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 Circular economy
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circular economy

• 50% reduction of raw        
materials by 2030

• efficient use of materials
• use renewable resources
• circular design of new products

source: Rijksoverheid (2021)
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Circular economy

•	50% reduction of raw materials
   by 2030.
•	Efficient use of materials.
•	Use of renewable resources to
   prevent depletion of resources.
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Challenge

Source: Rijksoverheid (2021)
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Problem statement

Currently, standard air duct solutions in buildings are made of 
non-renewable resources such as sheet metal resulting in high 
 embodied carbon usage and material depletion overtime.
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Objective

Non-renewable											                    Renewable
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What are the potential and limitations of bio-based materials to replace sheet metal 

 Research question

for the construction of air ducts by maintaining the same quality?
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Sheet metal air ducts
Comparison duct types

•	Performance, manufacturing, installation and cost.
•	Spiral duct best solution, 30 % less material use.

Spiral Oval Rectangular

Source: Langer (2022)	 Dcduct (n.d.)	 Aircondloundge (n.d.)
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2.5 Manufacturing  
 
2.5.1 Spiral duct 
In general, a round duct shape is the most efficient for air distribution, due to the large cross‐
sectional area and a minimum contact area (less resistance). It uses 30% less material than a 
rectangular duct for the same volume of air handled through the duct, therefore it would reduce the 
cost significantly compared to rectangular ductwork. In addition, the supports and maintenance are 
higher for rectangular ducts with similar capacity compared to the round duct (Bhatia, 2014).  
 
The manufacturing process of spiral ducts occurs in several steps with a spiral duct forming machine, 
schematically illustrated in Figure 2.19 (Aslani et al., 2015). Firstly large metal sheet coils, often 
galvanised steel are cut into narrower coils depending on the duct size. The narrow coils are placed 
on an uncoiler and a leveller to flatten the metal sheets, then the edges are trimmed and formed. 
Next, the coil is forced to move in a circular motion to create a spiral, where the coils are pinched 
and in some cases welded together to achieve a lightweight, airtight and rigid spiral duct. Lastly, the 
spiral duct is cut to the required length with a maximum of 6.0 m for ease of transportation. Using a 
larger duct length is beneficial because it will limit the number of joints and speed up the installation 
process. However, the standard length is usually 3.0 m larger duct components Spiral ducts are 
manufactured in different sizes, which differ from a diameter of 63 to 1250 mm according to NEN‐EN 
1506 (2007).    
 
 
 
 
 
  
 

 

 

 

 

Figure 2.19 Manufacturing process spiral ducts (Aslani et al., 2015) 

 
Airtightness is an important factor for duct design to prevent duct leakage. In spiral ducts, this is 
achieved with lock seams during the manufacturing process where the sheet metal coils are locked 
and pinched together. In addition, ribs can be implemented to add extra rigidity, which makes it 
possible to manufacture longer ducts as illustrated in Figure 2.20 (Accu duct, 2006).   
 
 
 
 
 
 
 
 
 
 
Figure 2.20 Seams for spiral ducts (Accu duct, 2006) 

seams spiral and oval ducts

source: Accu Duct (2006)

Source: Accu Duct (2006)
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Figure 2.20 Seams for spiral ducts (Accu duct, 2006) 
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Another approach, mainly applied for high‐pressure ductwork, is connecting the flanges on both 
sides with a rubber sealing gasket in between. In the corners, connector components are applied, 
and these components are bolted together. One bolt per corner ensures the connection between 
two rectangular ducts. In addition, on every side, two cleats are applied which cover both flanges of 
the two ducts. Reinforcement is applied with beads in the transverse direction. This approach 
requires more components, nevertheless it ensures a more reliable airtight joint as illustrated in 
Figure 2.24 (Accu Duct, 2006). 
 
 

 

 

 

Figure 2.24 Seams for rectangular ducts (Accu duct, 2006)  

 
2.5.3 Flat oval duct 
The manufacturing process of the oval ducts occurs in the same steps as the spiral duct, when the 
spiral duct is finished it is placed in an ovalizer duct machine which presses and stretches the duct 
into an oval flat duct as illustrated in Figure 2.25 (Spot, n.d.). Resulting in a duct with similar 
requirements as a spiral duct, but flatter which makes it easier applicable in construction where 
space is limited. The maximum manufacturing length can reach 3000 mm. Flat oval ducts are 
manufactured in a large number of sizes, which differs from a diameter of 450 to 1500 mm with 
corresponding heights of 100 to 500 mm (Aiva, n.d.). 
 
