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Abstract

While the exiracted resources on our planet become more and more scarcer, the construction industry
keeps being the number one user of them and the number one waste generator. At the same time, a new
type of Circular Economy has been presented where nothing can be considered as waste. This thesis is
approaching this topic by examining ways of prolonging the lifetime of facade components and minimiz-
ing waste generation in the Circular Economy. The design strategy is taking info consideration the factor
of time, as the goal is to enable reuse, repair, remanufacture and recycling of the facade components. In
order to do so one must be able to take the components apart to their elements, making Design for Disas-
sembly the only viable design strategy. The thesis is exploring the potentials of Design for Disassembly for
facade components while focusing on the case study of the Intfegrated Facades as Product-Service Sys-
tem (IFPSS) mock-up facade and the analysis of three (3) of its components: an aluminium window frame,

a decentralized ventilation unit and an external sunshade unit.

Keywords: design for disassembly, circular economy, facade components.



List of abbreviations

DfD = Design for Disassembly

IFPSS = Integrated facades as a product-service system















1. RESEARCH FRAMEWORK
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Fig.1: Lustron-home disassembled in more than 3000 pieces.









Fig.4: Vision of facade as a sum of functions as a basis for Leasing Facades concept (AzcARATE-AGUERRE, 2014).
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Fig.5: The impact of construction industry in recent environmental statistics within the EU (Eurorean Commission, 2011).






1.5 Research question

The research question that this graduation thesis will try to answer is:
How can Design for Disassembly improve the potentials of facade components in the Circular Econ-

omy?

The deriving sub-questions are:

- What are the different end-of-life scenarios for the facade components in relation to Circular
Economy?

- What are the available guidelines for DfD for facade components?

- How can facade components be disassembled functionally?

- How can facade components be disassembled physically?

- Which end-of-life strategies are currently applied to the selected facade components and what
are the alternatives?

- What is the expected lifetime of the selected facade components?

- How can the selected facade components be evaluated in terms of DfD in the Circular econo-
mye

- How can the selected facade components be improved in terms of DfD in the Circular Economy?

- What are the benefits of improving facade components in ferms of DfD in the Circular Economy

on a greater scale?¢

1.6 Design question

The design question is:
How can resource efficient facade components be designed with the implementation of Design for

Disassembly strategies?

The deriving sub-questions are:
- What is the impact of DfD strategies on production processes of facade components?

- What is the impact of DID strategies on the architectural quality of facade components?

1.7 Approach and Methodology

The case-study of the IFPSS mock-up design has a central role throughout the followed methodology. The
first step of the research is to review literature for the two pillars of Circular Economy and Design for Disas-
sembly. The purpose of that is to understand the theoretical background and get an understanding of the
general guidelines for DfD application. This also helps in determining the criteria for the following evalua-
fion of the existing design. Literature review on Circular Economy assists in defining the multiple end-of-life
scenarios for facade components. This is a necessary step as the final outcome aspires to give direct an-
swers to what the alternative end-of-life scenarios will be for each component of the design.

A thorough state-of-the art investigation is also needed. This helps in gaining a better understanding

of the assembling methods for facades (which is a pre-requisite for the disassembly method). Also, this is



a necessary step in understanding the materialization of each component and their expected lifetime.
For this purpose a series of interviews is conducted with representatives of companies involved in the IFPSS
mock-up. In these interviews the materialization of their products, their expected lifetime, the necessary
maintenance and the possible end-of-life scenarios are discussed among others. This information is col-
lected in a detailed database that serves as an evaluation tool for the existing design.

At the same time a detailed functional and physical analysis is executed for each one of the four (4)
panels of the IFPSS mock-up. Due to limited time three (3) components of the total assembly are selected
to be further investigated. These components are the aluminium window frames RT 72 and RT 72 HI by
Alcoaq, the decentralized air handling unit FSL-B-ZAB-SEK by Trox and the external sunshade unit Fixscreen
100fY© by Renson.

Proposing changes and improvements in these components is the next step to make the design
more sustainable and more suitable for Design for Disassembly in the Circular Economy. This is achieved by
using the knowledge acquired in the first phase of literature review, the information collected during the
interviews as well as the observations during the physical disassembly of the components.

Last but not least, the research briefly examines the greater picture of flows of materials that are com-
monly used in the built environment in order to understand the consequences of improving the suitability
for DfD in the Circular Economy of facade components on a greater scale. Due fo limited time three (3)
material families are selected to be researched. These are aluminium, plastics and steel.

Every chapter of this thesis aspires to provide answers to one or more of the research and design

sub-questions.

1.8 Relevance

Adapting a circular economy is an urging necessity not only in the building industry, but other industries
as well. This is a required step we need to take towards a sustainable way of life. Infroducing design for
disassembly in facade systems serves the first rule of Cradle to Cradle philosophy which is “Waste=Food”
(McDoNouGH AND BRAUNGART, 2002).

While this is a common practice in other product industries, the facade industry is quite behind in
research and has little fo none practical examples to demonstrate. This suggests a need for systematic re-
search towards this direction in order to investigate the feasibility of the concept and the potential benefits.
The impact of applying such strategies could be substantial not only on a component level, but also on a
greater level.

This research aspires to set the foundations for a discussion that has to be made among the people
involved in the facade industry on where do we stand regarding the Circular Economy and how willing we

are to adopting a different mindset.
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Fig.7: Window frames are typically the first facade components to be collected for recycling. 9






2. CIRCULAR ECONOMY

_' oy A .
> - S TR : .
Fig.8: Construction and demolition waste (~0.8 billion tonnes/year) counts for a third of the total waste in EU. (JRC-IES, 2011)
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2.3 To Cradle-to-Cradle

Circular economy on the other hand focuses on reducing the amount of waste and consumed energy, by
enabling the users to reclaim the components or materials used in the building process. In order to close
the loop, one can follow different routes with varying environmental impact. The cycle can be repeated
as many fimes as necessary, following the same or a different route every time. Starting from the most fa-
vourable to the least favourable, at the end of its life in a specific building a facade component can either

be relocated and reused in another building, re-manufactured and eventually recycled.“

2.3.1 Maintenance

Before moving on into drastic measures, the simplest method one could follow to ensure a component’s
lifetime longevity is regular maintenance. This usually dictates following simple steps such as cleaning or

tuning, usually provided by the supplier in the product’s manual.

2.3.2 Reuse / Redistribute

If a component or element is still in good shape and working condition after being used in a certain buila-
ing, it can always be reused in the same or another building. This tfranslates into reintfroducing a product for

the same purpose and in its original form, following minimal maintenance and cosmetic cleaning.

