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We use linear economy principles... to seal us off from 
the natural world...

...and to create our own world.

The current facade culture:
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14

In de utiliteitbouw gaat veel van de materiaalgebonden 

emissies naar de ruwbouw (Structure) maar ook een groot 

deel naar de fundering en de afwerking (Skin). Juist bij 

de fundering en de ruwbouw gaan materialen vaak lang 

mee in een gebouw, zoals te zien in het model van Brand. 

Daarom is het belangrijk om daar zo snel mogelijk de 

CO2 te beperken gezien het grote aandeel van emissies. 

Gekeken naar de inrichting zijn circulariteitsprincipes als 

losmaakbaarheid dan weer het belangrijkst. Dit heeft te 

maken met verschillende levensduren. Een materiaal heeft 

een technische levensduur en een gebruikslevensduur. 

Als de technische levensduur langer is dan de 

gebruikslevensduur is de mate waarin de materialen 

weer uit een gebouw gehaald kunnen worden en nuttig 

gebruikt kunnen worden belangrijk. Wanneer dit andersom 

het geval is, is het belangrijk om met name in te zetten op 

behoud en reductie. Dan is namelijk nu het enige moment 

om de CO2 nog uit de lucht te houden. 

Enerzijds willen we allemaal nieuw bouwen, maar 

anderzijds is het eigenlijk de kunst dit niet te doen. 

Niet bouwen levert uiteindelijk nog de meeste 

milieuwinst op. Dit vergt wel een andere manier 

van kijken naar de vraag, level van comfort en 

levensstijl. Welke eisen stellen we aan onze 

gebouwen? Kunnen we met minder, of kunnen 

we op een andere manier omgaan met de 

huidige gebouwen? 

Figuur 8: Impact van materiaalgebonden emissies over de lagen van een gebouw in woningen en utiliteit voor de verschillende opgaven 

nieuwbouw en renovatie.
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De grafieken betreffen een indicatie, gebaseerd op de volgende 
uitgangspunten. De meeste hoeveelheden zijn overgenomen uit het rapport 
‘Meten is weten in de Nederlandse bouw’ van CE Delft (2). Voor de hoeveelheid 
hout was hier het volume in m3 rhe (rondhoutequivalent) genomen. Dit aantal 
is vervangen door het achterliggende volume in m3 (11), zodat een beeld 
ontstaat van wat de verdeling is van de materialen die in de bouwwerken 
zitten. Zand en grind zijn uit de vergelijking gehaald. Isolatiemateriaal is er aan 
toegevoegd, gebaseerd op marktinformatie van RVO (12). Voor het 
isolatiemateriaal is als gemiddelde dichtheid 55 kg/m3 aangenomen. Voor hout 
is als gemiddelde dichtheid 600 kg/m3 aangenomen (13). Voor de hoeveelheid 
kalkzandsteen en cellenbeton is een eigen inschatting van gemaakt. 
De waarden voor MKI en CO2 zijn gebaseerd op gangbare profielen uit de NMD 
en berekend m.b.v. de bepalingsmethode 2.0 (fase A1-A3+C2-D). Voor de 
bijbehorende afvalscenario’s is bepalingsmethode 3.0 aangehouden. De CO2-
uitstoot is uitgedrukt in CO2-equivalenten en gelijk aan het milieueffect Global 
Warming Potential (GWP). Voor beton zijn de waarden berekend op basis van 
de gemiddelde samenstelling zoals omschreven in (2). Voor de waarden voor 
isolatiemateriaal is het gemiddelde genomen van steenwol, glaswol en EPS. 
Voor de waarden voor hout is het gemiddelde genomen van Europees 
naaldhout en gelamineerd hout (beide cat2, waarbij de waarde van 
gelamineerd hout tevens in de buurt ligt van spaanplaat, OSB en tropisch 
loofhout). Voor kunststoffen is het SBK 218 PVC profiel gehanteerd, omdat 
meer dan de helft van de kunststoffen in de bouw PVC betreft [CE]. Voor 
dakbedekking is het SBK 036 bitumen APP profiel aangenomen, omdat bijna 
de helft van de dakbedekking dit materiaal betrof (2). 
De prijzen zijn gebaseerd op recente gegevens van diverse websites die 
kostprijzen geven van bouwmaterialen, geleverd op het werk (staalprijzen.nl, 
inlands-hout.nl, bouwmaterialenkopen.nl) en informatie geleverd bij 
aanbestedingen op tenderned.nl. 
 