 
 
 
 
 
 
 
 
 
Figure 2.25 Stretching of spiral ducts to flat oval ducts (Spot, n.d.).  

 
Since the oval duct is manufactured from a spiral duct, the seam designs are similar to achieve 
airtightness in the ductwork as shown in Figure 2.23 (Accu duct, 2006). In terms of joints between 
two flat oval ducts, similar flange joints as spiral ducts are applied: accuflange and ring flange. In 
addition, one type of slip joint is applicable for the flat oval duct. The coupler fits in both duct 
sections and is fastened with screws or rivets to keep the flat oval duct in position as illustrated in 
Figure 2.26 (Accu duct, 2006). Extra duct sealant or tape can be applied to increase the airtightness 
of the duct. 
 
 

>

source: Spot (n.d.)

Manufacturing process:
1. Sheet metal coils - narrow coils
2. Leveller, flatten sheet metal
3. Trim edges
4. Circular motion

Production length
• spiral  6000 mm
• oval    3000 mm
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Sheet metal air ducts
Spiral duct manufacturing
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design requirements

Requirements
spiral duct

Performance
- Pressure drop
- Airtightness
- Strength
- Installation noise
- Fire safety

Functional
- Dimensions
- Weight
- Ventilation rate
- Air velocity

Maintenance
- Cleaning:
Access openings

- Dimensions
- Weight
- Ventilation rate
- Air velocity

- Airtightness
- Pressure drop
- Installation noise
- Fire safety
- Moisture resistance
- Chemical emission

- Cleaning:
access openings

General Functional Maintenance

Sheet metal air ducts
Requirements for spiral air ducts
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Source: McArthur (2015)

Circularity
R-framework
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Circularity
Shearing layers

Source: Brand (1994)
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circularity and building services

source: LVVT (2020)

40 
 

a 4 R‐model: Rethink, Reuse, Remanufacture and Recycle. Furthermore, there are 8 parameters 
applied which are used by GPR, BCI and Madaster, including convertibility, adaptability, connection 
method, replaceability, releasability, source, lifespan and maintenance. Designing for circular 
building services is challenging, since most of the installations consist of many components. This 
makes it often difficult to measure the most circular option. The circularity disk is an tool that gives 
structure to the design of building services in a circular way. It helps the experts to ask themselves 
the right questions and to search for suitable solutions during the conceptual design phase 
(Gerritsen, 2019). 
 
The disk distinguishes three steps which are indicated with different colours. The first step (blue) is 
related to the lifecycle of the building, it is important to go through every step of the circular design 
tool for each building cycle in order to design a circular building installation. In the second step 
(green) focus on reducing the environmental impact of the used materials, the greener the colour the 
higher the impact on a circular design. The last step (orange) explores the circular potential of the 
used materials and components for the future as stated in Figure 3.9 and 3.10 (TVVL, 2020). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.9 Circularity disk for building services (TVVL, 2020). 
 

Source: TVVL (2020)

Reducing environmental impact 
of materials 

Lifecycle of the building

Circular potential for future 
for materials and components

Circularity
Building services circularity disk
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Bio-based materials
Categorization material types

Natural fibres 
(Textiles)

Celullose 
fibres (ECOR)

Bio-plastics

Bio-
composites 

Wood
(veneer)

Cardboard
+

Tetra Pak

Fungi
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Bio-based materials
Manufacturing methods

Extrusion 

Injection moulding

AM

Spiral winding cardboard

Source: Granta Edupack (2022)
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Design research and analysis 
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2.3 Components ventilation system
Ventilation systems consist of many different 
components which together make it possible that 
fresh air and polluted air is moved throughout 
the building. There are many configurations of a 
ventilation system possible, depending on the 
type of building, room or function. However, 
each component in this system contributes to the 
mentioned purpose above. Ventilation systems 
differ in terms of manufacturing, which usually 
fabricate the components related to their system. 
These systems vary in their shape, size, section, 
materiality, performance and cost. For a general 
understanding of which components a ventilation 
system is made of a ventilation system consisting 
of circular spiral ducts is further elaborated.

