suff er from 
other diseases. These diseases are mostly the cause 
of their mobility problems. For example, as fi gure 40 
shows, 73% of all elderly with arthrisis (reuma) also 
suff er from mobility disorders (GGD, 2007, p.3). 

Figure 26; Men by age in marital status (CBS, 2012)

Figure 27; Women by age in marital status (CBS, 2012)

Figure 28; Percentage of none, one, two, three or four disorders in 
hearing, seeing, mobility and daily acƟ viƟ es, by age in the Nether-
lands (CBS, 2011)

Figure 29; Percentage of diffi  culƟ es in performing acƟ viƟ es which 
have to do with hearing, seeing, mobility and daily acƟ viƟ es, men 
by age in the Netherlands (CBS, 2011)

Figure 30; Percentage of diffi  culƟ es in performing acƟ viƟ es which 
have to do with hearing, seeing, mobility and daily acƟ viƟ es, wom-
en by age in the Netherlands (CBS, 2011)



4.2.2 SENSORY DISORDERS
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Elderly who live alone (without a partner) considerably 
have more mobility disorders than elderly who live to-
gether with their partner (fi gure 33). EducaƟ on, health 
(mental and physical), frequency of social contacts and 
saƟ sfacƟ on of contacts all play roles in mobility disor-
ders of elderly. 

For example elderly with a limited social network will 
earlier face mobility problems, because it is less easy 
for them to ask for help. 
But, limited social contacts could also be the conce-
quence of mobility problems (GGD, 2007, p.4).

Exercising enough can prevent a number of chronic 
diseases, not only mobility problems will be prevent-
ed or postponed. People who get enough exercises 
are less likely to face cardiovascular disease, obesity, 
osteoporosis and depression. Their reacƟ onƟ me, coor-
dinaƟ on of movements, memory, self-suffi  ciency and 
well-being are beƩ er than with people who move less.

Also elderly with limited movement possibiliƟ es should 
try to exercise, depending on their individual possibili-
Ɵ es and limitaƟ ons (Olde-Rikkert, 2013).

While a sƟ mulaƟ ng and thoughƞ ul environment helps 
to sƟ mulate the senses, most new technologies only 
sƟ mulate the visual sense. SƟ mulaƟ ng senses helps 
to contribute to recovery and has a great infl uence on 
the mental and physical health and behavior of peo-
ple (Hoogland, 2011). Changes in using senses can be 
triggered by creaƟ ng interacƟ ons between people and 
their environment. Sensory plans (fi gure 34) are inno-
vaƟ ve design tools that empower the designer to de-
liver opƟ mal supporƟ ve environments for the ageing 
community (Farrelly, 2014, p. 111).

One important sense receptor is hearing. It is said that 
noise is to people with demenƟ a what stairs are to 
wheelchair users (Farrelly, 2014, p. 110), so extra at-
tenƟ on on this receptor by ageing in place is necessary.

A second important receptor is smell. The smell sense 
can acƟ vate apparently forgoƩ en experiences and 
events from the past (Dieren, 2011, p. 28), so could in 
some way contribute to areas where occupants feel at 
home.

A third main receptor is vision. While ageing, the 
amount of light intensity people need changes, elder-
ly need more light. Using contrasƟ ng colours can help 
elderly to disƟ nguish between surface levels and fur-
nishing (Fielo & Warren, 2001, p. 240). Impairment of 
the visual receptor can also be directly related to sleep 
issues (Farrelly, 2014, p. 110). Color temperatures 
change during the day which have an infl uence on how 
acƟ ve/ sleepy you are (Dieren, 2011, p. 16). 

Figure 31; Percentage of diffi  culƟ es in performing acƟ viƟ es which 
have to do with hearing, seeing, mobility and daily acƟ viƟ es, by 
highest level of completed educaƟ on (CBS, 2012)

Figure 32; Mobility disorders at elderly with chronic diseases and 
disorders (GGD, 2007, p.3)

Figure 33; Mobility disorders at elderly in comparison to well-being 
(CBS, 2007, p.4)
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Next to the main receptors, others such as the sense of 
space, Ɵ me, pain and balance are all important in the 
ageing process. A sense of Ɵ me is especially important 
to elderly facing demenƟ a (Farrelly, 2014, p. 111). 
SƟ mulus-poor areas don’t trigger people to under-
stand or answer their environment. To integrate sen-
sory plans into a design elderly can feel more com-
fortable in their environment, but more informaƟ on is 
necessary to understand sensory disorders of elderly. 

As fi gure 29 and 30 in paragraph 4.2.1 already showed, 
impairment of sight and sound are the most common 
sensory disorders. Vision disorders occur more oŌ en 
than hearing disorders and again more women face 
these disorders than men (CBS, 2011). While sight and 
sound are the most common disorders, these will be 
discussed in detail on the next pages.

4.2.2.1. HEARING DISORDER
Age related hearing impairment is a form of sensori-
neural hearing loss or neuro-sensory impairment. This 
is caused by a disorder of the inner ear and / or the 
auditory nerve. This means that the sound vibraƟ ons 
are sƟ ll collected, but the signals are not processed 
correctly anymore and are no longer transported by 
the auditory nerve.
DeterioraƟ on of the inner ear does not only provide 
aƩ enuaƟ on of the sound but also distorƟ on of sounds: 
the sounds are someƟ mes duller and someƟ mes just 
very sharp. Elderly with hearing disorders oŌ en suff er 
more from environment sounds, while most people 
think elderly can only hear loud noises.

There are diff erent types of hearing disorders:
- CONDUCTIVE HEARING LOSS
The sounds seem soŌ er. This type of hearing loss is 
usually temporary. SomeƟ mes it comes naturally, 
someƟ mes your ears must be ejected or sucked or sur-
gery is needed.

- OBSERVATION- OR PERCEPTION LOSS
The sounds seem not only soŌ er, but can also be de-
formed, which makes them someƟ mes not sound nor-
mally. Loud noises can be painful or unpleasant.
PercepƟ on hearing loss is permanent. A hearing device 
can help in most cases.

- MIXED LOSS
Mixed loss includes both conducƟ ve hearing loss and 
percepƟ on hearing loss.

The causes of hearing disorders are not totally clear 
yet, but what we know; prevent exposure to lound 
noise (Gezondheid.be, 2012). 

The fi gures on the next page show how many people 
face hearing disorders and what it costs for the health-
care sector. Again women are the biggest group facing 
hearing disorders and between the age of 65 and 85+ 
the amount of hearing disorsders increases a lot (CBS, 
2011).

Figure 34; Sensory plans developed by IBI/NighƟ ngale (Farrelly, 
2014, p. 111)

Figure 35; InteracƟ on with the environment acƟ vates diff erent 
senses, these senses are most important and most used (own il-
lustraƟ on)

Figure 36; Structure of the human ear (Gezondheid.be, 2012)
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4.2.2.2. SIGHT DISORDER
There are four most common sight disorders. The four 
sight disorders (macular degeneraƟ on, diabeƟ c reƟ -
nopathy, glaucoma and cataract) have in common that 
their occurrence rises sharply with age (fi gure 40). Sev-
eral graphs show the point prevalences of the diff erent 
sight disorders by age and gender. To get a beƩ er idea; 
diff erent pictures of the same computer screen show 
the diff erent sight disorders in appendix A.2.

MACULAR DEGENERATION
Macular degeneraƟ on results in failure of the central 
part of the vision fi eld and leads eventually to severe 
visual impairment and blindness. SomeƟ mes the fail-
ure goes so quick that someone is seriously impaired 
within a few days. The fi rst symptoms are usually a dis-
torƟ on of the observed images (metamorphosis) and 
the sight is less sharp (NaƟ onaal Kompas, 2011).

DIABETIC RETINOPATHY
IniƟ ally diabeƟ c reƟ nopathy oŌ en progresses without  
any symptoms. In a more advanced stage the visual 
acuity decreases oŌ en dramaƟ cally. Early detecƟ on 
(and treatment) of diabeƟ c reƟ nopathy may be eff ec-
Ɵ ve, it can prevent damage to the reƟ na (NaƟ onaal 
Kompas, 2011). 

GLAUCOMA
Due to the gradual loss of the visual fi eld complaints 
occur quite late. People mostly fi nd out about glauco-
ma when they suddenly bump into objects or make 
chunks in traffi  c.
If you do not undergo treatments when having glauco-
ma, it will result in tunnel vision, followed by complete 
blindness (NaƟ onaal Kompas, 2011).

CATARACT
There will be a gradual decrease in visual acuity, which 
leads to (severe) impairment and blindness whithout 
treatment. The fi rst symptoms are blurred vision, dou-
ble vision in one eye, impaired color percepƟ on and 
quick glare at backlight (NaƟ onaal Kompas, 2011).

Figure 37; Clinical admissions, inpaƟ ent days, average length of 
stay and daystays for hearing disordered men (primary discharge 
diagnosis) in the period 1995-2010 (NaƟ onaal Kompas, 2014)

Figure 38; Clinical admissions, inpaƟ ent days, average length of 
stay and daystays for hearing disordered women (primary dis-
charge diagnosis) in the period 1995-2010 (NaƟ onaal Kompas, 

Figure 39; Healthcare costs for people with hearing disorders by 
gender and age (CBS, 2011)

Figure 40; Point prevalence of sight disorders by age and gender 
(NaƟ onaal Kompas, 2011)

Figure 41; Point prevalence macular degeneraƟ on by age and gen-
der (NaƟ onaal Kompas, 2011)
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To improve elderlies indoor comfort low frequency 
noises have to be fi ltered. While surrounding noises 
can be very  annoying too, noises with a level of 50 dB 
and higher have to be avoided too.

SIGHT DISORDER
Next to using glasses, enough light can also improve 
the sight of elderly a lot. At a higher age the sight be-
comes more blurry, because only a small part of the 
amount of light reaches the reƟ na (Starremans, 2011, 
p.11). Therefor it is important to keep the rooms of 
elderly light enough. 

A light enough room not only provides a beƩ er sight 
for elderly, it also makes them more acƟ ve and allert 
(Starremans, 2011, p.11). Research also confi rms that 
elderly’s orientaƟ on and memory are beƩ er in a room 
that is light enough (Starremans, 2011, p.12).

A transparent facade is therefor healthy for (ageing) 
people. SƟ ll, in the winter not enough daylight enters 
the buidlig, only a transparent facade is not enough. 
Therefor they invented daylight lamps. These lamps 
provide enough light, the light intensity is 500 lux 
(Starremans, 2011, p.13).

SƟ mulaƟ ng daylight should not only be done for bet-
ter vision for elderly. Sunlight also has an infl uence on 
the health of their bones and muscles. Our body cre-
ates vitamin D under the infl uence of direct sunlight, 
vitamin D contributes to the health of your muscles 
and bones. Normally 2/3 of the vitamin D we need is 
created due to direct sunlight (Dalen v., 2013). While 

4.2.2.3. ACTIONS WHEN FACING SIGHT- OR HEARING DISORDER
Diff erent devices for sight- and hearing disorders can 
solve mostly (part of) the disorder, like hearing de-
vices and diff erent types of glasses. SƟ ll specifi c envi-
ronments  for elderly with deterioraƟ ons in sight and 
hearing could improve their comfort levels. 

HEARING DISORDER
People mostly think when talking to elderly with a 
hearing disorder, they have to talk louder to make sure 
they are understandable. In fact this is not always true. 
Hard noises can be unpleasant and painfull for elderly. 
Also surrounding noises can sound very loud to them. 
Elderly oŌ en suff er from low frequency noise distur-
bance. Hearing impaired people mostly hear low fre-
quency noises beƩ er (Seniorennet,2015). Due to the 
long wavelengths low frequency sounds can diff er a lot 
in the same room; in the corners of the room the nois-
es sound harder than in the center of the room (Hat-
tem, 2014). Figure 45 presents a table of noise levels 
and sound percepƟ ons of these levels. 

Figure 42; Point prevalence diabeƟ c reƟ nopathy by age and gender 
(NaƟ onaal Kompas, 2011)

Figure 43; Point prevalence glaucoma by age and gender (NaƟ on-
aal Kompas, 2011)

Figure 44; Point prevalence cataract by age and gender (NaƟ onaal 
Kompas, 2011)

Figure 45; Sound percepƟ on scheme (Seniorennet, 2015)



4.2.3 INCONTINENCE

4.2.4 COGNITIVE PROBLEMS

4.3 ELDERLY AND ENERGY CONSUMPTION
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InconƟ nence may not seem very relevant for this re-
search, but inconƟ nence occurs mostly simultaneously 
with various other diseases or disorders and is therefor 
interesƟ ng too. 

InconƟ nence occurs mostly simultaneously with re-
duced mobility, mental and physical deterioraƟ on or 
lonelyness/ loss of partner. InconƟ nence is therefor 
hard to prevent, but by prevenƟ ng or postponing the 
simulataneously disorders inconƟ nence can be post-
poned or prevented too.

elderly stay inside more than other households, direct 
sunlight through the facade is very important. 

The number of people with demenƟ a in the Nether-
lands is esƟ mated at 230,000 people. Because of the 
aging populaƟ on and increasing life expectancy, it is 
expected that this number will rise to over 500,000 in 
2050. The chances of someone geƫ  ng demenƟ a in his 
life is 20% (Dimence, 2015).

With age everyone has to deal with gradual deterio-
raƟ on of the funcƟ oning of the brains. But when this 
happens quickly or dramaƟ cally, there may be a cog-
niƟ ve impairment. The deterioraƟ on of brain funcƟ on 
can cause disturbances in percepƟ on, aƩ enƟ on, con-
centraƟ on, memory, orientaƟ on, language and per-
forming pracƟ cal skills.

CogniƟ ve impairment can be temporary or permanent. 
Temporary changes occur, for example with psycho-
logical problems such as depression. They may have 
a physical cause, such as a disordered metabolism or 
bladder or pneumonia, of which especially elderly suf-
fer. Examples of permanent disorders are the various 
forms of demenƟ a, Alzheimer’s Korsakov and the ef-
fects of other acquired brain injury (Dimence, 2015).

PREVENTION OR POSTPONING COGNITIVE PROBLEMS
There are a lot of theories about prevenƟ ng or post-
poning cogniƟ ve problems, but no hard evidence is 
found yet. 

People try to force elderly to train their brains by doing 
a lot of memory games and training, but in the end it 
only works for a few percentage of the target group. 

Engineers try to fi nd new technology based soluƟ ons, 
but most of the Ɵ me these soluƟ ons are too hard for 
elderly to understand. 
As fi gure 47 shows, the amount of elderly using the in-
ternet daily is already 76% (CBS, 2015). Elderly are get-
Ɵ ng more modern, but they seem to get familiar with 
technical stuff  when they have been using it for a while 
(certainly when they are facing cogniƟ ve problems). 

So by implemenƟ ng a technology soon enough, elderly 
can get familiar with the technology and keep on using 
it  easier and more oŌ en.

Households with elderly seem to consume more ener-
gy than households without elderly. Guerra-SanƟ n and 
Tweed (2013) did a research on the energy consump-
Ɵ on of space heaƟ ng and cooling of a care home in 
the UK. Their goal was to fi nd out how to dramaƟ cally 
reduce the requirement of space heaƟ ng and cooling, 
whilst keeping or creaƟ ng air quality and an healthy 
comfortable environment (Guerra-SanƟ n et al., 2013, 
p.1).

Factors causing increase of the energy consumpƟ on 
were the overused air condiƟ oning during summer 
and heated unoccupied rooms (Guerra-SanƟ n et al., 
2013, p.3). Using air condiƟ oning not only causes high 
energy consumpƟ on, but has also eff ects on the health 
of the occupants. Strong variaƟ ons in temperature are 
not healthy (Farelly, 2014).

The staff  also noƟ ced stale air and odours in the rooms 
and therefor opened windows every morning, es-
pecially in the bedrooms the CO2 level seemed high 
(Guerra-SanƟ n et al., 2013, p.3). As elderly tend to ven-

Figure 46; Prevalence of inconƟ nence in the Netherlands (Tena, 
2014)

Figure 47; Daily users of internet by age (CBS, 2015)
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Ɵ late less than other households, logically more stale 
air and odours are considered. This indicates the need 
to greater venƟ laƟ on.

Due to the age and health condiƟ ons of the residents, 
the residents were less able to achieve comfortable 
condiƟ ons. It was hard for them to open/ close a win-
dow and to turn on/off  the radiator. 

Guerra-SanƟ n and Tweed (2013) concluded their re-
search with the assumpƟ on that with the right interac-
Ɵ on between people and building, beƩ er indoor con-
diƟ ons could be reached.

The geriatric giants are the most common deteriora-
Ɵ on factors elderly face as  shown in the previous para-
graphs. Elderly suff er most from mobility, hearing and 
sight disorders.

These deterioraƟ ons can’t be fully prevented by a fa-
cade design, but we could try to postpone them by de-

signing for elderly’s comfort and health.

As fi gure 48 shows, the problems elderly face most 
are mobility disorders. Followed by sight disorders and 
hearing disorders. 

CogniƟ ve problems occur oŌ en too. Research and 
interviews show that with implementaƟ on of a new 
helping tool elderly will use and understand the tool 
if you implement it soon enough (before geƫ  ng cog-
niƟ ve problems).

Elderly prefer higher temperature seƫ  ngs than young-
er people. Also their behavior towards venƟ laƟ on 
is diff erent; they venƟ late too liƩ le, with the conce-
quence of inside stale air and odours. They overuse 
their aircondiƟ oning during the summer, which can 
also be bad for their health. Besides that it is hard for 
elderly to achieve comfortable condiƟ ons because of 
mobility issues (Guerra-SanƟ n et al., 2013).

Figure 48; Most common disorders elderly scheme (own illustraƟ on)



5.  USER PROFILES

5.1 INTRODUCTION PERSONAS

5.2 INTERVIEWS
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Using personas/ user profi les to design and test prod-
ucts is a method to represent and communicate cus-
tomer needs. Customer needs should always be in the 
center of the design process of a product. Many orga-
nizaƟ ons fail to consider the customer needs as the fo-
cal point, as a result they don’t reach their target, con-
sumers or users (Miaskiewicz & Kozar, 2011, p.417).

By using diff erent personas for your product design, 
you present an aggregate of target users who share 
common behavioral characterisƟ cs which you can use 
to test your product specifi caƟ ons on (Miaskiewicz 
& Kozar, 2011, p.418). Use of personas could lead to 
limited opƟ ons of your design, which leads to simplic-
ity and avoids complexity (Miaskiewicz & Kozar, 2011, 
p.428).
Personas diff er in behavior, goals, occupaƟ on, likes and 
dislikes. Typically between 1 and 7 personas are devel-
oped to support a project (Marshall et al., 2013, p.1).

In this research the target group is elderly. Older users 
are oŌ en seen as one homogenous persona, whilst in 
reality they are heterogeneous as any other (Marshall 
et al., 2013, p.2). As seen in chapter 4 elderly suff er 
from diff erent disorders and have diff erent prefera-
Ɵ ons. Therefor it is usefull to create diff erent personas 
of elderly. 

In the end the usability of a product is most important. 
If the target group can use a product in a way that is 
effi  cient and saƟ sfying for them, they will use the prod-
uct (Goldberg et al., 2011, p.S188). The user should be 
in the center of the design (fi gure 49). 

AŌ er having done a lot of research on the target users 
and the energy effi  ciency of dwellings, it’s Ɵ me to talk 
with the target users in person. In the end they have to 
buy and use the product.

User profi les (personas) are necessary to defi ne the 
design requirements, which will be discussed later in 
this thesis. The fi rst paragraph of this chapter will go 
into user profi le (persona) literature and why the use 
of personas improves the design process. This will be 
followed by several interviews I did, to get to know the 
goals and diff erent behavioral aspects of the target 
group; elderly. These four diff erent interviews (fi gure 
50) are all discussed in paragraph 5.4 and elaborated in 
the appendix A.3. Paragraph 5.3 concludes how these 
user profi les and demands will help to defi ne the de-
sign requirements. 

As the target users for this research are elderly, it was 
Ɵ me to search for elderly living in the neighbourhood 
to have a chat with about their daily life, their percep-
Ɵ on of energy consumpƟ on and their comfort prefer-
ences.

To reach the target group, one of my mentors brought 
me in contact with Johan Molenbroek, an employee of 
the TU DelŌ . Johan set up an elderly network around 
DelŌ , containing elderly who are willing to parƟ cipate 
in research projects of the TU DelŌ . In a few days there 
were already enough enthousiasƟ c elderly who were 
willing to parƟ cipate in my research project. 

The elderly who parƟ cipated all lived in diff erent 
streets and diff erent types of houses. They all behave 
diff erent according to energy consumpƟ on. 

The interviews were done in four parts:
 1. Face-to-face interview according to their 
 percepƟ on of energy consumpƟ on;
 2. Interview by email according to research re-
 sults and design concepts (evaluaƟ on);
 3. Face-to-face interview according to their 
 percepƟ on of comfort;
 4. Interview by email according to research re-
 sults and design concepts (evaluaƟ on).

The aim of the fi rst interview was to fi nd out how the 
occupants behave according to their energy consump-
Ɵ on and if they were willing to save energy or not. 
The second interview was an interview by email with 
some hypothesesses according to saving energy and 
some design concepts to be evaluate by the elderly.
The aim of the third interview was to fi nd out more 
about the percepƟ on of comfort according to the fa-
cade. In the end the product should not only save en-
ergy but should also have an added value for the occu-
pants. Otherwise they won’t buy it or won’t use it in 
the right way.
And in the last interview new design concepts were 
presented to and evaluated by the elderly.

The quesƟ ons and notes of all the interviews are at-
tached in the appendix, the fi rst and third interview 
are discussed in this chapter, the second and fourth 
interview are discussed in the evaluaƟ on. 
AŌ er face-to-face interview 1 several personas were 
defi ned, but aŌ er the evaluaƟ on of design 1 and the 
second face-to-face interview, the demands of the per-



5.2.1 INTERVIEW 1 - ENERGY CONSUMPTION

5.2.1.1 RESULTS INTERVIEW 1 
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The fi rst interview was an introducƟ on interview to 
fi nd out the way of living of diff erent elderly, the types 
of dwellings they live in and the way they control their 
comfort according to energy. 

The interview was done with four diff erent elderly;
 1. Magda Wolthoorn, (age: 90 years)
 2. Lida Bergenhenegouwen (age: 67 years)
 3. Guus Maiburg (age: 70 years)
 4. Johannes Greven (age: 90 years)

sonas were narrowed. This helped to make the design 
requirements beƩ er and therefore the fi nal design 
more focused on the user.

In the appendix A.3.1. the types of dwellings and some 
building characterisƟ cs are described, aƩ ached some 
pictures of the dwellings. 

Most elderly don’t have an extensive venƟ laƟ on sys-
tem, they mostly venƟ late by opening windows. Their 
heaƟ ng system is mostly regulated by a (programma-
ble) thermostat. They were not really aware of what 
a healthy indoor climate is and what a healthy venƟ la-
Ɵ on behavior would be. One of the elderly was missing 
an innovaƟ ve insect screen  to project insects fl ying in 
when opening a window. All interviewed elderly were 
provided with modern technologies (computer, tele-
phone, etc.) and able to use these technologies.

The interviews show that a comfortable indoor climate 
is most important for elderly. They are willing to save 
energy, but only if their indoor comfort stays the same. 

They are mostly venƟ laƟ ng by opening windows. They 
tend to venƟ late less in winter than in summer. They 
are not aware of the importance of venƟ laƟ on for their 
own health. 

Most deterioraƟ on is seen in mobility, hearing and vi-
sion disorders. They use devices to resolve their hear-
ing and vision problems. Most of the elderly try to go 
outside a lot, especially in summer, but their mobility 
disorders can someƟ mes be a struggle to go outside. 
Most mobility problems are seen in walking. The sec-
ond largest deterioraƟ on is sight. Elderly have prob-
lems with overexposure and need more light to do 
their daily acƟ viƟ es.

In the appendix A.3.1., the outcomes of the interviews 
are elaborated in a narraƟ ve form, illustrated by pic-
tures of the dwellings. 

The interview quesƟ ons and answers of the diff erent 
parƟ cipants are aƩ ached in appendix A.3.1.

The interviews helped to confi rm some research re-
sults, but also led to new perspecƟ ves.

By taking these fi rst interviews with diff erent elderly, 
their way of living became more realisƟ c. The higher 
temperature seƫ  ng of elderly, which was found in the 
research, was confi rmed by the elderly who parƟ cipat-
ed in the interviews. Most of the elderly are willing to 
save more energy, but don’t want to put much eff ort in 
it. The devices to achieve energy effi  ciency also have to 
be clear and simple. 

Figure 49; User-centered-design (UCD) scheme (Goldberg et al., 2011, p.S189)

Figure 50; Process defi ning personas (own illustraƟ on)



5.2.1.2. DEFINING PERSONAS INTERVIEW 1
As the introducƟ on of this chapter explained, using 
personas/ user profi les to design and test products is 
a method to represent and communicate customer 
needs. The user should be in the center of the design, 
to make sure the product is used in the intended man-
ner and to make sure the users are willing to buy the 
product.

The fi rst interviews and read literature helped to defi ne 
the fi rst ‘concept’ personas to support the design pro-
cess. From the fi rst interviews and literature fi ve diff er-
ent personas are difi ned: the “easy comfortables”, the 
“all Ɵ me savers”, the “spenders”, the “mobility suff er-
ers” and the “sight suff erers”. These diff erent personas 
diff er in deterioraƟ on, likes and dislikes, percepƟ on of 
saving energy, etc. Below these diff erent personas are 
described aƩ ached with a picture to bring the perso-
nas ‘alive’. 
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able. They open a window now and then. They 
don’t really spend aƩ enƟ on on venƟ laƟ ng enough 
and having a healthy indoor climate.

They don’t really want to put a lot of eff ort in sav-
ing energy, but if it is easy they would like to save 
more energy.

for example opening a window on a big height is 
diffi  cult for them.

Moving is important, especially for elderly. So they 
should be triggered to keep moving, but we should 
take their mobility deterioraƟ ons in mind while de-
signing.

be avoided. They prefer to read in daylight instead 
of arƟ fi cial light.

While enough light is important, but overexposure 
should be avoided, we need to make sure that the 
daylight transmissions are adjustable and the arƟ -
fi cial light can provide the rest.

eff ort in saving energy. Their comfort is the most 
important thing.

They are interested in new technologies, but only 
if it has enough advantages to make their life more 
comfortable and more fun. 

The “easy comforta-
bles” are elderly who 
spend a lot of Ɵ me in 
their apartment, most 
of it in the living room.

They don’t spend Ɵ me 
on reprogramming the 
thermostat, they just 
want to feel comfort-

The “mobility suff erers” 
are elderly who have 
diffi  culƟ es in their mo-
bility.

The most common 
mobility problems are 
walking and reaching. 
They have diffi  culƟ es 
reaching high objects, 

The “sight suff erers” 
are elderly who have 
diffi  culƟ es with their vi-
sion (reading and light 
intensity).

Elderly need more light 
for diff erent acƟ viƟ es 
than others, but over-
exposure should also 

The “spenders” are el-
derly who are at home 
approximately all day. 

Their thermostat is pro-
grammed on 22-23 de-
grees all day and night. 
They  want to feel com-
fortable all the Ɵ me 
and don’t want to put 

1. THE “EASY COMFORTABLES” 4. THE “MOBILITY SUFFERERS”

5. THE “SIGHT SUFFERERS”

3. THE “SPENDERS”

2. THE “ALL TIME SAVERS”

set every day, they are very much into saving en-
ergy. 

If there are possibiliƟ es to save more energy, they 
would like to integrate them, but they should be 
integrated soon enough to be sure to get familiar 
with te system before deterioraƟ ng.

The “all Ɵ me savers” 
are elderly who moved 
to more elderly-friend-
ly apartments because 
they are very aware of 
elderly’s deterioraƟ on 
possibiliƟ es. 

They have a manual 
thermostat which they 



5.2.2 INTERVIEW 2 - EVALUATION 1

These diff erent personas can occur simultaneously, so 
someone (persona 3) who doesn’t want to save energy 
(the “spender”), can also partly be persona 4 (the “mo-
bility suff erer”). 

These diff erent personas will help to defi ne the de-
sign requirements. In a later stage of the design and 
research process the same parƟ cipants will be asked to 
take part in a second face- to- face interview (they all 
agreed to be able to take part in it).

The personas defi ned aŌ er the fi rst interviews helped 
to make the fi rst design concepts of the 2nd skin proj-
ect (appendix A.5). These design concepts and some 
hypothesesses were evaluated by the parƟ cipants. 

The evaluaƟ on part is elaborated in chapter 12. AŌ er 
the evaluaƟ on a second face-to-face interview was 
set up to re-defi ne the personas more. The fi rst face-
to-face interview was focused more on behavior and 
energy consumpƟ on, while the second face-to-face in-
terview more focused on the percepƟ on of comfort of 
the occupants.

5.2.3 INTERVIEW 3 - COMFORT PERCEPTION
The third interview (second face-to-face interview) 
was an interview to fi nd out more about the comfort 
preferences of elderly. We want them to live more en-
ergy effi  cient and in an healthier way, but they will only 
use the product if the added value (comfort) is large 
enough.

The interview was done with three diff erent elderly;
 1. Magda Wolthoorn, (age: 90 years)
 2. Lida Bergenhenegouwen (age: 67 years)
 3. Guus Maiburg (age: 70 years)

The quesƟ ons and elaboraƟ on of the interviews are at-
tached in the appendix, clarifi ed by pictures. 

By having done these interviews it became much clear-
er what the preferences of elderly are according to the 
facade. The fi rst and second face-to-face interview 
show a lot of similariƟ es between the diff erent parƟ c-
ipants. These similariƟ es in preferences and behavior 
are all visualized in this paragraph.

These preferences do not really change the diff erent 
personas but they narrow the demands of the perso-
nas. Both the personas and the preferences have to be 
taken into account when defi ning the design require-
ments for the fi nal design. In total 15 preferences of 
the elderly are visualized and explained here.

1.  ELDERLY TEND TO VENTILATE TOO LITTLE
Most of the elderly have a mechanical venƟ laƟ on sys-
tem, but hardly use it. Especially in winter they there-
fore venƟ late too liƩ le.

2.  NATURAL VENTILATION IS PREFERED (LARGE 
OPENINGS), BUT PREVENT DRAFT
Lida: “I can only open a small upper part of the win-
dow, that makes venƟ laƟ ng very hard for me.”

3.  INSECT PROTECTION
Magda: “In summer the door of the balcony is always 
open. In front of the opening I place an insect curtain. 
But it is diffi  cult for me to hang the insect curtain on its 
place.”

4.  RAIN PROTECTION
Guus: “I am happy with my indoor balcony, in this way 
we are sƟ ll protected against rain while venƟ laƟ ng 
naturally.”

5.  DETERIORATION ELDERLY
All diff erent deterioraƟ on factors of elderly should be 
taken in mind. The most important ones are mobility 
and sight disorders.

6.  REACHABILITY
Lida: “I made a sƟ ck with a rod on top to open and close 
the windows, otherwise I cannot reach them.”
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13.  ABILITY TO KEEP PLANTS (IN- AND OUTSIDE)
Magda: “I mainly use my balcony for my plants and 
to sit outside in summer. I increased the width of my 
windowsill to place my plants on them to catch enough 
daylight.”

14.  ABILITY TO HANG CURTAINS
Guus: “We have too layers of curtains: one against cold 
and draŌ , a second one to provide privacy (this one is 
more transparent).”

15.  WINDOWSILL INSIDE
Magda: “I increased the width of my windowsill to 
place my plants on. In this way they can catch enough 
daylight.”

As shown in the visualizaƟ on, the parƟ cipants have a 
lot of similariƟ es in facade and comfort preferences. 
These outcomes can be seen as starƟ ng design re-
quirements, which sƟ ll should be sharpened before 
the designs can be checked on these requirements. 

The outcomes of interview 3 help a lot in the design 
process of comfort, sƟ ll both the outcomes of inter-
view 1 (the personas) and 3 should be taken into ac-
count while defi ning the design requirements. 

7.  TRANSPARENCY ON ALL LEVELS
Guus: “ConnecƟ on with the environment is very im-
portant. Therefor transparency is essenƟ al, the balus-
trade should be transparent too.”

8.  COMFORT (HIGHER TEMPERATURE PREFERENCE)
Magda: “I get cold very fast, the new design should 
provide overall comfort. I don’t want to get cold feet.”

9.  ABILITY TO CLEAN ALL WINDOWS
Lida: “I can not rotate or open the side window on my 
balcony, therefore the window is never cleaned and be-
came non-transparent.”

10.  OUTSIDE AREA/ BALCONY
Most elderly only have a balcony and no other outside 
area. They all prefer a fi xed balcony instead of a tem-
porarily balcony so their plants and furniture can re-
main on the same place.

10.  PROTECTION AGAINST WIND
Lida: “The glass panel at one side of the balcony is not 
fully connected to the wall, this causes a cold airfl ow, 
which is a disadvantage. I solved it by adding an extra 
strip to overcome the airfl ow.”

11.  REGULATABLE DAYLIGHT
Magda: “During the dayƟ me I close the curtains to pre-
vent overexposure when I am using my computer.”

7. 8.

5.2.4 INTERVIEW 4 - EVALUATION 2
The personas defi ned aŌ er the fi rst interviews and 
the preferences visualized aŌ er interview 3 helped to 
make a step forward into the process of designing con-
cepts for the 2nd skin project. These design concepts 
and some hypothesesses were evaluated by the parƟ c-
ipants. The evaluaƟ on part is elaborated in chapter 12. 
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5.3 CONCLUSIONS
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SomeƟ mes you think one interview is enough to un-
derstand the situaƟ on, preferences and daily life of 
the parƟ cipant. But as shown in this chapter, you get 
to know a lot more about someone aŌ er doing more 
than one interview. 