 
 

 

 
 

 
 

 
 

Figuur 3: verdeling bouwmaterialen toegepast in Nederland op basis van verschillende eenheden. 

Fig 2: Impact of material related emissions per building layer in the Nether-
lands, divided in housing-utility and new construction-renovation (DGBC, 
2021).

Fig 1: Shares of construction materials used in the Nether-
lands. Biobased materials are 0,1% (NIBE Research, 2019). 

Fig 3: 75% of environment related symptoms reported to the GGD in 2019 
and 2020 concern the indoor climate (RIVM, 2022).
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2. Renewable 
materials

1. Circular 
economy 
principles

2. Emittance of damaging 
and toxic chemicals

3. lack of proper 
design for longevity

1. Intensive use of materials/
energy

CO2, Nitrogen compounds, 
formaldehyde, et cetera

Use of finite materials
Linear economy technology
High percentage waste

3. Climate design for 
wellbeing

- Quick societal changes
- Lack of input personal preferences 
- Shorter economical than technical lifespan
- Lack of natural elements in design
- Occurance sick building syndrome 

The multidimensional 
problem

solution paradigms
(goals/criteria)
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 - 

N
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ature

- Biobased
- Biodegradable
- Chemical free

- Design for less
- Design for longevity
- Design for efficiency

- Health for 
people and nature
- Mentally and 
physically
- Biophilic design
- Damp open facade

A three-piece sustainability goal:
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Research question:
How can a modular facade be developed with Ecological Architectural Tectonics (EAT) theory?

Part A: Investigation
What are the requirements for: 
1. the facade’s structure  and how can it be standardized for the circular economy?
2. the facade’s materials and how can it consist of as much renewable materials as possible?
3. the facade’s projected climate and how can it be customized for wellbeing?

Methods: Literature studies, database analysis (edupack).

Part B: Experimentation (iterative process)
How can the insights of 1-3 be combined for an integral facade system?

Methods: Research by design (sketching, CAD), prototyping

Thematic research objective
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Structure Materials Climate

•  Self supporting

•  Spatial ordering: 
layouts 
composition 
open - closed 
Shape

• Standardized per: 
building 
owner 
room 
person 
...

Three pillars of architectural tectonics

• Has both 
structural and 
climatological 
properties 

• Aesthetic: 
Texture 
Tactility

• Exposed to 
nature (or not)

• Finite or infinite

•  Passive 
and active 
climatization

• Indoor climate, 
protected against 
natural elements

•  support in 
complex climate 
processes: 
temperature 
ventiliation 
shading 
humidity

• Tailored per: 
building 
owner 
room 
person 
... 

Modular SpectrumStandardization Customization

Ecological Architectural tectonics: 
The combination of architectural tectonics and 
the three-piece sustainability goal

Modularity:
A tool to balance 
standardization and customization 

2. Renewable 
materials

1. Circular 
economy 
principles

3. Climate design for 
wellbeing

- Biobased
- Biodegradable
- Chemical free

- Design for less
- Design for longevity
- Design for efficiency

- Health for 
people and nature
- Mentally and 
physically
- Biophilic design
- Damp open facade

2. Renewable 
materials

1. Circular 
economy 
principles

3. Climate design for 
wellbeing

- Biobased
- Biodegradable
- Chemical free

- Design for less
- Design for longevity
- Design for efficiency

- Health for 
people and nature
- Mentally and 
physically
- Biophilic design
- Damp open facade

2. Renewable 
materials

1. Circular 
economy 
principles

3. Climate design for 
wellbeing

- Biobased
- Biodegradable
- Chemical free

- Design for less
- Design for longevity
- Design for efficiency

- Health for 
people and nature
- Mentally and 
physically
- Biophilic design
- Damp open facade

+

Theoretical framework
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Structure

II. Architectural tectonic requirements 

2.1 Structure 

For the structure, the criteria (see below) subsequent of the circular economy are relevant 
because they determine for a large part the spatial design. For example, standardized façade 
elements with universal connections that functions nearly independent from the buildings 
support structure, will (intuitively) have different spatial consequences on the design. In this 
part, these premises will be elaborated to then stipulate the spatial preconditions of the façade 
system.  