Ventilation system components

1. Air distribution: fan-unit, AHU or HVAC
2. Ducts and fittings: ducts, bends, t-pieces,                
y-pieces, x-pieces, reducers, couplers
3. Airflow regulation: air dampers
4. Sound protection: sound attenuations,                  
duct insulation
5. Fire protection: fire dampers, smoke            
             dampers
6. Support systems: support brackets, clamps
7. Finishing: valves, diffusers and grills

2

Figure 1: Research framework

Design goal
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    Figure 2.4 Schematic AHU (HVAC Global, 2022) 
  
 

 
 
 
 
 
 
 
 
 

 Figure 2.5 AHU (Airways Partners, 2002) 
 

 
 
 
 
 
 
 

    Figure 2.6 Spiral rigid duct (Saiductfab, 2020) 
 

  
 
 
 
 
 

Figure 2.7 Circular bend 45° and 90° (Alnor, n.d.)  
 

 
 
 
 
 
 

Figure 2.8 Y and T‐piece circular (Alnor, n.d.) 
 
 
 
 
 

Figure 2.9 Reducer with and without gasket  
(Alnor, n.d.) 

Fan‐unit, AHU, HVAC 
In general a fan is introduced to supply or exhaust 
air from an area. Depending on the type of building 
this will be just a fan, airhandling unit (AHU) or 
heating, ventilation and air conditioning system 
(HVAC). For larger buildings, mechanical ventilation 
is often regulated by air handling units (AHU) and 
connected to ductwork to supply or exhaust air 
from the indoor spaces.  In general an air handling 
unit contains filters, a integrated fan, and in some 
cases heating elements, cooling elements, sound 
attenuators and dampers. In indoor spaces with 
higher humidity, the air handling unit can include 
dehumidification. 
  In other cases where mechanical 
ventilation includes heating and cooling, Heating 
Ventilation and Air Conditioning system (HVAC) is 
applied. However, usually the air handling unit 
(AHU) is integrated, so there is hardly any 
difference between these systems. 
 
Ducts 
The main component of a ventilation system is the 
ductwork, often rigid ducts and sometimes flexible 
ducts, which are important to supply and exhaust 
the air through a building. The ducts usually have a 
circular, rectangular or oval cross‐section, and are 
available in a varity of materials. This will be further 
explained in section 2.4; classification of air ducts. 
 
Bends 
In order to allow air to move in an other direction 
bends with an angle of 45 or 90 degrees are applied 
to reach the room to provide ventilation. Usually 
the amount of bends is limited since it will cause 
higher friction resulting in pressure loss, means 
more energy is required to compensate. 
 
Branches 
These parts are applied when the main duct 
branches into ducts with a smaller section to each 
room or area to supply or exhaust air. Therefore 
often t‐pieces, or y‐pieces and x‐pieces are  
used. 
 
Reducers 
If the air duct transitions from one size to another, 
reducers are applied, in this way the airflow in the 
ductwork is maintained. 
 
 

1. Linear duct

Source: Alnor (n.d.)

2. Joint 3. Bend 4. T-component
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Design requirements

Boundary conditions
(for selection manufacturing method)

1. Functional

2. Circularity

3. Manufacturing

4. Installation

5. Use

Geometry
Mass production
Renewability

Weight
Airtightness
Installation noise
Moisture resistance
Chemical emission
Fire resistance
Aesthetics

Local production
Carbon footprint
Ease of dis(assembly)

Material costs
Manufacturing costs
Ease of production

Material workability

Maintenance (cleaning)
Adaptability

Factor indicating
 importance (1-3)

Boundary conditions
(yes or no)
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Division manufacturing methods

Cardboard spiral winding
Cardboard corrugated
Rotary cutting
Extrusion
Foam moulding
Pultrusion
Filament winding
Weaving - textiles
Water, heat, pressure moulding
Compression moulding (sheets)
Packaging manufacturing

Cardboard
Cardboard
Wood veneer
Bio-plastics
Bio-plastics
Bio-composites fibres
Bio-composites fibres
Natural fibres
Celullose fibres
Bio-composite non-woven fabric
Tetra Pak

Linear components
(linear duct)

Cardboard cutting
Hand lay-up
Spray lay-up
Vacuum bagging
Vacuum infusion
Compression moulding
Injection moulding
Moulding
AM
Packaging manufacturing

Manufacturing method

Complex components
(joint, bend, t-component)

Cardboard
Bio-composites woven fabric
Bio-composites woven fabric
Bio-composites woven fabric
Bio-composites woven fabric
Bio-composites non-woven fabric
Bio-plastics
Mycelium
Bio-plastics
Tetra Pak
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Solution matrix

Manufacturing method

Veneer

Rotary cutting

 

Figure 6.2 Design matrix manufacturing methods and bio-based materials.