The personas defi ned aŌ er the fi rst interview helped to 
make some fi rst design steps. AŌ er the fi rst evaluaƟ on 
it seemed that these design sƟ ll missed some essenƟ al 
aspects according to the users. The second face-to-face 
interview made much more clear what the comfort de-
mands and preferences were of the elderly. 

These personas and demands should sƟ ll be specifi ed 
stricter, but are already a step forward in defi ning the 
design requirements for the fi nal design. 



6.  OCCUPANTS’ BEHAVIOR AND ENERGY CONSUMPTION
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In 1980 about 75 percent of the energy consumed in 
the residenƟ al sector in the Netherlands was used for 
home heaƟ ng  (Verhallen & Raaij, 1981, p. 1). This per-
centage is reduced a lot already due to governments 
regulaƟ ons on making buildings more energy effi  cient. 
Most of these measures are technical and relate to 
heaƟ ng and venƟ laƟ on installaƟ ons. 

Although these new building regulaƟ ons reduced the 
energy consumpƟ on of households, Jeeninga et al. 
(2001) presented numbers of the actual energy con-
sumpƟ on of households living in dwellings with the 
same theoreƟ cal energy performance. The energy con-
sumpƟ on of these households can vary by up to a fac-
tor of two (Guerra-SanƟ n, 2010, p. 14). This confi rms 
the fi ndings of DeltaWonen; the energy consumpƟ on 
of a building in the end always depends on the behav-
ior of the users (2014). We are looking for the infl uenc-
es of occupants’ behavior to these large variaƟ ons in 
energy consumpƟ on and a way to bring these to fur-
ther reducƟ ons in energy consumpƟ on.

Figure 51 shows the energy consumpƟ on of house-
holds between 1990 and 2012. The fi gure shows that 
the gas consumpƟ on in 2012 declined compared to 
1990. This decline is the concequence of improving the 
insulaƟ on of dwellings, replacing installaƟ ons for more 
effi  cient ones, more new buildings, etc. 

The fi gure also shows that since 1990 the electricity 
consumpƟ on increased and gets more stable now. This 
increase can be declared by the raising amount of tech-
nical devices occupants use in their houses.

As fi gure 52 shows more than 75% of the gas con-
sumpƟ on goes to space heaƟ ng. Followed by domesƟ c 
water heaƟ ng and cooking (Energieloket, 2013):
- Cooking   50 m3

- DomesƟ c water heaƟ ng 300 m3

- Space heaƟ ng    1.150 m3

In households most of the electricity consumpƟ on 
goes to cooling, cleaning, lighƟ ng and domesƟ c water 
heaƟ ng (fi gure 53). 

According to the energy neutral facade space heaƟ ng, 
cooling and lighƟ ng are most relevant for this research. 
In the next paragraphs these will be discussed in detail.

Figure 53; Electricity consumpƟ on households (Energieloket, 2013)

Figure 54; Summary fi gure of energy consumpƟ on (own illustraƟ on)

Figure 52; Gas consumpƟ on households (Energieloket, 2013)

Figure 51; Energy consumpƟ on households (Energieloket, 2013)



6.1 DIFFERENT INFLUENCES OF OCCUPANTS’ BE-
HAVIOR ACCORDING TO ENERGY USE
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Figure 55; The eff ect of occupants’ behavior on energy consumpƟ on 
                 (Guerra-SanƟ n, 2014, p.89)

Figure 56; Overall gas consumpƟ ons by dwelling type (Menkveld, 
2009, p.5)

Figure 57; The eff ect of occupants’ behavior on energy consumpƟ on, elaborated (Guerra-SanƟ n, 2014)

Olivia Guerra-SanƟ n did a broad research on the eff ect 
of energy performance regulaƟ ons and occupant be-
havior. Building and household characterisƟ cs have a 
big infl uence on occupants’ behavior according to en-
ergy consumpƟ on (Figure 55). 

Also the type of dwelling has an infl uence on the 
amount of energy consumpƟ on. Figure 56 shows the 
gas consumpƟ on of diff erent types of dwellings. A de-
tached dwelling uses about 45% more than the aver-
age gas consumpƟ on of all diff erent dwelling types. A 
2-under-1-roof dwelling uses approximately 10% more 
than average and a corner dwelling about 8% more 
than average. A terraced dwelling uses 10% less than 
average and a fl at-fl oor dwelling even 30% less than 
average (Menkveld, 2009, p. 5). 

Building characterisƟ cs (like building type, heaƟ ng sys-
tem, venƟ laƟ on system, window glazing type, etc.) in-
fl uence the behavior of the occupants. For example, if 
the residents have a manual valves radiator they will 
use their heaƟ ng system diff erently than people who 
have a programmed thermostat.

Secondly the household characterisƟ cs (like income, 
household size, presence at home, presence of elderly 
etc.) have an infl uence on the occupants’ behavior. For 
example elderly mostly prefer a higher inside tempera-
ture than occupants of other ages.

The occupants’ behavior itself is also dependent on the 
type of user, personal background, aƫ  tudes, percep-
Ɵ on of comfort, lifestyle and preferences. All these dif-
ferent infl uences are shown in fi gure 57 (Guerra-San-
Ɵ n, 2010, p. 89).

While building characterisƟ cs get improved due to the 
stricter energy regulaƟ ons, we have to look at the be-
havior according to energy consumpƟ on. In this range 
four domains are important according to energy con-
sumpƟ on for dwellings:  
  - Use of heaƟ ng system;
  - Use of venƟ laƟ on system;
  - Use of rooms and presence at home;
  - Use of lighƟ ng.
These domains will be discussed in the next para-
graphs.



6.2 OCCUPANTS’ BEHAVIOR ACCORDING TO HEATING

6.3 OCCUPANTS’ BEHAVIOR ACCORDING TO VENTILATION
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Figure 58 shows the development of the average gas 
consumpƟ on of diff erent dwelling types. The aver-
age gas consumpƟ on is reduced from ca. 3150m3  per 
dwelling in 1980 to ca. 1950m3 per dwelling in 1999. 
This reducƟ on is mainly caused by the strict insulaƟ on 
rules and the improvement of the effi  ciency of the boil-
er, as a concequence the energy consumpƟ on for space 
heaƟ ng is reduced.
Also changes in lifestyle have a big eff ect on the re-
ducƟ on; the average aƩ endance rate at home reduced 
and the average family size decreased (Jeeninga et al., 
2001, p.31).  

Figure 59 shows the development of the average gas 
consumpƟ on for space heaƟ ng per dwelling type. The 
fi gure shows that for all type of dwellings the gas con-
sumpƟ on reduced a lot between 1980 and 1999 (Jeen-
inga et al., 2001, p.32).  

Since 1999 the energy consumpƟ on rules on space 
heaƟ ng became stricter. Energy consumpƟ on for space 
heaƟ ng is reduced a lot already, but could be reduced 
more when you look at the results from the research of 
Olivia Guerra-SanƟ n. The results show that the amount 
of energy consumpƟ on depends the most on the type 
of heaƟ ng system (Guerra-SanƟ n, 2010, p. 109) and the 
way occupants use their heaƟ ng systems. 

While most occupants think they save energy by using 
a programmable thermostat instead of using a radiator 
with manual valves, Guerra-SanƟ ns research shows the 
opposite (Figure 60). 

Households with a programmable thermostat tend to 
have their radiators on for more hours a day and more 
rooms heated than households with a manual thermo-
stat or radiators with manual valves. 
The reason of this high energy consumpƟ on for people 
with a programmed thermostat is because they have 
their heaƟ ng programmed on a high temperature when 
they are at home and on a lower temperature when 
they are absent. While manual valves radiator users 
put off  their radiators when absent. So the amount of 
usage hours have a stronger eff ect on energy consump-
Ɵ on than temperature seƫ  ng.

Households with mechanical exhaust venƟ laƟ on use 
their venƟ laƟ on systems fewer hours per day than 
households which make use of balanced venƟ laƟ on 
(Guerra-SanƟ n, 2010, p.109) (fi gure 61).

Households tend to venƟ late more oŌ en with grilles 
and windows than with mechanical venƟ laƟ on. Win-
dows were usually open for a few hours a day, grilles 
were usually closed or open all day (Guerra-SanƟ n, 

Figure 58; Development of average gas consumpƟ on for space 
heaƟ ng, domesƟ c hot water and cooking for homes with a connec-
Ɵ on to the natural gas network (Jeeninga, Uyterlinde, & Uitzinger, 
2001, p.31)

Figure 59; Development of average gas consumpƟ on for space 
heaƟ ng per dwelling type, for homes with an individual central 
heaƟ ng installaƟ on (Jeeninga et al., 2001, p.32)

Figure 60; RelaƟ onships between the type of temperature control, 
use of the heaƟ ng system and energy consumpƟ on (Guerra-SanƟ n, 
2010, p. 109)
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2010, p.111). Half of the respondents always kept the 
grilles open (Guerra-SanƟ n, 2010, p.111) and most 
of the respondents always kept the windows open in 
bed- and bathrooms (Guerra-SanƟ n, 2010, p.112).

Households with a mechanical venƟ laƟ on system kept 
the system either always off  or at the lowest seƫ  ng 
(Guerra-SanƟ n, 2010, p.112).

By venƟ laƟ ng your home enough, you can also save 
heaƟ ng costs. When there is too much moisture in 
your room in the morning, it is harder to heaten up 
your room again (it costs more energy) (VesƟ de, 2014). 

Too less venƟ laƟ on can cause moisture, but also odour 
air and harmful poluƟ on (VesƟ de, 2014).

Presence at home of course has an infl uence on the 
amount of energy you use, especially the presence of 
elderly. 

Elderly prefer higher temperature seƫ  ngs than house-
holds without elderly (Guerra-SanƟ n, 2010, p.115). 
Households with elderly are also more hours present 
at home than others.
Elderly tend to keep their windows open for fewer 
hours per day in living room and bathroom than house-
holds without elderly (Guerra-SanƟ n, 2010, p.116). 

Especially for elderly lighƟ ng is important because 
of the deterioraƟ on of their eyes. Elderly need more 
(day)light than others. 

In fi gure 63 diff erent lamp types are compared accord-
ing to energy consumpƟ on. The graph shows that LED 
and energy saving lamps are most energy effi  cient. 

Besides that daylight is an important light source. It 
does not only provide light, but also vitamin D. Vita-
min D contributes to the health of elderly’s bones and 
muscles. 

When the transparency of the facade is large and el-
derly are able to regulate the let in of daylight, they 
will use the arƟ fi cial lighƟ ng inside less.

(Day)light has a big infl uence on the day- and night 
rhythm of elderly. When too liƩ le light reaches the 
eyes, people get Ɵ red sooner. Besides that diff erent 
acƟ viƟ es require diff erent light intensiƟ es, so the light 
intensity should be adjustable. Also the colours of the 
light can have an infl uence on behavior. Light with a 
green-bluish colour prevents the sleepy feeling most 
(van Hoof, Schoutens et al., 2007, p.16). Furthermore 
daylight has an infl uence on the increase of the body 
temperature (van Hoof, Schoutens et al., 2007, p.16). 

Figure 84  on the next page shows some important 
fi ndings on energy consumpƟ on according to energy 
use in Dutch dwellings. These fi ndings are explained 
in the text below, and translated in conclusions which 
will be used as design drivers in the design process.

TYPE OF HEATING
Households with diff erent types of heaƟ ng systems 
consume diff erent amounts of energy according to 
space heaƟ ng. Households with a programmable 
thermostat tend to use their heaƟ ng system for more 
hours a day and heat more rooms per day and house-
holds with radiators with manual valves appear to be 
the least energy consumers, while most people think 
the opposite.
Users turn out to be more aware of their energy con-
sumpƟ on when they have to control the temperature 
each day by themselves instead of using a prepro-
grammed device that controls the temperature for 
them.
So, to make people save more energy, they should be 
made more aware of their energy consumpƟ on. This 
should be done by a device that does not only trig-
ger them to undertake an acƟ on, but also makes them 
aware regularly.

Figure 61; RelaƟ onships between the type of venƟ laƟ on control 
and use of energy consumpƟ on (Guerra-SanƟ n, 2010, p. 109)

Figure 62; RelaƟ onships between the type of temperature control 
and the presence of elderly (Guerra-SanƟ n, 2010, p. 109)

Figure 63; comparing energy costs between incandescence, LED 
and energy saving lamp (Agt v., 2009)
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TYPE OF VENTILATION
Households tend to venƟ late more oŌ en with grilles 
and windows than with mechanical venƟ laƟ on. While 
mechanical venƟ laƟ on (with heat recovery) is much 
more energy effi  cient than venƟ laƟ ng by opening win-
dows or grilles, especially because households with 
grilles mostly keep their grilles open all day. 
Households do not seem to realize the importance of 
venƟ laƟ on according to their health and energy con-
sumpƟ on. Occupants should be made more aware of 
the importance of venƟ laƟ ng.
The implementaƟ on of a sensored device that shows 
the health of the indoor climate should make the oc-
cupants more aware of the importance of venƟ laƟ ng. 
Besides that there should be a link between venƟ laƟ ng 
by mechanical venƟ laƟ on or by opening windows, so 
windows won’t be open simultaneously while venƟ -
laƟ ng by mechanical venƟ laƟ on. Especially during the 
winterƟ me the occupants should be made aware of 
the advantages of venƟ laƟ ng by mechanical venƟ laƟ on 
(with heat recovery).

PRESENCE OF ELDERLY
The presence of elderly correlates with higher tem-
perature seƫ  ngs and fewer hours of venƟ laƟ on. Elder-
ly prefer higher temperatures and therefor also tend 

to venƟ late less. While a healthy climate is important 
especially for elderly because of their longer presence 
at home and higher chance on deterioraƟ on. 

TYPE OF ROOM
The living room seems to be the most energy consum-
ing room. FiŌ y percent of the respondents always keep 
their radiators on and simultaneously fi Ō y percent of 
the respondents always keep the grilles open in the liv-
ing room.
A larger percent of the respondents always kept the 
windows open in bed- and bathroom.
Occupants should be made more aware of their energy 
consumpƟ on according to opening windows and using 
the heaƟ ng system at the same Ɵ me. 

LIGHTING
Elderly need more (day)light than others because 
of the deterioraƟ on of their eyes. The inside lighƟ ng 
lamps should be energy effi  cient. Besides that the fa-
cade should be transparent for a large part (large win-
dow surface) to save lighƟ ng costs and provide day-
light. Large openings of the facade should be possible 
to provide vitamin D to elderly.

Figure 64; Findings energy consumpƟ on according to occupants’ behavior (own illustraƟ on)
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The 2nd skin project aims to develop an integrated and 
eff ecƟ ve renovaƟ on soluƟ on for porch apartments in 
the Netherlands. Today the diff erences in energy con-
sumpƟ on between diff erent households are huge, we 
need to get more insight in the relaƟ on between en-
ergy consumpƟ on and the users. The endeavor is to 
ensure the zero-energy target, in which both build-
ing-related and user-related energy consumpƟ on are 
considered. So, to achieve these energy neutral build-
ings, not only building regulaƟ ons get stricter, but also 
a change in user behavior is necessary. In the end the 
energy consumpƟ on of a building depends on the be-
havior of the user(s) (DeltaWonen, 2014). Encourage 
people to change their behavior are generally about 
trying people to do something, or trying people not to 
do something. Many strategies have been developed 
to explore which methodology works best to achieve 
users to consume less energy. 

The goal of the 2nd skin project is to develop a meth-
odology for a zero energy approach in renovaƟ on 
projects. To reach this, part of the strategy consists of 
monitoring and evaluaƟ ng the right feedback to the 
users to decrease their energy consumpƟ on. Diff erent 
devices have been developed to monitor, evaluate or 
even manage the energy consumpƟ on of occupants. 
Diff erent types of these management systems will be 
discussed in this chapter.

Smart meters (fi gure 65) are intended to benefi t the 
gas or electricity supplier and distributor (Dam, 2013, 
p.35). These meters record the energy consumpƟ on 
in intervals of an hour or less and communicate these 
back to the supplier and distributor. 

One benefi t of the smart meter is the end to esƟ mated 
bills (Wikipedia, 2015). A second benefi t is that smart 
meters provide up-to-date informaƟ on on the ener-
gy consumpƟ on of a household, they give occupants 
more insight in their daily consumpƟ on (Wikipedia, 
2015). SƟ ll many occupants have no idea what the 
numbers on their smart meters say. There the ‘home 
energy management system’ comes in.

Paragraph 7.2 will give an extended explanaƟ on about 
‘home energy management systems’ and in what way 
these should be designed.

Home energy management systems (HEMS) cover a 
wide range of devices like energy monitors, eco-feed-
back devices and energy consumpƟ on indicators (Dam, 
2013, p.34). HEMS are developed to provide house-
holds accessible insight into their energy consumpƟ on 
(gas and electricity) by visualizing, managing and/or 
monitoring the energy use of products of enƟ re house-
holds (Dam, 2013, p.35). 

HEMS are intended to help the users to reduce the 
overall energy consumpƟ on of their household, this 
makes them diff erent from smart meters (Dam, 2013, 
p.35). HEMS really focus on the computer-human in-
teracƟ on, where smart meters don’t (Dam, 2013, 
p.85). SƟ ll households diff er so much, that we have 
to take all infl uencing factors into account. Figure 66 
shows a framework of infl uencing factors on the use 
and eff ecƟ veness of HEMS.

Figure 65; Smart meter (Wikipedia, 2015)

Figure 66; Framework on factors infl uencing the use and eff ecƟ ve-
ness of HEMS (Dam, 2013, p.82)
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As we saw in the chapter of the user profi les/ perso-
nas, users diff er a lot. Therefore HEMS cannot be de-
signed into one right product for everyone. HEMS have 
six variables to try to meet people’s diff erent prefer-
ences. These six variables are (fi gure 67): 

- The type of energy measured (gas and/or electricity);
- The level of feedback (feedback on overall household 
consumpƟ on, informaƟ on for separate appliances, 
feedback to just one appliance);
- The type of feedback (factual, social or comparaƟ ve, 
fi gure 68);

- Strategies to infl uence energy consumpƟ on (Do they 
only monitor or also manage the energy consump-
Ɵ on?);
- The architecture of the HEMS (touch screens, online 

web applicaƟ ons, standby-killers, etc.);
- The intended purpose (energy saving or peak saving) 
(Dam, 2013, p.107).
HEMS visualize the energy consumpƟ on in a way that 
the users can mentally interpret the actual energy fi g-
ures (Dam, 2013, p.109). 

Unfortunately most of the Ɵ me HEMS slowly driŌ  into 
the background of people’s aƩ enƟ on. This could be 
explained by the fact that at a certain point users un-
derstand their energy consumpƟ on paƩ erns more and 
more and thereby use their HEMS less. But of course it 
can also be expected that people loose interest in us-
ing the HEMS. Sonja van Dam (2013, p.110) gives three 
possible soluƟ ons to prevent HEMS from driŌ ing into 
the background:

1. We should make people develop habits around 
the HEMS, by increasing the interacƟ on with HEMS. Ex-
isƟ ng habits are seen as a major problem for energy 
reduce, new sustainable habits take Ɵ me to develop 
(Dam, 2013, p.111).

2. The design of the HEMS and the feedback 
could be improved by doing more long-term case 
studies on the use of HEMS and the behavior paƩ erns 
around them.

3. Or the third opƟ on could be to implement a 
HEMS that does not only monitor but also manages 
the energy of a household. It is claimed to have a pos-
iƟ ve infl uence on the users, but sƟ ll feedback is essen-
Ɵ al to make sure people stay aware of the amount of 
energy they use.

Figure 67; Typology of HEMS (Dam, 2013, p.35)

Figure 68; Diff erent types of feedback (1: factual feedback, 2: social 
comparaƟ ve feedback, 3: historical comparaƟ ve feedback) (Dam, 
2013, p.107)

1

2

3
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Besides focusing on the diff erent variables, the per-
sonas should be in the starƟ ng point of designing a 
HEMS. HEMS are mainly successful if they are targeted 
at specifi c users (Dam, 2013, p.122). As we take the 
personas from chapter 5, we need to design HEMS for 
fi ve diff erent user profi les;

1. The “EASY COMFORTABLES”
The “easy comfortables” are oŌ en people who have 
certain habits according to their comfort and energy 
consumpƟ on. These habits are not easy to change, but 
could be changed over a longer Ɵ mespan (Dam, 2013, 
p.111). The type of feedback shouldn’t be too detailed, 
but should give social comparaƟ ve results. In this way 
the occupants are easier to convince to change their 
behavior habits (Dam, 2013, p.107).

2. The “ALL TIME SAVERS”
“All Ɵ me savers” oŌ en don’t need to save money 
and be frugal, but sƟ ll they maintain this lifestyle and 
don’t want to spend money unnecessarily (Dam, 2013, 
p.164). For them a HEMS which can be used to fi nd 
out and how to save money works best (Dam, 2013, 
p.165). 

3. The “SPENDERS”
The “spenders” enjoy living to the full. “Spenders” usu-
ally need a frame of reference to compare their energy 
consumpƟ on with. They are not interested in numbers, 
but the use of colours is more understandable for them 
(Dam, 2013, p.165). Their moƟ vaƟ on to use HEMS lies 
in the certain amount of mistrust they have towards 
their energy suppliers and energy bills. A working ap-
plicaƟ on for the “spenders” would be a ‘suspicion 
checker’, that shows the users what the cause of ener-
gy peaks is (Dam, 2013, p.165).

4. The “MOBILITY SUFFERERS”
The raising quesƟ on for the “mobility suff erers” is the 
architecture of the HEMS. Should the HEMS be porta-
ble or fi xed and where should it be placed?
Elderly suff er most from mobility and reaching disor-
ders. The HEMS should therefore be placed on a spot 
which is reachable when siƫ  ng down.

5. The “SIGHT SUFFERERS”
The “sight suff erers” have glasses to read, but while 
ageing also contrast between colors becomes more 
important. So, HEMS for the “sight suff erers” should 
be designed with suitable contrast paƩ erns for elderly. 
Also the size of the leƩ ers and fi gures should be ad-
justable.

As we can conclude from discussing these diff erent 
personas according to the use of HEMS, there isn’t a 
‘one-size-fi ts-all’ approach for home energy manage-
ment systems (Dam, 2013, p.122). While designing 
HEMS for these diff erent personas, focus points should 
be:

- CreaƟ ng the right triggers at the right moments;
- Increasing simplicity;
- Comparing their energy consumpƟ on with the con-
sumpƟ on of other households (Dam, 2013, p.113).

SƟ ll we see enough households with diff erent reasons 
for the non-use of HEMS. A lot of reasons for the non-
use of HEMS are very technical (errors in the soŌ ware, 
technical problems that led to confusion, feedback not 
funcƟ oning well, daily transmissions of informaƟ on 
not correct, etc.) (Dam, 2013, p.168). But of course 
there were also enough non-technical problems that 
sƟ ll have to be solved; 
- The loss of interest over Ɵ me;
- Disinterest in numbers and fi gures;
- The desire for comfort and seeing energy as a neces-
sity to achieve that;
- The money that can be saved does not warrant the 
eff ort needed to save (Dam, 2013, p.168).

To fi nd out in what way these problems could be 
solved, Sonja van Dam did diff erent case studies. From 
these case studies she composed various ‘design relat-
ed guidelines’. These guidelines, the variables of the 
HEMS and the diff erent personas combined should 
lead to diff erent useful HEMS for the 2nd skin project. 

The most relevant and important ‘design related guide-
lines’ are listed below;

- HEMS should be integrated in an overarching change 
strategy, they should not be installed as standalone in-
tervenƟ ons (Dam, 2013, p.265);

- The HEMS should be aimed at diff erent user types in 
order to ensure the goal of using the HEMS right will be 
reached (Dam, 2013, p.265). The designer should use a 
user-centered design approach, using for example dif-
ferent types of feedback (Dam, 2013, p.272);

- The designer of a HEMS should consider how to cre-
ate posiƟ ve dialogues between household members, 
for example through social games (Dam, 2013, p.267);

- The HEMS should be designed to make energy reduc-
Ɵ on easy (Dam, 2013, p.272);

- HEMS should also support users who have liƩ le 
knowledge about energy consumpƟ on and the techni-
cal installaƟ ons around them (Dam, 2013, p.272);

- HEMS should focus on creaƟ ng daily habits for users, 
for example a ritual of checking the HEMS (Dam, 2013, 
p.272);

- Solar panels and solar collectors should also be imple-
mented in the feedback informaƟ on of the HEMS and 
in this way be promoted (Dam, 2013, p.272).



7.3 DESIRED BEHAVIOR 7.4 CONCLUSION
Besides reducing the energy consumpƟ on, this re-
search focuses on the healthy life of elderly. The en-
deavor is to let elderly age in place longer in a healthy 
and energy effi  cient way. 

The best method for designing for behavior change de-
pends on the goal of your design. When starƟ ng to de-
sign for behavior change, three steps should be clear 
before choosing the method:
1. Select the desired target behavior for your design;
2. Make sure the desired behavior is easy to do;
3. Ensure a trigger will encourage the desired behavior 
(BehavioralStrategies, 2012).

In this thesis diff erent behavior endeavors have been 
researched and discussed. The most important desired 
behavioral aspects that have to be achieved are listed 
below:

- Trigger the occupants to venƟ late more (to make sure 
their indoor climate stays healthy);

- Trigger elderly to sit outside more (to make them 
more exposed to the sun, which provides them vita-
min D);

- Trigger the occupants to venƟ late by mechanical ven-
Ɵ laƟ on (especially in winter when they avoid opening 
windows);

- Trigger the occupants to be more aware of their en-
ergy consumpƟ on and reduce it, trigger them to habits 
(as seen in the research about pre-programmed ther-
mostats, we should trigger people to stay alert and 
be aware of their energy consumpƟ on instead of pro-
gramming their device ones);

- Trigger the occupants to not use the heaƟ ng system 
at the same Ɵ me as opening the windows (but me-
chanical venƟ laƟ on with heat recovery simultaneously 
with heaƟ ng system on is OK);

- Trigger the occupants to not use the mechanical ven-
Ɵ laƟ on system at the same Ɵ me as opening the win-
dows (this confuses the mechanical venƟ liaƟ on sys-
tem).

The next steps which should be made, are to make 
sure the desired behavior is easy to do and ensure a 
trigger will encourage the desired behavior. These will 
be elaborated in the design chapter.

The fi nal design for the 2nd skin project will techni-
cally be much more energy effi  cient than the skins 
that these apartments have now. The new skins will 
not independently achieve the goal of energy neutral 
buildings in 2020, the occupants are on infl uence too. 
Therefore smart systems have to be designed which 
trigger the occupants to behave energy effi  cient and 
thereby reduce energy.

As we saw in the research from this chapter, there are 
already a lot of devices developed to trigger occupants 
to reduce their energy consumpƟ on. SƟ ll we have to 
take in mind that diff erent users interact diff erent with 
these devices, so diff erent designs of these devices 
should be provided to ensure all diff erent user profi les 
will act right. Hereby the six diff erent variables of the 
HEMS should help to design for these diff erent perso-
nas. The ‘design related guidelines’ that Sonja van Dam 
has draŌ ed aŌ er several case studies will help to de-
sign beƩ er HEMS.

Besides saving energy, the focus should also be aimed 
at the healthy life of elderly as discussed in the previ-
ous paragraph. This means that a HEMS as they now 
exist would not fi t to the assumpƟ ons we want to 
reach. There is much more to answer. The design chap-
ter will elaborate this further.
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III.   DESIGN DIRECTIONS

This secƟ on provides a translaƟ on of the research part into design 
requirements. Firstly a vision will be given on the outcome of the 
research and a direcƟ on in which the problem statement can be 
(partly) solved. Chapter 9 will specify the design requirements. 
Chapter 10 will show these design requirements translated into 
diff erent design concepts. 
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8. VISION

In this chapter the research part is translated into a 
vision. The vision does not provide specifi c design re-
quirements yet, but gives a long-term perspecƟ ve on 
what to achieve in future. This vision will help to defi ne 
the design requirements which are elaborated in the 
next chapter.

8.1 VISION
To achieve the goal of energy neutral buildings in 2020, 
we have to live much more energy effi  cient than we do 
now. New technologies will be implemented to achieve 
this goal. These technologies should also improve the 
independent and healthy life of elderly. The quesƟ on 
is how to achieve these goals in future perspecƟ ve. 
‘How will elderly be taken care of in future?’, ‘Which 
technologies are they able to use?’, ‘Which technolo-
gies should be implemented in their lives and which 
shouldn’t?’, ‘What technologies will be implemented 
in the façade in future?’, etc. This chapter will give a 
future perspecƟ ve of the energy neutral façade and 
healthy life of elderly according to the facade. 

1. VISION ON WELL-BEING OF ELDERLY
In future much more elderly have to age in place, 
and oŌ en they have to grow old on their own. Hous-
es have to be arranged in a way that elderly are able 
to live independently as long as possible. Deteriora-
Ɵ ons shouldn’t give problems or should be prevented 
or postponed. New technologies and smart soluƟ ons 
should sƟ mulate elderly to undertake acƟ ons which 
benefi t to their mental and physical health.

The most common deterioraƟ on factors elderly face 
are mobility disorders (reaching and walking) and sight 
disorders. Their environment should sƟ mulate them to 
go/ sit outside more to make sure elderly catch more 
sunlight and thereby create vitamin D (which benefi ts 
the strength of their bones and muscles). Besides that 
daylight is good for their mental health and their vision. 
Elderly need more light while ageing, so enough (day)
light is necessary to do their daily acƟ viƟ es. A transpar-
ent façade is therefore desirable. In future more focus 
will be targeƩ ed on the transparency of the facade and 
the connecƟ on with the environment according to el-
derly.

While technologies change over Ɵ me, elderly do too. 
The generaƟ on of elderly of today are already much 
more into technologies than the generaƟ on of 10 years 
ago. A lot of elderly are already used to smart phones, 
laptops, etc. Especially the future generaƟ ons won’t 

have problems using these devices. However, it must 
be taken into account that with certain deterioraƟ ons 
(like sight disorders) technical devices should be de-
signed especially for elderly (they need more contrast 
between colors, bigger leƩ ers, etc.). 

Contact with the environment is not only desirable to 
make sure the elderly catch enough sunlight, but it also 
contributes to their mental health. An outdoor area is 
therefore preferable. The area should be adjustable to 
many comfort aspects (wind, sunlight, rain, cleanabili-
ty, insects, privacy, etc.). Therefore more focus will be 
directed to the comfort and health preferences of el-
derly to sƟ mulate them to go outside.

Another quesƟ on that could be raised is how we could 
make sure elderly are not too far deteriorated to live 
independently. How can we make sure they are taken 
care of in Ɵ me?

Of course family and neighbours play an important 
role in this situaƟ on, but not all elderly have the abili-
ty to count on family or neighbours. Installing cameras 
could prevent elderly to be found days later in their 
home, but it also causes privacy issues. Other technol-
ogies should be implemented to improve the indepen-
dent life of elderly. For example sensors in the fl oor/ 
ceiling/ wall could provide informaƟ on on where occu-
pants walk and sit during the dayƟ me. If they stay on 
a certain place for a very long Ɵ me, a camera could be 
switched on to see if the person is being fi ne or not.

So in future elderly should live more independently 
while new technologies try to make their lives health-
ier and easier. Monitoring technologies will provide 
control over their deterioraƟ ng lives.

2. VISION ON LIVING ENERGY NEUTRAL
The fi nal goal is to achieve the target of energy neu-
tral buildings in 2020. While in the end the energy 
consumpƟ on always depends on the habits of the 
occupants, this habits should be guided to an energy 
neutral mode. 

As we see now, a lot of devices already inform occu-
pants about their energy consumpƟ on. Smart meters 
and home energy management systems are imple-
mented in their homes to show them their energy con-
sumpƟ on. These devices are mainly meant to convince 
occupants to save energy, but oŌ en these devices get 
into the background aŌ er some Ɵ me. Research shows 
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that diff erent user profi les require diff erent informa-
Ɵ on on such devices. Some occupants want to know 
in detail where their energy is going, while others just 
want to know if they are being more energy effi  cient 
than their neighbours or not. It should be possible to 
set your home energy management system to your 
personal preferences of informaƟ on output. 

Besides that, these home energy management systems 
now only focus on the amount of energy you consume, 
while the health of the indoor climate is also very im-
portant (especially for elderly). Elderly tend to venƟ -
late too liƩ le, they should be sƟ mulated to venƟ late 
more and thereby improve their physical health. An 
extra feature on these home energy management sys-
tems could improve their behavior towards venƟ laƟ ng.
Occupants prefer to venƟ late by opening windows in-
stead of using a mechanical venƟ laƟ on system. They 
oŌ en have the idea that venƟ laƟ ng by opening win-
dows is much more effi  cient than using a mechanical 
system, because venƟ laƟ ng by opening windows gives 
a much ‘fresher’ feeling of venƟ laƟ ng your room. By 
making people aware of the effi  ciency of mechanical 
venƟ laƟ on, occupants could be triggered to use the 
mechanical system (with heat recovery) more (espe-
cially in winter) and thereby reduce their energy con-
sumpƟ on.
On the other hand occupants have to be triggered to 
overcome over-venƟ laƟ on. Many households loose a 
lot of energy by keeping their windows or grids open 
all day (simultaneously with their heaƟ ng system on) 
while this isn’t necessary. People should get a beƩ er 
percepƟ on of the amount of venƟ laƟ on hours per day 
they need (compared with the amount of hours they 
spend at home). This could also be implemented in the 
home energy management system.

Home energy management systems monitor and/
or manage the energy consumpƟ on of occupants. In 
future more and more the energy consumpƟ on of 
households will be managed by these devices, but sƟ ll 
people prefer to have control over their own comfort. 
Besides that, people are much more aware of their en-
ergy consumpƟ on when they have to control systems 
manually. We only have to trigger them to undertake 
the certain acƟ ons regularly to save energy. So devic-
es should be designed partly with automated features, 
but should sƟ ll trigger to be aware of their energy con-
sumpƟ on.