 
Table 1: criteria for the facade structure (Research Plan, 2024) 

Structure 
- Reduce, reuse, repair, remanufacture, refurbish, recycle. 
- Components approach 
- Open building/ shearing layers stewart brand 
- Demountable, universal connections 
- As independent as possible: when cassette a is removed, b can stay 
- Casette system 
- Hoisting equipment 
- Low tech 
- Prefabrication 

- Standardization  

 
Façade as a 2D plane 
The notion of the façade as a 2D plane is a relevant one for it’s spatial determination. Of course, 
a façade also has a third dimension; the thickness (x), but its implications are less than its width 
(y) and height (z) (A2.1.1). To guarantee the most flexibility (i.e. customization), the façade 
needs to answer the most individual demands. This means that a façade needs to be able to 
change for one household or tenant, whilst remaining the rest for a building. This, of course, 
does not exclude the option of refitting a façade for a whole building all at once. Therefore, the 
program of the building largely determines the spatial dimensions of the façade elements for 
width and height. In addition, it determines to what point the panels will be prefabricated: plug 
and play panels that cover a full apartment, office space or shop (A2.1.1). Exceptions here 
concern practicalities, for example: when a program is too large for it’s façade to be lifted by 
crane, it can still be divided into smaller panels to be mounted. Protocol will then be to divide 
the panel into the grid size of the structure; from column to column. A2.1.2 shows insight into 
the different building elements though the different scales. These elements are given a name to 
organize the system respective to the interscale approach. From panels (program scale), to 
cassettes (individual scale), down to components (sub-individual) and single parts. If all 
elements on all scales allow some form of differentiation, the most versatile system is 
established. It can then respond to irregularities on the level of a building, a single program or 
even on the level of a single person.. A façade construction type called element façade uses 
much of these properties already and is mainly applied to glass and steel/aluminum curtain 
walls (figure 1). Therefore it is not only a proven concept (structurally, economically), it 
provides insights into the spatial design of such system. They usually follow a grid plan (y) 
dimension of 7,2 meters. It is a multiple of 1,8 meters and is one of the standard dimensions 
used in grids for larger, multi-tenant office buildings (Rijksdienst voor het cultureel erfgoed et 
al., 2024). Simultaneously is the 1,8 meter ‘module’ sized according to individual human 
dimensions, fitting the spatial experience in the direct human reach (figure 2). This grid also 
complies with criteria from dwellings and shops. It can be the rough size of a small apartment 
unit of ±40m², or two can make a larger apartment unit for a family of 4 with ±80m². A brief 
study in A2.1.3 shows the possibilities and consequences of designing with this grid size. The 
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Floorplan possibilities
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The interscale approach
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Interlayer connections Intralayer connections

Connections



Slide 1402 | The research: towards sustainable facade culture

Materials

2.2 Materials 

In this chapter the material possibilities of the façade system will be explored. The criteria for 
materiality are listed below. The spatial preconditions determined in previous chapter, in 
combination with the climate criteria in 3.3, offer a template where materials can be chosen for. 
This template (figure 4) provides the minimum for a typical façade formation, with materials 
complying with the criteria. In some cases, more options are suited for a certain part. For 
example, multiple façade finishes create more visual and aesthetic diversity. 
 

Table 2: criteria for the facade materials (Research Plan, 2024) 

Materials 
- Physical properties 
- Mechanical properties 
- Fire proof 
- Rule: use biobased materials, only a finite (but  100% recyclable)  material substitute if necessary 
- Manufacturing properties (embodied carbon) 
- Local availability materials 
- LCA 
- No or limited amount of toxics chemicals or VOCs 

 
Most materials were found on online databases and websites, and their validity was checked by 
additional FSC, PEFC, EPD or other sustainability certifications. Another important factor was 
the vicinity of the product production (within Europe), to prevent high transport emissions. The 
final selected materials are listed in A.2.2.2 and comply almost completely with all criteria. 

Figure 4: The material template with all minimum requirements for the façade (own image). 
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- Bio-based (renewable)

- Vapor open

- fire resistant

- Local availability

- No (or limited) toxic or 

damaging compounds

Standard layers in facade design
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1. Interior finish 2. Inner frame / insulation

3. Exterior sheathing 4. Water & wind proofing

5. Exterior finish 6. Connectors

Used materials
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Climate

together with the X-fix connectors. The X-fix connectors will probably – like other plywood 
produchts – contain about 2% of urea formaldehyde glue. Other connectors are regular screws, 
nails and nuts and bolts of stainlesss steel.  
 