Filament winding

Pultrusion

Hand lay-up
Spray lay-up
Vacuum bagging
Vacuum infusion

Additive
manufacturing

Foam moulding

Extrusion

Press moulding
(water, heat, pressure)

Knotting

Weaving
(textiles)

Ropemaking

Cardboard
production

Cardboard
(corrugated)

Cardboard
(sheet)

Celullose
fibre (ECOR)

Natural fibre
(flax, hemp)

Bio-plastic
PLA

Bio-
composites

Wood Mycelium

Rotary cutting

Manufacturing 
methodes

Bio-based material

Bio-based material
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Cardboard
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Veneer
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Bio-composites
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     Non-woven flax fibres			            Clothing waste                          Woven flax fibres
										                      100 % cotton		
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Bio-composites old jeans

Source: PlanQ (2022)



30

Source: Dubbelfrisss (n.d.)

95%
 

Tetra Pak packaging

Bio-based75% cardboard 20% bio-plastic 5% aluminium
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Assessment materialsvoorkeur voor een type component

Manufacturing method Material Geometry Mass-production Renewability Airtightness Moisture resistance Chemical emission Recycability Carbon emission Manufacturing complexity Labor intensity Material costs Manufacturing costs Ease of assembly
Linear

Spiral winding cardboard Cardboard ● ● ● +++ + +++ +++ ++ +++ +++  +++ ++ +++

Corrugated cardboard production Cardboard O ● ● +++ + +++ +++ ++ ++ +++ +++ ++ ++

Rotary cutting Wood veneer ● ● ● +++ + ++ ++ ++ ++ ++ + ++ ++

Extrusion Bioplastic ● ● ● +++ +++ + +++ + +++ +++  +++ +++ +++

Foam moulding Bioplastic ● O ● ++ + + +++ + +++ +++  ++ +++ ++

Filament winding Biocomposite fibres ● ● O ++ + ++ + + +++ ++ + + +++

Pultrusion Biocomposite fibres ● ● O ++ ++ + + + +++ +++ + + +++

Compression moulding: sheets Biocomposite woven fabric* ● ● ●
Weaving - textiles Natural fibres: woven fabric O ● ● + o +++ + +++ ++ ++ +++ +++ ++

Celullose fibres Celullose fibres ● O ● +++ ++ +++ ++ +++ ++ ++  ++ ++ ++

Packaging manufacturing Tetra Pak ● ● ●
Complex

Cardboard cutting Cardboard ● ● ● +++ + +++ +++ ++ o ++ ++ ++ +

Injection moulding Bioplastic ● ● ●
Hand lay-up Biocomposite woven fabric* ● O O +++ +++ ++ + ++ o o + ++ +

Spray lay-up Biocomposite woven fabric* ● O O +++ +++ ++ + ++ o o + ++ +

Vacuum bag Biocomposite woven fabric* ● O O +++ +++ ++ + ++ o + + ++ +

Vacuum infusion Biocomposite woven fabric* ● O O +++ +++ ++ + ++ o o + ++ +

Compression moulding Biocomposite non-woven fabric* ● ● ● +++ +++ ++ +++ ++ + + + + ++
Moulding Mycelium O O O + + +++ o  +++ ++ + +++ ++ +

AM Bioplastic ● O ●
Packaging manufacturing Tetra Pak ● ● ● +++ +++ + +++ + +++ ++ + ++ ++

* including clothing waste made from bio‐based materials: t‐shirts, jeans etc.
   including bio‐based fibres: non‐woven flax fibres

voorkeur voor een type component

Manufacturing method Material Geometry Mass-production Renewability Airtightness Moisture resistance Chemical emission Recycability Carbon emission Manufacturing complexity Labor intensity Material costs Manufacturing costs Ease of assembly
Linear

Spiral winding cardboard Cardboard ● ● ● +++ + +++ +++ ++ +++ +++  +++ ++ +++

Corrugated cardboard production Cardboard O ● ● +++ + +++ +++ ++ ++ +++ +++ ++ ++