3. FUTURE FAÇADE DEVELOPMENT
The home energy management systems will be more 
and more integrated with the facade element itself, as 
the NEXT acƟ ve facade concept shows. In future these 
devices will be integrated opƟ mally. SƟ ll occupants and 
buildings demand diff erent composiƟ ons and contents 
of these NEXT acƟ ve facade elements, therefore these 
elements should be fl exible in shape and in context.

8.2 CONCLUSION
As my vision already explained we need to take into 
account that the future will bring a lot more and new 
technologies and strategies. 

Elderly will be able to use new technologies unƟ ll a cer-
tain level, but we should keep in mind that not every-
thing should be automated to prevent fast deteriora-
Ɵ on. The technologies should not only provide energy 
effi  ciency, but also comfort. Otherwise the occupants 
won’t be interested enough and won’t use the devices 
in the desired way.

The same goes for the energy neutral use of a facade. 
Some acƟ ons or systems could or should be automat-
ed, while others shouldn’t. New strategies should be 
developed to make sure occupants behave in energy 
effi  cient ways. Besides that strategies should be de-
veloped to integrate energy effi  ciency elements in the 
facade which could be controlled manually and auto-
maƟ cally.

The design direcƟ ons in the next chapter will go more 
into detail about what the design should look like and 
how it should operate.

Besides that, new strategies will be presented to give 
occupants more opportuniƟ es to realize their pref-
erences according to the composiƟ on of facade el-
ements. Many research is done now in for example 
‘leasing facades’. People get more opƟ ons in designing 
their own customized façade. 
These opƟ ons can diff er in replacing the whole façade 
or adding just elements of their preferences. 

The diff erent user profi les of elderly also have diff erent 
preferences, they should have the opportunity to go 
for diff erent façade aspects to create a façade which 
benefi ts to their personal comfort. These opƟ ons will 
not only be determined by the occupants theirselves, 
but advice will be given to show the occupants which 
opƟ ons work best for their facade (according to the 
winddirecƟ on, incoming sunlight, venƟ laƟ on, etc.).

To generate these diff erent replacable facade elements  
new strategies will be used to recude the costs. Nowa-
days strategies are developed to lease facades. The dif-
ferent replacable facade elements will also be leased 
more and more in future.
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9. DESIGN REQUIREMENTS

9.1 INTERACTION LEVELS FACADE
There are many diff erent interacƟ on levels between fa-
cade and user. The picture of fi gure 69 shows some of 
these interacƟ ons. 

The most important funcƟ ons of the facade and there-
for the most important interacƟ on levels for elderly 
are:
 - watching what happens outside;
 - venƟ late, by
  -- opening a window
  -- using the venƟ laƟ on system;
 - heaƟ ng the room by keeping the windows     
       closed and the heaƟ ng system on;
 - leƫ  ng daylight enter the room;
 - close the sunshade (glare protecƟ on);
 - keeping the noise outside;
 - listening to the birds outside;
 - geƫ  ng in contact with people outside;
 - keep the insects outside (closing an insect pro-
     tecƟ on screen); 
 - open/close the curtains;
 - leƫ  ng sunlight inside (they need vitamine D);
 - feel safe inside (burgarly protecƟ on);
 - watering the plants outside;
 - drying laundry;
 - siƫ  ng on the balcony (vitamin D);
 - using the windowsill for objects.

These diff erent facade funcƟ ons and interacƟ ons 
should all be taken in mind when designing a new 
facade. The next paragraph will explain why some in-
teracƟ ons are more important than others for this re-
search graduaƟ on. 

9.2 INTERACTION ELDERLY AND FACADE
The BAM 2nd skin project wants to answer the energy 
neutral goal by renovaƟ ng porch apartments in RoƩ er-
dam. In 2020 new buildings have to operate ‘energy 
neutral’, but the renovaƟ on of exisƟ ng buildings also 
contributes to the ‘energy neutral’ purpose. Simulta-
neously elderly have to age in place, because of the 
restricted care rules. The fi nal goal is to trigger elderly 
to independently live healthy and safe, with an energy 
neutral approach. To reach this goal we need to know 
what the opƟ mal condiƟ ons are for an energy neutral, 
healthy and safe life for elderly.

THE GERIATRIC GIANTS
As menƟ oned in the research part elderly deterio-
rate. One of the most common disorders is mobility 
disorders (the most common ones are reaching and 
walking). Therefor it is important to sƟ mulate move-
ment of elderly. On the other hand designing a façade 
to overcome mobility problems seems not to be the 
most eff ecƟ ve way to prevent mobility problems. In 
fact acƟ viƟ es and meeƟ ngs organized especially for el-
derly would have much more eff ect on keeping elderly 
acƟ ve and postpone mobility disorders. In case of de-
signing an elderly proof façade according to mobility 
disorders, it is best to design a façade which sƟ ll sƟ m-
ulates elderly to acƟ vely stand up to open a window 
for example, but give the occupants the opportunity 
to change their system to a more automated system if 
necessary. Of course with this you don’t overcome all 
mobility disorders. 
Design driver: All operaƟ ons should be reachable for 
elderly (from a point of view that they are siƫ  ng). Op-
eraƟ ons which are hard to reach, should be motor driv-
en. (The reachability of cleaning windows should also 
be taken in mind).

Paragraph 9.1 shows which diff erent interacƟ on levels 
between occupants and facades, based on observa-
Ɵ ons, research and interviews. The second paragraph 
provides a narraƟ ve of the design requirements on the 
interacƟ on between elderly and the facade, according 
to energy consumpƟ on, deterioraƟ on and health of 
the elderly.

The design requirements are listed into three catego-
ries; ‘predetermined requirements’, ‘requirements ac-
cording to the energy neutral use of the facade’ and 
‘requirements according to the well-being of elderly’. 
These requirements are listed in paragraph 9.3. Para-
graph 9.4 provides more necessary informaƟ on on 
some of these requirements. Paragraph 9.5 presents a 
list of these determined requirements in short.

Figure 69; Diff erent interacƟ on levels (own illustraƟ on)
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Not only movement contributes to prevenƟ on of mo-
bility disorders, also daylight has a great impact. Vita-
min D helps to keep bones and muscles healthy. Our 
body creates vitamin D under the infl uence of direct 
sunlight. Normally 2/3 of the vitamin D we need is cre-
ated due to direct sunlight, the rest should be repleted 
by vitamin D supplements or food with vitamin D. So 
encouraging elderly to go outside or open windows to 
catch daylight should be supported. 
Design driver: Support elderly to go/ sit outside and 
sƟ mulate them to open windows. And besides that 
give the occupants the opportunity to sit outside to 
catch sunlight.

The second most common deterioraƟ on factors for el-
derly are sensory disorders, most diffi  culƟ es are found 
in hearing and vision disorders. Elderly suff er from cer-
tain noise levels and frequencies. For example some el-
derly suff er from surrounding noises which seem very 
soŌ , but are in their percepƟ on very loud. Therefor 
they are retained to open a window. Noise insulaƟ on 
could in this case be a solvent. 
Design driver: A noise insulaƟ on screen that sƟ ll ven-
Ɵ lates would support these elderly to open windows 
more.

As shown in the research part there are four main 
vision disorders. There cannot be given a soluƟ on to 
most of these disorders through the façade, mostly 
devices or surgery is needed to postpone or recover 
these problems. But what could be solved through the 
façade is the amount of (day)light elderly need. Elderly 
need more light than others because of the deteriora-
Ɵ on of their eyes. With enough (day)light elderly stay 
more aware, more acƟ ve and get less cogniƟ ve prob-
lems. The transparency of the façade should in this 
case be as large as possible, but it should be possible 
to prevent overexposure. 
Design driver: The transparency of the facade should 
be large, but elderly should have the opƟ on to regulate 
the amount of daylight that is coming in. 

The third disorder of the four geriatric giants is relat-
ed to the brain, cogniƟ ve disorders. Elderly living in 
porch apartments won’t be elderly suff ering from a 
far stage of demenƟ a. In the end those paƟ ents will 
go to care insƟ tuƟ ons. But most elderly in the end will 
suff er from cogniƟ ve problems. Therefor interacƟ ons 
and operaƟ ons should be understandable and easy for 
elderly. They have to be simple, not too detailed and 
eff ecƟ ve. An interacƟ on should provide comfort, oth-
erwise elderly won’t perform the way we want them 
to. By implemenƟ ng an acƟ on/ interacƟ on/ element in 
Ɵ me, elderly are used to the acƟ on and are more able 
to use a design in the right way. 
Design driver: New interacƟ ons should be implement-
ed in an early stage. These interacƟ ons need to be test-
ed to the diff erent personas.

InconƟ nence, the fourth geriatric giant, is a disorder 
caused by several other problems. We cannot directly 
prevent inconƟ nence by a façade design, but we can 
try to prevent or postpone the other geriatric giants 
which also have an infl uence on inconƟ nence. 

HEALTHY LIFE OF ELDERLY
To try to extend the independent life of elderly all dis-
cussed geriatric giants are important, but what in this 
case is an healthy life for elderly actually? This can be 
split in the physical and mental health of elderly. Phys-
ically elderly should be sƟ mulated to keep moving Ɵ ll 
a certain degree. The accessibility and force should 
be tailored to their abiliƟ es. Besides that their physi-
cal health also contains a healthy indoor climate. The 
CO2-level and humidity should be healthy, aligned with 
a comfortable indoor climate. From research we saw 
that elderly are not venƟ laƟ ng enough, we should en-
courage them to venƟ late. 
Design driver: Elderly should be triggered to venƟ late 
enough, which contributes to a healthier indoor cli-
mate.

Their physical health could also be improved when they 
catch more sunlight (vitamin D), this is important for 
their bones and muscles but also for their awareness 
and acƟ veness. A façade which provides large open-
ings or gives the opportunity to sit outside is therefore 
desirable. SƟ ll the outside area has to be comfortable 
for elderly, an area protected against wind is therefore 
preferable.
Design driver: A facade which provides an outside area 
or big window openings, but the opƟ on of blocking the 
wind is desirable.

The mental health of elderly could be improved by 
expanding their environmental contact. This not only 
provides more social contacts (and prevents social 
isolaƟ on) but also helps to contribute to recovery of 
disorders. A transparent façade in this case generates 
contact with the environment. Because elderly mostly 
spend more Ɵ me at home than others, they also sit in 
the living room more. From their chairs they should be 
able to look outside. A transparent balustrade would 
be preferable for the view of elderlies, but a secure 
feeling at night should also be taken in mind. Contact 
with the outside environment also sƟ mulates to go 
outside.
Design driver: Transparent balustrade, but give the oc-
cupants the opƟ on in the degree of transparancy.

HEATING AND VENTILATION
Elderly have a higher temperature preference than 
other households. They are not willing to change their 
comfort level. What could be possible is to use colours 
to increase their perceived temperature and thereby 
reduce their energy consumpƟ on. Also in summer a 
diff erent colour could perceive a lower temperature.
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9.3.1 DESIGN REQUIREMENTS ACCORDING TO PREDE-
TERMINED REQUIREMENTS

Design driver: Use of diff erent colours could increase 
the perceived temperature of the occupants.

Elderly tend to venƟ late less than others, while elderly 
need a healthy indoor climate most. In summer night 
cooling should be sƟ mulated to improve their indoor 
climate. The CO2 level and humidity level should be 
measured automaƟ cally to make them aware of the 
health of their indoor climate. VenƟ laƟ ng a room 
should be done fast to keep the preferred comfort of 
the occupants. The venƟ laƟ on system and the acƟ on 
of opening a window should be linked to make sure the 
venƟ laƟ on is effi  cient.  
Design driver: Give occupants a beƩ er view in the 
health of the indoor climate and thereby sƟ mulate 
them to venƟ late more, but make sure they don’t use 
the mechanical venƟ laƟ on and natural venƟ laƟ on at 
the same Ɵ me.

The reason why occupants don’t venƟ late enough does 
not only lay in the reason that they have a higher tem-
perature preference. They also want to avoid insects 
from fl ying in.
Design driver: An insect screen should be implement-
ed to sƟ mulate natural venƟ laƟ on.

FAÇADE ASPECTS
When designing the façade diff erent aspects have to 
be taken into account; maintenance, accessibility to 
plants, orientaƟ on of the façade, noise isolaƟ on, insect 
screens, safety, funcƟ ons behind the façade, rainfall, 
etc. Diff erent funcƟ ons behind the façade demand 
diff erent façade abiliƟ es. Balconies orientated to the 
south demand more space to sit outside, while balco-
nies orientated to other sides demand space to for ex-
ample dry laundry. Diff erent zones for one apartment 
can demand diff erent façade types, that have to be de-
veloped. Occupants should have the opƟ ons to choose 
for diff erent facade elements to add to their facade.
Design driver: A standard 2nd skin element should be 
designed, occupants can choose for extra opƟ ons to 
add to this facade element.

OPERATION OF THE SYSTEM
The operaƟ on of the façade should sƟ mulate elderly to 
keep moving at a certain level, not everything should be 
automated. Elderly should be triggered to take acƟ on 
in venƟ laƟ ng their room enough and be more aware 
of their energy consumpƟ on. A sensor which indicates 
the health of their indoor climate could trigger them 
to open/close a window. This sensor could be linked 
to the exisƟ ng home energy management systems that 
already exist and are sƟ ll being improved.
Design driver: Make elderly  more aware of their ener-
gy consumpƟ on by implemenƟ ng home energy man-
agement systems, but also make them more aware of 
the importance of venƟ laƟ on according to their health.

A1. Applicable in the BAM 2nd Skin project
The facade element that will be designed should be ap-
plicable to porch apartments in the Netherlands. The 
BAM 2nd Skin project in RoƩ erdam is taken as a ref-
erence, because most of these porch apartments are 
quite the same. While designing the orientaƟ on, the 
dimensions and the inside funcƟ ons should be taken 
into account. 
 
 - LocaƟ on Schere 65-75, RoƩ erdam

The design drivers that are formulated in the previous 
paragraph, were a step into defi ning the design re-
quirements. 

In this paragraph the design requirements are listed 
into three categories; ‘predetermined requirements’, 
‘requirements according to the energy neutral use 
of the facade’ and ‘requirements according to the 
well-being of elderly’. 

 - Dimensions  Center to Center - height;  2,840 m

 - FuncƟ ons (point 1 paragraph 9.2)

N

N



9.3.2 DESIGN REQUIREMENTS ACCORDING TO ENER-
GY NEUTRAL USE OF THE FACADE

9.3.3 DESIGN REQUIREMENTS ACCORDING TO THE 
WELL-BEING OF ELDERLY
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- Rc facade 6,5
- Windowtype Aluminium, U = 1,0
- Glasstype HR++, Climaplus Saint Cobain (ZTA = 
   0,38)
- VenƟ laƟ on Mechanical venƟ laƟ on system with 
   heat recovery system
- Energylabel A

A3. Aluminium window frames
I started this project on behalf of the company AL-
COA, later BAM became involved too. ALCOA Harder-
wijk provides Architectural systems out of aluminium. 
Besides that BAM prefers to use an aluminium win-
dow type (see previous requirement), so the design 
should be developed and detailled in aluminium.

B3. Natural venƟ laƟ on system  
While natural venƟ laƟ on in some situaƟ ons costs less 
energy than using air condiƟ oning or a mechanical 
venƟ laƟ on system, it should be sƟ mulated in that 
situaƟ ons. Paragraph 9.4 point 2 elaborates diff erent 
natural venƟ laƟ on possibiliƟ es and their eff ecƟ ve-
ness.

B4. ImplementaƟ on of an insect protecƟ on 
screen to sƟ mulate natural venƟ laƟ on
Occupants also tend to naturally venƟ late less be-
cause of incoming insects. Especially in summer, ven-
Ɵ laƟ on at night should be sƟ mulated. In summer the 
temperature decreases at night and your rooms can 
simply be cooled by opening your windows at night.
An insect protecƟ on screen contributes to sƟ muling 
occupants to naturally venƟ late.

B5. ImplementaƟ on of trigger that makes occu-
pants aware of the health of their indoor climate
Especially elderly tend to venƟ late too liƩ le. Mostly 
occupants are not aware of the health of their in-
door climate. A trigger should be implemented in 
the facade to make the occupants aware if their in-
door climate is healthy or not. If the indoor climate 
is not healthy, they should open a window or put 
on the venƟ laƟ on system. When the indoor climate 
is healthy again, the sign changes in a ‘healthy sign’. 
(Point 3 paragraph 9.4)

C4. Safe feeling with transparent facade
Occupants with a transparent facade want to feel safe 
too (especially at night). Therefor they should have 
the ability to make their facade (partly) non-transpar-
ent (for example by implemenƟ ng curtains or more 
sophisƟ cated windows).

C5. Increasing perceived temperature
Elderly have a higher temperature preference than 
other households. We don’t just want to decrease the 
temperature and thereby reduce their comfort, but 
we can try to increase their perceived temperature. 
Point 6 in paragraph 9.2 goes more into detail on this 
topic.

C6. Noise protecƟ on
Elderly suff er from certain noises (low frequency nois-
es and very loud noises). Surrounding noises can be 
very annoying too. The fl oors and walls have strict 

B1. Opening windows linked with heaƟ ng sys-
tem
We waste a lot of energy by keeping the heaƟ ng sys-
tem switched on and the windows open at the same 
Ɵ me, therefor these systems should be linked.
When a window in a room is opened by someone the 
heaƟ ng system should automaƟ cally be switched off  
in that room.

B2. Opening windows linked with venƟ laƟ on 
system
We waste a lot of energy by having the mechanical 
venƟ laƟ on system switched on and the windows 
open at the same Ɵ me, therefor these systems should 
be linked.
When a window in a room is opened by someone the 
mechanical venƟ laƟ on system should automaƟ cally 
be switched off  in that room.

A2. ‘Energy neutral’ facade
The facade element that will be designed should be 
energy neutral (and meet the stricter regulaƟ ons). 
There are several requirements set about the fa-
cade: 

C1. Transparent facade
The facade should be transparent for the largest part. 
In this way the connecƟ on with the environment is 
bigger, which is beƩ er for elderly. In addiƟ on more 
daylight can enter the room, which is also favourable 
for elderly because their sight becomes worse while 
ageing. See also point 4 paragraph 9.4.

C2. Large openings facade
The facade should have the ability to be opened for 
a large part. In this way elderly have a beƩ er connec-
Ɵ on with the environment (and become less socially 
isolated), but it is also beƩ er for their health. When 
they catch direct sunlight, more vitamin D will be cre-
ated in their body.

C3. Transparent balustrade
During the dayƟ me elderly sit in front of their win-
dows a lot. While large openings are required (point 
C2), they sit in front of a transparent facade with large 
opening (balcony) a lot. While it is hard for them to 
watch outside over a balustrade from their inside 
chair, a transparent balustrade is required (also see 
point 5 paragraph 9.4). 
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rules to avoid these problems. SƟ ll elderly can suff er 
from outside noises when opening windows.
A noise protecƟ on screen could be implemented 
when a window is open, but not all elderly prefer such 
a screen. Therefore it is required that these noises 
should be protected by the closed facade, but when 
occupants open a window, this noise is not fi ltered 
anymore. 

C10. Opportunity to hang curtains
Occupants should have the ability to hang curtains in-
side in front of their facade. Not only from a privacy 
point of view, but also to contribute to keep the cold 
in winter outside.

C7. Triggering movement
As discussed in the research part, movement is very 
important for elderly’s health. We cannot prevent all 
mobility problems by a facade design, but we could 
sƟ ll sƟ mulate elderly to stand up and acƟ vely take 
part in opening a window or look outside for example. 

C11. Cleanability facade
The importance of a transparent facade is clear now, 
but these windows should be reachable for elderly 
to clean by themselves. Otherwise the transparency 
of the facade becomes less and the funcƟ on of the 
transparent facade is undone.

Figure 71; PrevenƟ on overexposure (Oikos, 1994)

Figure 70; Reachability and operaƟ on facades for elderly (Com-
pleteCare, 2015)

C8. PrevenƟ on of overexposure
Daylight is important to elderly’s mental and physical 
health and to improve their vision. On the other hand 
overexposure should be prevented to make sure el-
derly are able to do their acƟ viƟ es (like watching tv) 
with opƟ mal daylighƟ ng condiƟ ons. A sunshading 
system should therefor also be implemented in the 
system. This sunshading system should give the occu-
pants the opportunity let daylight enter the room, but 
avoid overexposure on diff erent Ɵ mes of the day. This 
will be elaborated in paragraph 9.4 point 4.

C9. Opportunity to keep plants
The facade should give the ability to elderly to keep 
plants (in- and outside). Plants are not only part of 
their daily life, but also contribute to the health of the 
indoor air.
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Figure 72; Floorplan porch apartments RoƩ erdam, divided in zones of diff erent funcƟ ons and orientaƟ on (own illustraƟ on)

As fi gure 72 shows, the porch apartments in RoƩ er-
dam can be devided in 3 diff erent funcƟ on zones; 
 the bedrooms  (faced to the South)
 the living room  (faced to the North) 
 the kitchen  (faced to the North)

These three diff erent funcƟ on zones are located at 
one of the facades. The kitchen and living room are 
both faced to the north, so will be treated as one 
zone. The two zones have diff erent demands accord-
ing to the facade;

ZONE 1: THE BEDROOMS
The bedrooms require a (partly) transparent facade, 
but the sense of security is also essenƟ al. Occu-
pants mostly get dressed in the bedroom so prefer a 
non-transparent facade at that Ɵ me, but waking up is 

easier when daylight enters the room. The bedrooms 
are faced to the south, so sunshades/ curtains should 
be implemented that are adjustable to the preferenc-
es of the users.
Besides that night-venƟ laƟ on is very important for 
bedrooms. Most occupants prefer to sleep with an 
open window during the night. Especially in summer 
venƟ laƟ ng during the night provides comfort. 

ZONE 2: THE LIVING ROOM/ KITCHEN
The living room requires a lot of transparency. Elder-
ly spend most of their Ɵ me in the living room. They 
should have the ability to watch outside from their 
chairs. On the other hand overexposure should be 
avoided so elderly can sƟ ll do their daily acƟ viƟ es 
with a transparent facade, like watching tv. The living 
room is faced to the north, so we should try to let 
daylight enter the room as much as possible. Point 4 
of this paragraph will go more into detail about the 
transparency of the facade.
Because elderly spend a lot of Ɵ me in their living 
room, venƟ laƟ on is very important. VenƟ laƟ on could 
be done naturally by opening windows or using me-
chanical venƟ laƟ on with heat recovery. Point 2 of this 
paragraph will go more into detail about venƟ laƟ on.

9.4 ELABORATED DESIGN REQUIREMENTS

1. DIVISION OF DIFFERENT ZONES
(according to design requirement A1.)

This paragraph explains and elaborates some design 
requirements that were stated in the previous para-
graph.
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“Why using natural venƟ laƟ on as there already is a 
mechanical venƟ laƟ on system with heat recovery sys-
tem implemented in the façade?”

Occupants prefer to control their own comfort. You 
can trigger them to use a mechanical venƟ laƟ on sys-
tem instead of opening a window, but most occupants 
feel much happier when they are aware of controlling 
their own comfort. Opening a window gives occu-
pants the feeling of a direct result, while using a me-
chanical venƟ laƟ on system doesn’t. 

Besides that natural venƟ laƟ on contributes to low 
maintenance (no hygiene problems with ducts and fi l-
ters) and low running costs (Baker, 2014). Natural ven-
Ɵ laƟ on also has a psychological benefi t; it connects 
with the outside and gives people a natural feeling 
(Baker, 2014). And as Guerra-SanƟ n and Tweed (2013) 
showed in their research the use of air condiƟ oning 
has a bad infl uence on the health of occupants, strong 
variaƟ ons in temperature are not healthy.

The goal is to achieve a healthy indoor climate for el-
derly which also provides comfort. Baker (2014) shows 
the three main purposes of venƟ laƟ on in buildings:
 1. Maintain a minimum air quality   
    (1-2 air changes/h)
 2. Remove heat (and other pollutants) 
    (2-15 air changes/h)
       3. Provide percepƟ ble air movement to en
  hance thermal comfort (0.5-2 m/s)
The air changes per hour express the rate at which 
the venƟ laƟ on system actually dilutes and removes 
the air contaminants present in the space.

Diff erent opƟ ons are possible to naturally venƟ late a 
building:

 1. Single sided venƟ laƟ on
 2. Cross venƟ laƟ on
 3. Stack eff ect
 4. Reverse stack eff ect

Figure 74; PosiƟ ve wind pressure on the windward side of the 
building and negaƟ ve on the roof and leeward side (Baker, 2014).

Figure 75; Wind pressure distribuƟ ons are complex in urban areas 
(Baker, 2014).

Figure 73; Diff erent venƟ laƟ on openings and fl ows (Brown & 
DeKay, 2013)

2. NATURAL VENTILATION 
(according to design requirement B3.)

In case of the porch apartments of the BAM 2nd skin 
project, not all natural venƟ laƟ on opƟ ons are pos-
sible. Stack eff ect venƟ laƟ on is not only harder to 
implement for the diff erent levels, but can also give 
problems with noise control. In this case ‘single sided 
venƟ laƟ on’ and ‘cross venƟ laƟ on’ are the best possi-
biliƟ es. Looking at the fl oorplans of the porch apart-
ments, cross venƟ laƟ on in most cases is not possible 
either. 

When making use of natural venƟ laƟ on, the wind 
fl ow should be clear. Generally the wind pressure is 
posiƟ ve on the windward side and negaƟ ve on the 
roof and leeward side (Baker, 2014). As we place the 
wind rose of RoƩ erdam on the google maps card of 
the case study, this is the result (fi gure 75).

Obviously the wind will not act the same daily, but on 
average we can say that the wind direcƟ on is mainly 
South-West. The monthly wind direcƟ ons from June 
2014 Ɵ ll May 2015 are shown in the appendix (KNMI, 
2015). As the graphs in the appendix show, wind 
(speed and direcƟ on) is very variable. Therefor open-
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ings in a façade should be variable too, the façade 
should be able to cover the wide range of required 
venƟ laƟ on rates and the wide range of wind speeds 
(Baker, 2014). Many small openings contribute to 
faster venƟ laƟ on more than one large opening. With 
more small openings it will be more likely that there 
will be a pressure diff erence between the openings to 
drive the fl ow as Baker says (2014).

For ‘single-sided venƟ laƟ on’ openings should be well 
distributed horizontally and verƟ cally to improve the 
pressure diff erence and to improve the distribuƟ on 
within a room (Baker, 2014). 

To calculate if ‘single-sided venƟ laƟ on’ provides 
enough fresh air, the following rule of thumb may 
be used (Baker, 2014). (The depth of the fl oorplan is 
specifi ed in terms of fl oor to ceiling height.) ;

The fl oor to ceiling height is 2,700m. 
- Single sided (single opening):  1,5 x 2,700 = 4,050 m 
- Single sided (mulƟ ple opening):  2,5 x 2,700 = 6,750 m
- Cross venƟ laƟ on:    5,0 x 2,700 = 13,50 m
The fl oorplan depth of the bedrooms is 3,920m, the depth 
of the living room is 5,400m and the depth of the kitchen 
is 2,260m.

So the bedrooms and kitchen can be venƟ lated by sin-
gle sided venƟ laƟ on with a single opening, while the 
living room has to be venƟ lated by double openings.

In winter much smaller openings are required to 
maintain the air quality and prevent heat loss. The 
mechanical venƟ laƟ on system with heat recovery 
should in this case oŌ en beƩ er be used. 

The venƟ laƟ on of the building or room could be done 
under intelligent control. Whereas in summer a pa-
rameter is needed to measure the temperature and 
remove the heat, during both summer and winter a 
parameter is needed to control the air quality (CO2 
level). 

Figure 94; Wind rose pasted on the google maps card of RoƩ erdam (Schere 65), the white buildings represent the BAM 2nd Skin porch apart-
ments. The wind rose shows that the annual main wind direcƟ on is South-West (own illustraƟ on).

Figure 76; Rule of thumb to calculate if the venƟ laƟ on rate is 
enough (Baker, 2014)

Figure 77; Floorplan with wind rose pasted on it to show which 
funcƟ ons lay behind which wind direcƟ on (own illustraƟ on)
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Figure 79; VenƟ laƟ on is improved when openings are well distrib-
uted horizontally and verƟ cally (Baker, 2014).

Figure 80; ‘Double-hung’ window (Acahomes, 2014)

Figure 81; OperaƟ on ‘double-hung’ window (Acahomes, 2014)

Figure 78; Know your window styles: Sliding, awning, single-hung, double-hung, casement, fi xed and hopper (Oregonian, 2012).

The most eff ecƟ ve way to naturally venƟ late the porch 
apartments is by venƟ laƟ ng “single sided”. 

The openings should be controllable over diff erent 
sizes to cover diff erent wind direcƟ ons and wind 
speeds. A double hung system (fi gure 78, third pic-
ture) is most eff ecƟ ve to venƟ late the room as fast. In 
‘double-hung’ systems both the top and boƩ om sash-
es can move (Oregonian, 2012).

The implementaƟ on of windows with a ‘double-hung 
system’ doesn’t naturally provide beƩ er and faster 
venƟ laƟ on of the indoor air. SƟ ll users have to open 
both windows to venƟ late best. As menƟ oned in fi g-
ure 78 it can be hard to reach the upper window. It 
would be much easier and eff ecƟ ve if both windows 
would open at the same Ɵ me by using one handle. 

An example of a ‘double-hung’ window is presented 
in fi gure 80, followed by a fi gure of the operaƟ on of a 
‘double-hung’ window (fi gure 81).

During the design phase it should be analyzed if the 
‘double hung’ venƟ laƟ on system could be a suitable 
opƟ on to naturally venƟ late for elderly.



GraduaƟ on report // Eleonore Aghina 59

Before triggering elderly to be aware of the health of 
their indoor climate, we should know what a healthy 
indoor climate is. 

HUMIDITY
One important factor of the indoor climate is the hu-
midity. The humidity should be between 40 en 60 %. 

When the humidity falls below 40 %, occupants can 
suff er from health problems (dry eyes, dry skin, de-
creased resistance, headache, concentraƟ on prob-
lems, Ɵ redness, etc.) (Cornelissens, 2012).  
A too low humidity can easily be improved by keeping 
plants inside. Some plants are know for their air puri-
fying funcƟ on (for example Aloe Vera) (Cornelissens, 
2012).

When the humidity rises above 60 % it doesn’t smell 
fresh inside longer, it causes allergic reacƟ ons to 
acariens and it can cause moisture (Cornelissens, 
2012).
By venƟ laƟ ng enough a too high humidity rate can be 
prevented (Cornelissens, 2012).

VenƟ laƟ ng can be done by opening windows or us-
ing mechanical venƟ laƟ on. Heat recovery systems are 
more and more implemented in dwellings to regu-
late the refreshment of the air. A heat recovery sys-
tem mostly only works well when all doors and win-
dows stay closed. When occupants open doors and 
windows in summer, the whole system is disrupted 
(Cornelissens, 2012). Besides that the fi lter of heat 
recovery systems should be replaced regularly, other-
wise the indoor air becomes unhealthy (Cornelissens, 
2012).

CO2-LEVEL 
When we exhale, Carbon Dioxide (CO2) is released. 
CO2 is only toxic in high concentraƟ ons. Logically the 
concentraƟ on of CO2 in a room increases when there 
are more people in the room. 

For residences a level of 800 ppm CO2 is fi ne. The level  
is too high when it rises over 1200 ppm. 

The CO2 level can be kept low by venƟ laƟ ng enough 
(mechanically or naturally). Logically occupants 
should venƟ late more when there are more occu-
pants in the room.

NO2-LEVEL
Exposure to NO2 can potenƟ ally cause or worsen 
respiratory symptoms and morbidity (RijksinsƟ tuut-
Volksgezondheid, 2015). VenƟ laƟ ng enough is there-
for required.

FINER PARTICLES (fi jnstof)
Fine dust (or fi ner parƟ cles) is a term for parƟ culate 
air polluƟ on, which is small enough to be inhaled. 
The main source of fi ne dust is tabacco smoke. Be-
sides that an indoor open fi replace, cooking, vacuum 
cleaning and outside sources are important sources 
(RijksinsƟ tuutVolksgezondheid, 2015). 

The concequences of too much fi ne dust in your in-
door air are mainly health problems; coughing, chest 
Ɵ ghtness and worsening of respiratory symptoms (Ri-
jksinsƟ tuutVolksgezondheid, 2015).

There is no norm on which the amount of fi ne dust 
can be measured yet. Regularly venƟ laƟ ng helps best. 

3. IMPLEMENTATION OF TRIGGER THAT MAKES OC-
CUPANTS AWARE OF THE HEALTH OF THEIR INDOOR 
CLIMATE (according to design requirement B5.)

Figure 82; Table of dust/ air problems in Dutch dwellings (RijksinsƟ tuutVolksgezondheid, 2015)

Humidity

CO2 - level

Finer parƟ cles
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Elderly’s sight becomes worse while ageing, they need 
more light to have a good view. Besides that, connec-
Ɵ on with the environment is important for elderly’s 
health. A transparent facade is therefore favourable. 
The quesƟ on is how large the transparencies should 
be and on which level. In the appendix diff erent sce-
narios for the facades of the porch apartments are 
aƩ ached. These studies were done to fi nd out how 
much transparency would be preferable for diff erent 
Ɵ mes of the day during the year.