2.3.3 Refurbishment

If the product has suffered wear one can return it fo a good working condition by replacing or repairing
major components that are faulty or close to failure. Cosmetic changes (such as painting) fo update the

appearance of the product are also welcomed.

2.3.4Remanufacture

A process that is usually bypassed in the building industry because of the complications it involves, denotes
the disassembling and recovering at the sub-assembly or component level. Functioning reusable parts
are taken out of the used product and rebuilt into new ones. The process includes quality assurance and

potential enhancements or changes.

2.3.5Recycling

After the product is no longer usable and the routes mentioned above cannot be followed the last resort
would be recovering materials for the original or other purposes. The recovered materials come back into

the process as crude feedstock.

[4] The definitions have been derived from the online course CircularX: Clrcular Economy - an Introduction, of-
fered by TU Delft. (https://www.edx.org/course/circular-economy-introduction-delftx-circularx).



Fig.11: Walter Stahel (StaHeL, 2007) offers some insight in which step is suitable for each occasion in what he calls “The Inertia
Principle”.

2.4 Construction and Demolition Waste (CDW) in the Netherlands

Looking into waste generation and freatment statistics for the Netherlands (CBS, 2015) one can see that
waste from the building industry, rising up to 25.71 million tonnes, counted for 42% of the total waste gen-

erationt,
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Fig.12: Construction and demolition waste generation in the Netherlands has in-
creased 4.8% in 2012, in comparison with 2010.
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Although this counts for a rather large percentage of the total waste generation, interestingly enough
93% of CDW is recovered through recycling, energy recovering, backfilling and others. Due to landfill ban
and an imposed tax of €13/tonne the landfilled CDW is consistently dropping, covering a percentage of

2% in 2012. An incineration tax was also intfroduced in early 2015.

[9] Confrary to Eurostat statistics (Eurostat, 2012) this amount of waste does not include dredging spoils and soil. If
this is fo be included the construction related waste generation would rise up to 81.4 million fonnes in 2012 and would
be accountable for 65% of the total waste generation of the country.
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Fig.13: Construction and demolition waste treatment in the Netherlands in 2012.
The vast majority of waste is being recycled, based on (Detoie, 2014).
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Fig.14: Construction and demolition management and recovery in the Nether-
lands. Landfill has been continuously decreasing, (Detore, 2014).

Despite the high percentage of recycling in the Netherlands, there is sfill a long way to go until a
sustainable CDW management is accomplished. Having now a good understanding of the Circular Econ-
omy principles, one can see that recycling should be the last resort in closing the technical loop. There
are several other options such as reusing or remanufacturing that could be favourable in the construction
industry. The main obstacles to changing this mindset and move towards a circular economy according
to Deloitte’s report in 2014 (DeLorte, 2014) are:

* Market conditions
e Bureaucracy
¢ Lack of maturity of inifiatives

e Culture



The first aspect especially is the one most relevant to the Leasing Facade’s concept as it is stated
that some of the reasons that are holding the industry back is that there is not yet big enough supply of
secondary materials. Also, despite the high recycling percentage there are no clear quality gradations of
recycled materials which demotivates suppliers in reusing them. In the same report it is stated that inno-
vative ideas where ownership of the building - in our case the facade - remains to the builder are not yet
easily accepted.

However, the market shows a clear interest in using secondary materials since the quality of them is
satfisfactory compared to the price. If a quality label of assurance was provided with them, suppliers would
be even less reluctant in using them, Also, as it has already been proven by the landfill ban, legislation is a

powerful driver in moving towards a more sustainable CDW management.
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3. DESIGN FOR DISASSEMBLY
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Fig.15: Raleigh bicycle from the 80's disassembled in 893 parts.



3.1 History

Design for Disassembly (DfD) is not a ground-breaking design strategy - at least not for the product devel-
opment industry. Even in the building industry theoretical research has been going on for at least a couple
of decades.l

The need to constantly relocate has pushed nomadic people to come up with the lightweight and
reusable solution of the tent - a form of habitation that is in use also in the present. There is no better ex-
ample of an architecture that has been designed to be assembled and disassembled for numerous times.

Also, people in European counftries as well as in Japan had developed special connections in order
tfo minimize waste due to wood scarcity. Let it be noted that when Governor Phillip arrived in Sydney Cove
in 1788 from Great Britain, he brought with him a prefabricated portable cottage with a timber frame and
canvas roof and walls (CrowtHer, 1999). This was perhaps one of the first documented examples of relocat-
ing entire buildings. During the 18" century a number of prefabricated cottages sailed across the seas to

supply the needs of the British colonies all over the world.

Fig.16: Crystal Palace (1851) is one of the oldest known buildings that were designed for disassembly and relocation.

[6] Stewart Brand (Branp, 1994) was one of the first ones to study disassembly as a design strategy for buildings and
his book How buildings learn is considered to be the Holy Grail in relevant literature. Many researchers followed in the
90’s decades, with Australian Dr. Philip Crowther being one of the most active (Crowther, 1999, 2005). After 2000 an
even more growing interest has been established.
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Fig.20: Facades are complicated systems consisting of multiple sub-systems such as glazing, sun-shading, transoms
etc. Each of these sub-systems is further divided into components and elements.
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3.5.1 Functional decomposition

S e

Functional independence: is determined by the level of separation of different
functions within one configuration and also the level of autonomy of independ-
ent functions. Functions can be either integrated, incorporated or separated.
The optimal scenario for DfD is complete separation. It goes without saying that
functional decomposition is a key factor in life cycle co-ordination of different
building components. Functional autonomy is determined by whether relocao-
fion or resizing of components that serve a certain function influences the integ-

rity of other components serving other functions.

Systematization: is described as the formation of single parts info sub-assem-
blies. This results in clustering (according to functionality) which translates into
independent building sections in production and assembly/disassembly with
respective processes on the site or in the factory. The more elements are sys-
tematized into independent assemblies, the easier is the life cycle and function-
al coordination between them, making assembly and disassembly sequencing
easier. If foo many sequences are required (possibly both on site and in the
factory) then the entire process becomes too long and expensive, pushing

stakeholders to opt for demolition.

3.5.2 Technical decomposition

/IN= /1N

Relational patterns: are described by open or closed relational diagrams, which
represent the integration of building elements. In closed assemblies, substitu-
fion of one element has an impact on connected elements. This occurs in
buildings whose materials are not systematized and clustered info independent
units, resulting in static assemblies. On the contrary, within open hierarchies
building parts are independent from one another. Depending relations occur
only to elements within an assembly (called base elements). This provides a

level of freedom regarding form and size of connected elements.