Rotary cutting Wood veneer ● ● ● +++ + ++ ++ ++ ++ ++ + ++ ++

Extrusion Bioplastic ● ● ● +++ +++ + +++ + +++ +++  +++ +++ +++

Foam moulding Bioplastic ● O ● ++ + + +++ + +++ +++  ++ +++ ++

Filament winding Biocomposite fibres ● ● O ++ + ++ + + +++ ++ + + +++

Pultrusion Biocomposite fibres ● ● O ++ ++ + + + +++ +++ + + +++

Compression moulding: sheets Biocomposite woven fabric* ● ● ●
Weaving - textiles Natural fibres: woven fabric O ● ● + o +++ + +++ ++ ++ +++ +++ ++

Celullose fibres Celullose fibres ● O ● +++ ++ +++ ++ +++ ++ ++  ++ ++ ++

Packaging manufacturing Tetra Pak ● ● ●
Complex

Cardboard cutting Cardboard ● ● ● +++ + +++ +++ ++ o ++ ++ ++ +

Injection moulding Bioplastic ● ● ●
Hand lay-up Biocomposite woven fabric* ● O O +++ +++ ++ + ++ o o + ++ +

Spray lay-up Biocomposite woven fabric* ● O O +++ +++ ++ + ++ o o + ++ +

Vacuum bag Biocomposite woven fabric* ● O O +++ +++ ++ + ++ o + + ++ +

Vacuum infusion Biocomposite woven fabric* ● O O +++ +++ ++ + ++ o o + ++ +

Compression moulding Biocomposite non-woven fabric* ● ● ● +++ +++ ++ +++ ++ + + + + ++
Moulding Mycelium O O O + + +++ o  +++ ++ + +++ ++ +

AM Bioplastic ● O ●
Packaging manufacturing Tetra Pak ● ● ● +++ +++ + +++ + +++ ++ + ++ ++

* including clothing waste made from bio‐based materials: t‐shirts, jeans etc.
   including bio‐based fibres: non‐woven flax fibres
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Product lifecycle

Source: OneClick (n.d.)
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Material Carbon footprint 
(kg CO2e per kg/m)

Difference factor
Carbon footprint

Eco-costs 
(€ per kg/m)

Difference factor
Eco-costs

Sheet metal 14,72 Reference 4,81 Reference
Bio-plastic 8,29 1,8 1,11 4,3
Recycled plastic 0,80 18,4 0,20 24,1
Cardboard 1,25 11,8 0,76 6,3
Veneer 0,92 16,0 1,00 4,8
Bio-composite (Flax) 7,88 1,9 2,77 1,7
Bio-composite (Jeans) 5,58 2,6 0,84 5,7

Material
Carbon footprint 
(kg CO2e per kg)

Weight
 (kg/m)

Carbon footprint 
(kg CO2e per kg.m) Difference factor

Sheet metal 3,60 2,44 8,8 Reference
Recycled plastic 0,72 2,54 1,89 4,7
Bio-plastic 3,72 2,24 8,37 1,1
Cardboard 1,06 1,21 1,62 5,4
Veneer 1,86 1,10 2,67 3,3
Bio-composite (Flax) 2,31 2,59 6,15 1,4
Bio-composite (Jeans) 2,11 2,00 4,35 2,0
Tetra Pak 1,97 1,47 3,25 2,7

0

1

2

3

4

5

6

7

8

9

10

Sheet metal Recycled
plastic

Bio‐plastic Cardboard Veneer Bio‐composite
(Flax)

Bio‐composite
(Jeans)

Tetra Pak

LCA - carbon footprint

LCA - comparison with sheet metal

1,89       

8,37

1,62    

6,15       

2,67         

4,35      

3,25     

8,80        

carbon footprint (kg CO2e per kg.m)

Based on 1 meter linear duct and 180 mm diameter
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Overall assessment
Based on linear duct

  1. Moisture resistance - Lifespan
  2. Chemical emission - Health and comfort
  3. Carbon footprint - Environmental impact
  4. Renewability - End-of-life scenario
  5. Material workability - Installation / weight
  6. Mass-production - Scalability
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      Sheet metal			      		   Tetra Pak                   Bio-plastic                  Recycled plastic

       Cardboard  		                Veneer                 Bio-composite (Flax)     Bio-composite (Jeans)

1.	

2.	

3.	4.	

5.	