Light has an infl uence on the day- and night rhythm 
of people, on how acƟ ve people are and on people’s 
mental health (Starremans, 2011, p.12). Especially for 
elderly, it is harder to switch between light and dark 
spaces, so the diff erence between a light outdoor 
space and a dark indoor space should be avoided 
(Starremans, 2011, p.12). By making the diff erence 
in light intensity between indoor and outdoor spaces 
small, elderly stay brighter. Besides that from diff erent 
research sources it is prooved that people sleep bet-
ter at night when they are exposed to a light intensity 
of 1000 lux for at least one hour a day (Starremans, 
2011, p.13). 
During the dayƟ me it is therefore preferable to expose 
elderly under a light intensity of 1000 lux with peaks 
of 2000 lux (Starremans, 2011, p.13). In the appendix 
a light intensity study of the living room and one of 
the bedrooms of the fi rst fl oor is shown. The study is 
done with the largest possible window openings. 

Obviously diff erent acƟ viƟ es require diff erent light in-
tensiƟ es. Figure 83 presents light intensiƟ es for diff er-
ent acƟ viƟ es for dwellings and fi gure 84 presents light 
intensiƟ es for diff erent acƟ viƟ es for elderly. 

The living room of the porch apartments in RoƩ erdam 
will be used as a mulƟ funcƟ onal room; it will be used 
as workspace, dining room, living room, etc. The re-
quired light intensity varies between 300 en 2500 lux. 

The required light intensity for bedrooms is 100-300 
lux. If elderly want to read in their beds, the required 
light intensity is 500-1000 lux.

DIALUX CALCULATIONS - LIVING ROOM 
The largest window of the living room is faced to the 
north. As the fi gures show in the appendix, the larg-
est light intensity that reaches the room is 5000 lux 
(in summer). Only a small part of the room (directly 
behind the window) has this large light intensity. The 
rest of the fi gures show smaller light intensiƟ es. 

The maximum required light intensity for the mulƟ -
funƟ onal room is 2500 lux. This light intensity should 
not only be provided by direct daylight. With a light in-

4. TRANSPARENT FACADE
(according to design requirement C1.)

tensity between 1000 and 2500 lux the biological clock 
of your body will be sƟ mulated, preferably the colour 
of this light should be bluish (van Hoof, Schoutens 
et al., 2007). Therefor the light intensity should be 
reached by use of daylight and arƟ fi cial light.

In summer, autumn and spring the light intensity rises 
above the required light intensity (only when you are 
siƫ  ng directly behind the window), the transparency 
is too large. While in winter the light intensity is small-
er than required. 
Maximal transparency for the living room is therefor 
preferable in winter and only partly in the other sea-
sons. 

As the living room is most used during the dayƟ me 
and connecƟ on with the environment is important 
especially for elderly, the transparency of the facade 

Figure 83; Light intensity in lux that is required per room in a 
dwelling on work- or eye level (van Hoof, Schoutens et al. 2007, 

Figure 84; Light intensity in lux that is required per room in a care 
or nursing home on work- or eye level (van Hoof, Schoutens et al. 
2007, p.27). 
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of the living room should be maximal. In summer, au-
tumn and spring the overexposure can be prevented 
by adding sunshadings.  

DIALUX CALCULATIONS - BEDROOM
The light intensity outcomes of the bedroom show a 
lot of overexposure (see appendix). In fact the room 
should only be lightened in the morning (while waking 
up) and the evening (when going to bed). The light in-
tensity should be between 100 and 300 lux (van Hoof, 
Schoutens et al., 2007).

But, oŌ en bedrooms funcƟ on also as study or playing 
rooms. In that case these rooms require much more 
light intensity. The bedrooms therefor should also be 
provided with maximum facade transparency, but the 
occupants should have the opƟ on to adjust sun shad-
ings for privacy and overexposure.

TRANSPARENCY- SUNSHADING
The transparency of the facade is very important for 
elderly as menƟ oned before. To make sure enough 
daylight can enter the room, a smart sun shading 
should be implemented on the facade.
It should be possible to make the facade fully trans-
parent, but it should also be possible to block overex-
posure on parts of the facade. Besides that occupants 
someƟ mes want to block the boƩ om part of their 
windows. The sunshading should therefore be adjust-
able over the whole window.

Figure 85; Design opƟ on Spee Architecten, balcony replaced by 
facade element (SpeeArchitecten, 2014).

Because the need for environmental connecƟ on and 
vitamin D is important for elderly, a transparent bal-
ustrade is required. The minimum height of the bal-
ustrade of a balcony is 1 meter (Bouwbesluit, 2012). 
If the balcony is situated on a height of 13 meter or 
higher, the balustrade has to be at least 1,2 meter 
(Bouwbesluit, 2012). The height of the porch apart-
ments is 11 meter, so the balustrade has to be 1 meter 
high at least.

The height-to-height distance between two fl oors is 
2,840 meter. Inbetween one facade element needs to 
be placed. Figure 85 shows one of the design opƟ ons 
of Spee Architecten. In the design opƟ ons of Spee Ar-
chitecten the balcony is removed and is replaced by a 
fl at facade element. In this opƟ on the transparent fa-
cade part of the element has a height of 2,160 meter.

The balustrade is prefered to be transparent to make 
sure occupants siƫ  ng inside can easily see what hap-
pens outside. There are diff erent ways of making 
balustrades transparent (glass, verƟ cal or horizontal 
fence, etc.). These opƟ ons should be tested in the fi -
nal design.

5. BALUSTRADE
(according to design requirement C3.)



9.5 LISTED DESIGN REQUIREMENTS
In this paragraph all previous discussed requirements  
are listed in short design requirements sentences. 
Again they are devided in the three diff erent cate-
gories: ‘design requirements according to predeter-
mined requirements’, ‘design requirements according 
to the energy neutral use of the facade’ and ‘design 
requirements according to the well-being of elderly’. 

Later on these design requirements will be used to 
evaluated the design(s) along with the evaluaƟ on of 
the diff erent elderly which had been interviewed be-
fore and aŌ er seƫ  ng these requirements.  

A. DESIGN REQUIREMENTS ACCORDING TO PREDE-
TERMINED REQUIREMENTS
A1. Applicable in the BAM 2nd Skin project
- LocaƟ on Schere 65-75, RoƩ erdam
- Dimensions  Center to Center - height;  2,840 m

A2. ‘Energy neutral’ facade
- Rc facade 6,5
- Windowtype Aluminium, U = 1,0
- Glasstype HR++, Climaplus Saint Cobain (ZTA = 
   0,38)
- VenƟ laƟ on Mechanical venƟ laƟ on system with 
   heat recovery system
- Energylabel A

A3. Aluminium window frames

B. DESIGN REQUIREMENTS ACCORDING TO ENERGY 
NEUTRAL USE OF THE FACADE
B1. Opening windows linked with heaƟ ng sys-
tem

B2. Opening windows linked with venƟ laƟ on 
system

B3. Natural venƟ laƟ on system - ‘ double hung’

B4. ImplementaƟ on of a protecƟ on screen for 
safety and insects to sƟ mulate natural venƟ al-
Ɵ on at night (in summer)

B5. ImplementaƟ on of trigger that makes occu-
pants aware of the health of their indoor climate
- Humidity 40-60%
- CO2-level 800 ppm
- NO2- level
- Finer parƟ cles
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Figure 86; Colors and the infl uence they have on humans (Neufert, 
2000).

Elderly have a higher temperature preference than 
other households. Elderly’s greatest demand is to feel 
comfortable in their own home. They want to save en-
ergy, but only if their comfort stays the same. Seƫ  ng 
the temperature to a lower seƫ  ng is therefor no solu-
Ɵ on for them. 

The quesƟ on is how we can have an infl uence on the 
perceived temperature. Could we set the tempera-
ture to a lower seƫ  ng but let the occupants perceive 
the space the same as before?

The relaƟ ve humidity, airspeed, air temperature and 
radient temperature all infl uence the perceived tem-
perature. 
By applying weatherstrips to prevent trek and insula-
Ɵ on on the fl oor to prevent cold fl oors, you can al-
ready infl uence the perceived temperature a lot.

Another way to infl uence the perceived temperature 
is by using certain colors. Colours can create feelings 
of well-being, unease, acƟ vity or passivity for example 
(Neufert, 2000). Figure 86 shows diff erent colours and 
their infl uence on human.

As the fi gure shows, blue gives people a cold feeling 
while orange gives people a warm feeling. An experi-
ment with a blind man proofs this. In the experiment 
they placed a blind man fi rst in a blue room and later 
in a red room. In both situaƟ ons the environmental 
temperature was the same, but when they measured 
his body temperature it seemed his body tempera-
ture was higher in the red room than in the blue room 
(Stenvert, 2015).

Colours could be given at materials, but using diff er-
ent light colours could also play a big role in giving 
people a certain temperature percepƟ on.

6. PERCEIVED TEMPERATURE
(according to design requirement C5.)



C. DESIGN REQUIREMENTS ACCORDING TO THE 
WELL-BEING OF ELDERLY 
C1. Transparent facade
Maximum transparency for living room and bedrooms.

C2. Large openings facade
- The windows should be able to be opened to the 
height of the balustrade (1 meter), so above 1 meter 
the windows should be able to open totally.

C3. Transparent balustrade which can be changed 
to an non-transparent balustrade.
The balustrade transparency should be adjustable.

C5. Increasing perceived temperature by im-
plemenƟ ng blue lights in winter which provide 
more light for elderly but also give a higher tem-
perature feeling.

C6. Noise protecƟ on when the facade is closed

C7. Movements should reachable for deteriorat-
ing elderly from a siƫ  ng point of view
All possible movements should be reachable for el-
derly while they are in a siƫ  ng posiƟ on. Other move-
ments have to be motor driven.

C8. ImplementaƟ on of sun shading
The sunshading should be adjustable over the leng-
ht of the whole window. It should be possible to just 
block parts of the sunlight.

C9. Opportunity to keep plants (in- and outside)
An addiƟ onal element should be provided which occu-
pants can choose to buy or rent. This element should 
be placed on the railing of the balcony.

9.6 CONCLUSION
The main goal was to provide an environment that 
contributes to the well-being of elderly and simulta-
neously contributes to an energy effi  cient use of the 
facade. 

Not all requirements are equally important, but by 
trying to implement all of the requirements in a fa-
cade design the best results could be reached accord-
ing to the well-being of elderly and the energy neutral 
use of the facade.

Because the requirements aim mainly at the behav-
ior of the occupants and the quality of the facade 
elements, the requirements can be devided in two 
groups (fi gure 87). This division will help to design 
for the desired behavior and the quality of the facade 
element, but sƟ ll these division should be translated 
into an integrated design. The next chapter will pro-
vide the translaƟ on of these design requirements into 
design concepts.
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Figure 87; Design requirements devided in ‘behavior related requirements’ and ‘facade element related requirements’ (own illustraƟ on)
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10. CONCEPT IDEAS

10.1 CONCEPTUAL DESIGN HEMS

AŌ er the fi rst two interviews, I made several concept 
designs which were later on evaluated by the parƟ c-
ipants again. These fi rst concept designs were pre-
sented at my fi rst P4 presentaƟ on in May. AŌ er my 
tutors and I decided to postpone the P5 date, I took 
a step back on developing these designs. We decided 
that a second face-to-face chat with the parƟ cipants 
would help to redevelop the fi nal design(s). 

These concept designs of my fi rst P4 presentaƟ on are 
aƩ ached in the appendix (appendix A.5.). Now the 
designs changed a lot due to the second face-to-face 
interview with the parƟ cipants. In this interview the 
focus was set more on the comfort preferences of the 
occupants rather than looking at their energy con-
sumpƟ on behavior. 

As the design requirements showed in previous chap-
ters, the design for the 2nd skin approach should 
be divided in two parts to achieve all requirements; 
a conceptual design for the ‘Home Energy Manage-
ment System’ (HEMS) and a façade element design. 
SƟ ll these two designs have to be integrated.

Chapter 7 showed possibiliƟ es in how to design for 
the desired behavior. Sonja van Dam presented a lot 
of ‘design related guidelines’ for future designs. The 
fi rst paragraph of this chapter will discuss which de-
sign requirements should be implemented in a HEMS 
and how this should be designed. Diff erent designs 
for HEMS will be presented and discussed. The sec-
ond paragraph presents diff erent design concepts for 
the 2nd skin façade element. These designs will be 
checked with the design requirements.

The conclusion will give answer on the quesƟ on which 
design fi ts best for the approach of the 2nd skin proj-
ect and all the defi ned design requirements. 

The goal of the 2nd skin project is to develop a meth-
odology for a zero energy approach in renovaƟ on 
projects. To achieve this, this part of the strategy con-
sists of monitoring and evaluaƟ ng the right feedback 
to the users to decrease their energy consumpƟ on. 
This could be done with home energy management 
systems (HEMS) as explained in chapter 7. HEMS have 
six variables to try to meet people’s diff erent pref-
erences. As fi ve diff erent personas are defi ned and 
these personas demand diff erent designs to change 
their mind set to an energy neutral behavior, fi ve dif-
ferent concepts for HEMS have to be designed.

But, in case of electricity we see a raise of electronic 
devices (also with elderly, see fi gure 89), so the elec-
tricity consumpƟ on becomes more and more import-
ant. 

The diff erent personas should be aware of both their 
electricity consumpƟ on and gas consumpƟ on. Both 
should therefore be implemented in the HEMS.

2.  THE LEVEL OF FEEDBACK
The level of feedback diff ers per persona. Some just 
want to know if they are more energy effi  cient than 
their neighbours while others want to know what the 
cause is of the peak in their energy consumpƟ on. 

To remind, the six diff erent variables of HEMS are:
1. The type of energy measured 
(gas and/or electricity);
2. The level of feedback 
(feedback on overall household consumpƟ on, informaƟ on for 
separate appliances, feedback to just one appliance);
3. The type of feedback 
(factual, social or comparaƟ ve, fi gure 68);
4. Strategies to infl uence energy consumpƟ on 
(Do they only monitor or also manage the energy consumpƟ on?);
5. The architecture of the HEMS 
(touch screens, online web applicaƟ ons, standby-killers, etc.);
6. The intended purpose 
(energy saving or peak shaving) (Dam, 2013, p.107).

1.  THE TYPE OF ENERGY MEASURED
If occupants want to know their gas or electricity con-
sumpƟ on of course depends on their interest, but in 
case of the 2nd skin project we try to achieve over-
all energy reducƟ on. In case of space heaƟ ng the gas 
consumpƟ on is most important. As fi gure 88 shows, 
the CO2 emissions of gas are much bigger than the 
CO2 emissions of electricity. 

Figure 88; CO2- emissions per households during the past 20 years 
in the Netherlands (EnergieNed, 2009)
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This variable should therefore be discussed per per-
sona. 

3.  THE TYPE OF FEEDBACK
Also the type of feedback depends on the occupant. 
Some just want to know if they are doing well or not, 
while others want to know the exact amount of ener-
gy they spend.
This variable should therefore be discussed per per-
sona.

4.  THE STRATEGY TO INFLUENCE ENERGY CON -
 SUMPTION
The strategy to infl uence energy consumpƟ on can dif-
fer in monitoring the energy consumpƟ on or manag-
ing the energy consumpƟ on, or do both. 

As was concluded from occupants with pre-pro-
grammed thermostats, not every acƟ on should be 
automated. Otherwise the occupants will loose their 
awareness in reducing energy consumpƟ on. But, 
some acƟ ons which benefi t to reducing the energy 
consumpƟ on could be managed though.

As one of the goals is to make elderly venƟ late more, 
a sensor should be placed to measure the health of 
the indoor climate (CO2- level, humidity, NO2-level 
and the fi ner parƟ cles). When this sensor measures 
an unhealthy indoor climate, two acƟ ons could be 
triggered:
- turn on the mechanical venƟ laƟ on system, or;
- open one or more windows. 
As visualized in fi gure 90.

When occupants (especially in winter) venƟ late too 
liƩ le, the acƟ on of turning on the mechanical venƟ la-
Ɵ on system (with heat recovery), could be managed 
by the HEMS. When the indoor climate is healthy 
again, the HEMS will switch of the mechanical venƟ -

laƟ on system.

Besides that it should be avoided to use mechani-
cal venƟ laƟ on and natural venƟ laƟ on at the same 
Ɵ me. When occupants open doors and/or windows 
simultaneously with using the mechanical venƟ laƟ on 
system, the mechanical venƟ laƟ on system gets dis-
rupted (Cornelissens, 2012). Therefore the acƟ on of 
opening a window should be linked with turning of 
the mechanical venƟ laƟ on system (fi gure 91). 

And lastly when the sensor indicates that the indoor 
climate is unhealthy and simultaneously the heaƟ ng 
system is on, it should be sƟ mulated to turn on the 
mechanical venƟ laƟ on (with heat recovery) and keep 
the windows closed (fi gure 92).

Figure 93 shows the exisƟ ng HEMS system and the 
addiƟ onal three aspects that should be implemented.

5.  ARCHITECTURE OF HEMS
The diff erences in architecture of HEMS lay in the 
way people are able to use technology and how much 
they are into it, but also in the degree of interest to 
reduce the energy consumpƟ on.
This variable should therefore be discussed per per-
sona.

6.  THE INTENDED PURPOSE
Occupants are interested in diff erent strategies to re-
duce their energy consumpƟ on. Some want to reduce 
the overall energy consumpƟ on, and some just want 
to know the causes of peak energy consumpƟ on.
This variable should therefore be discussed per per-
sona.

Figure 89; Number of appliances per household in the Netherlands (Dam, 2013, p.67)
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Figure 90; Strategy to infl uence energy consumpƟ on 1 (own illustraƟ on)

Figure 91; Strategy to infl uence energy consumpƟ on 2 (own illustraƟ on)

Figure 92; Strategy to infl uence energy consumpƟ on 3 (own illustraƟ on)

Figure 93; HEMS (Jaist, 2015) + the missing points (own illustraƟ on)
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As discussed, variable 1 ‘the type of energy mea-
sured’ and variable 4 ‘the strategy to infl uence energy 
consumpƟ on’ have quite the same approach for the 
diff erent personas. 

The rest of the variables are checked with the diff er-
ent personas and design requirements and thereby 
translated into concept designs for HEMS. The con-
cept designs for these HEMS are elaborated per per-
sona below.

1. The “EASY COMFORTABLES” (fi gure 94)
-  LEVEL OF FEEDBACK
The level of feedback shouldn’t be too detailed, but 
should give social comparaƟ ve results.
- TYPE OF FEEDBACK
They would like to know if they are consuming more 
energy than their neighbours for example. They 
would like to get Ɵ ps on how to reduce their ener-
gy consumpƟ on, but they don’t want to put a lot of 
eff ort in fi nding out how to reduce their energy con-
sumpƟ on by themselves.
-   ARCHITECTURE OF HEMS
They are interested in reducing the energy consump-
Ɵ on, but they don’t want to be confronted with it ev-
erywhere and all day. A device that is placed some-
where in the living room is therefore enough for them.
-  INTENDED PURPOSE
The intenƟ on of the ‘easy comfortables’ is to reduce 
the overall energy consumpƟ on, they are not inter-
ested in peaks and a lot of details.

With the ‘easy comfortables’ mostly a longer Ɵ me-
span (longer than 4 months) is necessary to create 
(daily) habits (Dam, 2013, p.111).

2. The “ALL TIME SAVERS” (fi gure 95)
-  LEVEL OF FEEDBACK
The level of feedback should be detailed. Figures and 
numbers should explain their energy consumpƟ on. 
There should be diff erent levels of detail according to 
the feedback that is provided.
- TYPE OF FEEDBACK
They are very into saving. The cause of a peak in their 
energy consumpƟ on should therefore be explained in 
the feedback. They are more into fi gures and num-
bers than other personas.
-   ARCHITECTURE OF HEMS
They are interested in reducing the energy consump-
Ɵ on and they would like to have the ability to check it 
everywhere and all day. A device that is easy to take 
along is therefore preferable.
-  INTENDED PURPOSE
The intenƟ on of the ‘all Ɵ me savers’ is to seek for 
peaks in the energy consumpƟ on of their house-
holds, they are less interested in the overall energy 
consumpƟ on.

Figure 94; VisualizaƟ on HEMS for the ‘easy comfortables’ (own 
illustraƟ on)

Figure 95; VisualizaƟ on HEMS for the ‘all Ɵ me savers’ (own illus-
traƟ on)

3. The “SPENDERS” (fi gure 96)
-  LEVEL OF FEEDBACK
The ‘spenders’ need a frame of reference to com-
pare their consumpƟ on with. The level of feedback 
shouldn’t be detailed, but should give social compar-
aƟ ve results. They are not interested in numbers, co-
lours work beƩ er.
- TYPE OF FEEDBACK
They are not really interested in their overall energy 
consumpƟ on, they just want to live their lives com-
fortably. But, what they do want to know, is what the 
causes of peaks are according to their energy use.
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4. The “MOBILITY SUFFERERS”
-   ARCHITECTURE OF HEMS
The mobility of these personas is not opƟ mal any-
more. Therefore a fi xed HEMS should be placed at a 
spot that is reachable for them while they are siƫ  ng. 
A portable HEMS could also be a soluƟ on.

5. The “SIGHT SUFFERERS”
-  LEVEL OF FEEDBACK/ ARCHITECTURE OF 
HEMS
The feedback should be presented in suitable contrast 
paƩ erns and big enough leƩ er/number sizes. 

Figure 96; VisualizaƟ on HEMS for the ‘spenders’ (own illustraƟ on)

-   ARCHITECTURE OF HEMS
They don’t want to be confronted with their energy 
consumpƟ on all the Ɵ me, but they should stay aware 
of their consumpƟ on daily. A device that is placed on 
a spot where they spend a lot of Ɵ me is therefore a 
must.
-  INTENDED PURPOSE
The are more interested in knowing the causes of en-
ergy peaks than in the overall energy consumpƟ on.

The fourth and fi Ō h persona are more an addiƟ on to 
the fi rst three personas than ‘stand-alone’ personas. 
Not all HEMS variables are therefore elaborated with 
these personas.

To realise all these intended aspects, the HEMS sys-
tem and the facade element should be integrated. The 
facade element should contain diff erent funcƟ ons: 
insulaƟ on, heaƟ ng, venƟ laƟ on, cooling and sunlight 
admission. All these funsƟ ons should be aligned with 
each other.

A project that focuses on this integraƟ on in the facade 
is the NEXT acƟ ve facade concept. The NEXT acƟ ve 
façade concept can be seen as one sustainable solu-
Ɵ on that reduces energy consumpƟ on and provides 
individual comfort for the occupants (ALCOA, Somfy, 
TROX, 2015).

The façade is the most important element in the en-
ergy effi  ciency of a building. The façade can provide 
comfort and sustainability. The NEXT acƟ ve façade 
off ers one integrated façade soluƟ on which can pro-
vide 20% energy reducƟ on while the individual com-
fort increases, the concept is shown in fi gure 97. The 
NEXT acƟ ve façade elements fi lter and condiƟ on the 
indrawn outside air and bring these draŌ  free into 
the inside area. This decentral venƟ laƟ on method 
is energy effi  cient and takes liƩ le space. A heat ex-
changer regenerates the exhaust air, while night ven-
Ɵ laƟ on and automaƟ c sun shading use the natural 
resources. In the facades of the NEXT acƟ ve façade 7 
climate funcƟ ons can be implemented: sun- and heat 
regulaƟ on, air supply, air supply and exhaust, heat 
exchange, venƟ laƟ on, heaƟ ng, and cooling (ALCOA, 
Somfy, TROX, 2015).

One big advantage is that everything is regulated by 
one operaƟ ng system. Generally climate services are 
realized by diff erent parƟ es. Each party is responsi-
ble for their achievements, but they don’t really align 
the climate services with each other. The NEXT façade 
element takes the overall responsibility and aligns 
the climate services with each other (ALCOA, Somfy, 
TROX, 2015). 

The system has diff erent opƟ mal soluƟ ons and can be 
switched from energy-modus to comfort-modus for 
example. One example of an opƟ mal operaƟ ng sys-
tem: in winter the occupant opens the sun shading. 
When the room becomes warmer due to the heat 
of the sun, the system decreases the heaƟ ng system 
temperature (ALCOA, Somfy, TROX, 2015). 

OpƟ mal comfort and maximum energy performance 
are realizable by combining diff erent climate func-
Ɵ ons, combining them all or choosing for several 
ones. In this way you can upgrade your building to en-
ergylabel A. Figure 98 shows diff erent combinaƟ ons 
to upgrade your home to the desired energylabel (AL-
COA, Somfy, TROX, 2015).
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Figure 97; Concept NEXT acƟ ve facade (ALCOA, Somfy, TROX, 2015)

Figure 98; Upgrading to the desired energylabel (ALCOA, Somfy, TROX, 2015)

The NEXT façade element can be customized to the 
desired size. The façade has a fl exible layout. The 
units can be placed in the façade, but also in the fl oor 
or the ceiling (ALCOA, Somfy, TROX, 2015). Therefore 
the NEXT facade system is very fl exible and could be 
placed in many diff erent facades.

The NEXT acƟ ve façade provides comfort by venƟ lat-
ing, cooling or heaƟ ng when necessary and an extra 
opƟ on is a managed sun shading system. These are 
all managed in one plug and play box. SƟ ll this acƟ ve 
element has to be further developed. 

To regulate the venƟ laƟ on the health of the indoor cli-
mate should be measured. The humidity, the CO2-lev-
el, the NO2-level and the level of fi ner parƟ cles should 

be measured with this element and should trigger the 
occupant to venƟ late or manage the venƟ laƟ on sys-
tem itself.

Another aspect that could be implemented in this ac-
Ɵ ve façade element is the outside noise. By applying 
a noise fi lter into the element the system can manage 
the venƟ laƟ on to be natural or mechanical. In this way 
the elderly will be protected from disturbing noises.

The last aspect that also could be implemented in this 
system is the use of diff erent colours. By managing 
diff erent colours, occupants feel diff erent. Colours 
can make you feel warm or cold, but also acƟ ve or 
sleepy. This could be managed by using a light sources 
with diff erent colours.
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10.2 FACADE ELEMENT DESIGNS
The previous paragraph was more focusing on design-
ing for the right behaviors towards energy reducƟ on, 
while this paragraph more focuses on designing for a 
healthy and comfortable life of the occupants (elder-
ly) in a facade element. 

The BAM 2nd skin project in RoƩ erdam is used as a 
reference for the diff erent designs. The fi rst part of 
this paragraph shows the dimensions of the apart-
ments where we are designing for. The second part 
of this paragraph shows a table which will be used 
to check the quality of each design. AŌ er that three 
diff erent design opƟ ons are presented and reviewed 
by the quality table.

10.2.1. BAM 2ND SKIN PROJECT
As fi gure 99 shows, each exisƟ ng apartment of the 
BAM 2nd skin project has two balconies, one partly 
indoor-partly outdoor and one outdoor balcony. In 
this situaƟ on the kitchen has no balcony. All facades 
will be renovated, so the facades which have win-
dows already but no balcony yet, could be designed 
into facades with balconies.

The facades have diff erent dimensions. These dimen-
sions of the facades of the diff erent rooms are shown 
in fi gure 101. 

Figure 99; Floorplan BAM 2nd skin project, RoƩ erdam (SpeeArchitecten, 2014)

EXISTING BALCONY

BALCONY OPTION

Figure 100; Typical structural opening sizes to DIN 4172 (Neufert, 
2000)
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Figure 101; Dimensions of the diff erent facades of the BAM 2nd skin project, RoƩ erdam (own illustraƟ on)

As shown in the fi gure, the kitchen and bedroom 3 
don’t have a balcony at the moment. Therefore the 
width of these balconies is accorded to x. The exist-
ing balconies of the living room and bedroom 1 and 
2 have a width of 1305 mm and 820mm. Because the   
facades will be replaced by new skins and therefore 
the balconies will be replaced too, these dimensions 
do not have to be maintained.

Some new facades could be replaced by balconies 
with single or double doors. By designing for the fa-
cade of bedroom 1 and 2, the wall which splits the 
room has to be taken into account.

Figure 100 shows diff erent opening sizes for single 
and double doors. 



72 GraduaƟ on report // Eleonore Aghina 

10.2.2. REQUIREMENT CHECKLIST
As a lot of design requirements has been defi ned, the 
goal is to try to integrate as much as possible require-
ments into the facade element designs. All diff erent 
design concepts, which are all aƩ ached in appen-
dix A.6., will be checked with a design requirement 
checklist. This checklist is devided into diff erent main 
categories; venƟ laƟ on, elderly, comfort and funcƟ on-
ality (fi gure 102). The checklist will be marked with 
pluses and minuses to regard the requirements for a 
design as respecƟ vely posiƟ ve or negaƟ ve.

10.2.3. THE CONCEPT DESIGNS
In appendix A.6, all diff erent concept designs for the 
BAM 2nd skin project will be presented and discussed. 
The concept designs that I made are concept designs 
for the kitchen and bedroom 1 and 2. 

The living room has a partly indoor and partly outdoor 
balcony and should therefore be approached diff er-
ently. Adding a new skin (and balcony) is therefore in 
this case harder. Therefore this facade is disregarded 
for the concept designs.
Not all apartments have a third bedroom, that’s why 
also this room is disregarded.

The concept designs are mainly to test which opera-
Ɵ ons and aspects are most important to design for. 
The concept designs can also be used as a starƟ ng 
point for the new 2nd skin designs for the living room 
and the third bedroom.

In appendix A.6. the diff erent concepts are discussed, 
clarifi ed with pictures of the models. The requirement 
checklist will rate the concepts. Some suggesƟ ons are 
given to improve the concept. 

The models are mainly made to test the shape of the 
balconies and the diff erent facade element composi-
Ɵ ons and their operaƟ ons. 
Not all requirements will therefore be visible in the 
pictures of the models. The requirement checklist will 
therefore be rated posiƟ ve if it is possible to add for 
example ‘an insect screen’. If it is not very clear why 
a design requirement is ranked posiƟ ve, this will be 
explained by visualizaƟ on or text. 

Some of the addiƟ ons to the models can be observed 
as equal. These will be explained below.

1. ADJUSTABLE SUNSHADING - INSIDE
The inside adjustable sunshading can be placed on 
the height the occupant wants. In this way overexpo-
sure can be blocked.

2. CURTAINS
Curtains can be placed behind te facade for privacy, 
but also to keep the cold outside.

3. INSECT PROTECTION
When the facade elements are opened, an insect 
screen can be closed to keep the insects outside.

4. KEEPING PLANTS OUTSIDE
The occupants have the opportunity to keep plants 
outside by hanging them on the railing of the balus-
trade.

Figure 102; Requirement checklist for the diff erent facade element designs (own illustraƟ on)

Figure 103; Model addiƟ ons (own illustraƟ on)

1

3

2

4
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The diff erent concept designs show a lot of diff erent 
opƟ ons and operaƟ ons. The requirement checklist 
gives the design a quite posiƟ ve or negaƟ ve rate ac-
cording to designing for elderly and energy effi  ciency. 
Not all requirements are of equal weight. For exam-
ple, it is much more important that elderly can sit out-
side comfortably (and catch sunlight/ create vitamin 
D) than having a noise protected façade (not all el-
derly have the same hearing disorder, so this requires 
diff erent noise protecƟ ons). 

Some of the requirements are rated mainly negaƟ ve 
as the raƟ ngs show. For example the requirements 
‘rain protecƟ on’ shows mainly negaƟ ve raƟ ngs, but 
this seems worse than it is. The porch apartments all 
have their balconies above each other, most of the 
occupants therefore have an overhang of the balcony 
above them and suff er less from rain. Only the occu-
pants living on the upper fl oor will be troubled by the 
rainfall. The same applies to the sun, the upper fl oor 
will be troubled most by overheaƟ ng and overexpo-
sure. So, only for the upper fl oor a sun-/ rainprotec-
Ɵ on screen has to be designed.

One of the most important requirements from the in-
terviews is having an outdoor space/ area. A balcony 
is therefore desirable. Not in all situaƟ ons a balcony 
will be possible. Concept design 12 gives an idea of 
what a fl at design element could look like and how it 
could operate. The requirement checklist shows a lot 
of negaƟ ve results, but for a fl at design a lot of these 
requirements cannot be achieved.

The three most promising design concepts according 
to the requirement checklist, the evaluaƟ on by the 
elderly and the comments of the tutors are; concept 
3, concept 5 and concept 7. These three concepts are 
shown on the next pages and will be further devel-
oped in the next chapter.

All three concepts are concepts for the connecƟ on 
between the two bedrooms, but this concept could 
also be used for seperate rooms. The pictures of the 
models on the next pages show the idea for imple-
menƟ ng the concepts in individual rooms. 
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Figure 104; Models concept 3 - bedroom 1 & 2 (own illustraƟ on)

CONCEPT 3 - BEDROOMS 1 & 2

1 32 4

Concept 3 consists of 2 doors and inbetween one 
window. The doors both open to the outside and can 
funcƟ on as wind protecƟ on screens. The window can 
be Ɵ lted or opened outwards. 

The wall underneath the window allows the occu-
pants to have a windowsill and keep plants both in 
and outside. A folding table could be added to the 
wall outside to provide fl exibility to the occupants. 

The big doors allow occupants to venƟ late with large 
openings. The window allows the occupants to venƟ -
late with a small opening. 

The balustrade of the balcony is transparent and al-
lows the occupants to have a view to the outside.

Most requirements are rated posiƟ ve or semi-posiƟ ve 
and semi-negaƟ ve. The privacy requirement could be 
achieved by adding a prinƟ ng on the glass balustrade 
for example (same as concept 1). 

For the upper fl oor of the porch apartments a sun-
screen should be added to the design. 



GraduaƟ on report // Eleonore Aghina 75

Figure 105; Models concept 5 - bedroom 1 & 2 (own illustraƟ on)

CONCEPT 5 - BEDROOMS 1 & 2

1 32

Concept 5 consists of 2 folding windows to the leŌ  
and one door. All opening outwards. The right win-
dow can be disconnected from the frame and con-
nected to the balcony railing to provide a wind pro-
tecƟ on screen. The door opens also outwards and can 
therefore also funcƟ on as a wind protecƟ on screen.