Base element specification: is the specification of an element within each sep-
arate sub-assembly that integrates all surrounding elements of that cluster. By
determining such an element, independence of elements within one cluster
from elements of another clusteris secured. Base elements usually have a dou-
ble function: a) to connect elements within a cluster and b) to perform as an

infermediary with other clusters.



3.5.3 Physical decomposition

Geometry of product edges: is a characteristic that influences the interfface 1+ + ¢
design and specifies the connection type, having a great impact on the final
level of disassembly. Geometries can be divided in open and interpenetrating,
with first one being favourable to DID. In the later one, elements can only be

disassembled in one direction or even worse be demolished.

Assembly sequences: are affected by materialization, geometry of product N
edge and type of connections. Clearly the ability to be dismantled is a necessi-
ty for DfD. Assembly sequences creafte dependencies between elements and
can be distinguished into five (5) hierarchies regarding assembly direction: q)
Parallel assembly, b) Sequential assembly, c) Interlocking assembly, d) Closed
assembly and e) Star assembly. The most suitable typology for DfD is parallel

assembly.

Type of the connection: is one of the most crucial characteristics of DfD. Along

with geometry of product edge they define the degree of freedom between

$

components. They can be defined as: a) direct (integral), b) indirect (acces-
sory) and c) filled (chemical). Indirect connections are the most suitable for
DfD, as the other two categories complicate the process of disassembling, of-
ten making it impossible. A perfect connection should allow for elimination,
addition, relocation and substitution of an element with minimum impact on
the rest of the elements. Two main criteria for DfD connections are to keep
elements separated by avoiding penefration into other components and to
prefer dry-jointing over chemical jointing. Positioning an accessory connector

maximizes the disassembly potential.

Life cycle coordination: is a parameter usually ignored in conventional struc-

tures, but of great importance for DfD. Elements with long life cycle should

—<¢« —>N

Ne— =N
N ——

be assembled first and disassembled last. Elements with short life cycle on the
other hand should be assembled last and disassembled first. This would result
in less disassembly dependencies. Life cycle coordination should be taken into
account not only for materials but also for functions, which makes the task even

more complicated.












4. DISASSEMBLING THE FACADE

Fig.22: E2 facade by Schico.
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4.1 Physically

As mentioned in previous chapters, disassembly is not a favoured process when it comes to facades’ end-
of-life scenarios. On the contrary, demolition is common practice. It is important for this research to have
a look at what is considered ‘normal’, so as to foresee problems that might occur during disassembly.

Kim (Kim, 2013) provides in her master thesis an elaborated review of the usually followed procedures,
listing all the steps that are taken at the end-of-life a curtain wall.  More specifically she categorizes the

steps during demolition in five (5) categories:

1. Disassembly
2. Demolition
3. Processing

4. Production support

Depending on the selected scenario different steps occur within these categories.

4.1.1 Demolition

1. Disassembly: Hazardous and semi-hazardous materials are disassembled following the respective
regulations.

2. Demolition: Usually happens using hydraulic crushing method, from the top floor downwards.

3. Processing: The separation of all sorts of materials that have fallen on the ground can happen
either on site or off site.

4. Production support: Includes precautionary measures such as providing working stations and cov-

ered walkways, protecting surroundings, pre-soaking the structure to minimize dust etc.

4.1.2 Selective demolition

1. Disassembly: Depending on the connection types disassembly is executed to some degree. Usual-
ly pressure plates are unscrewed to take out the glazing and the rest is demolished.

2. Demolition: The facade is demolished by hand held tools and small machinery. The support struc-
ture is cut off after all the panels are removed.

3. Processing: Aluminium profiles can be collected and sorted on site. They are separated from other
materials during cutting them off. They are then transferred to a shredder and a sorting plant for further
processing. The rest is considered waste.

4. Production support: As curtain wall glazing usually is from outside, erecting exterior working stations

is necessary. Cranes are also necessary in order to support the glazing weight.

4.1.3 Disassembly

1. Disassembly: Fasteners and connections are disconnected without damaging the components. It
must be completed in the reverse order of assembly with caution. Depending on the type of the connec-
tion different disassembly tasks and tools are required. The most time consuming connection is adhesive.

2. Demolition: Too complicated and time consuming connections result in opting for demolition in-






Outside Facade Inside
Conditions specific Requirements
to the location
solar radiation comfortable temperature/
temperature severe minimal humidity range
humidity fluctuations in fluctuations |  amount and quality of light
precipitation extreme climate internally | air exchange rate

wind

surrounding noise
amount of gas and dust

comfortable air velocity
comfortable sound level

visual relationship with
external suroundings

mechanical loads
electromagnetic radiation

demarcation of private
and public zones
mechanical damage
protection

fire protection
limitation of foxic loads

urban surroundings
local resources
socio-cultural context

Protective functions by way of permanent
and also variable conditions
(increasing or reducing the effect)

Supplementary measures
with a direct effect

thermal insulation
sunshading
(e.g. shutters, blinds etfc)

measures influencing the
microclimate
(e.g. vegetation)

Supplementary building
services

external collectors
photovoltaics
heat pipes efc.

Fig.23: Facade requirements as presented

in (HerzoG et AL, 2004).
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solar walls
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heat recovery
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with a direct effect

anfiglare protection
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redirection of dayllight

utilisation of internal
component for storing and
release of energy for
heating/cooling

Supplementary building
services

convectors/radiators
artificial lighting

air conditioning
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Obviously any facade should be able to support a certain number of functions. According fo literature
(HerzoG T AL, 2004, Hovets, 2008, KLen, 2013) a facade should at least be able to provide minimum protection
against climate conditions such as solar radiation, temperature, humidity, and precipitation. It should also
provide basic sound insulation and protection against fire, structural and mechanical damage, burglary
and toxic loads.

Taking this one step further, and infroducing sustainability as a key-attribute of a facade, new func-
tions become equally important. These functions would be minimization of energy consumption during use
and enabling of reuse and recycling.

Last but noft least, let’s not forget that the facade is the part of the building with the most visual and
aesthetic impact. It should therefore be able to create appropriate interior and exterior perception, re-
spond to the urban context and represent the designer’s intention by selection of appropriate materials
and technologies, and the corresponding spatial arrangement.

In the case of the IFPSS mock-up, a simplified function tfree can be drawn. In the next chapters an

analysis will be executed following these steps:

¢ Data collection: gathering information about the mock-up functions and components from IFPSS
Pilot Program documents and communication with the involved companies.

¢ Functions definition: determining the functions that are expected to be fulfilled by each of the four
(4) panels.

¢ Hierarchy definition: describing all parts of the mock-up according to Eekhout (EekHour, 2006)and
Durmisevic (Durmisevic, 2006) hierarchical levels.