2.3 Climate and experience 

The façade plays an important role in the building’s climate regulations. It protects us against 
heat, cold, wind, rain and everything other outside phenomena.  It is the reason facades are 
tailored to their respective climate. The Netherlands has a moderate maritime climate (type 

Cfb), met relatively mild winters and mild summers. It rains year round with 800-900mm per 
year and wind comes primarily from the SouthEast direction. Another impoartant aspect is the 
local ecology types that occur. All these factors together form the boundary conditions in which 
the facade has to be developed. Figure 5 shows the relation between the façade and the climate.  
 
How the façade system performs in terms of climate regulation, is greatly dependent on it’s 
structural and material properties. Many aspects have already been partially covered in this 

Table 3: criteria for the facade climate and experience (Research Plan, 2024) 

Climate and experience 
- Thermal insulation 
- Sound insulation 
- Water and wind tight 
- (direct or indirect) Daylight entry/ % glass and shading 
- Rainwater drainage 
- Heating/cooling 
- Vapor regulation (vapor open) 
- Integration of vegetation 
- integration of animal habitats (insects, nesting boxes) 
- Water buffering 
- Outside space (French balcony, balcony, loggia, entrance gallery) 
- Thermal accumulative capacity/phase shifting 

- Ventilation/openable facade elements 

Figure 5: All functions of a facade: the climate perspecitve 
(Knaack & Verkuijlen, z.d.). 
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Sealing
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Possible facade ‘accessory’ combinations:
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The Facade Design
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Design Iterations

V1 V2

V3

V4 V5
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Possible dimensions cassette
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Cassette types

1. Enclosed 2. Floor-ceiling 
opening

3. Window with 
parapet
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Components in a cassette

2. 3. 

Upper lintel

Lower lintel Parapet

Vertical mullion
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Kit of parts cassette

1. Acquisition 2. Rough processing 3. Fine processing

- 99,99% biobased materials

- Only 0,1 m³ materials waste: mostly straw suitable for reuse

- Wooden snippets, shavings and sawdust can all be recycled
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Rough processing

Kit of parts cassette
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Fine processing

Kit of parts cassette
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Assembly cassette
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Assembly cassette
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Assembly cassette
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Assembly cassette
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Assembly cassette
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Assembly cassette
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Assembly cassette
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Assembly cassette
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Assembly cassette
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Assembly cassette
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Assembly cassette
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Assembly cassette
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Assembly on-site
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Assembly on-site
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Assembly on-site
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Corner Inclined roof edge Flat roof edge  Roof corner

Exceptions in facade system
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Exploded axonometry complete facade construction with connections

Clay board

Wood fibre board

Water repellent (vapor 
open) foil Exterior finish

Facade ‘accessories’

Core timber-
straw system

stainless steel 
screws

Dowels X-fix connectors Galvanized staplesPLA elastic plugs

1. 2. 3. 4. 5.

1.

1.

1.

2.

3.
4.

1.

5.
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Research Conclusion: 
the prototype
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The prototypeCassette
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The digital kit of parts
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The real kit of parts
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- Within the Netherlands

- New construction and renovation

- Renovation building suited for facade system

- Dwellings, offices and commercial space

Location requirements
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- Within the Netherlands

- New construction and renovation

- Renovation building suited for facade system

- Dwellings, offices and commercial space

Source: Gemeente Utrecht Source: Gemeente UtrechtScale 1 : 30.000 Scale 1 : 10.000

Jaarbeursplein

Location requirements
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Source: Nudus & Studio Heatherwick

Source: https://cu2030.nl/project/jaarbeursplein

The near future of Jaarbeursplein and Beatrixgebouw
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Collecting archival documents of the Beatrixgebouw

- 9x9m grid

- 4,5m floor height

- multiple structural cores
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Facade idea translated to the Beatrixgebouw

PV-panel 
awning

Rammed 
earth finish

Biocomposite 
finish

Balcony
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First sketches: introducing daylight and views

1. 2.

3. 4.
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Shifting concept: exploration of larger city blocks

1. 2.