To open the windows fi rst the door should be opened. 
In this way the facade can be designed without an in-
termediate frame. In this way the border between in 
and outside minimal and the connecƟ on with the en-
vironment gets beƩ er.

The windows allow the occupants to have a window-
sill inside and keep plants both in and outside. 

The balustrade of the balcony is transparent and al-
lows the occupants to have a view to the outside.

Most requirements are rated posiƟ ve or semi-posiƟ ve 
and semi-negaƟ ve. The privacy requirement could be 
achieved by adding a prinƟ ng on the glass balustrade 
for example (same as concept 1). 

For the upper fl oor of the porch apartments a sun-
screen should be added to the design. 
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Figure 106; Models concept 7 - bedroom 1 & 2 (own illustraƟ on)

CONCEPT 7 - BEDROOMS 1 & 2

1 32 4 5

Concept 7 consists of two folding door which can 
again be used as wind protecƟ on screen. Besides that 
the design consists of two windows. The upper win-
dow is able to be Ɵ lted outwards. In this way occu-
pants can easily venƟ late their home naturally when 
they are absent. 

The other window can also be used as a wind protec-
Ɵ on screen by opening it outwards and connecƟ ng it 
to the railing of the balustrade. 

Most requirements are rated posiƟ ve. The privacy re-
quirement could be achieved by adding a prinƟ ng on 
the glass balustrade for example (same as concept 1). 

For the upper fl oor of the porch apartments a sun-
screen should be added to the design. 

The upper Ɵ lƟ ng window is too large in length now. 
This window should be devided in at least two parts. 
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All three concepts have advantages and disadvantag-
es. Therefore all three concepts will be developed. In 
this way the homeowners and housing cooperaƟ ons 
sƟ ll have their say in what their preferences for a fa-
cade element are. The advantages and disadvantages 
of the three concepts are listed below.

CONCEPT 3
The mainly advantage of the design of concept 3 is 
the easy operaƟ on of the elements. The doors can 
just be opened outwards or closed and have the ab-
bility to be aƩ ached to the balcony and be used as 
wind protecƟ on screens.
A second advantage is the fi xed element in the mid-
dle. In this way the occupants can enter the balcony 
from both of the bedrooms and place a foldable table 
in front of the fi xed element. 
The main disadvantage is the limited space on the bal-
cony. By opening the doors outwards, the occupants 
only have the middle space in front fi xed element to 
store their balcony furniture.

CONCEPT 5
A big advantage of the concept 5 is the foldable win-
dow that can also be used as a wind protecƟ on screen 
in two composiƟ ons.
Another big advantage is the wide open space that 
can be created by opening the door and the folding 
windows. The border between in- and outside be-
comes less hard.
The right door is opening inwards, therefore it is es-
senƟ al to analyze the orientaƟ on of the specifi c build-
ing to make sure the wind protecƟ on screen is orien-
tated right.
The movement of the folding windows is more com-
plex than the operaƟ on of concept 3, but sƟ ll every-
thing is reachable.

CONCEPT 7
Concept 7 is quite the same as concept 5, but in this 
concept all elements are opening outwards. So wind  
disturbance from more direcƟ ons can be avoided.
One big advantage of concept 7 are the Ɵ lƟ ng win-
dows on top. The occupants can easily venƟ late their 
rooms while they are absent. The disadvantage of the 
Ɵ lƟ ng windows is the reachability (they have to be 
motor driven) and the complexity of the movements 
(same as in concept 5).
Another big advantage is the wide open space that 
can be created by opening the door and the folding 
windows. The border between in- and outside be-
comes less hard.

As you can see the diff erent designs have diff erent 
advantages and disadvantages. Therefore all three 
designs will be further developed in the fi nal design 
chapter.

10.3 CONCLUSION
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IV.   FINAL DESIGN

The last secƟ on shows the results of the research translated into 
three diff erent designs. The fi rst chapter explains the design in 
drawings, visualizaƟ ons and details. Chapter 12 includes diff erent 
evaluaƟ on methods that were used to rate the fi nal designs. And 
the last chapter gives an answer on the research quesƟ on, a re-
fl ecƟ on on the whole graduaƟ on process and recommendaƟ ons 
for future research.
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11. DESIGN

11.1 TACTICAL APPROACH

This chapter will show the fi nal facade element de-
signs for concept 3, 5 and 7 of the previous chapter 
‘Concept ideas’. The concepts are fi rst evaluated and 
improved and later on developed into detail. 

The fi rst paragraph will discuss the tacƟ cal approach 
for selling the facade elements to the homeowners 
and housing cooperaƟ ons, while having in mind that 
sƟ ll the occupants should have their own preference 
input. Later on the three concepts will be elaborated 
into fi nal designs in paragraph 11.2. Paragraph 11.3 
will elaborate the extra facade element opƟ ons, fol-
lowed by the assembly of the whole facade elements 
to the 2nd skin project in paragraph 11.4. 

The diff erent occupants have diff erent preferences as 
the previous research chapters show. Not all prefer-
ences are equal for the occupants, as we saw in de-
signing a Home Energy Management System (HEMS) 
for the diff erent personas. To make sure all occupants 
are saƟ sfi ed and willing to energy effi  ciently use the 
new facade (2nd skin), they should sƟ ll have the op-
portunity to have a say in what they want. Of course 
they will be limited in their say, therefore a tacƟ cal 
approach is necessary. 

PHASE 1 - THE ELEMENT
Three concepts for a facade element are developed 
and detailed in this chapter. The advantages and dis-
advantages of the diff erent designs depend on many 
diff erent local factors (e.g. winddirecƟ on, orientaƟ on, 
etc). Homeowners or housing cooperaƟ ons should 
have the opportunity to get insight in the advantag-
es and disadvantages of each design for their apart-
ment(block). 

Of course the look of the enƟ re facade should in the 
end give one facade appearance. Therefore this deci-
sion should be made by the architects in consultaƟ on 
with the homeowners/ housing cooperaƟ ons.

PHASE 2 - THE EXTRA OPTIONS
Cause not all defi ned requirements are implemented 
in the standard design elements, occupants should 
have the opportunity to choose for diff erent extra el-
ements. By providing the opƟ on to choose for these 
elements, the appearance of the whole facade stays 

quite equal.

The diff erent opƟ ons which the occupants can 
choose, are:
- an insect protecƟ on screen; 
- an inside sunshading system;
- fl ower boxes to hang on the balustrade; 
- curtains inside;
- the transparency of their balustrade;
- implementaƟ on of motor driven windows instead of 
manually operaƟ ng windows.

These diff erent element will be elaborated in para-
graph 11.3.

PHASE 3 - HEMS
As discussed in chapter 10.1 three diff erent Home 
Energy Management System designs are required in 
order to meet the habits of the diff erent personas. To 
fi nd out which HEMS the occupants need, diff erent 
quesƟ ons (according to the interest and knowledge in 
energy and the willingness to reduce energy) should 
be answered and concluded into which HEMS works 
best for that household.

With this approach the occupants sƟ ll have enough 
parƟ cipaƟ on in their personal comfort and facade de-
sign, while sƟ ll energy effi  ciency and the health of the 
occupants are most important. 

As menƟ oned, the three diff erent concepts are fur-
ther developed and will be discussed and detailled in 
the next paragraph.
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11.2 FROM CONCEPTS TO FINAL DESIGNS
As the previous chapter of the concept ideas showed, 
the designs consist of two main parts. These two de-
sign objects seem to be two seperate designs, but can 
only funcƟ on together. Figure 107 shows the vision 
on the integraƟ on of the two main design parts. This 
vision is translated in a design strategy (fi gure 108), 
which shows the integraƟ on of the Home Energy 
Management System design and the Facade element 
design. 

Paragraph 10.1 showed three diff erent design con-
cepts for the HEMS and how this HEMS should be ex-
tended with extra connecƟ ons to reduce the energy 
consumpƟ on. The NEXT facade element (as discussed 
in the previous chapter) will be implemented in the 

facade element and connected to the HEMS system. 
In this research the NEXT facade element will not be 
developed further, but the concept of the NEXT acƟ ve 
facade will be used. Therefore the NEXT element will 
also be placed in facade element in concept.

The next pages will show the translaƟ on of the three 
concept facade element designs into fi nal designs. 

Figure 107; Vision on the integraƟ on of the two main design parts (own illustraƟ on)

Figure 108; Vision translated into design strategy (own illustraƟ on)
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DESIGN 1 - concept 3
Figure 109 and fi gure 110 show two impressions of the implementaƟ on of design 1 in the BAM 2nd skin apartments 
in RoƩ erdam. On the next few pages the operaƟ on of  design 1 will be discussed, clarifi ed by drawings and details. 
The design will also be checked on the determined design requirements.

Figure 109; VisualizaƟ on design 1 (concept 3) on the BAM 2nd skin project in RoƩ erdam (own illustraƟ on)

Figure 110; VisualizaƟ on design 1 (concept 3) on the BAM 2nd skin project in RoƩ erdam, balcony texture (own illustraƟ on)
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OPERATION

Figure 111 shows the concept design of concept 3. 
The fi nal design for concept 3 is shown in fi gure 112. 

The two doors open outwards and can be fi xed to the 
balcony by turning the door handle downwards. Both 
doors can funƟ on as wind protecƟ on screens in this 
way.

Because the dimensions of the 2nd skin project are 
fi xed, the doors in the design don’t have the same di-
mensions. This problem can be solved in two ways;
- change the shape of the balcony;
- minimize the dimensions of the middle window. 
Both opƟ ons are possible, in this design the fi rst op-
Ɵ on is chosen.

The big advantage of this design is that the balcony 
can be used by two rooms and the composiƟ on al-

lows the occupants to implement a folding table un-
derneath the window. In this way the occupants sƟ ll 
have enough space to store their furniture.

Two cross secƟ ons of the facade, as fi gure 112 shows, 
will be presented in detail on the next pages. First the 
verƟ cal secƟ on AA’ will be shown, followed by the 
horizontal secƟ on BB’. 

The space marked in green in fi gure 112 will provide 
space for the NEXT facade element (which is connect-
ed to the HEMS inside).
 

Figure 111; Concept design 3 (own illustraƟ on)

Figure 112; Final design - concept 5 (own illustraƟ on)
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SECTION AA’
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SECTION BB’
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DIFFERENT SCENARIOS (topview)

1. 2.

3. 4.



GraduaƟ on report // Eleonore Aghina 89

DIFFERENT SCENARIOS (visualizaƟ ons)

- planter boxes
- extra cladding to make the balustrade   
  semi-transparent

- print on transparent balustrade to make it   
  semi-transparent

- adjustable sun shading system
- foldable table

- adjustable sun shading system
- adjustable insect protecƟ on screen

1.

3.

2.

4.
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EVALUATION

As the requirement checklist of design 1 (concept 3) 
shows, not all requirements are marked with a plus. 
All requirements that are not marked with a plus will 
be discussed below.

- RAIN PROTECTION
The design didn’t mainly focus on rain protecƟ on, but 
because of the posiƟ oned balconies above each other 
the occupants are already partly rain protected. The 
upper balcony is also provided with an overhang. Be-
sides that the windows, which funcƟ on as rain wind 
protecƟ on screens, can also be partly used as rain 
protecƟ on screens.

- TRANSPARENCY - VIEW
Because of the partly solid part of the facade element 
(the NEXT element), the view from inside to outside 
is partly blocked. The occupants cannot look outside 
from every posiƟ on.

- TRANSPARENCY - PRIVACY
In the original design the balustrade is fully transpar-
ent. Not all occupants prefer a fully transparent balus-
trade all the Ɵ me. Therefore this transparency should 
be adjustable or partly blocked. Diff erent opƟ ons to 
solve this problem are shown in the fi gure on the next 
page. 
The fi rst opƟ on is a print that can be aƩ ached to the 
glass. The print is partly transparent.
The second opƟ on is an extra structure in front of 
the balustrade which sƟ ll provides transparency, but 
makes the view for passers less direct.
The third opƟ on is a shading system that is aƩ ached 
to the inside of the balcony and can be adjusted to 
the preferable place.

- NOISE PROTECTION
The facade protects against several noises when 
closed, but not all noises will be avoided. When the 
facade is (partly) open, the occupants won’t be pro-
tected from any noises. This research didn’t focus 
on developing a noise protecƟ on screen, but as the 
recommendaƟ ons say there should be done more re-
search into this topic.

- ADJUSTABLE SUN SHADING - OUTSIDE
The facade is provided with an indoor sun shading 
system, but no extra outdoor sun shading is added. 
Because the balconies have an overhang, the occu-
pants are already partly protected against the sun. 
Besides that, the wind protecƟ on screens can also 
funcƟ on as sun protecƟ on by closing the indoor sun 
shading when the door/ windows are opened.

- SPACE AREA ON BALCONY
By keeping the windows closed, the space area is quite 
good. But when the windows have to be opened, the 
higher furniture (and people) have to move partly. 
There is space to store stuff  on the balcony, but there 
is a possibility that this stuff  has to be moved when 
opening the windows.
AddiƟ onally a foldable table inbetween the two doors 
can be provided. By making the table foldable, the 
storage space can sƟ ll be remained. In this case there 
should be thought of the direcƟ on to fold the table to, 
the NEXT element won’t funcƟ on opƟ mally if a table 
is folded in front of it.

- WINDOW CLEANABILITY
All windows are quite easy to clean, except the glass 
of the balustrade. The glass should be cleaned by a 
company regularly, or the occupants should use an 
easy tool to clean the glass by theirselves.
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Figure 113; Final design 1 (concept 3), balustrade opƟ on 1 (own illustraƟ on)

Figure 114; Final design 1 (concept 3), balustrade opƟ on 2 (own illustraƟ on)

Figure 115; Final design 1 (concept 3), balustrade opƟ on 3 (own illustraƟ on)
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DESIGN 2 - concept 5
Figure 116 and fi gure 117 show two impressions of the implementaƟ on of design 2 in the BAM 2nd skin apartments 
in RoƩ erdam. On the next few pages the operaƟ on of  design 2 will be discussed, clarifi ed by drawings and details. 
The design will also be checked on the determined design requirements.

Figure 116; VisualizaƟ on design 2 (concept 5) on the BAM 2nd skin project in RoƩ erdam (own illustraƟ on)

Figure 117; VisualizaƟ on design 2 (concept 5) on the BAM 2nd skin project in RoƩ erdam, wooden cladding (own illustraƟ on)
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OPERATION

Figure 118 shows the concept design of concept 
5. The fi nal design for concept 5 has changed a bit 
(fi gure 119). The door at the right side is a bit wider 
than the windows and is therefore changed into an 
inwards opening door. In this way the occupants also 
have more space to keep furniture on their balconies. 

The two windows fold outwards and can be connect-
ed to the railing of the balustrade. In this way a wind 
protecƟ on screen can be consƟ tuted. 

The main wind direcƟ on in the Netherlands is South-
West. The designs for diff erent renovaƟ on apartments 
should therefore be aligned with the wind direcƟ on.  

The balustrade fully consists out of glass. By connect-
ing the folding windows as windscreens a comfort-
able outside area can be created for the occupants. 

The door opens inwards now and this also means the 
windows can be opened without opening the door 
fi rst. 

Two cross secƟ ons of the facade, as fi gure 119 shows, 
will be presented in detail on the next pages. First the 
verƟ cal secƟ on AA’ will be shown, followed by the 
horizontal secƟ on. 

The space marked in green in fi gure 119 will provide 
space for the NEXT facade element (which is connect-
ed to the HEMS inside).

Figure 118; Concept design 5 (own illustraƟ on)

Figure 119; Final design - concept 5 (own illustraƟ on)
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SECTION AA’
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SECTION BB’
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DIFFERENT SCENARIOS (topview)

1. 2.

3. 4.
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DIFFERENT SCENARIOS (visualizaƟ ons)

- adjustable sunshading system
- extra cladding to make the balustrade   
  semi-transparent

- adjustable insect protecƟ on screen
- planter boxes

- adjustable sun shading system
- planter boxes

- adjustable transparency of the balustrade

1.

3.

2.

4.
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EVALUATION

As the requirement checklist of design 2 (concept 5) 
shows, not all requirements are marked with a plus. 
All requirements that are not marked with a plus will 
be discussed below.

- RAIN PROTECTION
The design didn’t mainly focus on rain protecƟ on, but 
because the balconies are all posiƟ oned above each 
other the occupants are already partly rain protected. 
The upper balcony is also provided with an overhang. 
Besides that the windows ,which funcƟ on as rain 
wind protecƟ on screens, can also be partly used as 
rain protecƟ on screens.

- TRANSPARENCY - VIEW
Because of the partly solid part of the facade element 
(the NEXT element), the view from inside to outside 
is partly blocked. The occupants cannot look outside 
from every posiƟ on.

- TRANSPARENCY - PRIVACY
In the original design the balustrade is fully transpar-
ent. Not all occupants prefer a fully transparent balus-
trade all the Ɵ me. Therefore this transparency should 
be adjustable or partly blocked. Diff erent opƟ ons to 
solve this problem are shown in the fi gure on the next 
page. 
The fi rst opƟ on is a print that can be aƩ ached to the 
glass. The print is partly transparent.
The second opƟ on is an extra structure in front of 
the balustrade which sƟ ll provides transparency, but 
makes the view for passers less direct.
The third opƟ on is a shading system that is aƩ ached 
to the inside of the balcony and can be adjusted to 
the preferable place.

- NOISE PROTECTION
The facade protects against several noises when 
closed, but not all noises will be avoided. When the 
facade is (partly) open, the occupants won’t be pro-
tected from any noises. This research didn’t focus on 
developing an noise protecƟ on screen, but as the 
recommendaƟ ons say there should be done more re-
search into this topic.

- ADJUSTABLE SUN SHADING - OUTSIDE
The facade is provided with an indoor sun shading 
system, but no extra outdoor sun shading is added. 
Because the balconies have an overhang, the occu-
pants are already partly protected against the sun. 
Besides that, the wind protecƟ on screens can also 
funcƟ on as sun protecƟ on by closing the indoor sun 
shading when the door/ windows are opened.

- SPACE AREA ON BALCONY
By keeping the windows closed, the space area is quite 
good. But when the windows have to be opened, the 
higher furniture (and people) have to move partly. 
There is space to store stuff  on the balcony, but there 
is a possibility that this stuff  has to be moved when 
opening the windows.

- WINDOW CLEANABILITY
All windows are quite easy to clean, except the glass 
of the balustrade. The glass should be cleaned by a 
company regularly, or the occupants should use an 
easy tool to clean the glass by theirselves.

- COMPLEXITY MOVEMENTS
The movement of the folding window could be quite 
complex for elderly, but by implemenƟ ng the system 
early in their lives they will know how to use the sys-
tem.
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Figure 120; Final design 2 (concept 5), balustrade opƟ on 1 (own illustraƟ on)

Figure 121; Final design 2 (concept 5), balustrade opƟ on 2 (own illustraƟ on)

Figure 122; Final design 2 (concept 5), balustrade opƟ on 3 (own illustraƟ on)
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DESIGN 3 - concept 7
Figure 123 and fi gure 124 show two impressions of the implementaƟ on of design 3 in the BAM 2nd skin apartments 
in RoƩ erdam. On the next few pages the operaƟ on of  design 3 will be discussed, clarifi ed by drawings and details. 
The design will also be checked on the determined design requirements.

Figure 123; VisualizaƟ on design 3 (concept 7) on the BAM 2nd skin project in RoƩ erdam (own illustraƟ on)

Figure 124; VisualizaƟ on design 3 (concept 7) on the BAM 2nd skin project in RoƩ erdam, balcony print (own illustraƟ on)
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OPERATION

Figure 125 shows the concept design of concept 7. 
The fi nal design for concept 7 changed a liƩ le (fi gure 
126). 

As you can see the composiƟ on of the diff erent win-
dows and doors changed. Besides that, the Ɵ lƟ ng 
window at the top is devided in two. This is done be-
cause one Ɵ lƟ ng window would be too wide and the 
movement would cost too much power.

The window opens outwards and can be connected 
to the railing of the balustrade. In this way a wind pro-
tecƟ on screen can be consƟ tuted. 
Also the folding doors can be deformed to a wind pro-
tecƟ on screen, these can be fi xed to the balcony by 
turning the door handle downwards. 

The width of the folding doors is smaller than the 

width of the window. This can be solved by three op-
Ɵ ons:
- change the shape of the balcony;
- minimize the dimensions of right window (in this 
case the facade element becomes smaller);
- change the window in an inwards opening window. 
All opƟ ons are possible, in this design the fi rst opƟ on 
is chosen.

Two cross secƟ ons of the facade, as fi gure 126 shows, 
will be presented in detail on the next pages. First the 
verƟ cal secƟ on AA’ will be shown, followed by the 
horizontal secƟ on BB’. 

The space marked in green in fi gure 126 will provide 
space for the NEXT facade element (which is connect-
ed to the HEMS inside).

Figure 125; Concept design 7 (own illustraƟ on)

Figure 126; Final design - concept 7 (own illustraƟ on)
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SECTION AA’
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SECTION BB’
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DIFFERENT SCENARIOS (topview)

1. 2.

3. 4.
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DIFFERENT SCENARIOS (visualizaƟ ons)

- print on transparent balustrade to make it 
  semi-transparent

- adjustable transparency of the balustrade
- adjustable insect protecƟ on screen

- adjustable insect protecƟ on screen
- extra cladding on balustrade to make it 
  semi-transparent

- adjustable sun shading system

1.

3.

2.

4.
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EVALUATION

As the requirement checklist of design 3 (concept 7) 
shows, not all requirements are marked with a plus. 
All requirements that are not marked with a plus will 
be discussed below.

- RAIN PROTECTION
The design didn’t mainly focus on rain protecƟ on, but 
because the balconies are all posiƟ oned above each 
other the occupants are already partly rain protected. 
The upper balcony is also provided with an overhang. 
Besides that the doors and window, which funcƟ on as 
rain wind protecƟ on screens, can also be partly used 
as rain protecƟ on screens.

- TRANSPARENCY - PRIVACY
In the original design the balustrade is fully transpar-
ent. Not all occupants prefer a fully transparent balus-
trade all the Ɵ me. Therefore this transparency should 
be adjustable or partly blocked. Diff erent opƟ ons to 
solve this problem are shown in the fi gure on the next 
page. 
The fi rst opƟ on is a print that can be aƩ ached to the 
glass. The print is partly transparent.
The second opƟ on is an extra structure in front of 
the balustrade which sƟ ll provides transparency, but 
makes the view for passers less direct.
The third opƟ on is a shading system that is aƩ ached 
to the inside of the balcony and can be adjusted to 
the preferable place.

- NOISE PROTECTION
The facade protects against several noises when 
closed, but not all noises will be avoided. When the 
facade is (partly) open, the occupants won’t be pro-
tected from any noises. This research didn’t focus on 
developing an noise protecƟ on screen, but as the 
recommendaƟ ons say there should be done more re-
search into this topic.

- ADJUSTABLE SUN SHADING - OUTSIDE
The facade is provided with an indoor sun shading 
system, but no extra outdoor sun shading is added. 
Because the balconies have an overhang, the occu-
pants are already partly protected against the sun. 
Besides that, the wind protecƟ on screens can also 
funcƟ on as sun protecƟ on by closing the indoor sun 
shading when the doors/ window are opened.

- SPACE AREA ON BALCONY
By keeping the windows closed, the space area is quite 
good. But when the windows have to be opened, the 
higher furniture (and people) have to move partly. 
There is space to store stuff  on the balcony, but there 
is a possibility that this stuff  has to be moved when 
opening the doors.

- WINDOW CLEANABILITY
All windows are quite easy to clean, except the glass 
of the balustrade. The glass should be cleaned by a 
company regularly, or the occupants should use an 
easy tool to clean the glass by theirselves.

- COMPLEXITY MOVEMENTS
The movement of the folding doors could be quite 
complex for elderly, but by implemenƟ ng the system 
early in their lives they will know how to use the sys-
tem.
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Figure 127; Final design 3 (concept 7), balustrade opƟ on 1 (own illustraƟ on)

Figure 128; Final design 3 (concept 7), balustrade opƟ on 2 (own illustraƟ on)

Figure 129; Final design 3 (concept 7), balustrade opƟ on 3 (own illustraƟ on)
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11.3 THE EXTRA OPTIONS
Cause not all defi ned requirements are implement-
ed in the standard design elements, homeowners, 
housing cooperaƟ ons and occupants should have the 
opportunity to choose for diff erent extra elements as 
menƟ oned in the fi rst paragraph of this chapter. By 
providing the opƟ on to choose for these elements, 
the appearance of the whole facade stays quite equal. 
In this paragraph these opƟ ons will be discussed.

1. AN INSECT PROTECTION SCREEN; 
There are diff erent opƟ ons for implemenƟ ng insect 
protecƟ on screens. The most integrated opƟ on is to 
choose for a ‘pleated fl yscreen’. This is an insectscreen 
that kan be folded and unfolded and therefore occu-
pies liƩ le space. The screen can be implemented on 
the outside or the inside of your facade, depending 
on your window operaƟ on (turning outwards or in-
dwards). 

Figure 130 and 131 show the operaƟ on and the as-
sembly of this insectscreen system. More operaƟ on 
and assembly details are aƩ ached in appendix A.7.1.

Of course there are also other suitable opƟ ons. For 
example a rolling insect screen. This system is less 
suitable for elderly because of the extension hight (as 
you can see in fi gure 132).

Another last opƟ on would be a fi xed insect screen 
door, but this has more disadvantages than the oth-
er opƟ ons. A fi xed door occupies a lot of space and 
blocks the view (also if you’re not using your door as 
an insectscreen at that moment).Figure 130; Pleated fl yscreen (Unilux, 2015)

Figure 131; Pleated fl yscreen, assembly (Unilux, 2015)

Figure 132; Roller fl yscreen (Unilux, 2015)
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The sun shading system 
should be adjustable in a 
way that the occupants 
are able to posiƟ on the 
sun shading on the height 
they prefer. So the shading 
should be adjustable from 
the boƩ om and from the 
top (as fi gure 134 shows). 
This is a system that al-
ready exists (fi gure 136) 
and is shown in detail in 
the appendix A.7.2.

Figure 134; Adjustable inside 
sunshading system (own il-
lustraƟ on)

Figure 133; Building management system sun shading (Hunter-
Douglas, 2015)

Figure 135; Building management system sun shading (Hunter-
Douglas, 2015)

Figure 136; Adjustable inside sunshading system (BRON)

2. AN INSIDE SUNSHADING SYSTEM;
An adjustable sun shading system should be imple-
mented to improve the indoor light intensity for the 
occupants. This system should allow the occupants to 
block only part of their windows from entering sun-
light. In this way they can overcome overexposure, 
but sƟ ll let daylight enter the room.

A sun shading system does not only controls the 
lighƟ ng levels, but can also create comfort according 
to heaƟ ng and venƟ laƟ on. By properly aligning sun 
control devices with (natural) light, temperature and 
cooling in relaƟ on to each other, opƟ mal comfort 
and energy soluƟ ons can be created (HunterDoug-
las, 2015). By connecƟ ng the sun shading control to 
the building management system (HEMS), sun con-
trol systems can be controlled in combinaƟ on with 
cooling, heaƟ ng and even the lighƟ ng levels (Hunt-
erDouglas, 2015). In this way energy can be saved in 
summer by overcoming overheaƟ ng and in winter by 
overcoming heat loss.

Hunter Douglas says that energy-effi  cient buildings 
can only be realized by integraƟ ng venƟ laƟ on, cool-
ing, heaƟ ng, lighƟ ng and climate systems with win-
dow coverings and sun shading systems (2015). They 
designed a building management system which can 
communicate with every other building management 
system (as fi gure 133 and 135 show). 
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Figure 139; Print layer on glass (BRON)

Figure 137; Diff erent fl ower box opƟ ons (Fennel, 2015)

Figure 138; Design planter boxes for the design (own illustraƟ on)

3. FLOWER BOXES TO HANG ON THE BALUSTRADE; 
To give the facade an uniform look, an unifi ed system 
is needed to hang fl ower boxes on the balustrade. As 
the examples below show, it is possible to design a 
system that is easy to aƩ ach/ hang on the railing of 
the balustrade.

The designs above are possible opƟ ons for the bal-
ustrade of the 2nd skin project, an detailled opƟ on 
for the 2nd skin project is shown in the drawing be-
low. The fi nal look of the planter boxes should be dis-
cussed with the architect and housing cooperaƟ ons/ 
home owners. 

4. CURTAINS INSIDE;
Occupants just have the opportunity for a curtain rail. 
They won’t be forced into 2 types of curtains for ex-
ample. 

6. MOTOR DRIVEN WINDOWS
Not all windows are easy to reach, therefore the oc-
cupants should have the opƟ on to choose for win-
dows that open by pressing a buƩ on to open the mo-
tor driven window.

5. THE TRANSPARENCY OF THEIR BALUSTRADE.
The transparancy of the facade has a double sided 
approach; on the one hand the balustrade has to be 
transparent to allow occupants to look outside from 
every perspecƟ ve. On the other hand occupants don’t 
want to be watched by strangers all the Ɵ me. 

One soluƟ on is to paste a print layer on the balustrade 
as shown in fi gure 139. 

Another soluƟ on is to go for a balustrade that isn’t 
made out of glass, but another (less transparent) ma-
terial. Figure 140 shows an example. 

This opƟ on isn’t an opƟ on that every occupant can 
choose for himself, the facade appearance of the 
building in the end has to look uniform. Therefore 
this decision has to be made in group context. Some 
examples were already shown in the previous chapter 
of the diff erent designs.

Figure 140; Grid on iron balustrade (BRON)
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11.4 ASSEMBLY 2ND SKIN FACADE
The 2nd skin project also aims for fast and easy imple-
mentaƟ on, limiƟ ng the nuisance for the occupants, 
and thus allowing them to remain in their houses 
during the installaƟ on process. Keeping occupants in 
their homes is needed to decrease the costs of the 
renovaƟ ng process related to the relocaƟ on of occu-
pants, and it will facilitate the acceptance of the oc-
cupants to take part in renovaƟ on processes (Guer-
ra-SanƟ n, 2015). Therefore it is relevant to explain 
and show the assembly method for the 2nd skin de-
signs. This paragraph will elaborate the assembly pro-
cess in detail.

THE BALCONY
Firstly there should be discussed whether the exist-
ing balcony structure should be kept or should be re-
moved and replaced. 

The exisƟ ng balconies cause cold bridges and should 
therefore be wrapped with insulaƟ on to overcome 
this thermal problem. By wrapping the balconies, you 
can loose space and there are less possibiliƟ es ac-
cording to the dimensions of the new balcony. 

Therefore Schoeck came up with a Isokorf ther-
mal-supporƟ ng element. Schoeck Isokorf type RKS is 
a thermal bridge-supporƟ ng element for connecƟ ng 
steel balconies to exisƟ ng reinforced concrete fl oors. 
It transfers negaƟ ve moments, posiƟ ve shear forces 
and horizontal forces (Schoeck, 2015, p.23). Figure 
141 shows what such an isokorf element looks like. 
The center-to-center distance between two of these 
elements should be 0,7m at maximum (fi gure 142).

The exisƟ ng balcony should be removed fi rst and later 
on these isokorf elements can easily be placed into 
the concrete fl oor structure. As fi gure 144 shows, 
steel profi les can easily be connected to the isokorf 
elements. 

While in the new 2nd skin designs the dimensions of 
the exisƟ ng balconies are preserved, sƟ ll the tech-

nique of the isokorf elements are implemented in the 
new designs. Not only because these elements save 
space, but also because in future designs much more 
is possible by implemenƟ ng these isokorf elements. 
The designs become much more fl exible.

Figure 141; Schöck Isokorf, type RKS (Schoeck, 2015, p.23)

Figure 143; ImplementaƟ on Isokorf element (Schoeck, 2015)

Figure 142; RenovaƟ on of an exisƟ ng balcony type RKS14, free 
canƟ levered (Schoeck, 2015, p.25)

Figure 144; CanƟ levered balcony type RKS14, a renovaƟ on of an exisƟ ng balcony (Schoeck, 2015, p.25)
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11.5 CONCLUSION
The three diff erent facade elements require diff erent 
aluminium profi le systems as shown in the details. 

By giving the occupants the opportunity to partly de-
sign/ choose their own facade, they are much more 
willing to use their new facade in the desired way. Be-
cause the occupants change over Ɵ me,  there could 
be thought of leasing part of these extra facade ele-
ment opƟ ons. 

And as paragraph 11.4 showed, with the right assem-
bly method, the 2nd skin can be applied quite fast and 
easy.

In the next chapter the diff erent designs will be eval-
uated by the personas, the interviews and the design 
requirements. 

As the exploded view on the previous pages shows, 
the 2nd skin facade will be applied in several steps:

1.  The exisƟ ng balconies and windows have to 
be removed;
2.  Several isokorf elements have to be aƩ ached 
to the exisƟ ng fl oors and the fi rst insulaƟ on layer has 
to be applied too;
3.  Steel profi les have to be aƩ ached to the 
isokorf elements for the construcƟ on of the balconies 
later on;
4.  The prefab isolated panels should then be at-
tached to the facade, including the new facade win-
dow elements);
5.  The fi nal cladding has to be added then (dif-
ferent claddings are possible to aƩ ach);
6.  Now all the extra elements of the balcony can 
be aƩ ached to the steel profi les (wooden fl oor, glass 
balustrades, cladding, handrails, etc.)
7.  The roof insulaƟ on and fi nal covering should 
be aƩ ached then;
8.  And fi nally the PV panels and solar collectors 
will be placed on the roof.