6.	

1. Moisture resistance		  2. Chemical emission		  3. Carbon footprint	 4. Renewability	 5. Material workability		  6. Mass-production

Assessment overview
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      Sheet metal			      		   Tetra Pak                   Bio-plastic                  Recycled plastic*

       Cardboard  		                Veneer                 Bio-composite (Flax)     Bio-composite (Jeans)

Suitable materials per component
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Concept 



39

Design problems

CoatingConnectionsGeometry
linear
joint
bend

t-component

between
components

moisture
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                Efficient, lower costs             Aeshetic, higher costs

Criteria Factor Cardboard
Tetra Pak

75% bio-based Veneer

Bio-composite 
(Jeans and 

bioresin)

Airtightness ●● 3 3 3 3
Moisture resistance ●●● 1 3 1 2
Chemical emission ●● 2 2 1 1
Aesthetics ● 1 2 3 2
Renewability ●●● 3 3 2 2
Carbon footprint ●●● 2 2 3 1
Ease of dis(assembly) ●● 3 3 2 2
Mass production ●●● 3 3 2 1
Material costs ● 3 2 1 1
Material workability ●● 3 3 2 3
Total 53 59 44 39

Concept selection

Linear component
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Criteria Factor Recycled plastic Cardboard
Bio-composite 

(Flax and bioresin)

Airtightness ●● 3 3 3
Moisture resistance ●●● 2 1 2
Chemical emission ●● 1 2 1
Renewability ●●● 3 3 2
Carbon footprint ●●● 3 3 1
Ease of dis(assembly) ●● 3 2 2
Mass production ●●● 3 3 2
Material costs ● 3 3 1
Material workability ●● 3 3 2
Total 56 53 38

Criteria Factor Cardboard
Cardboard + 

recycled plastic
Tetra pack + 

recycled plastic
Bio-composite 

(Flax + bioresin)

Airtightness ●● 2 3 3 3
Moisture resistance ●●● 1 2 3 2
Chemical emission ●● 2 1 2 1
Renewability ●●● 3 3 3 2
Carbon footprint ●●● 3 3 2 1
Ease of dis(assembly) ●● 3 3 3 1
Mass production ●●● 3 3 3 1
Material costs ● 3 3 3 2
Material workability ●● 2 3 3 2
Total 49 57 58 34

Criteria Factor Cardboard Recycled plastic
Bio-composite 

(Flax + bioresin)

Airtightness ●● 3 3 3
Moisture resistance ●●● 1 3 2
Chemical emission ●● 2 1 1
Renewability ●●● 3 3 2
Carbon footprint ●●● 3 3 1
Ease of dis(assembly) ●● 3 3 2
Mass production ●●● 3 3 2
Material costs ● 3 3 2
Material workability ●● 2 3 3
Total 53 59 41

Joint	   													             	   Bend

T-component
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Final concept

Criteria Factor Cardboard
Cardboard + 

recycled plastic
Tetra pack + 

recycled plastic
Bio-composite 

(Flax + bioresin)

Airtightness ●● 2 3 3 3
Moisture resistance ●●● 1 2 3 2
Chemical emission ●● 2 1 2 1
Renewability ●●● 3 3 3 2
Carbon footprint ●●● 3 3 2 1
Ease of dis(assembly) ●● 3 3 3 1
Mass production ●●● 3 3 3 1
Material costs ● 3 3 3 2
Material workability ●● 2 3 3 2
Total 49 57 58 34

Criteria Factor Recycled plastic Cardboard
Bio-composite 

(Flax and bioresin)

Airtightness ●● 3 3 3
Moisture resistance ●●● 2 1 2
Chemical emission ●● 1 2 1
Renewability ●●● 3 3 2
Carbon footprint ●●● 3 3 1
Ease of dis(assembly) ●● 3 2 2
Mass production ●●● 3 3 2
Material costs ● 3 3 1
Material workability ●● 3 3 2
Total 56 53 38

Criteria Factor Cardboard Recycled plastic
Bio-composite 

(Flax + bioresin)

Airtightness ●● 3 3 3
Moisture resistance ●●● 1 3 2
Chemical emission ●● 2 1 1
Renewability ●●● 3 3 2
Carbon footprint ●●● 3 3 1
Ease of dis(assembly) ●● 3 3 2
Mass production ●●● 3 3 2
Material costs ● 3 3 2
Material workability ●● 2 3 3
Total 53 59 41