¢ Function structure: using theory of product architecture to map the relations between the compo-
nents.

e DfD evaluation: using Durmisevic's (Durmisevic, 2006) criteria to describe the nature of the relation-
ships regarding Design for Disassembly.

¢ End-of-life scenarios: determining the possible end-of-life option for each component according

to Circular economy (ELLEN MACARTHUR FounbATiON, 2015).
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5.ANALYSIS OF EXISTING DESIGN

Fig.25: EWI building (high-rise and low-rise) on TU Delft campus.
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Alkondor
Alcoa
De Haan Westerhoff
Real Capital Systems
Renson

Scheuten

Solar Swing

Somfy

Trox

VML

VMRG
FMVG

IFPSS group

=ALKONDOR

HENGELD

Specialized in facade fabrication and challeng-
ing projects.

Aluminium frame supplier for curtain walls, doors
and windows.

Specialized in sun shading sales, construction
and maintenance.

Specialized in financial engineering and leasing
concepts.

Specialized in creating and developing innova-
five sun-shading solutions.

Specialized in glass panels, glass infegrated PV
and media facades.

Specialized in innovative sun-shading solutions.

Specialized in the automation of integrated
facade functions and especially solar shading
control.

Specialized in the development, manufacturing
and sales of components, devices and systems
for ventilation and air conditioning.

Specialized in lighting and building integrated
LED systems.

Organization of metal facade builders in the
Netherlands.

Real estate department of TU Delft.

TU Delft researchers. (Azcarate-Aguerre, J.,
Den Heijer, A. and Klein, T.)

Table 1: IFPSS involved companies.

P Real =~
DE HAAN WE_SFT—EEI-IOFF . Capltaf
Systems

ALCOA

w .,
swing =

Fig.27: IFPSS involved companies.

TECHNOLOGIES ';__
LED Medla Facade Experts

www.alkondor.nl
www.alcoa.com

www.dehaanwesterhoff.nl

www.realcapitalsystems.
com

www.renson.nl

www.scheuten.nl

www.solarswing.nl

www.somfy.nl

www.frox.nl

www.vml-technologies.
com

www.vmrg.nl

www.fmvg.tudelft.nl

-~y -
L) Scheuten

Creating healthy spaces

VIRG

Vereniging Melalen Romen
en Gevelbranche

43



44

After several meetings with the companies the IFPSS group members finalized their decision on the

design of the four panels. The final designs are the following:

Panel 1:
A low-cost solution for a panel having basic functions. These functions include structural stability, illumina-
tion, heat protection, noise protection, humidity protection, fire protection, over-voltage protection, fresh

air supply, glare protection and visual communication.

Fig.28: Panel 1 (Low cost).



Panel 2:
An upgraded version of Panel 1, with added energetic functions such as solar and thermal protection,

building integrated photovoltaics and energy storage.

Fig.29: Panel 2 (Supply services & energy generation).
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Panel 3:
An all-inclusive functional model that incorporated the added functions of mechanical ventilation, heat-
ing and cooling, humidification and dehumidification, artificial lighting, power supply and user communi-

cation. It also includes a foam green facade along with its supporting system.

Fig.30: Panel 3 (All-inclusive functional).



Panel 4:
The last panel is a high-end version of Panel 3, with a media facade replacing the green facade. More

specifically an outdoor LED display board is installed along with its supporting system.

Fig.31: Panel 4 (All-inclusive high-end).
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—— [xtruded aluminium profile e POlyamide thermal breakage 39mm  AlcoaTherm foam insulation

SCALE 1:2

Fig.34: RT 72 and RT 72 HI profiles used in IFPSS mock-up.
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5.3.2 Decentralized ventilation unit (FSL-B-ZAB-SEK) by Trox®:

Contrary to other components, Trox offers more flex-
ibility in their products. Instead of offering modu-
lar pre-fabricated solutions out of catalogues, Trox
gives unique combinations of their products in order
to satisfy the client’s needs.
In this case unit FSL-B-ZAB-SEK consists of the

following components:

e qacoustically optfimized fans

e a cross-flow plate heat-exchanger

* two air filters and motorized shut-off valves

for supply and discharge of air.

e aheatrecovery unit.l'
Fig.35: Decentralized ventilation unit FSL-B-ZAB-SEK by Trox.
All of these come in a built-in cabinet made out of galvanized steel, standing on four (4) adjustable

legs to compensate for dimensional differences.

| |
D 777 &
o le FOL
" 8
0
. i 112
0 220, \ Seal 15x50 213 1
7%% .-
o closed porous S
0 (compressible) 0
= (] o — o o =
¥ 1085 ¥
o o o o H| Ai i
¥ ° . =r
M
N G3—Filte
Q
HL B F7-Filterl |~ o
0 Z ()} @ o ©
* B
76) o o [c] [) 00%
i @ N
NS I © B
0 g @) O
i’gi& ° {1 I = x Ov
SCALE 1:10

Fig.36: Trox decentralized air handling unit FSL-B-ZAB-SEK.
[11]  www.trox.nl

50



5.3.3 External sun shading blinds (Fixscreen® 100£V°) by Renson®:

Renson's Fixscreen® 1008Y° is a vertical sunscreen with incor- &7 ,‘-"l

porated patented Connect & Go® system that allows for the f,f : ‘ ‘ .' S

fabric roller to be installed and removed very easily (directly

)|

demountable from outside). .
For the mock-up the Square design has been selected. _.;'
The cable is concealed in pre-drilled side channels.
The component consists out of four (4) sub-components: *
* abox
* aroll of fabric
* a boftom bar attached to the fabric

e two (2) side channels.l'?
Fig.37: Fixscreen 1008V° Slim by Renson.

y 100 y
NI 71
RS 2
Technical characteristics Fixscreen® 100°° (Surface
Mounted)
(in mm)
Box (W x H) 100 x 100
Dimensions 5
Maximum (W x H) 4000 x 2700
3000 x 3500
(10,8 m?)
Maximum blackout fabric (W x H) 2000 x 2700

(5,4 m?) N T 5 25
Box

-
Bottom bar 26 x 53
Open (§) or closed side channel (G) 35x 48

Coupled side channel (K) 58 x 48 Bottom bar
Table 3: Dimensions of Fixscreen 1005 by Renson.