As the exploded view shows, all elements are quite 
easy to add to the exisƟ ng facade. The work that will 
cost most of the Ɵ me is removing the balconies and 
exisƟ ng facade elements (windows). All elements that 
are added aŌ er that, can be aƩ ached from outside 
and won’t cause a lot of disturbance for the occu-
pants.
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12. EVALUATION

12.1 EVALUATION DESIGN 1

12.2 EVALUATION DESIGN 2 (fi nal design)

In this chapter the designs will be evaluated. Firstly 
design 1 (of the fi rst P4) will be evaluated shortly, in 
the second paragraph the fi nal designs will be eval-
uated. The designs will be evaluated by three diff er-
ent components; the parƟ cipants of the interviews, 
the defi ned personas, and the defi ned requirement 
checklist.

elderly according to their home instead of their ener-
gy effi  ciency behavior.

The fi rst evaluaƟ on was done just before my fi rst P4 
presentaƟ on (in May 2015). The ‘fi nal’ design was 
much diff erent than the designs are now (see appen-
dix A.5 for the fi rst designs). The evaluaƟ on of the de-
sign was done by email (appendix A.3.2). The most 
important conclusions are listed below.

VENTILATION
Most occupants were not aware of the health of their 
indoor climate (and the importance of venƟ laƟ on). 
They were interested in having more insight in the 
health of their indoor climate and geƫ  ng Ɵ ps to im-
prove it, but they were not really convinced that the 
new design would improve that.

DAYLIGHT
All occupants prefer doing their daily acƟ viƟ es in 
daylight rather than using arƟ fi cial light. They there-
fore agreed with the maximum transparency of the 
façade, but they were curious how this incoming day-
light would be opƟ mally adjustable.

‘DOUBLE HUNG’ SYSTEM
They were enthousiasƟ c about the idea of implement-
ing a ‘double hung’ system into their façade system, 
especially in combinaƟ on with an insect screen. But 
they were doubƟ ng about the easiness of the oper-
aƟ on of this ‘double hung’ system. Some occupants 
were afraid of geƫ  ng cold feet by using this window 
as an eff ecƟ ve venƟ laƟ on system, others were afraid 
of the safety of their stuff  that could fall outwards. So 
they were enthousiasƟ c about venƟ laƟ ng faster and 
the ease of an implemented insect screen, but there 
were sƟ ll some doubts about the easiness and safety 
of the operaƟ on. 

As the evaluaƟ on of the fi rst design shows, there 
were sƟ ll quite some important remarks on the de-
sign. Therefore my tutors and I decided to postpone 
my P5 presentaƟ on. AŌ er my fi rst P4 presentaƟ on I 
took a step back and did a second face-to-face inter-
view, which focused more the comfort preferences of 

The second designs, which were made aŌ er my fi rst 
P4 presentaƟ on, are much more detailed and exten-
sive than design 1. The fi nal does not only exist of 2 
main parts (the HEMS and the façade element), but 
these two main parts both consist of more than one 
design. The evaluaƟ on of design 2 is therefore more 
extensive too. Firstly the designs will be evaluated 
by the parƟ cipants of the interviews, followed by an 
evaluaƟ on by the diff erent defi ned personas and fi -
nally the requirement checklist will rate the designs. 

A. THE INTERVIEWS
AŌ er my fi rst P4 presentaƟ on I did a new face-to-face 
interview with the same parƟ cipants as menƟ oned 
before. This interview gave me much more inside in 
the preferences of the occupants according to com-
fort. With the feedback from my P4 presentaƟ on, the 
new outcomes of the interviews and the evaluaƟ on of 
design 1, I re-started the design part of my research. 
The new 12 design concepts were again evaluated by 
the parƟ cipants by email. The outcome will be dis-
cussed below. These comments are all incorporated 
in the fi nal design part.

All occupants were more much enthousiasƟ c about 
the second (fi nal) designs than they were about the 
fi rst design. They sƟ ll had some quesƟ ons according 
to the operaƟ on of the diff erent designs.

BALCONY
All occupants were very happy with the fi xed balco-
ny (the outside area). Also the windscreen felt like a 
big advantage for them. One of the occupants com-
mented that he hoped the balcony would be faced to 
the south, of course this depends on the locaƟ on and 
the orientaƟ on of the façade. For each situaƟ on there 
should be looked at the diff erent opƟ mal scenarios 
according to wind, sunlight, venƟ laƟ on, etc.

TRANSPARENCY
Most occupants were happy with the transparency 
of the balustrade. One of them commented to pre-
fer a small solid boƩ om part of the balustrade (50 
cm from the boƩ om should be non-transparent) to 
have a liƩ le bit more privacy. The appearance of the 
façade should be equal, so diff erent scenarios should 
be designed to meet the preferences of the diff erent 
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occupants.  

OPERATION
Most designs are easily operable (and most acƟ ons 
are reachable), but some quesƟ ons are marked on 
the simplicity of the system (is it only manually op-
erable or also electric?). Therefore non-reachable 
operaƟ ons should be electric. Besides that occupants 
should have the opportunity to go for an electric op-
eraƟ ng system.

Home Energy Management System (HEMS)
All occupants were happy with the new insights of de-
signing HEMS for diff erent user profi les and the new 
strategy for saving energy and providing a healthy 
indoor climate. They were curious if this would be a 
good working system for a longer Ɵ me span. 

In the end only one of them gave the preference for 
concept 7 (design 3), the others were happy with all 
three concept designs. 

B. THE PERSONAS
In chapter 5 fi ve types of personas were defi ned; the 
‘easy comfortables’, the ‘all Ɵ me savers’, the ‘spend-
ers’, the ‘mobility suff erers’ and the ‘sight suff erers’. 
Below the fi nal designs of this research will be evalu-
ated with the defi ned personas.

1. THE ‘EASY COMFORTABLES’
-  According to the HEMS design
The ‘easy comfortables’ are elderly who are willing to 
save energy, but only if this would benefi t their com-
fort. They don’t spend Ɵ me on venƟ laƟ ng enough and 
do not have an idea of the health of their indoor cli-
mate.
With the design of the HEMS that is specifi ed to their 
habits, they are much more into saving energy easily. 
They are triggered to be more aware of the health of 
their indoor climate. The HEMS system shows which 
acƟ on on a specifi c moment costs the least energy 
(venƟ laƟ ng mechanically or naturally).
-  According to the façade element design
The façade element should provide comfort to make 
sure the ‘easy comfortables’ will use the façade ele-
ment in the desired way. The system can be a liƩ le 
complex for the occupants, but provides a lot of com-
fort according to wind and sunlight, therefore most 
occupants will use the façade in the desired way.

2. THE ‘ALL TIME SAVERS’
-  According to the HEMS design
The ‘all Ɵ me savers’ are elderly who are very aware 
of possible deterioraƟ on and energy costs. They are 
willing to save as much energy as possible, but their 
health should be taken into account too.
The new design focusses on the well-being of elderly 

and simultaneously on an energy effi  cient use of the 
facade. The HEMS system that is designed for these 
occupants allows them to have a sight in where most 
energy consumpƟ on is spend in their household. In 
this way they are able to change their habits. 
-  According to the façade element design
The integraƟ on of the façade element and the HEMS 
system gives the users insight in how to use their 
façade in the right way. The ‘all Ɵ me savers’ will there-
fore use their façade in the desired way and will si-
multaneously profi t from the comfortable spot they 
can create on their balcony.

3. THE ‘SPENDERS’
-  According to the HEMS design
The ‘spenders’ are elderly who want to enjoy the last 
years of their life and don’t want to spend Ɵ me or en-
ergy in saving energy. 
The new HEMS design for the ‘spenders’ focusses on 
peaks and compares their energy consumpƟ on with 
neighbours. In this way these occupants stay focused 
on their consumpƟ on and get Ɵ ps on how to reduce 
these.
-  According to the façade element design
The most important thing for the ‘spenders’ is the lev-
el of comfort the new design provides. If you compare 
the new design with the exisƟ ng situaƟ on, it can pro-
vide comfort in many ways.

4. THE ‘MOBILITY SUFFERERS’
For this persona the focus is aimed at the facade el-
ement more than at the HEMS. The facade element 
should be easy to use and reachable from a siƫ  ng 
perspecƟ ve. The extra opƟ on of having a facade 
which can be driven by a motor can be a soluƟ on for 
this group.

5. THE ‘SIGHT SUFFERERS’
Also for this persona the focus is more aimed at the 
facade than at the HEMS. The facade element should 
give the occupants the ability to let in daylight as 
much as possible, but limit the overexposure. There-
for the opƟ on of implemenƟ ng an adjustable inside 
sunshade system should be chosen by this group.

C. THE REQUIREMENT CHECKLIST
In the chapter of the fi nal designs, the designs were 
already evaluated and discussed by the requirement 
checklist. Figure 145 on the next page gives a quick 
overview on the three checklists.

As the comparison of the checklists of the three con-
cepts shows, they do not diff er a lot in their raƟ ng, as 
was already concluded and discussed in the chapter 
of the fi nal design. 

The main missing requirements in the three concepts 
were the missing rain protecƟ on, the missing privacy 
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12.3 CONCLUSIONS
As the evaluaƟ on shows, the postpone of my P5 was 
relevant. The parƟ cipaƟ ng occupants were much 
more happy and saƟ sfi ed with the new designs. 

The diff erent evaluaƟ on methods gave me more in-
sight in the diff erent angles of criƟ cizing a design.
What we can conclude from the diff erent evaluaƟ on 
methods and outcomes, is that some requirements 
are more important in ranking than others. For exam-
ple having an outdoor area was much more important 
than implemenƟ ng a noise protecƟ on screen.

By deviding the fi nal design in two main (integrated)
parts (the HEMS and the facade element), the designs 
could be evaluated much beƩ er. The occupants were 
also much more convinced of the operaƟ on of the 
designs and the comfort and energy reduce it would 
deliver.

The three designs for the facade element are quite 
equally evaluated by the checklist, but also by the oc-
cupants and the personas. Therefore all three designs 
should be considered when renovaƟ ng the facade of 
a porch apartment.

The layout of the HEMS system should be chosen per 
household while the diff erent personas show that 
there is no universal approach for all diff erent users.

according to the transparent balustrade, the missing 
noise protecƟ on, the missing outside sun shading, the 
limiƩ ed space on the balcony, the window cleanabil-
ity of the balustrade and the complexity of some of 
the designs.

As already shown in the fi nal design chapter, most of 
these missing requirements do not have to be seen as 
problems. They could be easy solved, or are not that 
important to solve in this design. 

Figure 145; Requirement checklist comparison between concept 3, 5 and 7 (own illustraƟ on)
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13. DISCUSSION

13.1 CONCLUSIONS
fore only works if they have more insight in the health 
of their indoor climate and if  it benefi ts to their com-
fort.

Diff erent designs of HEMS systems for the diff erent 
personas provide a possible soluƟ on to this problem. 
These sƟ ll should be tested in a long Ɵ mespan in or-
der to conclude if this system will work in long terms 
or not. The HEMS does not only provide informaƟ on 
about the energy consumpƟ on of the occupants, but 
also provides informaƟ on on the health of the indoor 
climate and connects certain acƟ ons with each other 
to reduce unnecessary energy consumpƟ on. 

Space heaƟ ng seems to be the biggest energy con-
sumer. The more occupants get in touch with their 
equipment, the more they are aware of the operaƟ on, 
costs and the energy consumpƟ on of it. The HEMS 
should therefore become part of their daily lives. 

The fi nal design sƟ mulates elderly to be energy effi  -
cient and live healthy simultaneously. Partly acƟ ons 
are automated and partly elderly are triggered to un-
dertake certain acƟ ons. 

The fi nal design also gives the occupants the freedom 
to design their own facade according to their prefer-
ences and comfort by giving them diff erent addiƟ onal 
opƟ ons. 

So to give answer to the research quesƟ on “How can 
elderly be triggered to an energy neutral and healthy 
use of the facade?”:
-  We should give them more insight and aware-
ness in a healthy way of life by providing a personal-
ized home energy management system (which gives 
the occupants feedback and advice on their behavior 
according to energy effi  ciency and living healthy);
-  We should provide them comfort, a facade 
that not only focuses on energy effi  ciency but also has 
an added value by opƟ mizing the connecƟ on with the 
environment (in which the deterioraƟ on factors are 
considered);
-  The facade elements should be designed for 
diff erent scenarios (according to locaƟ on, orientaƟ on, 
etc.), which will be chosen by the housing coopera-
Ɵ on or home owners. The occupants should should 
get a choice in several extra facade opƟ ons to person-
alize and opƟ malize their own comfortable facade. 

To give answer to the research quesƟ on “How can el-
derly be triggered to an energy neutral and healthy 
use of the facade?”, two design direcƟ ons are import-
ant. These two direcƟ ons are ‘the technical direcƟ on’ 
(according to the energy neutral facade) and ‘the us-
er-centered direcƟ on’ (according to the behavior and 
habits of the occupants). Besides that the approach is 
to make sure the housing cooperaƟ ons/ home own-
ers/ occupants are willing to buy and use the pro-
duct(s) that triggers the occupants to an energy neu-
tral and healthy use of the facade.

As the design shows, to achieve these goals, the de-
sign is devided in two parts: a design part of a HEMS, 
and a design part of a facade element. Which are in 
the end integrated with each other.

While elderly suff er from diff erent and various deteri-
oraƟ on problems, the designs should also be adjust-
able for these diff erent deterioraƟ ons. The most im-
portant and common deterioraƟ on factors are vision 
and mobility. Although these disorders can not be 
prevented, a smart facade design could help to post-
pone these disorders or it could make elderly suff er 
less from these problems.
A clever facade design regarding to the let in of day-
light can improve the vision of elderly, but it can also 
increase their body temperature, improve their bio-
logical clock and keep up their vitamin D level.

Besides prevenƟ ng or postponing the deterioraƟ ons 
of elderly, the quality of their environment is very 
important to their mental and physical health. The 
quality doesn’t only point to the health of the air, but 
also the mental connecƟ on with the environment. 
The more interacƟ on with the environment, the less 
elderly get socially isolated (which also sƟ mulates el-
derly’s mobility). The more elderly catch direct day-
light, the more vitamin D will be created in their body 
(which benifi ts to their health and mobility). The de-
sign is not only directed to the improvement of the 
quality of life for elderly according to their deterio-
raƟ ons, but it is also directed to their comfort prefer-
ences and habits.  In this way much more occupants 
are willing to use a facade element in the desired way.

Regarding to the quality of the indoor air, it seems 
that elderly venƟ late too liƩ le, which also contributes 
to their health deterioraƟ on. Therefore elderly should 
be sƟ mulated to venƟ late their rooms more. This is 
harder to achieve than it sounds, while elderly place 
their comfort (high temperature) on a high value. El-
derly also prefer a higher temperature seƫ  ng than 
others. SƟ mulaƟ ng elderly to venƟ late more there-
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13.2 REFLECTION
For my graduaƟ on topic I did research on the ener-
gy neutral use of the façade and simultaneously the 
well-being of elderly and their abiliƟ es in living energy 
neutral, healthy and safe. When I started my gradua-
Ɵ on in November the topic was totally diff erent.

The iniƟ al idea was to design an ‘intelligent door han-
dle’ on behalf of the company ALCOA Architecture 
systems. There was no problem statement or assign-
ment formulated which this ‘intelligent door handle’ 
had to meet. So I started with analyzing the diff erent 
interacƟ on levels between façade and user, which is 
very broad. Therefore the launch of the project took a 
liƩ le bit longer than expected. 

A few weeks before my P2 presentaƟ on it became 
clear that both of my tutors would appreciate it if I 
combined this project from ALCOA with the BAM 
2nd skin project (a renovaƟ on project of porch apart-
ments in RoƩ erdam). As this was not very clear to 
me from the beginning, the launch of my graduaƟ on 
project took a liƩ le bit more Ɵ me than planned. The 
change of the main research quesƟ on shows the re-
search direcƟ on completely changed during the Ɵ me. 
While these changes in research direcƟ on fi rst were 

a bit confusing to me, in the end the subject made 
much more sense. The relevance of the project not 
only became clear by the diff erent recent (newspa-
per) arƟ cles I read, but also by discussing the research 
topic with others. A lot of people became interested 
in the outcome and asked me to stay in touch. Also 
the switch from designing a ‘door handle’ to designing 
a ‘façade element’ made more sense for the frame-
work of my graduaƟ on studio. 

Figure 146; Change of the main research quesƟ on during the pro-
cess (own illustraƟ on)

Figure 147; Planning made before P2 presentaƟ on (own illustraƟ on)
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The main part of my graduaƟ on project consists of re-
search, which is in the end translated into strict design 
requirements and a fi nal design. It was new for me to 
go deeper into the well-being of elderly and take their 
well-being into account while designing for an energy 
neutral use of the façade. The fi nal design is mainly 
based on literature, feedback from interviews, making 
models, simulaƟ ons from Dialux, reference material 
from ALCOA and feedback from my tutors. 
My fi rst planning shows that I wanted to fi nish the fi -
nal design in nine weeks and aŌ er that prototype the 
design and test it. Unfortunately the process to defi ne 
the strict fi nal design requirements took much more 
Ɵ me than planned. In the end 12 concept designs 
were made, from which three designs were chosen to 
develop. 

I noƟ ced that defi ning the fi nal design requirements 
was much more important than quickly defi ning the 
design requirements and starƟ ng on designing the fi -
nal product. By formulaƟ ng the design requirement 
much stricter, the design possibiliƟ es became much 
smaller and made more sense. 

My planning and the research methods were valuable 
guidelines during the research process. Although I 
couldn’t live up to my iniƟ al planning, it funcƟ oned as 
a handhold during my process. The research method 
consisted mainly of literature, but I also learned a lot 
from talking to the target group. Also interviews with 
professionals provided me new insights. Figure 147 
shows the iniƟ al planning which I made before my P2 
presentaƟ on. This planning changed a lot as fi gure 22 
in chapter 3 showed.

My graduaƟ on research allowed me to focus on top-
ics I had never done research in before. It didn’t only 
taught me a lot about the life and deterioraƟ ons of 
elderly, but also on how to deal with designing for  
interacƟ ons, a graduaƟ on direcƟ on from the faculty 
of Industrial Engineering. I never really designed for 
interacƟ ons between people and products before, so 
in the beginning this didn’t felt as important as I know 
it is now. The diff erent knowledge fi elds of my tutors 
and my mentor from ALCOA helped me to think and 
design from diff erent angles. 

When looking back at the enƟ re process, I learned 
that talking to my tutors regularly contributes to a 
faster process. Especially when feeling stuck, they can 
help you to clear up your mind seƫ  ngs. I am sure a 
second big research project like this will have a faster 
progress because of all the things I learned from this 
project.

The orginal plan was to graduate before summer. Due 
to personal reasons and the feeling that I wasn’t done 
yet, my tutors and I decided to postpone the gradua-

Ɵ on date. My student advisor from the TU DelŌ  ad-
vised me to take a break and go on holidays during the 
summer and get back with a fresh mind. So I did and, 
having done the P4 presentaƟ on for the second Ɵ me, 
I felt much more saƟ sfi ed.
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During the research and design process addiƟ onal 
quesƟ ons appeared. Some of these quesƟ ons were 
answered in this thesis, others should sƟ ll be an-
swered in new research projects. 

PERCEIVED TEMPERATURE
One of the fi rst topics that seemed very interesƟ ng to 
me is saving energy by increasing the perceived tem-
perature by the use of colours. As menƟ oned in my re-
search the perceived temperature could be increased 
by using for example blue light, it was tested on one 
blind man in that research example. I think it would 
be very interesƟ ng to see if this really works and if 
the perceived temperature could also be increased by 
colouring the fl oor, the facade or ceiling for example.

HOME ENERGY MANAGEMENT SYSTEMS
A few of the formulated design requirements point 
to the design of a home energy management system. 
The eff ecƟ veness of HEMS is not opƟ mal yet, some 
research on HEMS is sƟ ll missing:
- There isn’t done enough research in the long-
term eff ecƟ veness of HEMS. This research is needed 
to fi nd out whether rouƟ ne use can contribute to in-
creased eff ecƟ veness;
- HEMS are now mostly used to monitor energy 
consumpƟ on of households. More research is needed 
to develop and test HEMS that can also manage the 
energy consumpƟ on;
- Strategies should be developed to give every 
household the opportunity to fi nd out if a HEMS works 
for them. For example by leasing/renƟ ng a HEMS for a 
short period;
- New insights for HEMS are given in this the-
sis. These are not factually tested (such a HEMS isn’t 
developed for this project), these tests are needed to 
fi nd out if these new insights work for the occupants.
-  There should be done research on linking the 
HEMS system with the NEXT acƟ ve facade element. 
These are both in a conceptual form now and should 
be developed and tested in future.

MECHANICAL VENTILATION FILTERS
Another part that could be further developed is re-
placing the fi lter of the mechanical venƟ laƟ on system. 
When occupants don’t change the fi lter in Ɵ me their 
indoor air becomes polluted. Strategies should be de-
veloped to overcome these problems, for example by:
- Designing a system in which the fi lter changes 
itself when necessary;
- Designing a system in which a fi lter isn’t nec-
essary anymore;
- Let an external party change the fi lters regu-
larly from outside, so the occupants won’t suff er from 
them;
-  IntegraƟ on of the fi lter funcƟ on in the NEXT 
acƟ ve facade element which will be checked regularly 

13.3 RECOMMENDATIONS
by one party.

HEARING DISORDER
One of the deterioraƟ on factors of elderly is hearing 
disorders. For some elderly environmental sounds are 
very annoying and therefor they don’t go outside or 
open windows. A sound protecƟ on screen could be 
designed which can sƟ ll venƟ late.

FURTHER DETERIORATED ELDERLY
This research focuses on porch apartments (without 
elevators), therefore far deteriorated elderly are ex-
cluded in this research. It would be very interesƟ ng 
to see if we could improve the lives of elderly with 
demenƟ a with a healthy and energy neutral indoor 
climate. Therefore other dwellings (for example with 
elevators) should be researched.

FURTHER DEVELOPMENT NEXT FACADE
The NEXT acƟ ve facade concept fi ts well in the out-
comes of this research. But the NEXT acƟ ve facade 
is sƟ ll in a concept phase and should be further de-
veloped. During the development the new addiƟ ons 
(measuring the humidity etc.) could be integrated too.

RESEARCH INTO KEEPING THE EXISTING BALCONIES
In my fi nal design the exisƟ ng balconies will be re-
placed by new ones. This is not only because in this 
way the balconies can be developed in diff erent sizes, 
but also because of the coldbridge of the exisƟ ng sit-
uaƟ on. Further research should be done in keeping 
the exisƟ ng balconies and prevent this coldbridge in 
an effi  cient (space saving) way. 

LEASING FACADE ELEMENTS
While the occupants of an apartment change over 
Ɵ me, the facade preferences change too. In this situ-
aƟ on it could happen that the facade should change 
regularly which costs a lot of money. By leasing these 
extra facade element opƟ ons, the costs can be re-
duced. Further research should be done in the life 
span of these diff erent elements and how these could 
be leased.

DIMENSIONS BALCONIES
In this thesis the dimensions of the exisƟ ng balconies 
of the bedrooms are taken as a starƟ ng point. By look-
ing at the possibiliƟ es of the isokorf system, much 
more opƟ ons arise. Balconies can be placed at many 
more posiƟ ons on the facade and the dimensions of 
the balconies are fl exible. More study should be done 
into the opƟ mal place and dimensions of the balco-
nies.
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APPENDIX

A. 1. Spee Architecten - Design opƟ ons 2nd Skin
 A.1.1. Floorplans, elevaƟ ons and secƟ ons BAM 2nd skin project;
 A.1.2. VisualizaƟ ons BAM 2nd skin project;

A. 2. Elderly - Vision with diff erent sight disorders

A. 3. Interviews elderly
 A.3.1. Face-to-face interview according to their percepƟ on of energy consumpƟ on;
 A.3.2. Interview by email according to research results and design concepts (evaluaƟ on);
 A.3.3. Face-to-face interview according to their percepƟ on of comfort;
 A.3.4. Interview by email according to research results and design concepts (evaluaƟ on).

A. 4. OrientaƟ on analyses, RoƩ erdam
 A.4.1. Windroses RoƩ erdam 2014-2015;
 A.4.2. Dialux daylight study, RoƩ erdam.

A. 5. Concept ideas 1 (aŌ er interviews A.3.1. and A.3.2.)

A. 6. Concept ideas 2 (aŌ er interviews A.3.3. and A.3.4.)

A. 7. Nano double blind sun shading system
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Figure A.1; Plan - Ground fl oor porch apartments BAM 2nd Skin (SpeeArchitecten, 2014)

Solar panels

Solar collectors

Figure A.2; Plan - First fl oor porch apartments BAM 2nd Skin (SpeeArchitecten, 2014)

Figure A.3; View - RooŌ op porch apartments BAM 2nd Skin (SpeeArchitecten, 2014)

A. 1. SPEE ARCHITECTEN - DESIGN OPTIONS 2ND SKIN

The fi rst two fl oorplans (fi gure A.1 and 
A.2) at the right show the exisƟ ng situa-
Ɵ on of the porch apartments in RoƩ er-
dam. 

To improve the energy effi  ciency of these 
buildings, beƩ er insulaƟ on is aƩ ached to 
the buildings, but also solar panels and 
collectors are placed on the roof (fi gure 
A.3).

A.1.1. Floorplans, elevaƟ ons and secƟ ons BAM 2nd skin project
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Figure A.4; Plan - First fl oor porch apartments BAM 2nd Skin, new design opƟ on 1 (SpeeAr-
chitecten, 2014)

Figure A.5; Plan - First fl oor porch apartments BAM 2nd Skin, new design opƟ on 2 (SpeeAr-
chitecten, 2014)

Scale: 1:200

Scale: 1:200

Figure A.4 and A.5 show two opƟ ons of 
Spee Architects.

- In the fi rst opƟ on they interrupt the 
cold bridges of the balcony by wrapping 
up the balconies with thermal insulaƟ on. 
New insulated facade elements are at-
tached to the old ones and the balconies 
are provided with new balustrades. 

- In the second opƟ on they also aƩ ach 
new beƩ er insulated panels to the old 
facades, but these panels go around the 
exisƟ ng balconies.

In both of the opƟ ons the balconies of 
the bedrooms are removed and replaced 
by big glass facades. 

Both of the opƟ ons and the exisƟ ng situa-
Ɵ on are shown in elevaƟ ons and secƟ ons 
on the next page (fi gure A.6, A.7 and A.8). 
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Figure A.6; Plan - ElevaƟ on and secƟ on porch apartments BAM 2nd Skin, exisƟ ng situaƟ on (SpeeArchitecten, 2014)

Figure A.7; Plan - ElevaƟ on and secƟ on porch apartments BAM 2nd Skin, new design opƟ on 1 (SpeeArchitecten, 2014)

Figure A.8; Plan - ElevaƟ on and secƟ on porch apartments BAM 2nd Skin, new design opƟ on 2 (SpeeArchitecten, 2014)

Scale: 1:200

Scale: 1:200

Scale: 1:200
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These design opƟ ons for the porch apartments in RoƩ erdam are made by Spee Architecten. They present diff erent 
cladding opƟ ons and diff erent window operaƟ ons.

A.1.2. VisualizaƟ ons BAM 2nd skin project

Figure A.9; Diff erent cladding and window operaƟ on opƟ ons (SpeeArchitecten, 2014)
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Figure A.10; Diff erent cladding and window operaƟ on opƟ ons (SpeeArchitecten, 2014)
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Figure A.11; Diff erent cladding and window operaƟ on opƟ ons (SpeeArchitecten, 2014)
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A. 2. ELDERLY - VISION WITH DIFFERENT SIGHT DISORDERS

The pictures show the vision people have with diff erent sight disorders.

Figure A.12; Vision with diff erent sight disorders

NORMAL VISION

MACULA DEGENERATION

GLAUCOMA

ACHROMATOPSIA

CATARACT

NO VISION: BLIND
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A.3. INTERVIEWS ELDERLY

Four interviews are done to get enough results. These diff erent interviews are aƩ ached here in the follow-
ing order;

 A.3.1. Face-to-face interview according to their percepƟ on of energy consumpƟ on;
 A.3.2. Interview by email according to research results and design concepts (evaluaƟ on);
 A.3.3. Face-to-face interview according to their percepƟ on of comfort;
 A.3.4. Interview by email according to research results and design concepts (evaluaƟ on).

All interviews are fi rst presented in a list of quesƟ ons, followed by an elaborated part of the diff erent par-
Ɵ cipants.
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A.3.1. Face-to-face interview according to their percepƟ on of energy consumpƟ on

The fi rst interview consisted of two main parts. The fi rst part was more an introducƟ on of the person who 
was siƫ  ng in front of me, the second part was more about the habbits of this person.

PART 1
1. What is the gender?
2. What is the age?
3. Living alone/ with partner?
4. Since when do you live in this dwelling?
5. Are you planning to stay here for the rest of your life or do you prefer to go to an care in- 
 sƟ tuƟ on when necessary?
6. What are your daily acƟ viƟ es?
7. What kind of job/ occupaƟ on did you have before you reƟ red?
8. Do you suff er from elderly disorders? (mobility problems/ sensory disorders/ cogniƟ ve problems)?

PART 2
1. In what kind of dwelling do you live at the moment (fl at, detached house, ...)?
2. In what kind of dwelling did you live before this dwelling?
3. How many hours per day do you spend at home inside?
4. Which rooms do you mostly use in the dayƟ me?
5. What do you use your facade most for (venƟ laƟ on, keeping the warmth inside, looking outside, listen to the 
 birds, light accession, keeping insects outside, etc.)?
6. How many Ɵ mes do you open a window per day per room? How oŌ en do you change the seƫ  ng of your heat-
 ing system per day?
7. What kind of heaƟ ng system do you have (thermostat)? Do you know how the thermo-
 stat works? How do you use it? Can you show it to me? What do you do when it is too hot inside (do you open 
 a window?)?
8. What kind of venƟ laƟ on system do you have? How do you venƟ late your bedroom (is the window open all day)?
9. Are you acƟ vely trying to save energy? Yes, how?
10. Do you switch of your heaƟ ng system in rooms you are not using/ at night?
11. Would you like to save more energy?
12. Is it hard for you to control the heaƟ ng and/ or venƟ laƟ on system?
13. Observing if elderly have new technology devices and if they are able to control these de-vices.
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A.3.1. - Interview 1; Magda Wolthoorn - Emmapark 89, Pijnacker

PART 1
1. What is the gender? Female
2. What is the age? 90 years
3. Living alone/ with partner? Alone
4. Since when do you live in this dwelling? 14 years, since the beginning
5. Are you planning to stay here for the rest of your life or do you prefer to go to an care in- 
 sƟ tuƟ on when necessary?  I hope I can stay here all my life.
6. What are your daily acƟ viƟ es? I read a lot at home and I watch tv a lot, someƟ mes I send emails from my com-      
               puter and someƟ mes I go outside to go to the supermarket.
7. What kind of job/ occupaƟ on did you have before you reƟ red? I was working in a library.
8. Do you suff er from elderly disorders? (mobility problems/ sensory disorders/ cogniƟ ve 
 problems)?
 I broke my hip a few months ago, therefor I walk with a walker. 
 I also have special glasses (double focused) to read and use the computer.

PART 2
1. In what kind of dwelling do you live at the moment (fl at, detached house, ...)?
 Apartment on the fi rst fl oor with roof garden and balcony (energy label B).
2. In what kind of dwelling did you live before this dwelling?
 A single family house in Pijnacker North.
3. How many hours per day do you spend at home inside?
 Mostly all day. I only leave the house if the weather is good and if I have to go outside to buy things.
4. Which rooms do you mostly use in the dayƟ me?
 The living room, but when the weather is good I use the balcony oŌ en.
5. What do you use your facade most for (venƟ laƟ on, keeping the warmth inside, looking 
 outside, listen to the birds, light accession, keeping insects outside, etc.)?
 I mainly use the facade to regulate my comfort or to venƟ late, but I miss an insect screen protecƟ on. 
6. How many Ɵ mes do you open a window per day per room? How oŌ en do you change 
 the seƫ  ng of your heaƟ ng system per day?
 In the winter I always leave my bedroom window open (and I close my bedroom door). And when I cook I al-
    ways open a window (because there is lack of cooking venƟ laƟ on). In summer I open my windows a lot.
7. What kind of heaƟ ng system do you have (thermostat)? Do you know how the thermostat 
 works? How do you use it? Can you show it to me? What do you do when it is too hot inside 
 (do you open a window?)?
 I have a programmed thermostat, which is set on 22 degrees always. In the living room and bathroom the   
 heater is always on, in my bedroom the heater is always off .
8. What kind of venƟ laƟ on system do you have? How do you venƟ late your bedroom (is the 
 window open all day)?
 I have a mechanical venƟ laƟ on system which is always set on 1 (in the kitchen and bathroom).
9. Are you acƟ vely trying to save energy? Yes, how?
 No, but I am not consuming acƟ vely either.
10. Do you switch of your heaƟ ng system in rooms you are not using/ at night?
 The thermostat is set on 16 degrees when I leave the house or when I sleep.
11. Would you like to save more energy?
 I would like to get a smart meter to save more energy, but only if I am able to understand the operaƟ on of it.
12. Is it hard for you to control the heaƟ ng and/ or venƟ laƟ on system?
 No, but I have diffi  culƟ es with reading the manual of a device.
13. Observing if elderly have new technology devices and if they are able to control these de-
 vices.
 She has a computer, mobile phone and is thinking about buying a tablet.
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A.3.1. - Interview 2; Lida Bergenhenegouwen - Van Houtenlaan 1, Pijnacker

PART 1
1. What is the gender? Female
2. What is the age? 67 years
3. Living alone/ with partner? Alone
4. Since when do you live in this dwelling? Since 2000.
5. Are you planning to stay here for the rest of your life or do you prefer to go to an care in- 
 sƟ tuƟ on when necessary?  I hope I can stay here all my life.
6. What are your daily acƟ viƟ es? I am babysiƫ  ng the kids of my daughter a lot.
7. What kind of job/ occupaƟ on did you have before you reƟ red? I was working in an interior store.
8. Do you suff er from elderly disorders? (mobility problems/ sensory disorders/ cogniƟ ve 
 problems)?
 No, I use glasses but that’s all.