3. 4.
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concrete wood steel

Testing possible volumes
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concrete wood steel

Testing possible volumes
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Dwellings

Retail

Offices

Restaurant/
cafe

Expo space

Parking

Beatrix Theater

Main entrance

Final volume
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The current structure
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Step 1
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Step 2
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Step 3
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Step 4
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Step 5
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Step 6



Slide 8403 | The design: transforming the Beatrixgebouw Utrecht

Step 7
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Final transformed structure

Concrete

Steel

Mass timber
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Final transformed structure

Block A

Block B

Block C
Block E

Block B
Pedestal
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Structural interventions

Block B

• U-shape
• setbacks
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Structural interventions

Block B
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Structural interventions

Block B

Present forces:
• Normal force
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Structural interventions

Block B

Present forces:
• Normal force
• Shearing force
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Structural interventions

Block B

Present forces:
• Normal force
• Shearing force
• Torsion
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Structural interventions

Block B

Introducing mass timber 
slanted columns
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Structural interventions

Block B

Introducing mass timber 
slanted columns



Slide 9403 | The design: transforming the Beatrixgebouw Utrecht

Structural interventions

Block B

New solution: stability from 
concrete slabs
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Design in the urban context

Scale 1 : 1000
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Longitudinal section A-A’

Scale 1 : 200
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Floorplan of the ground floor
S

cale 1 : 50
0
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Floorplan of the raised urban level
S

cale 1 : 50
0
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Floorplan of dwellings
S

cale 1 : 20
0
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Climate design

Scale 1 : 200

Ventilation Rainwater retention Heating Cooling
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40% social housing, 
30% middle segment,
30 high segment.

1. Studio: ±30m². 2. Loft: ±50m². 3. Regular appartment: ±65m².

4. Large appartment: ±80m². 5. Family size appartment: ±95m².

Dwelling typology and distribution
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Dwelling type 1 Dwelling type 2

Dwelling type 3 Dwelling type 4

Dwelling type 5

Floor plan typology

Scale 1 : 100 Scale 1 : 100

Scale 1 : 100 Scale 1 : 100

Scale 1 : 100
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Typical fitout of loft
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Facade typology

Type 1: outward facade

Type 3: balcony facade inward surfaces

Type 2: french balcony facade inward
surfaces
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A

B

C

E
D

Facade type block A
Vertical garden

Facade type block B
B

iocom
posite tiling

Facade type block C
P

V
-panels

Facade type block D
S

hou S
ugi B

an

Facade type block E
C

hestnut shingles

Facade types per block
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Facade Fragm
ent

D
etails of connections

Detail 1

Detail 2

Detail 3

2 1

3

S
cale 1 : 20

S
cale 1 : 5 

Gallery edge 
connection with 
facade opening:
1. concrete cassette floor 
with healed concrete floor 
edge 
2. Double timber frame 
floor edge ribbon with 
cellulose fiber insulation 
for cassette attachment
3. Hightened reused 
pavement for gallery 
slabs with cellulose 
insulation
4. Timber-straw cassette 
with operable window 
and ventilation grille 

1 2

3

4

Dwelling facade 
connection to gallery 
with facade opening:
1. Concrete cassette 
floor with Biofoam EPS 
and gravel in carboard 
honeycomb structure, 
with floor heating and 
cooling
2. Single timber frame 
floor edge ribbon for 
cassette attachment
3. Pressed timber-straw 
cassette with operable 
triple pained window 
frame of teak and 
aluminium sill

1

3

2

Gallery edge 
connection with 
enclosed facade:
1. Enclosed pressed 
timber-straw cassette 
with wood fibre 
board.Vertical timber 
cladding and Nabasco 
biocomposite as facade 
finish
2. Wool felt between 
cassette for wind and 
water proofing
3. Wood fibre board 
ribbon with nabasvo 
biocomposite finish on 
outside as secondary 
sealant

1

2 3
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Horizontal detail of facade (connections)

Scale 1 : 5 

Corner dwelling with 
balcony and french 
balcony:
1. existing concrete column 
2. Enclsed pressed timber-
straw casette with interior 
clay board and exterior 
wood fibre board and 
wooden cladding
3. rain pipe 
4. Pressed timber-straw 
cassette with facade 
opening and balcony. Teak, 
single door, triple glazed 
window frame. steel and 
wooden balustrade
5. Pressed timber-straw 
cassette with facade 
opening and french 
balcony. Teak, double 
door, triple glazed window 
frame. Steel and wooden 
balustrade

1

3

2
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Interior impression of loft



Slide 10903 | The design: transforming the Beatrixgebouw Utrecht

Impression of courtyard
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Impression from Jaarbeursplein
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How do you assess the value of your way of working?

• Prototyping is fun. 
• The planning is more difficult than the 

making.
• Unfortunately no time for climate 

testing.

Looking back: what was the process? 

Are there any specific things you would have done differently?

• Q2 time period was underestimated: too 
much planned in too little time. 



Thank you for listening

Questions?