50

N L gall
N Q
30
Durability - fﬁ - jfg -
7 year guarantee Fixscreen® - technology: zip
remains inside channel Fixscreen 1005(vertical section)
5 year guarantee Against any defects occur-
ring during normal use and P 48 P
maintenance A 7
10 year guarantee Concerning the coating of
. . /]
aluminium elements = M
Guaranteed wind resistance 130 km/h -
~D

Wind class EN1 3561 WK3 mT
Table 4: Durability of Fixscreen 1005V© by Renson. M}Q

Open side channel (horizontal section)
SCALE 1:2

[12]  www.renson.nl Fig.38: Renson Fixscreen 1005V components.
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5.4.2Panel 2

Main function Primary function Secondary functions Supporting functions Detailed supporting functions

Bear structural loads

} Deviate impact loads

Deviate wind loads

‘Creofe stiffness perpendicular to surfoce‘

Fix to primary structure of building

Carry self weight ‘

Integrate joints to allow movement

Create a
durable
construction

Keep materials and compo-
nents in working condition

Enable water and vapor
management in
construction

Handle loads from structur-
al and thermal expansion

Secure an air and vapor
tight construction

Secure rain and water
fightness

Create a comfortable
temperature

Provide a
comfortable
interior climate

Create a comfortable
humidity level

Separate and
filter between
exterior and
interior space

Create visual comfort

Allow damage free movement

‘ Allow vapor fight connection of parts ‘

Incorporate water sealing system

‘ Control daylight radiation ‘

Absorb radiatfion

Control air temperature

Ventilate excessive heat

Heat air

‘ Prevent energy losses ‘

Prevent surface
temperature differences

Cool air

Maintain air fightness

Provide thermal insulation

‘ Control air exchange rate \

‘ Provide light ‘

‘ Allow visual contact ‘

Supply sufficient fresh air

Filter air

Create transparent facade areas

Provide sun shading

Allow natural daylight

Redirect daylight

Reduce glare

Keep climate within
a given range

Add mechanical
building services

Provide mechanically
controlled ventilation

Support use of

Provide a safe environment

‘ Protect against fire

Provide fire barriers

‘ Prevent falling out

Provide barriers at minimum height

Monitor performance

Control performance

Minimize heating &
cooling requirements

Recover heat

Adapt to changing
climatic conditions

Allow for sun fracking

the building
Maintain comfortable
climate
Minimize energy
consumption during use
Responsible
handling in Generate energy
terms

of sustainability

Collect renewable energy

Collect solar energy

Store energy

Convert energy to
usable energy

Fig.40: Panel 2 Function Tree.

Convert solar energy fo electricity

Store energy
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5.4.3Panel 3

Main function Primary function Secondary functions Supporting functions Detailed supporting functions

Bear structural loads

Deviate wind loads

‘Creofe stiffness perpendicular to surfoce‘

\
|
| Deviate impact loads }

Fix to primary structure of building

} Carry self weight ‘

Integrate joints to allow movement

Create a
durable
construction

Keep materials and compo-
nents in working condition

Enable water and vapor
management in
construction

Handle loads from structur-
al and thermal expansion

Secure an air and vapor
tight construction

Secure rain and water

fightness

Allow damage free movement

‘ Allow vapor fight connection of parts ‘

Incorporate water sealing system

‘ Control daylight radiation ‘

Block radiation

Create a comfortable
temperature

Provide a
comfortable
interior climate

Create a comfortable
humidity level

‘ Control air temperature ‘

Ventilate excessive heat

‘ Prevent energy losses ‘

Maintain air tightness

Prevent surface
temperature differences

Provide thermal insulation

‘ Control air exchange rate ‘

Supply sufficient fresh air

Separate and
filter between
exterior and
interior space

Create visual comfort

Support use of
the building

Provide a safe environment

\ Provide light |

‘ Allow visual contact \

Create tfransparent facade areas

Provide sun shading

Allow natural daylight

Redirect daylight

Reduce glare

‘ Protect against fire ‘

Provide fire barriers

| Preventfalingout |

Provide barriers at minimum height

Responsible
handling in
terms
of sustainability

Improve surrounding
microclimate

Allow for vegetation

Fig.41: Panel 3 Function Tree.

Allow for planting

Allow for watering




5.4.4Panel 4

Main function Primary function Secondary functions Supporting functions Detailed supporting functions

Bear structural loads

‘ Deviate wind loads }

‘Creofe stiffness perpendicular to surfoce‘

‘ Deviate impact loads }

Fix to primary structure of building ‘

} Carry self weight ‘

Integrate joints to allow movement ‘

Create a
durable
construction

Keep materials and compo-
nents in working condition

Handle loads from structur-
al and thermal expansion

Enable water and vapor
management in
construction

Secure an air and vapor
tight construction

Allow damage free movement ‘

‘ Allow vapor tight connection of parts ‘

Secure rain and water

fightness

Incorporate water sealing system \

Guard from rain water ‘

‘ Control daylight radiation }

Block radiation ‘

Create a comfortable
temperature

Provide a
comfortable
interior climate

Create a comfortable
humidity level

‘ Control air temperature ‘

Ventilate excessive heat ‘

‘ Prevent energy losses ‘

Maintain air fightness \

Prevent surface
temperature differences

Provide thermal insulation ‘

[ .
| Control air exchange rate }

Supply sufficient fresh air ‘

Separate and
filter between
exterior and
interior space

Create visual comfort

Support use of
the building

Provide a safe environment

} Provide light

|
J
‘ Allow visual contact }

Create fransparent facade areas

Allow natural daylight

|
Provide sun shading ‘
|

Reduce glare \

‘ Protect against fire

Provide fire barriers \

Prevent falling out

Provide barriers at minimum height ‘

Spatial
formation of
facade

Respond to urban context

Use facade as a
communication medium

Fig.42: Panel 4 Function Tree.

Allow for media projection ‘

Allow for media support ‘
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5.5 Function structure

5.5.1Panel 1

Detailed supporting function

Create stiffness perpendicular to surface

Fix to primary structure of building

Integrate joints to allow movement

Allow damage free movement

Allow vapour tight connection of parts

Incorporate water sealing system

Block radiation

Ventilate excessive heat

Maintain air tightness

Provide thermal insulation

Supply sufficient fresh air

Create transparent facade areas

Provide sun shading

Allow natural daylight

Reduce glare

Provide fire barriers

Provide barriers at minimum height

Physical component

HEA 100

Existing design

Steel profile
Existing design

Aluminium frames
RT 72 by Alcoa

Ventilation grill

AR75 by Renson

Solar control glass
by Scheuten

Centrally controlled motor
Sonesse®50 RS485 by Somfy

Metallized fabric screen
SilverScreen by Verosol

IPE 80
Existing

MEP installations
Existing facade



5.5.2Panel 2

Detailed supporting function

Physical component

Create stiffness perpendicular to surface

HEA 100
Existing

Fix to primary structure of building

Steel profile

Integrate joints to allow movement

Existing

Allow damage free movement

Aluminium frames
RT 72 by Alcoa

Allow vapour tight connection of parts

Incorporate water sealing system

Absorb radiation

Ventilate excessive heat

Heat air

Cool air

Maintain air fightness

Provide thermal insulation

Supply sufficient fresh air

Decentralized
air-handling unit

Filter air

FSL-B-ZAB-SEK by Trox

Create transparent facade areas

Provide sun shading

Solar control glass
by Scheuten

Reduce glare

Redirect daylight

|
|
‘ Allow natural daylight
|
|

Provide mechanically controlled ventilation

Provide fire barriers

IPE 80
Existing

Provide barriers at minimum height

Decentralized and

Control performance

centralized monitoring
and control unit

Recover heat

Animeo & screen by Somfy

Allow for sun tracking

Collect solar energy

Convert solar energy to electricity

PV AC/DC Converter and

Store energy

energy storage
by Scheuten
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5.5.3Panel 3