PART 2
1. In what kind of dwelling do you live at the moment (fl at, detached house, ...)?
 Apartment on the fi rst fl oor. The apartment is built in 1960, but renovated (doubleglass everywhere).
2. In what kind of dwelling did you live before this dwelling?

A single family house.
3. How many hours per day do you spend at home inside?

On average I am at home 3 hours a day.
4. Which rooms do you mostly use in the dayƟ me?

Mostly in the kitchen (kitchen and living room are aƩ ached), I can catch the most daylight in the kitchen.
5. What do you use your facade most for (venƟ laƟ on, keeping the warmth inside, looking 
 outside, listen to the birds, light accession, keeping insects outside, etc.)?

Only a small part of the windows can be opened, so I use the facade most to catch daylight.
6. How many Ɵ mes do you open a window per day per room? How oŌ en do you change 
 the seƫ  ng of your heaƟ ng system per day?

In my bedroom I keep the window always open, except in winter. When cooking I open an extra window.
7. What kind of heaƟ ng system do you have (thermostat)? Do you know how the thermostat 
 works? How do you use it? Can you show it to me? What do you do when it is too hot inside 
 (do you open a window?)?

I have a manual thermostat, I try to use the heaƟ ng system as less as possible.
8. What kind of venƟ laƟ on system do you have? How do you venƟ late your bedroom (is the 
 window open all day)?

I have a mechanical venƟ laƟ on system in the kitchen, for the other rooms I use the windows to venƟ late.
9. Are you acƟ vely trying to save energy? Yes, how?

No, but I am not consuming acƟ vely either.
10. Do you switch of your heaƟ ng system in rooms you are not using/ at night?
 I switch of the heaƟ ng system.
11. Would you like to save more energy?
 Yes, but my comfort is also important.
12. Is it hard for you to control the heaƟ ng and/ or venƟ laƟ on system?
 No.
13. Observing if elderly have new technology devices and if they are able to control these de-
 vices.
 She has a computer, mobile phone. She is sƟ ll quite young for an elderly.
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A.3.1. - Interview 3; Guus Maiburg - Ridderspoor 108, Nootdorp

PART 1
1. What is the gender? Male
2. What is the age? 70 years
3. Living alone/ with partner? With partner
4. Since when do you live in this dwelling? September 2012
5. Are you planning to stay here for the rest of your life or do you prefer to go to an care in- 
 sƟ tuƟ on when necessary?  I hope I can stay here all my life.
6. What are your daily acƟ viƟ es? Volunteering work (organizing acƟ viƟ es for elderly)
7. What kind of job/ occupaƟ on did you have before you reƟ red? 
 I set up a test center for cash machines. I worked as facility manager.
8. Do you suff er from elderly disorders? (mobility problems/ sensory disorders/ cogniƟ ve 
 problems)?
 No, we moved here to forsee deterioraƟ on, so we were able to move ourselves.

PART 2
1. In what kind of dwelling do you live at the moment (fl at, detached house, ...)?
 Apartment on the fi rst fl oor with a balcony.
2. In what kind of dwelling did you live before this dwelling?
 A detached dwelling with a garden, built by myself in 1994.
3. How many hours per day do you spend at home inside?
 Half of the week we are outside.
4. Which rooms do you mostly use in the dayƟ me?
 Mostly in the living room or study room.
5. What do you use your facade most for (venƟ laƟ on, keeping the warmth inside, looking 
 outside, listen to the birds, light accession, keeping insects outside, etc.)?
 Let in daylight and venƟ late.
6. How many Ɵ mes do you open a window per day per room? How oŌ en do you change 
 the seƫ  ng of your heaƟ ng system per day?
 I am not at home so oŌ en, so mostly when I get at home, or not.
7. What kind of heaƟ ng system do you have (thermostat)? Do you know how the thermostat 
 works? How do you use it? Can you show it to me? What do you do when it is too hot inside 
 (do you open a window?)?

I have a manual thermostat, I use it every day.
8. What kind of venƟ laƟ on system do you have? How do you venƟ late your bedroom (is the 
 window open all day)?
 I have a mechanical venƟ laƟ on system and I use the windows to venƟ late.
9. Are you acƟ vely trying to save energy? Yes, how?

Yes, I write down the energy seƫ  ngs weekly.
10. Do you switch of your heaƟ ng system in rooms you are not using/ at night?

The thermostat is set on 16 degrees when I leave the house or when I sleep.
11. Would you like to save more energy?

Yes.
12. Is it hard for you to control the heaƟ ng and/ or venƟ laƟ on system?
 No.
13. Observing if elderly have new technology devices and if they are able to control these de-
 vices.
 They are very in to new technologies.
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A.3.1. - Interview 4; Johannes Greven - Tijdemanhove 5, Delfgauw

PART 1
1. What is the gender? Male
2. What is the age? 90 years
3. Living alone/ with partner? With partner
4. Since when do you live in this dwelling? Since 1994.
5. Are you planning to stay here for the rest of your life or do you prefer to go to an care in- 
 sƟ tuƟ on when necessary?  I hope I can stay here all my life.
6. What are your daily acƟ viƟ es? We go on holidays a lot, I sƟ ll drive a car.
7. What kind of job/ occupaƟ on did you have before you reƟ red? I studied engineering and I worked for the 
 ministry.
8. Do you suff er from elderly disorders? (mobility problems/ sensory disorders/ cogniƟ ve 
 problems)?

We both wear glasses and I have a hearing device. My wife struggles from her knee.

PART 2
1. In what kind of dwelling do you live at the moment (fl at, detached house, ...)?
 Terraced house, built in 1998.
2. In what kind of dwelling did you live before this dwelling?

A detached house which I built myself.
3. How many hours per day do you spend at home inside?

When we are not on holidays, we spend most of our Ɵ me at home.
4. Which rooms do you mostly use in the dayƟ me?

The living room.
5. What do you use your facade most for (venƟ laƟ on, keeping the warmth inside, looking 
 outside, listen to the birds, light accession, keeping insects outside, etc.)?

Daylight and venƟ laƟ on.
6. How many Ɵ mes do you open a window per day per room? How oŌ en do you change 
 the seƫ  ng of your heaƟ ng system per day?

Comfort is very important, we only open a window when necessary.
7. What kind of heaƟ ng system do you have (thermostat)? Do you know how the thermostat 
 works? How do you use it? Can you show it to me? What do you do when it is too hot inside 
 (do you open a window?)?

I have a programmed thermostat, which is set on 23 degrees always (day and night).
8. What kind of venƟ laƟ on system do you have? How do you venƟ late your bedroom (is the 
 window open all day)?

We use windows to venƟ late.
9. Are you acƟ vely trying to save energy? Yes, how?

No, we want to be comfortable in our ageing years.
10. Do you switch of your heaƟ ng system in rooms you are not using/ at night?

No, the thermostat is always set on 23 degrees.
11. Would you like to save more energy?

If it’s easy and provides comfort, yes.
12. Is it hard for you to control the heaƟ ng and/ or venƟ laƟ on system?

We only use the windows to venƟ late.
13. Observing if elderly have new technology devices and if they are able to control these de-
 vices.

They have a computer (apple), iPad, iPhone, ...
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Magda Wolthorn is an 90-year old woman who lives 
alone in her apartment since her man died one and 
a half year ago. She is living in this apartment for 14 
years now, since it was built. 

She hopes to live in the apartment all her life, she pre-
fers to not go to a care insƟ tuƟ on. She uses a walker if 
she goes outside, but inside she doesn’t use the walker. 

Recently she broke her hip, but she can already walk 
again. She uses dubble focus glasses to read. She reads 
and watches tv a lot and uses the computer to send 
emails, but has trouble with overexposure while doing 
these acƟ viƟ es. She is thinking of buying a tablet. 

Most of the Ɵ me she is at home, in the summer she 
tries to leave the house and goes outside most of the 
Ɵ me. When she is at home she is in the living room 
most of the Ɵ me (fi gure A.16). 

The house has an energylabel B. The house is equipped 
with a programmable thermostat. The thermostat is 
set on a temperature of 22 degrees. At night the ther-
mostat is set at 18 degrees. When she leaves the house 
for vacaƟ on she sets the thermostat on 16 degrees. 
The radiators in the livingroom and bathroom are al-
ways on, in her bedroom the radiator is never on.

The venƟ laƟ on system is very poor. When she cooks 
she mostly opens a window. In her bedroom the win-
dows are always open. The only thing she misses is an 
insect screen in her bedroom.

She has no diffi  culƟ es with understanding the venƟ la-
Ɵ on- and/ or heaƟ ng system, but she has diffi  culƟ es 
reading the manual instrucƟ ons of new devices.

She is not acƟ vely saving energy, but she would like to 
save more energy.

Name
Age
Gender

Address

Type of dwelling

Living alone/ partner

Type of temperature 
control

Magda Wolthoorn
90 years
Female

Emmapark 89,
Pijnacker
Appartment, 1st fl oor

Alone

Programmable ther-
mostat

Figure A.13; Magda Wolthoorns apartment (fi rst fl oor) in Pijnacker 
(own picture)

Figure A.14; Front door on roof garden (own picture)

Figure A.15; Roof garden, front doors apartments (own picture)

Figure A.16; Living room inside (own picture)
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Lida Bergenhenegouwen is an 67-year old woman who 
lives alone in her apartment since she divorced. She is 
living in this apartment for 15 years now, it was built 
in 1960. 

She hopes to live in the apartment all her life, she pre-
fers to not go to a care insƟ tuƟ on. She has no mobility 
problems. 

She uses glasses. She babysits her grandchildren a lot 
and she does a lot of acƟ viƟ es outside. She is at home 
approximately three hours per day in the dayƟ me. 
When she is at home she is in the living room or kitch-
en most of the Ɵ me (fi gure A.18). The living room and 
kitchen are one room.

The house has an energylabel D. The house is equipped 
with radiators with manual valves. She uses the radi-
ators in the living room and the kitchen when she is 
cold. At night these radiators are off . 

She has a small venƟ laƟ on system in the kitchen. In the 
rest of the house she opens and closes the windows. 
When she cooks she mostly opens a window. In her 
bedroom the windows are always open at night. 
There are no abiliƟ es to open big windows, only small 
windows on top of the facade. She doesn’t like the fact 
that she can’t open a window on eye level.

She has no diffi  culƟ es with understanding the venƟ la-
Ɵ on- and/ or heaƟ ng system.

She wants to be energy effi  cient, but doesn’t want to 
be cold in her own house.

Name
Age
Gender

Address

Type of dwelling

Living alone/ partner

Type of temperature 
control

Lida Bergenhenegouwen
67 years
Female

Van Houtenlaan 1,
Pijnacker
Appartment, 1st fl oor

Alone

Radiator with manual 
valves 

Figure A.17; Lida Bergenhenegouwens apartment (fi rst fl oor) in Pi-
jnacker (own picture)

Figure A.18; Kitchen, windows can be opened on top (own picture)

Figure A.19; Windows can only be opened on top(own picture)

Figure A.20; Small window in bedroom on top (leŌ ), gas meter per 
apartment (right) (own pictures)
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Name
Age
Gender

Address

Type of dwelling

Living alone/ partner

Type of temperature 
control

Guus Maiburg
70 years
Male

Ridderspoor 108,
Nootdorp
Appartment, 2nd fl oor

with partner

Manual thermostat

Guus Maiburg lives with his partner in this apartment 
since 2012, the building is built in 1997. They decid-
ed to move because of their age and they sƟ ll had the 
abiliƟ es to move themselves. They don’t have children.

They moved this early to make sure they understand all 
devices in their new home. He says recogniƟ on is very 
important when you grow older. He also says that the 
force in our hands decreases, grip is very important.

They hope to live in the apartment all their life, he pre-
fers not to go to a care insƟ tuƟ on. They do not have 
mobility problems.

They use glasses to see. They do a lot of voluntary 
work, organizing acƟ viƟ es for elderly for example. Be-
cause of their big contribuƟ on in voluntary work, they 
are outside their house half of the week. When they 
are at home they use their working room and living 
room most. They also have a big balcony with wind 
seperaƟ on of glass (fi gure A.22 and fi gure A.23).

Their apartment has an energylabel C. The house is 
equipped with a manual thermostat. They use the 
manual thermostat everyday. 

They are very acƟ ve in being energy effi  cient. He writes 
down the energymeter readings every week. When 
there is a peak, he tries to fi nd out where it comes 
from. 

Figure A.21; Guus Maiburgs apartment (second fl oor) in Nootdorp 
(own picture)

Figure A.22; Balcony with windows (own picture)

Figure A.23; Balcony with panels of glass (own picture)

Figure A.24; Living room inside (own picture)
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Name
Age
Gender

Address

Type of dwelling

Living alone/ partner

Type of temperature 
control

Johannes Greven
90 years
Male

Tijdemanhove 5,
Delfgauw
Terraced house

with partner

Programmable ther-
mostat

Johannes Greven is a 90 year old man who lives with 
his wife in Delfgauw. They are living in this terraced 
house since it was built in 1997. They don’t have chil-
dren.

They hope to live in the house all their life, they prefer 
not to go to a care insƟ tuƟ on. She has problems with 
her knee, he does not walk very smooth anymore. 

They both use glasses and he has two hearing devices. 
Most of the day they are at home. He has a mechanical 
hobby on the fi rst fl oor in the house. Most of the Ɵ me 
they use the living room or working room when they 
are at home. 

The house has an energylabel B. The house is equipped 
with a programmable thermostat. The thermostat is 
always set on 22 degrees in the living room and bath-
room. In the rest of the house the radiators are off . 
They don’t lower or turn of the thermostat at night.

She has a small venƟ laƟ on system in the kitchen. In the 
rest of the house she opens and closes the windows. 
When she cooks she mostly opens a window. In her 
bedroom the windows are always open at night. Half 
of the year they are on holidays, during this Ɵ me they 
put off  the thermostat.

He bought his fi rst computer 10 years ago and now has 
an iMac, iPhone and an iPad. He controls his hearing 
device with his iPhone.

They don’t want to put eff ort in being energy effi  cient. 
They don’t want to save money, they just want to enjoy 
the last part of their life.

Figure A.25; Johannes Greven’s terraced house in Delfgauw (own 
picture)
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A.3.2. Interview by email according to research results and design concepts (evaluaƟ on)

Het doel voor Nederland is om vanaf 2020 alleen nog maar energie neutrale woningen te realiseren, ook moeten er 
veel bestaande woningen gerenoveerd worden. In RoƩ erdam worden momenteel porƟ ekwoningen gerenoveerd van 
een energielabel E naar een energielabel A. Om dit te bereiken worden de gevel, vloeren en het dak van deze porƟ e-
kwoningen energietechnisch verbeterd. Uit onderzoek blijkt dat het energieverbruik van een woning uiteindelijk toch 
alƟ jd aĬ angt van de gebruikers en hun gewoonten. Het energieverbruik van 1 dezelfde woning kan met een factor 2 
verschillen (ookal is het aantal gebruikers hetzelfde). In mijn onderzoek focus ik mij dus vooral op het energie neutrale 
gebruik van de gevel van de proƟ ekfl ats in RoƩ erdam.
Door de nieuwe zorgwet moeten steeds meer ouderen langer zelfstandig thuis blijven wonen. Ook zij worden geacht te 
weten hoe zij hun woning energieneutraal kunnen en behoren te gebruiken. Daarnaast is het belangrijk te zorgen dat 
zij zo lang mogelijk zelfstandig thuis kunnen blijven wonen in deze porƟ ekfl at. Er moet rekening gehouden worden met 
ouderdoms achteruitgang, maar juist ook te zorgen dat deze achteruitgang zo lang mogelijk uitgesteld wordt. Ouderen 
moeten kunnen begrijpen hoe zij tegelijkerƟ jd hun woning energieneutraal gebruiken en daarnaast dit hun gezondheid 
ten geode komt.
Uit mijn onderzoek zijn een aantal conclusies gekomen die ik hieronder als stellingen of vragen heb uitgeschreven. 
Graag ontvang ik op deze stellingen en vragen van u feedback of een antwoord over hoe u hierover denkt. 

1. Een van de ouderdomsfactoren die bij ouderen veel voorkomt is de achteruitgang van de ogen. Een bril kan al 
veel verbeteren, maar daarnaast is voldoende licht heel belangrijk. Voldoende licht is niet alleen belangrijk voor beter 
zicht, maar ook voor de acƟ evere houding die ouderen hierdoor aannemen (men wordt minder snel moe). 
- Merkt u zelf dat u meer licht nodig heeŌ  dan vroeger? 
- Als u in een apartement van een porƟ ekfl at zou wonen, zou u dan liever dichter bij het raam ziƩ en om een 
boek te lezen met meer licht of liever gebruik maken van kunstmaƟ g licht?

2. Ouderen brengen gemiddeld meer thuis door dan anderen. Hierdoor hebben zij minder contact met de om-
geving, terwijl juist voor hun het sociale contact zo belangrijk is (omdat ze anders sneller sociaal geisoleerd raken). 
Vooral in porƟ ekfl ats komt het daarom veel voor dat ouderen veel voor het raam ziƩ en en naar buiten kijken. Uit 
onderzoek is gebleken dat ouderen vanuit hun stoel vaak niet over de balustrade van hun balkon kunnen kijken, waar-
door hun contact met de omgeving verstoord wordt. Een transparante balustrade/balkonrailing zou voor hun daarom 
wenselijk zijn.
- Hoe staat u hiertegenover?

3. Ouderen hebben een hogere temperatuur voorkeur dan andere huishoudens. Hierdoor hebben zij ook de 
neiging hun binnenruimtes minder te venƟ leren. Dit heeŌ  vaak tot gevolg dat de woning binnen eigenlijk niet gezond 
is (CO2- gehalte te hoog, luchtvochƟ gheid te hoog of te laag, etc.). Ouderen zouden daarom aangespoord moeten 
worden hun woning beter te venƟ leren.
- HeeŌ  u enig idee of uw binnenklimaat gezond is?
- Wat zou u ervan vinden als een lampje in uw woning bijvoorbeeld aangeeŌ  dat u moet venƟ leren om te zorgen 
dat uw binnenklimaat gezond blijŌ ? (dit lampje is bijvoorbeeld rood wanneer de lucht niet gezond is en groen wanneer 
u niets hoeŌ  te doen)
- VenƟ leert u liever door een raam open te doen of door een mechanisch venƟ laƟ e systeem te gebruiken?
- VenƟ leert u de ene ruimte meer dan de ander? Zo ja, welke?

4. Er gaat veel energie verloren doordat bewoners tegelijkerƟ jd hun verwarming aan hebben staan en een raam 
in dezelfde ruimte open hebben staan. 
- Wat zou u ervan vinden als het openen van een raam gekoppeld is met verwarmingssysteem? (wanneer het 
raam geopend wordt, wordt automaƟ sch het verwarmingssysteem uitgeschakeld)

5. De meest voorkomende achteruitgangsfactoren bij ouderen zijn problemen bij zien, horen en mobiliteit. Die 
mobiliteit heeŌ  niet alleen met te weinig beweging te maken, maar ook met vitamine D tekort. Vitamine D is belan-
grijk voor de sterkte van je boƩ en en spieren. Tweederde van de benodigde vitamine D kan door genoeg zonlicht in je 
lichaam aangemaakt worden. Het is daarom belangrijk dat vooral ouderen genoeg buiten komen of in ieder geval in de 
zon ziƩ en. 
- Hoeveel zit u in de zon of bezig met het acƟ viteiten doen in het zonlicht?
- Vult u uw vitamine D bij met supplementen?
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- Als u in een porƟ ekfl at zou wonen, zou u dan veel in de zon gaan ziƩ en als u een balkon had of een gevel die 
voor een groot deel open kan?

6. Bewoners die veel thuis zijn hebben vaak veel behoeŌ e aan groen in of buiten huis. Vooral bij het wonen in een 
porƟ ekfl at kan groen voor ouderen veel betekenen. Daarnaast zijn planten ook gezond voor het binnenklimaat van uw 
woning.
- Hoe denkt u hierover? HeeŌ  u zelf veel planten binnen of buiten huis?
- Hecht u er veel waarde aan planten te hebben in/ buiten huis?

7. Ouderen hebben vaak ook last achteruitgang van het gehoor. Hierdoor kunnen niet alleen harde geluiden, 
maar ook omgevingsgeluiden erg vervelend zijn.
- HeeŌ  u zelf gehoorproblemen? Zo ja, heeŌ  u last van omgevingsgeluiden of andere geluiden?

8. Natuurlijke venƟ laƟ e is goedkoper dan mechanisch venƟ leren. Hoewel bij natuurlijk venƟ leren (een raam 
openen) wel meer warmte verlies op kan treden dan bij mechanisch venƟ leren met warmte terugwinning (in de win-
ter). In de zomer is het energie zuiniger om natuurlijk te venƟ leren, het implementeren van een speciaal raam dat zorgt 
voor een snelle venƟ laƟ e fl ow is daarom gewenst. De volgende visualisaƟ e weergeeŌ  een beeld van een gevel idee 
(volgende blz). 
• De venƟ laƟ efl ow gaat het snelst door vanaf de onderkant van het raam verse lucht binnen te laten komen en 
bovenin de lucht de woning te laten verlaten. De eerste stand van het raam is hiermee het openen van het raam waa-
rbij een kier beneden en een kier boven ontstaat (zie plaatje, situaƟ e rechts boven)
• Ter veiligheid en ter protecƟ e van insecten gaat bij de opening van het raam automaƟ sch een scherm mee dat 
veiligheid en insectenprotecƟ e biedt voor ouderen. Dit scherm is handmaƟ g ook los te koppelen. (zie plaatje, situaƟ e 
rechts onder)
• Stand 3 van de gevel is de 2 raamdelen volledig naar beneden schuiven, hierdoor ontstaat ere en soort balkon 
idee (hierdoor is contact met de omgeving groter en krijgen ouderen meer vitamine D binnen). (zie plaatje, links boven)
• Als laatste moet er ook nog een zonnescherm en eventueel scherm ter geborgenheid van de bewoners ge-
plaatst worden. Het zonnescherm staat haaks op het raam zodat het zicht naar buiten er nog steeds is. Ter geborgen-
heid van de bewoners is er de mogelijkheid de transparante balustrade af te schermen zodat niet iedereen direct naar 
binnen kan kijken. (zie plaatje, links onder)
- Hoe denkt u over de 4 verschillende situaƟ es? Ziet u uzelf dit gebruiken als u in een porƟ ekfl at zou wonen?
- Zou u vaker natuurlijk venƟ leren met dit systeem?

FEEDBACK INTERVIEWS
1. Alle ouderen merken dat ze meer licht nodig hebben dan vroeger. Ze ziƩ en om 2 redenen graag dichter bij het 
raam: er is meer licht, en ze zien graag beweging op straat.
2. De meeste ouderen staan heel posiƟ ef tegenover het hebben van een transparante balustrade omda thet 
contact met de omgeving en de grond heel belangrijk is. Enkelen geven aan wel graag hun privacy te behouden.
3. De meeste ouderen hebben geen idee van de gezondheid van hun binnenklimaat, enkelen wel. Ze vinden het 
een goed idee een sensor te implementeren in de woning die aangeeŌ  of er gevenƟ leerd moet worden of niet. Op het 
moment venƟ leren de meeste ouderen meer door het openen van een raam dan door het gebruik van mechanische 
venƟ laƟ e. AĬ ankelijk van het systeem moeten periodiek fi lters worden vervangen en ouderen hebben niet alƟ jd in de 
gaten of het systeem defect is. De ruimtes die ze het meest venƟ leren zijn de woonkamer en de slaapkamer.
4. Het openen van een raam koppelen aan het gebruik van het verwarmingssysteem vinden ze een goed idee.
5. De ouderen hebben allemaal een balkon en ziƩ en hier regelmaƟ g op in de zomer (in de zon). De meesten 
vullen hun vitamine D gehalte aan met supplementen. Allen hechten veel waarde aan hun balkon en een vaste buiten-
ruimte.
6. Voor de meeste ouderen zijn planten een must, ze brengen een beetje leven in huis. Het houden van planten 
binnen en buiten is daarom heel belangrijk voor hun. 
7. Enkele ouderen geven aan gehoorproblemen te hebben, sommigen hebben hier aangepaste apparatuur voor. 
Ze geven aan niet veel last te hebben van omgevingsgeluid. De reclames van TV reclame zijn harder dan het gewone 
geluid. Harde tonen vallen vaak weg.
8. Extra opmerkingen die de geinterviewden gaven:
- Het is een goed idee als er een raam open gaat en er is een hor tegen insecten;
- Vervangen van fi lters wordt op oudere leeŌ ijd lasƟ ger bij mechanische venƟ laƟ e, zeker als men gaat dement-
eren.
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Hoofdvraag: Wat is voor ouderen het belangrijkste aan de gevel met betrekking tot hun ‘well-being’?

THEMA 0; ALGEMEEN/ INLEIDING
 1. Wat is belangrijk in uw leven?
 2. Waarvan wordt u blij van?
 3. Welke acƟ viteiten zijn belangrijk in uw leven?
  Waar vinden deze acƟ viteiten voornamelijk plaats?

THEMA 1; WAT/WAAR/WANNEER
 1. Is er iets aan de indeling van uw woning veranderd (de afgelopen jaren)?
  (bijvoorbeeld gebruiken ze de slaapkamer nu als hobby ruimte?)
 2. Wanneer (welke delen van de dag) bent u in de woonkamer?
 3. Welke plekken in de woonkamer zijn fi jn? Waarom? 
  Hebben deze plekken specifi eke karakterisƟ eken?
 4. Welke verschillende acƟ viteiten doet u in de woonkamer?
  Kunt u mij dit aanwijzen/ voordoen?
 5. Wanneer bent u in de buurt van het raam?
  Wat doet u daar?
 6. Zijn er ook acƟ viteiten/ dingen wanneer u liever niet in de buurt van het raam bent?
  Hoe komt dat dan (te warm/ te koud)?

THEMA 2;  SOORTEN ACTIVITEITEN
 1. Welke acƟ viteiten vindt u bijzonder fi jn/ leuk om te doen in de woonkamer? Waarom?
 2. Ondervindt u hinder bij het doen van bepaalde acƟ viteiten in de woonkamer?
  Welke acƟ viteiten zijn dit? 
  Ondervindt u hinder bij schoonmaken of laat u dit doen?
 3. Is dit alƟ jd al zo geweest of is er iets veranderd de afgelopen Ɵ jd (jaar/ Jaren)?
 4. Hoe droogt u de was? (buiten/ droger/ in de ruimte) Wat doet u om het vocht binnen op pijl te houd-
  en?

THEMA 3; INTERACTIE MET DE RAAMPARTIJ
 1. Bij het doen van welke acƟ viteiten maakt u gebruik van de gevel/ het raam?
  Kunt u dit voordoen?
 2. Welke handelingen verricht u om te zorgen dat u zich comfortabel voelt met betrekking tot de gevel in 
  de woonkamer? Kunt u dit voordoen?
  Wat is het verschil in deze handelingen voor comfort tussen zomer en winter?
 3. HeeŌ  u moeite (of juist geen moeite) bij bepaalde handelingen/interacƟ es met betrekking tot de gev-
  el?
 4. Mist u iets aan uw gevel (wat u voorheen wel had in een vorige woning)?
 5. Bij welke acƟ viteiten opent u uw raam/ ramen?

THEMA 4; CONTACT MET DE OMGEVING
 1. ObservaƟ e: is er een balkon/ buitenruimte? (inpandig/ uitpandig balkon?)
  Wat staat er allemaal op het balkon?
 2. Wat is uw uitzicht? Waar kijkt u graag naar?
 3. HeeŌ  u via uw gevel contact met de omgeving? 
  Kunt u dit laten zien?
  HeeŌ  u contact met de buren (sociaal contact) via het balkon?
 4. Waar gebruikt u uw balkon/ buitenruimte voornamelijk voor?
  Kunt u dit voordoen?

A.3.3. Face-to-face interview according to their percepƟ on of comfort;
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  Wanneer (welke dagdelen) gebruikt u uw balkon/ buitenruimte voornamelijk?
 5. HeeŌ  u een vensterbank? Waar gebruikt u deze voor?
 6. Houdt u planten (binnen/buiten)? Hoe verzorgt u deze?
  Kunt u dit laten zien?
 7. HeeŌ  u last van geluid van de omgeving (buren/ buiten/ …)?
  Is door bijvoorbeeld renovaƟ e de geluidservaring veranderd?

THEMA 5; DAGLICHT
 1. ObservaƟ e: staat er een stoel bij het raam? Hoe dichtbij?
 2. Bij welke acƟ viteiten zit u graag dichtbij het raam/ daglicht?
 3. U gaf aan liever te lezen/ leven bij daglicht. Hoe dicht bij het raam zit u dan?
  Kunt u dit laten zien?
 4. Opent u uw raam/ramen ook vaak Ɵ jdens deze acƟ viteiten?
 5. Waarvoor gebruikt u uw gordijnen/ zonwering (warmte/ daglicht regulering/…)?

THEMA 6; GEBORGENHEID/ONDERHOUD/ VEILIGHEID
 1. Voelt u uw veilig in huis? 
  Waarom niet/ wel?
 2. Doet u ‘s avonds/ ‘s nachts uw gordijnen dicht?
 3. Wat doet u als u langdurig weggaat (qua venƟ laƟ e en gordijnen)?
 4. Op welke manier(en) onderhoudt u uw gevel (of laat u dit doen)?
  HeeŌ  u hier moeite mee?
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DAYLIGHT
She reads a lot and prefers to read with natural day-
light. She needs (a lot) more light than she was used 
to. If necessary she uses an extra lightsource to read.
She lives in an apartment with a balcony. The balus-
trade of the balcony is not transparent, but she is very 
happy with the solid balustrade. She cares about her 
privacy, but she sits at the balustrade a lot to look out-
side.
In summer she sits outside a lot (in the sun), but she 
also takes medicines to complete the amount of vita-
min D.

VENTILATION
She is not sure if her indoor climate is healthy. She 
uses her mechanical venƟ laƟ on system in the kitchen 
and bathroom, because there are no windows. She 
venƟ lates the rest of the rooms by opening windows, 
but she has no idea if she venƟ lates enough. 
The window in her bedroom is almost always open, 
she only closes it when it is very cold. So the heaƟ ng 
system can be working while the windows are open 
too. 
Plants are very important to her. She was not aware of 
the contribuƟ on of plants to the health of the indoor 
climate, but she is very fond of plants.

NOISE
Her apartment is insulated very well, but she can sƟ ll 
suff er from acƟ viƟ es of the square in front of her 
dwelling, but she won’t complain about it.

‘DOUBLE HUNG’ SYSTEM
She can’t really imagine how the ‘double hung’ sys-
tem would work. She thinks she will get cold feet by 
implemenƟ ng this system. 
An insect screen is desirable, but not if it blocks your 
whole view.

DAYLIGHT
She prefers doing her daily acƟ viƟ es in daylight rather 
than doing it in arƟ fi cial light. 
To take advantage of the light as much as possible she 
does her acƟ viƟ es in front of the windows most.
She uses her balcony a lot when there is enough sun-
light, but she also takes supplements to complete the 
amount of vitamin D that she needs.

VENTILATION
She has no idea of the health of her indoor climate. 
She would therefore be happy with a device that 
warns her when her indoor climate is not healthy. 
She venƟ lates her kitchen and bedroom most. When 
she has to choose between her mechanical venƟ la-
Ɵ on system or naturally venƟ laƟ ng her rooms, she 
prefers natural venƟ laƟ on. Not only because natural 
venƟ laƟ on feels beƩ er, but it also works beƩ er than 
her mechanical venƟ laƟ on system.
She would like to implement a system in her house 
with a link between the acƟ on of opening a window 
and the eliminaƟ on of the heaƟ ng system and venƟ -
laƟ on system.

NOISE
She doesn’t have hearing disorders, so no recommen-
daƟ on on that.

‘DOUBLE HUNG’ SYSTEM
She is enthousiasƟ c about the idea of the double 
hung system in combinaƟ on with the balcony. She is 
also very excited about the implementaƟ on of an in-
sect screen.

1. MAGDA WOLTHOORN

Name
Age
Gender

Address

Type of dwelling

Living alone/ partner

Type of temperature 
control

Magda Wolthoorn
90 years
Female

Emmapark 89,
Pijnacker
Appartment, 1st fl oor

Alone

Programmable ther-
mostat

2. LIDA BERGENHENEGOUWEN

Name
Age
Gender

Address

Type of dwelling

Living alone/ partner

Type of temperature 
control

Lida Bergenhenegouwen
67 years
Female

Van Houtenlaan 1,
Pijnacker
Appartment, 1st fl oor

Alone

Radiator with manual 
valves 
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DAYLIGHT
He noƟ ced that he needs more light than before. He 
prefers to sit in front of a window to catch light, not 
only because he prefers daylight but also because he 
prefers to have a view on the acƟ viƟ es on the streets.
In summer he spends a lot of Ɵ me in the sun on his 
balcony. He also takes vitamin D supplements.
He is very posiƟ ve about the transparency of the 
balustrade of a balcony. He thinks contact with the 
ground and environment is very important for elderly.

VENTILATION
He is very much into technology and therefor knows 
a lot about the health of his indoor climate. He is also 
aware of the fact that most occupants have no idea of 
the health of their indoor climate. Therefore he sup-
ports the idea of implemenƟ ng a system that warns 
occupants when their indoor climate ins unhealthy.
He also warns for the diffi  culƟ es of mechanical ven-
Ɵ laƟ on. A lot of users have hardly no idea that they 
have to change the fi lters of the venƟ laƟ on systems 
ones in a while. He thinks natural venƟ laƟ on is beƩ er, 
much easier and much more eff ecƟ ve.