Detailed supporting function

Create stiffness perpendicular to surface

Fix to primary structure of building

Integrate joints to allow movement

Allow damage free movement

Allow vapour tight connection of parts

Incorporate water sealing system

Block radiation

Ventilate excessive heat

Maintain air tightness

Provide thermal insulation

Supply sufficient fresh air

Create transparent facade areas

Provide sun shading

Allow natural daylight

Reduce glare

Redirect daylight

Provide fire barriers

Provide barriers at minimum height

Allow for planting

Allow for watering

Physical component

HEA 100

Existing

Steel profile
Existing

Aluminium frames
RT 72 HI by Alcoa

Solar control glass
by Scheuten

In-glass blinds with opera-

ble maintenance window
Respirant by Kawneer

IPE 80
Existing

Aluminium foam
green facade
by Alcoa

Green facade

support systems
by Alcoa / Green Fortune




5.5.4Panel 4

Detailed supporting function Physical component

Create stiffness perpendicular to surface HEA .1 00
Existing

Fix to primary structure of building Steel profile
Existing

Integrate joints to allow movement

Allow damage free movement

Aluminium frames

] _ RT 72 HI by Alcoa
Allow vapour tight connection of parts

Incorporate water sealing system

. Fixed rain-guarding louvers
Guard from rain water

by Renson

Block radiation

Ventilate excessive heat

Maintain air fightness

Provide thermal insulation

Supply sufficient fresh air

Solar control glass
Create fransparent facade areas by Scheuten

Provide sun shading

Allow natural daylight

Reduce glare

Provide fire barriers IP.E .80
Existing

Provide barriers at minimum height

Lattice™ PictureBox
by VML

Allow for media projection

LED Display support systems
Allow for media s ort
W asupp by VML




5.6 Hierarchy definition

In order to define the level hierarchy of each panel the following general model was followed, which is

an adaptation combining levels out of Durmisevic's model (Durmisevic, 2006) and Eekhout’s (EexHout, 2006)

model:

Hierarchy level

Material MMM MMM (M MMM MMM MMM M [

ElemenT EW E En E] E En El E En E] E En E] E En El E En

Sub-component  [SC,|ISC |[sC,[|sC,|sC |IsC,||sC,[sC |IsC,[sC,|lsC |isc,||sc,|lsc ||sc,/[sc,|sc |Isc,

Structural

Facade Infill Sun shading|| Ventilation Fire
Component support )
frame components system system protection
frame
Sub-system Panel #
System North facade
Building EWI

Fig.43: Hierarchy definition model.

60




5.6.1Panel 1

Hierarchy level

Aluminium
6060 Powder ||Polyamide Polvurethane
Material Powder RAL PAb6 EPDM Y PUR Stainless steel
RAL coating GF30%
coated
i Th | .
Element b(r:c?érll(ee;s Profiles Cé'gé'g? b?;rc?l? Gaskets Pre-sealant Pins
Sub-component 7709520 770953a 7709020
\ |
Scheuten Somfy
HEA || Steel Renson Verosol Renson|| IPE || MEP
Component Solar control . Sonesse
100 ||profile glass Topfix ||SilverScreen 50 RS485 AR75 80 box
Sub-system Panel 1
System North facade
Building EWI

Fig.44: Hierarchy definition Panel 1.



5.6.2Panel 2

Hierarchy level

. Powder ||Polyamide .
Material A'Ugg'g‘(')um RAL PA&6 EPDM PO'VL’;’S?O”G STg‘g';“
coating GF30%
Corner Glazing Thermal .
Element brackets Profiles beads break Gaskets Pre-sealant Pins
Sub-component 770952a 770953a 7709020 771017
\ [ \
Alcoa
HEA Steel Scheuten
Component 100 profile 'Operoble Solar control glass
window frame
Sub-system Panel 2
System North facade
Building EWI

Fig.45: Hierarchy definition Panel 2.



*Please turn page

Scheuten
SolarSwing Alkondor Scheuten Somfy Trox PV AC/DC IPE
Reflect light-shelf Optisol BiPV Animeo & Tablet FSL-B-ZAB-SEK Converter 80

& Energy Storage
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(assumptions made)!'

Hierarchy level

Material

Element

Sub-component

Component

Sub-system

System

Building

Powder Galvanized| Stainless
coated Aluminium Copper ||PVC/PE| |Plastic(?)
steel steel
steel
1
Casing|| Fan Fins Congiensohon Pipes ||Wires||Isolation
drip tray
Shelves Casing |Adjustable Blowers Screws Heat Heat Cables Fasteners
panels legs recovery exchanger

Trox

FSL-B-ZAB-SEK

Panel 2

North facade

EWI

[13] Trox was unable to provide a list of all the sub-components used in FSL-B-ZAB-SEK. This analysis is based on
sub-components used in other units such as FSL-B-ZAB and FSL-B-SEK.




Analysis of Existing Design

Polyurethane . Glass fibre Gilass fibre
2
TPE PU Plastic (?) paper blanket
- Damper| | Blade Plain Dampe . . Chamber|| .. Chamber || ..
Casing blade seal bearings Bellows blade Casing|| - Leaf spring cover Filter cover Filter

Shut-off dampers Volume flow limiter Supply air filter F7 | |Exhaust air filter G3




Hierarchy level

Material

Element

Sub-component

Galvanised . . Foamed Mineral ||Glass fibre
Aluminium | | Plastic Brass | |PVC .
steel polyester wool fabric
Bottom Air Air blade| | Air blade Alr Side . .
Border . - blade Insulation Lining
fravel stop| | Blades| [restrictors| | tip seals bar
shafts
Non-return damper . Soun‘d
insulation

66

Component

Sub-system

System

Building

Trox

FSL-B-ZAB-SEK

Panel 2

North facade

EWI




n/a

n/a

Bypass damper
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5.6.3Panel 3

Hierarchy level

Material

Element

Sub-component

Component

Sub-system

System

Building

Aluminium Powder || Polyamide Phenolic Polyurethane||Stainless
6060 RAL PAGS || toam || ABS || EPDM PUR steel
coating GF30%
Corner Glazing Thermal Thermal Thermal
brackets Profiles beads break insulation insulation|| Gaskets Pre-sealant Pins
sleeve
3001601a 3001602a 3001311a 3001324
[ [ \
HEA Steel Alcoa OAleCrggle Scheuten
100 profile RT 72 HI iy Solar control glass
window frame

Panel 3

North facade

EWI

Fig.4é: Hierarchy definition Panel 3.
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Alcoa Alcoa / Green Fortune
Aluminium foam | | Green facade support IPE 80
green facade system

Kawneer Alkondor Renson
Respirant Light-shelf Fixscreen 100¢©
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Hierarchy level

Material

Element

Sub-component

Component

Sub-system

System

Building

Powder
Aluminium RAL PVC/ Galvanized
6063 coating n/a PVC ||" pg" ||Copper|| n/a n/a stool n/a n/a
[
Box ||Cover|[Covers Bearing . N Integrated Plug
% .

profile|| profile || (L&R) Brush support Isolation|| Wires switch Motor Tube tubes Washers

Box Electronics Fabric roll

Renson

Fixscreen 100&ve

Panel 3

North facade

EWI




Stainless Plastic Plastic | | Plastic Plastic PVC
n/a steel () HPVC | [Neoprene PE (2) (2) Nylon (2) PET coating
End Zip Insert End . Fabric .
Cover|| Profile caps | |guide Buffers Ballast| | Profile || Foam joint caps Zipper rod Fabric
Motor | |Screws side Bottom bar Fabric
channels
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5.6.4Panel 4

Hierarchy level

. Powder |[Polyamide . .
Material Aluminium RAL PAGS Phenolic ABS EPDM Polyurethane||Stainless
6060 ! foam PUR steel
coating GF30%
Corner Glazing Thermal Thermal Thermal
Element brackets | Profiles beads break  |linsulation m;;;lg\tllgn Gaskets Pre-sealant Pins
Sub-component 3001601a || 3001602a || 3001311a 3001324
\ [ \
Comobonent HEA Steel Alcoa OAleCrggle Scheuten
P 100 profile RT 72 HI iy Solar control glass
window frame
Sub-system Panel 3
System North facade
Building EWI

Fig.47: Hierarchy definition Panel 4.
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Physical Physical Detailed supporting
connection elements functions
Comer Create stiff dicular to surf
brackets reate stiffness perpendicular to surface
Pins Fix to primary structure

Profiles Incorporate water sealing system

Provide thermal insulation

Clazing Provide thermal insulatfion protection
beads
’l Allow for vapour tight connection

Thermal Allow damage free movement

break

Maintain air fightness
Thermal . .
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Fig.59: RT 72 HI function structure
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Relational patterns (RP):
The relational patterns configuration of the components can be characterized as partly dynamic, as it can

be represented by both vertical and horizontal relations.

RT 72 HI
Profile Profile Glazing .Ther”?‘”'
bead insulation
Thermal Thermal Thermal
break break Pre sealant insulation
sleeve
Profile Profile

Corner
bracket Gasket

Fig.60: RT 72 HI relational patterns.

Base element specification (BE):
Within separate clusters lies a base element that integrates all surrounding elements and at the same time
performs as intermediary with other clusters, The base elements are [1] Aluminium profiles and [2] Glazing

beads. Cluster [3] does not have a base element.

Geometry of product edges (GE):
The geometry of product edges varies within the different elements of the component. While open geom-
etry is present within cluster [3], clusters [1] and [2] are characterized by closed integral geometries. The

most characteristic exhibit is the geometry between the profile and the thermal break.

Assembly sequences (AS):

The component is characterized by sequential assembly relations. In other words, a linear dependency
is established among the elements as each element is fixed by a newly assembled element. This is not a
favourable model for DfD, as substitution of one element (i.e. thermal insulation) would demand the entire

process of disassembling all the other elements.

Type of connections (TC):

Connections between the elements vary from direct chemical connection (pre-sealant to glazing bead)
to direct connection between two pre-made components (profiles to thermal break) and finally to indi-
rect connection via dependent third element (profile A to profile B via corner bracket and pins). The best
connection regarding DfD in this configuration would be the indirect connection via independent third el-
ement (glazing bead to IGU via gasket). This means that in most cases - other than the last example - reuse

is restricted due to dependencies and recycling is also compromised.



Life cycle coordination (LC):

EPDM gaskets are the elements with the shorter lifetime within this configuration. Thoughtfully, their re-
placement only requires the action of removing the glazing beads, making it a rather smart configuration.
Unfortunately, the expected lifetime of the thermal insulation and thermal breakage remains unknown at

the moment, imposing difficulties in assessing the overall life cycle coordination of the configuration.!'d

RT 72 HI DfD Evaluation
FI

LC SY

RP

1C

AS

GE

Fig.61: RT 72 HI DfD Evaluation.

[16] Putting a numerical value to the aforementioned criteria, while trying to keep an objective view can be very
hard, especially given the number of the involved elements and connections. For example the way the gaskets and
the IGU can be separated from the frame is very suitable for Disassembly, while at the same time the way the ther-
mal break is “locked” in the aluminium profiles is completely unsuitable. A reasonable conclusion is that an accurate
evaluation can only be made on an element level instead of a component level. However, due to limited time within
this graduation, these attempts for evaluation will be used as averaged resulfs. They should not be taken as absolute
evaluations as their main purpose is to function as a starting point for the design proposals that will follow. Therefore,
the evaluations can be considered as relative to each other.
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6.2 Trox FSL-B-ZAB-SEK

6.2.1 Practical disassembly

After answering the interview questions, Trox fechnical manager Piet Brosens, was kind enough to demon-
strate how a decenftralized ventilation unit can be disassembled. Unfortunately, an FSL-B-ZAB-SEK unit was
not available at the moment, nor a drawing of the internal arrangement of the elements or their names.
However, as P. Brosens stated, the process is essentially the same for most units. The process of disassembly

is the following:

1. Unscrew adjustable legs (1).

2. Unlock filters cover (2) by hand.

3. Unscrew casing (3) panels. [Total number of screws = 66.]
4. Pull out supply air filter F7.

5. Pull out exhaust air filter G3.

6. Take out electrical confrol parts and wires (4).
7. Pull out heat recovery unit.

8. Disconnect supply air fan.

9. Disconnect exhaust air fan.

10. Unscrew supply air motor.

11. Unscrew exhaust air motor.

12. Unscrew heat exchanger unit (5,6).

Tools needed: wrench, screwdriver, pliers.