He thinks linking the venƟ laƟ on & heaƟ ng system 
with the acƟ on of opening a window is a good idea. 
But it could cost less energy by instead of turning off  
the heaƟ ng system, puƫ  ng the temperature seƫ  ng 5 
degrees lower. Ofcourse this depends on the duraƟ on 
of having the window open.

NOISE
He has troubles hearing high tones and adverƟ se-
ments sound very loud to him.

‘DOUBLE HUNG’ SYSTEM
He is enthousiasƟ c about the idea of the double hung 
system in combinaƟ on with the balcony. The imple-
mentaƟ on of an insect screen is a plus.

3. GUUS MAIBURG

Name
Age
Gender

Address

Type of dwelling

Living alone/ partner

Type of temperature 
control

Guus Maiburg
70 years
Male

Ridderspoor 108,
Nootdorp
Appartment, 2nd fl oor

with partner

Manual thermostat
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Name
Age
Gender

Address

Type of dwelling

Living alone/ partner

Type of temperature 
control

Magda Wolthoorn
90 years
Female

Emmapark 89,
Pijnacker
Appartment, 1st fl oor

Alone

Programmable ther-
mostat

A.3.3. - Interview 1; Magda Wolthoorn - Emmapark 89, Pijnacker
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Guus Maiburg
70 years
Male

Ridderspoor 108,
Nootdorp
Appartment, 2nd fl oor

with partner

Manual thermostat

Name
Age
Gender

Address

Type of dwelling

Living alone/ partner

Type of temperature 
control

A.3.2. - Interview 3; Guus Maiburg - Ridderspoor 108, Nootdorp
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Name
Age
Gender

Address

Type of dwelling

Living alone/ partner

Type of temperature 
control

Lida Bergenhenegouwen
67 years
Female

Van Houtenlaan 1,
Pijnacker
Appartment, 1st fl oor

Alone

Radiator with manual 
valves 

A.3.3. - Interview 2; Lida Bergenhenegouwen - Van Houtenlaan 1, Pijnacker
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Beste deelnemer aan mijn onderzoek,

Afgelopen half jaar heb ik verschillende interviews bij u afgenomen met betrekking tot energie effi  cienƟ e en 
comfort van de gevel en het balkon (en het gebruik hiervan).
Komende jaren worden er van veel porƟ ek woningen gevels gerenoveerd, hierbij wordt getracht zo veel 
mogelijk aan te sluiten op de behoeŌ es van de bewoners, maar ook te zorgen dat bewoners hun gevel en-
ergie effi  cient gebruiken.

Bij een eerdere evaluaƟ e liet ik enkele ontwerpen zien en heb ik hier uw commentaar op gevraagd. (zie 
hieronder, dit is dus een oud ontwerp)

Uiteindelijk kwam bij het tweede interview naar voren dat een vaste buitenruimte wel een van de grootste 
vereisten is. Ook kwamen uit het tweede interview andere belangrijke comfort vereisten naar voren:
- Natuurlijke venƟ laƟ e wordt fi jner ervaren als mechanische venƟ laƟ e
- Wanneer een raam open staat is het fi jn als er een insectenscherm dichtgemaakt kan worden
- Een vaste buitenruimte is belangrijk, maar men moet wel windvrij kunnen ziƩ en
- Daglicht/ zon moet reguleerbaar zijn
- Planten houden moet binnen en buiten mogelijk zijn
- Gordijnen moeten dichtgemaakt kunnen worden met betrekking tot privacy, maar ook met betrek-
king tot hiƩ e/kou
- Een vensterbank binnen voor planten en andere spullen wordt ook belangrijk geacht.
- Alle handelingen moeten bereikbaar zijn, reiken naar hoge handelingen moeten vermeden worden
- De gevel moet zo transparant mogelijk zijn (ook de balustrade), zodat je vanuit je stoel binnen ook 
naar buiten kan kijken
- Ramen moeten bereikbaar zijn om ze te kunnen wassen.

Vanuit deze uitgangspunten en eerdere uitgangspunten uit mijn onderzoek ben ik ontwerpen gaan maken. 
Deze ontwerpen zijn qua maatgeving toegepast op de maatgeving van een referenƟ e porƟ ekfl at in RoƩ er-
dam.

De eerste 2 concepten zijn gericht op het kleinste (uitpandig) balkon (1,85m bij 1,00m vloeroppervlak).

CONCEPT 1
Bij dit eerste concept schuiven de deuren open naar 1 kant. Hierbij kan de deur gebruikt worden als wind-
scherm. De grote opening die hiermee gecreeerd wordt kan door middel van een insectenscherm af-
gesloten worden. De balustrade is van glas en daardoor volledig transparant. De 2 grote deuren zijn voor-

A.3.4. Interview by email according to second design concepts (evaluaƟ on)
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zien van zonwering die vanaf boven en vanaf beneden gedicht kan worden en zo op de hoogte gezet kan 
worden die fi jn is voor degene die binnen zit.

CONCEPT 2
Bij het tweede concept kan de deur opengezet worden als windscherm, maar ook het raam kan aang-
esloten worden op het balkon en daardoor als windscherm werken. Voor de rest heeŌ  dit concept dezelfde 
specifi caƟ es als concept 1.

De rest van de concepten zijn gericht op het grootste (uitpandig) balkon (1,63m bij 1,00m vloeroppervlak). 
(niet alle concepten zijn toegevoegd, ik heb er een paar gekozen, dus de numbering zal niet helemaal klop-
pen)

CONCEPT 4
Bij dit concept bestaat de gevel uit 3 delen, 2 deuren en 1 raam. De deuren kunnen allebei naar buiten 
opengeklapt worden en werken daardoor als windschermen. Het middelste raam kan als klapraam naar 
buiten gebruikt worden of als raam naar de zijkant scharnierend. Het balkon is transparant (glas). De ramen 
kunnen eveneens als in de vorige concepten voorzien worden van zonwering aan de binnenkant. 

CONCEPT 5
Bij dit concept bestaat de gevel uit 3 delen, 2 ramen en 1 deur. De deur en de ramen kunnen naar buiten 
opengeklapt worden en werken daardoor als windschermen, de ramen sluiten precies aan op het balkon. 
Het balkon is transparant (glas). De ramen kunnen eveneens als in de vorige concepten voorzien worden 
van zonwering aan de binnenkant. 
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CONCEPT 7
Bij dit concept bestaat de gevel uit 4 delen, 2 deuren 1 groot raam en een klapraam bovenin. De deuren en 
het raam kunnen naar buiten opengeklapt worden en werken daardoor als windschermen, het raam sluit 
precies aan op het balkon. Het balkon is transparant (glas). De ramen kunnen eveneens als in de vorige 
concepten voorzien worden van zonwering aan de binnenkant. Het klapraam bovenin kan gebruikt worden 
voor venƟ laƟ e wanneer het regent of in de winter.

CONCEPT 9
Bij dit concept bestaat de gevel uit 4 delen, 1 deur, 2 grote schuiframen die gebruikt kunnen worden zoals 
te zien is op de foto’s en 1 klapraam. De deur kan naar buiten opengeklapt worden en werkt daardoor als 
windscherm. Het balkon is transparant (glas). De ramen kunnen eveneens als in de vorige concepten voor-
zien worden van zonwering aan de binnenkant. Het klapraam bovenin kan gebruikt worden voor venƟ laƟ e 
wanneer het regent of in de winter.
Het voordeel van het raamsysteem met schuiven is zoals in het oude ontwerp de manier om snel te venƟ l-
eren (beneden komt verse lucht naar binnen, boven gaat warme lucht naar buiten). 

Hierbij de vraag of u even de Ɵ jd wil nemen naar de 6 verschillende concepten te kijken en hier eventueel 
posiƟ ef en negaƟ ef commentaar op te geven.

Alvast bedankt! 
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FEEDBACK DEELNEMERS
COMMENTAAR GUUS MAIBURG
- hoe simpel is de bediening voor ouderen (handmaƟ g of ook elektrisch)
- bij renovaƟ e gaat het ook om kosten. C(hoe meer elementen hoe meer kosten?)
- wat zijn de onderhoudsaspecten. ( bv. smeren draaipunten)
- houd alƟ jd rekening met de zijde waar het balkon komt (op het zuiden)
 Al met al mijn compliment wat je er uiteindelijk van gemaakt hebt.

COMMENTAAR LIDA BERGENHENEGOUWEN
je bent er druk mee geweest en het ziet er allemal goed uit.
 ik heb het vanuit mijn standpunt als volgt beoordeeld:

uitgegaan van een makkelijke doorgang, b.v. blad met kopjes , stoelen en evt. rollator of rolstoel.
ook het gebruik van de deuren als windscherm is een goed idee. 

1, is goed,brede doorgang .
2, is beter omdat het raam apart open kan en toch n brede doorgang.
4, vind ik niet handig door de 2 smalle doorgangen
5, groter balkon dus meer mogelijkheden brede doorgang is prima.
7, ideaal omdat het raam ook apart open kan en brede doorgang
9, vind ik niet zo prakƟ sch door smalle doorgang.

kortom
 voor het kleine balkon kies ik voor opƟ e 2 
 voor het grotere balkon ga  ik voor opƟ e 7

 als je nog iets wil weten hoor ik het wel, succes met de afronding!

COMMENTAAR MAGDA WOLTHOORN
Het ziet er heel goed uit, ik ben benieuwd naar de verdere uitwerking!
Het enige waar ik nog echt mee zit is de transparante balustrade. Zou het niet mogelijk zijn om de balus-
trade boven 50 cm transparant te laten zijn en daaronder niet transparant?
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A.4. ORIENTATION ANALYSES, ROTTERDAM
A.4.1. Windroses RoƩ erdam 2014-2015

Figure A.48; Windroses RoƩ erdam



Figure A.49; ElevaƟ on North side RoƩ erdam porch apartments, 
windows in blue colour (own illustraƟ on)

Figure A.50; ElevaƟ on South side RoƩ erdam porch apartments, 
windows in blue colour (own illustraƟ on)

Figure A.51; Sunrise and sunset table
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A.4.2. Dialux daylight study, RoƩ erdam

To examine the hight and width of the transparent 
facade elements, several Dialux (daylight) studies 
were done. The two facades (fi gure A.49 and A.50) 
were imported in the Dialux program to fi nd out more 
about the amount of lux that enters the diff erent 
rooms. Two of these outcomes are shown on the next 
two pages.



SUMMER 21st June

LIVING ROOM
First fl oor

AUTUMN 21st Sept WINTER 21st Dec SPRING 21st March

Figure A.52; Dialux outcome Living room
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SUMMER 21st June

BEDROOM
First fl oor

AUTUMN 21st  Sept WINTER 21st Dec SPRING 21st March

Figure A.53; Dialux outcome Bedroom
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A.5.1 THE DIFFERENT CONCEPT IDEAS

1
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In the phase of my fi rst P4 presentaƟ on I made sev-
eral designs according to the research and interview 
outcomes. In the end this ‘fi nal’ design isn’t further 
developed in detail, but it sƟ ll seems clarifying to 
show the steps I made between my fi rst P4 and my 
second P4 presentaƟ on.

The fi rst paragraph will give an overview of diff erent 
concepts which are made for the facade of the living 
room of the porch apartments in RoƩ erdam. These 
design concepts mainly focus on the operaƟ on of the 
facade and how to venƟ late naturally. Paragraph 2 
will explain which concept will be developed in detail.

This paragraph presents 8 design concepts in which 
several design requirements are translated into a de-
sign. Each design concept will be explained by draw-
ings and text. 

In the design concept I did not focus on all design re-
quirements. For example I did not focus on the im-
plementaƟ on of a sunshading, while this is sƟ ll an 
important design requirement. For this requirement I 
would use an exisƟ ng system that can easily be imple-
mented in the design concepts. 

Another example is the possibility to hold plants. 
Most of the design requirements have movable win-
dows on which planters can’t be aƩ ached. Therefore 
the easiest soluƟ on is to aƩ ach a rod to the solid fa-
cade on which the planters can be aƩ ached.

From the visualizaƟ on on the previous page it is quite 
clear which design requirements are strict and which 
can be translated into other designs.

DESIGNCONCEPT 1
In this design concept the facade is horizontally devi-
ded in two windows. The transparency of the facade 
is maximal. 

Both of the windows can be displaced (parallel) to 
the inside. In this way a natural venƟ laƟ on fl ow oc-
curs (as the second visualisaƟ on shows). 

Secondly these windows can be turned. By turning 
the windows the transparency of the facade changes 
to a non-transparent facade (as the third visualisa-
Ɵ on shows). 

ADVANTAGES
- Natural venƟ laƟ on
- Maximal transparency
- Secure feeling at night/ transparent balustrade
- ConnecƟ on environment

DISADVANTAGES
- No possible to open large part of the facade
- No sƟ mulant to generate vitamin D
- No insect protecƟ on

A.5. CONCEPT IDEAS (aŌ er interviews A.3.1. and A.3.2.)



3

2
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DESIGNCONCEPT 3
In this design concept the facade is horizontally devi-
ded in two windows. The transparency of the facade 
is maximal. 

The system works as a ‘double hung’ system. When 
the windows slide, automaƟ cally an insect screen oc-
curs to protect occupants from insects entering the 
room. The insect screens can be detached manually.

Secondly these windows can be turned into a bal-
cony. Both of the windows are slided down in this 
situaƟ on.

DESIGNCONCEPT 2
In this design concept the facade is horizontally de-
vided in three windows. The transparency of the fa-
cade is maximal. 

The two smaller smaller windows can move, while 
the bigger boƩ om window can’t. The smaller win-
dows can slide to sƟ mulate natural venƟ laƟ on.

Secondly these windows can be turned into a win-
dowsill. In this way the occupants are also sƟ mulated 
to sit in the sun (generaƟ on of vitamin D).

ADVANTAGES
- Natural venƟ laƟ on (‘double hung’)
- Maximal transparency
- Transparent balustrade
- ConnecƟ on environment
- Possibility to open large part of the facade
- SƟ mulant to generate vitamin D
- Insect protecƟ on

DISADVANTAGES
- No secure feeling at night

ADVANTAGES
- Natural venƟ laƟ on
- Maximal transparency
- Transparent balustrade
- ConnecƟ on environment
- Possibility to open large part of the facade
- SƟ mulant to generate vitamin D
- Windowsill

DISADVANTAGES
- No secure feeling at night
- No insect protecƟ on



5

4
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DESIGNCONCEPT 4
In this design concept the facade is horizontally devi-
ded in two windows. The transparency of the facade 
is almost maximal. 

On top and boƩ om of the facade two grids are situ-
ated. These grids can be opened to provide natural 
venƟ laƟ on.

Secondly the upper windows can be slided down. In 
this way a balcony is created (provided with an insect 
screen).

DESIGNCONCEPT 5
In this design concept the facade is horizontally de-
vided in three windows. The transparency of the fa-
cade is maximal. 

On top and boƩ om of the facade two small windows 
are situated, with inbetween these windows a larger 
one. Both small windows can be opened to generate 
a venƟ laƟ on fl ow.

Secondly the facade can be turned into an balcony as 
presented in the visualizaƟ on.

ADVANTAGES
- Natural venƟ laƟ on
- Almost maximal transparency
- Transparent balustrade
- ConnecƟ on environment
- Possibility to open large part of the facade
- SƟ mulant to generate vitamin D
- Insect screen

DISADVANTAGES
- No secure feeling at night

ADVANTAGES
- Natural venƟ laƟ on
- Maximal transparency
- Transparent balustrade
- ConnecƟ on environment
- Possibility to open large part of the facade
- SƟ mulant to generate vitamin D

DISADVANTAGES
- No secure feeling at night
- Insect screen
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DESIGNCONCEPT 6
In this design concept the facade is verƟ cally devided 
in two windows. The transparency of the facade is 
maximal. 

In front of the two large verƟ cal windows a french 
balcony is aƩ ached to the facade. By opening the 
doors a natural venƟ laƟ on fl ow occurs.

Secondly the facade can be fully opened to create a 
balcony for the occupants.

DESIGNCONCEPT 7
In this design concept the facade is verƟ cally devided 
in two layers of four windows. The transparency of 
the facade is almost maximal. 

By sliding the fi rst layer from the right and the second 
layer from the leŌ , a venƟ laƟ on fl ow occurs which 
does not give a cold feeling.

Secondly the windows can be slideed open for a large 
part, in this way a balcony is created.

ADVANTAGES
- Natural venƟ laƟ on
- Maximal transparency
- Transparent balustrade
- ConnecƟ on environment
- Possibility to open large part of the facade
- SƟ mulant to generate vitamin D

DISADVANTAGES
- No secure feeling at night
- Insect screen

ADVANTAGES
- Natural venƟ laƟ on
- Almost maximal transparency
- Transparent balustrade
- ConnecƟ on environment
- Possibility to open large part of the facade
- SƟ mulant to generate vitamin D

DISADVANTAGES
- No secure feeling at night
- Costs a lot of space
- Insect screen



8

A.5.2 THE CONCEPT TO BE DEVELOPED
By combining several ideas a facade can be developed 
with an energy neutral, healthy and safe perspecƟ ve. 
All design concept have diff erent interesƟ ng parts 
that could be developed.

As we look back to the design requirements, some 
design requirements are obvious in developement 
others aren’t.

The concept design is made for the facade of the living 
room of the 2nd skin project. The maximum height of 
the facade is 2,84 m. The windows of the facade will 
be developed with aluminium windowframes. 

The acƟ on of opening a window is linked with the me-
chanical venƟ laƟ on system and the heaƟ ng system. If 
a window is opened, the venƟ laƟ on system and heat-
ing system automaƟ cally turn off . 

At the inside of the facade a fl ashing light indicates 
that the indoor climate of the room is not healthy. 
The occupants are warned that they have to venƟ late 
the room.

The facade of the living room is required to be as 
transparent as possible, but should be provided with 
a sunshading to prevent overexposure.

Large openings in the facade are preferable because 
of the well-being and health of the elderly. Also a 
transparent balustrade is preferable, but it should be 
able to change the balustrade to a non-transparent 
balustrade.

There is not enough Ɵ me to develop all design require-
ments in one design in detail. Therefore we should 
look back at the original goal of this research; Trigger-
ing elderly to an energy neutral and healthy use of the 
facade. We want to trigger elderly to venƟ late more 
to provide a healthier life to them. Therefore the op-
eraƟ on of the window system is most important to 
develop, especially because of the deterioraƟ on fac-
tors of elderly. 

The design concepts show diff erent operaƟ ons of 
venƟ laƟ ng. The quesƟ on is which system operaƟ on 
works best for elderly and which system provides the 
best condiƟ ons for the well-being of elderly.

Idea 2, 3 and 4 show most advantages in well-being of 
elderly. The operaƟ on of one of these ideas should be 
developed in the fi nal design.  
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DESIGNCONCEPT 8
In this design concept the facade is horizontally de-
vided in three windows. The transparency of the fa-
cade is maximal. 

By opening the upper and boƩ om window to the 
outside, a fast venƟ laƟ on fl ow occurs.

Secondly insect screen protect the occupants from 
insects entering the room.

ADVANTAGES
- Natural venƟ laƟ on
- Maximal transparency
- Transparent balustrade
- ConnecƟ on environment
- Possibility to open large part of the facade
- Insect screen

DISADVANTAGES
- No secure feeling at night
- SƟ mulant to generate vitamin D



4

Figure A.55; VisualizaƟ on which shows most of the design require-
ments in a concept drawing (own illustraƟ on)
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3

2
Chapter A.5.1 showed diff erent design concepts. 
These concepts were not specifi ed on all design re-
quirements, but mainly on the venƟ laƟ on fl ow, the 
transparency of the facade, the operaƟ on of the fa-
cade and the insect screen. 

Figure A.54 shows the three design concepts that suit 
best according to the well-being of elderly and the en-
ergy neutral use of the facade. 

Figure A.55 presents most of the design requirements 
of chapter 9 in one visualizaƟ on. Most of these re-
quirements are numbered in the fi gure. 

As menƟ oned in the previous chapter, some require-
ments are already quite strict (for example linking the 
heaƟ ng system with the acƟ on of opening a window). 
These requirements will only be developed to a con-
cept, not in detail. Other requirements will be devel-
oped much more into detail. 

Because some of the design requirements will be au-
tomated acƟ ons, it will be most important to detail 
the acƟ ons that should be done manually. These ac-
Ɵ ons should be tested mainly. 

Figure A.56 on the next page shows the fi nal design in 
concept, the most important design requirements are 
implemented in the design.

Figure A.54; Three of the eight design concepts from the previous 
chapter (own illustraƟ on).
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Implemented insect 
screen and sunshading

Implemented secure 
shading

Implemented screen 
screen

Figure 111; VisualizaƟ on fi nal design concept (own illustraƟ on)
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A.6. CONCEPT IDEAS 2   (aŌ er interviews A.3.3. and A.3.4.)

On the next few pages diff erent design ideas will be 
shown. All the designs are checked with the diff erent 
requirements and the provided text will discuss the 
advantages and disadvantages. 

Three of these designs are chosen for further devel-
opment. These are shown in the chapter of the con-
cept ideas and developed in the fi nal design chapter.
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The fi rst design is a concept for the facade in front of 
the kitchen. In the exisƟ ng situaƟ on it doesn’t have 
a balcony, but in the new design it does. The folding 
doors can fold outside to the leŌ . In this way a wind 
screen can be created and the occupants can sit out-
side comfortably. The balustrade of the balcony is 
transparent and allows the occupants to have a view 
to the outside.

The doors can be opened in two ways; The doors can 
be fully folded to the leŌ  side, or; opened as in picture 
2 and 3 of fi gure A.57. Thereby the venƟ laƟ on open-
ing can become very wide.

The space area isn’t very effi  cient because the doors 
fold open to the outside, in this way it is hard to keep 
furniture outside.

As the requirement checklist of concept 1 shows, not 
all requirements are marked as posiƟ ve. The two ap-
pointed requirements with arrows are easy to change 
into a posiƟ ve direcƟ on. By adding small windows in 
the doors at the top, the occupants are able to open 
small window parts. The privacy requirement could 
be achieved by adding a prinƟ ng on the glass balus-
trade for example. 

Other requirements are harder or not achievable. For 
example the ability to keep plants inside on a win-
dowsill isn’t possible in this design.

Figure A.57; Models concept 1 - kitchen (own illustraƟ on)

CONCEPT 1 - KITCHEN FACADE

1 2 3 4
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Figure A.58; Models concept 2 - kitchen (own illustraƟ on)

CONCEPT 2 - KITCHEN FACADE

1 3 42

This concept design for the facade of the kitchen con-
sists of an outdoor opening door and window which 
both can be used as wind protecƟ on screens. The 
window can also be Ɵ lted, in this way the room can 
sƟ ll be venƟ lated but will be protected against rain 
(picture 4). The balustrade of the balcony is transpar-
ent and allows the occupants to have a view to the 
outside.

The wall underneath the window allows the occu-
pants to have a windowsill and keep plants both in 
and outside.

The space area isn’t very effi  cient because the door 
and window fold open to the outside, so not all furni-
ture is easy to be kept outside. 

As the requirement checklist of concept 2 shows, a 
lot of the requirements are marked as posiƟ ve. The 
privacy requirement could be achieved by adding a 
prinƟ ng on the glass balustrade for example (same as 
concept 1). 

For the upper fl oor of the porch apartments a sun-
screen should be added to the design. 
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Figure A.59; Models concept 3 - bedroom 1 & 2 (own illustraƟ on)

CONCEPT 3 - BEDROOMS 1 & 2

1 32 4

Concept 3 consists of 2 doors and inbetween one 
window. The doors both open to the outside and can 
funcƟ on as wind protecƟ on screens. The window can 
be Ɵ lted or opened outwards. 

The wall underneath the window allows the occu-
pants to have a windowsill and keep plants both in 
and outside. A folding table could be added to the 
wall outside to provide fl exibility to the occupants. 

The big doors allow occupants to venƟ late with large 
openings. The window allows the occupants to venƟ -
late with a small opening. 

The balustrade of the balcony is transparent and al-
lows the occupants to have a view to the outside.

Most requirements are rated posiƟ ve or semi-posiƟ ve 
and semi-negaƟ ve. The privacy requirement could be 
achieved by adding a prinƟ ng on the glass balustrade 
for example (same as concept 1). 

For the upper fl oor of the porch apartments a sun-
screen should be added to the design. 
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Figure A.60; Models concept 4 - bedroom 1 & 2 (own illustraƟ on)

CONCEPT 4 - BEDROOMS 1 & 2

1 32 4

Concept 4 consists of 2 folding doors and one win-
dow. The doors fold to the leŌ  and are able to fully 
fold or be disconnected to funcƟ on as a wider wind 
protecƟ on screen. 

There is experimented with diff erent shapes to fi nd 
out which shape funcƟ ons best for the diff erent re-
quirements. The advantage of this shape is that the 
depth of the balcony can be larger because the wind-
screen makes an angle.

The window can be used as a wind protecƟ on screen 
for the other side of the balcony.

The balustrade of the balcony is transparent and al-
lows the occupants to have a view to the outside.

Most requirements are rated posiƟ ve. The privacy re-
quirement could be achieved by adding a prinƟ ng on 
the glass balustrade for example (same as concept 1). 

For the upper fl oor of the porch apartments a sun-
screen should be added to the design. 
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Figure A.61; Models concept 5 - bedroom 1 & 2 (own illustraƟ on)

CONCEPT 5 - BEDROOMS 1 & 2

1 32

Concept 5 consists of 2 folding windows to the leŌ  
and one door. All opening outwards. The right win-
dow can be disconnected from the frame and con-
nected to the balcony railing to provide a wind pro-
tecƟ on screen. The door opens also outwards and can 
therefore also funcƟ on as a wind protecƟ on screen.

To open the windows fi rst the door should be opened. 
In this way the facade can be designed without an in-
termediate frame. In this way the border between in 
and outside minimal and the connecƟ on with the en-
vironment gets beƩ er.

The windows allow the occupants to have a window-
sill inside and keep plants both in and outside. 

The balustrade of the balcony is transparent and al-
lows the occupants to have a view to the outside.

Most requirements are rated posiƟ ve or semi-posiƟ ve 
and semi-negaƟ ve. The privacy requirement could be 
achieved by adding a prinƟ ng on the glass balustrade 
for example (same as concept 1). 

For the upper fl oor of the porch apartments a sun-
screen should be added to the design. 
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Figure A.62; Models concept 6 - bedroom 1 & 2 (own illustraƟ on)

CONCEPT 6 - BEDROOMS 1 & 2

1 32 4 5

Concept 6 consists of two double folding doors and 
one window. The outer folding doors fold outwards, 
the inner folding doors fold inwards. In this way a 
wind protecƟ on screen can be consƟ tuted while the 
inner folding doors can close the facade again. 

The window can be used as a wind protecƟ on screen 
for the other side of the balcony. The window also al-
lows for small venƟ laƟ on openings.

The balustrade of the balcony is transparent and al-
lows the occupants to have a view to the outside.

Most requirements are rated posiƟ ve. The privacy re-
quirement could be achieved by adding a prinƟ ng on 
the glass balustrade for example (same as concept 1).

The most negaƟ ve part of this concept is that the 
movements are very complex. Especially for elderly 
these operaƟ ons are hard.  

For the upper fl oor of the porch apartments a sun-
screen should be added to the design. 
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Figure A.63; Models concept 7 - bedroom 1 & 2 (own illustraƟ on)

CONCEPT 7 - BEDROOMS 1 & 2

1 32 4 5

Concept 7 consists of two folding door which can 
again be used as wind protecƟ on screen. Besides that 
the design consists of two windows. The upper win-
dow is able to be Ɵ lted outwards. In this way occu-
pants can easily venƟ late their home naturally when 
they are absent. 

The other window can also be used as a wind protec-
Ɵ on screen by opening it outwards and connecƟ ng it 
to the railing of the balustrade. 

Most requirements are rated posiƟ ve. The privacy re-
quirement could be achieved by adding a prinƟ ng on 
the glass balustrade for example (same as concept 1). 

For the upper fl oor of the porch apartments a sun-
screen should be added to the design. 

The upper Ɵ lƟ ng window is too large in length now. 
This window should be devided in at least two parts. 
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Figure A.64; Models concept 8 - bedroom 1 & 2 (own illustraƟ on)

CONCEPT 8 - BEDROOMS 1 & 2

1 32 4

Concept 8 consists of a door that opens outwards and 
can be used as a wind protecƟ on screen. The other 
part of the facade consists of 3 windows. Two sliding 
windows which can funcƟ on as a double hung system 
(to make venƟ laƟ on very effi  cient). The upper win-
dow is a Ɵ lƟ ng window which can also funcƟ on as a 
sun-/rainprotecƟ on screen.

The balustrade of the balcony is transparent and al-
lows the occupants to have a view to the outside.

Most requirements are rated posiƟ ve. The privacy re-
quirement could be achieved by adding a prinƟ ng on 
the glass balustrade for example (same as concept 1).

The most negaƟ ve part of this concept is that the 
movements are very complex. Especially for elderly 
these operaƟ ons are hard.  Besides that the upper Ɵ lt-
ing window is quite large and heavy to funcƟ on as a 
sun-/rain protecƟ on screen.
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Figure A.65; Models concept 9 - bedroom 1 & 2 (own illustraƟ on)

CONCEPT 9 - BEDROOMS 1 & 2

1 32 4

Concept 9 consists of a door which opens outwards 
and can funcƟ on as a wind protecƟ on screen. The two 
windows next to the door are sliding windows which 
funcƟ on as a double hung system (to make venƟ laƟ on 
very effi  cient). Besides that at the top a Ɵ lƟ ng window  
can provide natural venƟ laƟ on when the occupants 
are absent. 

The balustrade of the balcony is transparent and al-
lows the occupants to have a view to the outside.

Most requirements are rated posiƟ ve. The privacy re-
quirement could be achieved by adding a prinƟ ng on 
the glass balustrade for example (same as concept 1).

The most negaƟ ve part of this concept is that the 
movements are very complex. Especially for elderly 
these operaƟ ons are hard.  

For the upper fl oor of the porch apartments a sun-
screen should be added to the design. 

The upper Ɵ lƟ ng window is too large in length now. 
This window should be devided in at least two parts. 
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Figure A.66; Models concept 10 - bedroom 1 & 2 (own illustraƟ on)

CONCEPT 10 - BEDROOMS 1 & 2

1 32 4 5

Concept 10 consists of two upper outwards Ɵ lƟ ng 
windows which also funcƟ on as rain-/sunprotecƟ on 
screens. The small upper window should operate to-
gether with the acƟ on of opening the door (as the 
third picture shows). The small window can be slided 
down the wall, so small venƟ laƟ on is also possible. 

The wall allows the occupants to have a windowsill 
and keep plants in- and outside. 

The balustrade of the balcony is transparent and al-
lows the occupants to have a view to the outside.

Most requirements are rated posiƟ ve. The privacy re-
quirement could be achieved by adding a prinƟ ng on 
the glass balustrade for example (same as concept 1).

The most negaƟ ve part of this concept is that the 
movements are very complex. Especially for elderly 
these operaƟ ons are hard.  Besides that the upper 
Ɵ lƟ ng window is quite large and heavy to funcƟ on as 
a sun-/rain protecƟ on screen. It is also quite complex 
to design a door with a Ɵ lƟ ng window, this acƟ on will 
also be quite hard for elderly.
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Figure A.67; Models concept 11 - bedroom 1 & 2 (own illustraƟ on)

CONCEPT 11 - BEDROOMS 1 & 2

1 32 4 5

Concept 11 is quite the same as concept 10, but more 
transparent. 

Concept 11 consists of two upper outwards Ɵ lƟ ng 
windows which also funcƟ on as rain-/sunprotecƟ on 
screens. The small upper window should operate to-
gether with the acƟ on of opening the door (as the 
third picture shows). The small window can be slided 
down the wall, so small venƟ laƟ on is also possible. 

The balustrade of the balcony is transparent and al-
lows the occupants to have a view to the outside.

Most requirements are rated posiƟ ve. The privacy re-
quirement could be achieved by adding a prinƟ ng on 
the glass balustrade for example (same as concept 1).

The most negaƟ ve part of this concept is that the 
movements are very complex. Especially for elderly 
these operaƟ ons are hard.  Besides that the upper 
Ɵ lƟ ng window is quite large and heavy to funcƟ on as 
a sun-/rain protecƟ on screen. It is also quite complex 
to design a door with a Ɵ lƟ ng window, this acƟ on will 
also be quite hard for elderly.
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Figure A.68; Models concept 12 - any facade (own illustraƟ on)

CONCEPT 12 - ANY FACADE

1 32

Concept 12 is a design for any facade in a project 
that doesn’t allow balconies. The facade consists of 
a double hung system with an aƩ ached insect/safety 
protecƟ on screen that automaƟ ccaly rolls out when 
opening the window. 

The facade element can also be changed into a balus-
trade. Hereby the occupants can have a kind of feel-
ing that they are outside instead of inside. 

The whole facade is transparent and allows the occu-
pants to have a view to the outside.

The requirement checklist shows a lot of minuses. 
Of course the cause is the miss of the outside area. 
Although there is tried to create a kind of inside-out-
side area, it isn’t the same. But, it can be a soluƟ ons 
in situaƟ ons where it isn’t possible to add an outside 
spade to the facade.
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A.7. EXTRA OPTIONS
A.7.1. Unilux plisse insect screen;

Figure A.69; Plisse insect screen (Unilux, 2015)
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Figure A.70; Plisse insect screen (Unilux, 2015)
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Figure A.71; Plisse insect screen (Unilux, 2015)
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Figure A.72; Plisse insect screen (Unilux, 2015)
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A.7.2. Nano double blind sunshading system;

Figure A.73; Nano double blind sun shading (HunterDouglas, 2015)
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Figure A.74; Nano double blind sun shading (HunterDouglas, 2015)