1. Adjustable legs
2. Filters cover (F7 and G3)
3. Casing

4. Control unit

5. Heat exchanger fins

6. Heat exchanger pipes

Fig.62: Trox FSL-B-ZAB-SEK unit.



What was noticed during the disassembly process of

——

the Trox decenftralized ventilation unit, was that the current
configuration of the unit is friendly fowards replacement and
repairing of the elements that are frequently exchanged.
For example both the filters can be quickly and easily ac-
cessed without even using any tools. Same goes for the heat

recovery unit. However, in order to access the fans and mo-

. - . tors one has to unscrew a minimum number of 13 screws in
Fig.63: Filter casing fastener - no fools needed.
order to remove the front side cover of the casing.

The greatest weakness of the current design however
is the fact that certain elements of the component remain
inseparable. For example, in spite of the fact that the entire
heat exchanger unit can be separated from the main unit

by simply unscrewing a few screws, it cannot be easily taken

apart to its elements (fins and pipes). This is a great disad-

Fig.é4: Mineral wool insulation glued to internal
casing surface.

vantage as both elements are made out of valuable metals
(aluminium and copper respectively).

Also, although the entire casing is made out of steel that is a material with high recycling rate, it is
internally covered with a layer of sound attenuation. This consists of mineral wool sound insulation, lined in

glass fibre fabric and glued on the entire internal surface of the casing. Obviously, this hinders and slows

down the recycling process of the metal.

Fig.65: Heat exchanger with copper pipes,steel
casing and aluminium fins.

Fig.67: Fan made out of
galvanized steel.

Fig.48: Glass fibre exhaust air filter G3. Fig.49: Glass fibre paper Fig.70: Plastic mechani-
supply air filter F7. cal valve.
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Fig.71: FL-B-ZAB-SEK relational patterns.

Base element specification (BE):
Specifying a base element for each of the sub-assemblies is not easy. On the contrary, most sub-assem-

blies seem to behave like composite sub-components.

Geometry of product edges (GE):
The configuration is characterised by a number of open geometries, where elements are basically resting
on the shelves (i.e. heat recovery, filters etc). There are a few interpenetrating geometries, allowing for

disassembly only in one direction (all screwed connections) but fortunately there are no closed geometries.

Assembly sequences (AS):
FSL-B-ZAB-SEK has a very efficient assembly sequence. After dismantling the casing panels one can ideally
move on to a parallel disassembly, as all sub-components become instantly accessible. This could even

franslate info more than one persons working on the same unit at the same time.

Type of connections (TC):

Most connections between elements of FSL-B-ZAB-SEK can be characterized as direct connections with
additional fixing devices (i.e. screws or plastic fasteners). This is a fairly good solution as it allows both for
replacing and for recycling the elements. However, one cannot ignore the indirect connection with a
third chemical material that is present in the component (Sound attenuation glued to casing panels). This
connection does not only hinder reusing one of the elements separately, but also imposes difficulties in

recycling.



Life cycle coordination (LC):

One has to recognize that one of the greatest assetfs of FSL-B-ZAB-SEK configuration is ifs life cycle coordi-
natfion. Elements with a shorter lifetime (i.e. F7 and G3 filters) are very easily accessible and demountable,
while elements with longer lifetime take more tfime to be demounted. However, besides this obvious clas-

sification, there is no other degradation when it comes to lifetime of the elements.

FSL-B-ZAB-SEK DfD Evaluation
Fl

LC SY

1C RP

AS BE

GE

Fig.72: FSL-B-ZAB-SEK DfD Evaluation.
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Fig.73: Configuration of Trox FSL-B-ZAB-SEK component.
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Fig.74: FSL-B-ZAB-SEK function structure.
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6.3 Renson Fixscreen® 100tv°

6.3.1 Practical disassembly

Renson provided a samplel'”! unit of Fixscreen 100f¥© to enable the studying of its disas-
sembly ability. In March 2016, the unit was taken apart and re-assembled several times. It
should be noted that it took less than 15 minutes for a non-trained person to take the unit
apart. Assuming that a trained employ could do this much faster, it is safe to say that time
is not an issue when it comes to disassembling Fixscreen 1005V°. The disassembly process is

the following:

Fig.75: Fixscreen
1008V° sample.

1. Unscrew end caps of side channels (8)
2. Slide out side channels (18,19, 21)

3. Slide out zip guides (21) m
4. Unscrew side channels' covers and profiles (18,19)
5. Unscrew box cover profile (2)

6. Unscrew box covers (9,12)

7. Slide out brush

8. Take out fabric roll (23)

9. Unscrew bearing support (1)

10. Unscrew cable unit (15)

11. Unscrew motor support (left).
12. Snap out integrated switch (20)
13. Push out motor support (left)
14. Pull out plug tubes (22)

15. Pull out washers

16. Take out fabric from top side (14)
17. Remove top fabric rod

18. Unscrew bottom bar end caps (6)
19. Slide out bottom bar end caps (4)
20. Remove bottom bar insert joint (17)

21. Remove bottom bar fabric rod (11)

Tools needed: 2.5mm and 3mm allen wrenches, 1.5x50mm and 2x100mm Phillips screwdrivers.

[17] Note that the sample provided by Renson has smaller dimensions than the unit actually used in the mock-up.
Note also that the sample does not contain a functioning motor, nor can be connected to electricity.
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Fig.76: Exploded view of Renson Fixscreen 100V°,

1. Bearing support 13. Symmetrical zip for fabric

2. Cover profile 14. Fabric

3. Box profile 15. Cable with female integrated connector
4. Motor with male integrated connector 16. Zip guide blocker

5. Bottom bar profile 17. Bottom bar insert joint

6. Bottom bar endcap 18. Side channel profile

7. Ballast 19. Side channel cover

8. Endcap side channel 20. Integrated switch

9. Cover left 21. Zip guide with wear resistant fop coating
10. Mousse zip guide 22. Plug tube

11. Fabric rod 23. Tube

12. Coverright
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Unscrew end caps of side channels (1). Unscrew side channels covers and profiles (4).

Unscrew box covers (6).

Unscrew cable unit (10).

—

Push out motor support (13). Unscrew bottom bar end caps (18).

Fig.78: Disassembly instructions. Fig.77: Renson Fixscreen 1005V° taken apart to its elements.