Criteria Factor Adhesive Tape, 1 side Tape, 2 sides Bolted

Airtightness ●● 3 3 3 2
Aeshetics ● 3 2 3 3
Renewability ●●● 1 2 2 3
Ease of dis(assembly) ●● 1 3 1 3
Total 14 20 17 22

Criteria Factor Rubber / cork Click Click bolts
Airtightness ●● 3 2 2
Aeshetics ● 3 3 3
Renewability ●●● 3 3 3
Ease of dis(assembly) ●● 3 3 1
Total 24 22 18

Criteria Factor Adhesive Tape, 1 side Tape, 2 sides Bolted

Airtightness ●● 3 3 3 2
Aeshetics ● 3 2 3 3
Renewability ●●● 1 2 2 3
Ease of dis(assembly) ●● 1 3 1 3
Total 14 20 17 22

Criteria Factor Rubber / cork Click Click bolts
Airtightness ●● 3 2 2
Aeshetics ● 3 3 3
Renewability ●●● 3 3 3
Ease of dis(assembly) ●● 3 3 1
Total 24 22 18

Criteria Factor Liquid Thin film
Integrated in 

material

Airtightness ●● 3 3
Renewability ●●● 1 2
Ease of dis(assembly) ●● 1 2
Chemical emission ●● 2 2
Total 15 20

1.	

2.

3.

1.	 Tetra Pak
2.	 Recycled plastic
3.	 Tetra Pak + recycled plastic
4.   Recycled plastic

Coating Bolts Tape
(optional) 4.
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Final design 
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Linear component

Tetra Pak

Thickness 1,5-3 mm
Ø 180 mm

3000 mm

180 mm

Dimensions
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Recycled plastic

Thickness 2 mm
Ø 180 mm

Joint

Dimensions
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Joint

A

Veneer  2 mm
Joint component  2 mm

Plastic rivet   Ø 5 mm

A

ConnectionExploded view
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Bend

Recycled plastic

Thickness 2 mm
Ø 180 mm Dimensions
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Sheets of Tetra Pak - 95% bio-based
Recycled plastic

T-component
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Sheets of Tetra Pak

T-component assembly

Plastic film heated to stick 
components together
Thickness 0,5 mm 
Ø 160 mm

Recycled plastic
Thickness 2 mm 
Ø 180 mm

Dimensions Exploded view

95% bio-based packaging
5% aluminium inner layer 
Thickness 2 mm
Ø 180 mm
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Prototyping
Geometry bend and linear component

Bend: recycled plastic Linear: packaging material
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Design variation
More development required
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Evaluation
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Performance evaluation

Moisture resistance Chemical emission

1. Water absorption test

2. Mold growth test

1. TVOC emission test

Aim to indicate the molding 
potential of selected materials.

Aim to maintain good air 
quality with the use of materials 

which contain volatile compounds

Determines lifespan
(moisture will affect the 
mechanical properties)

Determines health and 
comfort of the occupants
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Chemical emission
(Bio)-plastics, bio-resins and coatings

The following test conducted bot with test chamber: 
•	 Simplified VOCs emission test: TVOC meter
•	 Detailed: Gas chromatography and 
    mass spectroscopy (GC-MS)

Fan

Sampling
sorbent

Duct component sample

Test chamber Tenax sorbent GC-MS analysis
(detailed)

Results

TVOC meter on bio-composite
(simplified)
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Conclusion



56

Conclusion

Potentials
•	 Possibilities for mass-production of bio-based air duct component, for linear components more 
    advanced than complex components. Linear component: cardboard, bio-composites, 
    packaging material.
•	 Lower carbon footprint.
•	 Applying circular strategies for most materials: recycling, reuse and energy recovery.

Limitations
•	 However meeting quality is challenging - moisture resistance and chemical emission.
•	 Constructing complex components; joint, bend and t-component efficiently with bio-based materials.
•	 Certain type of connections are more challenging. 
•	 Lifespan unknown.

What are the potential and limitations for bio-based materials to replace sheet metal 
for the construction of air ducts by maintaining the same quality?
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Further research recommendations

•	 Determine lifespan under increased temperature and humidity rates.

•	 Experimental research in terms of moisture resistance and chemical emission:
    recycled plastic, bioplastic and coatings; thin films and (bio)resins.

•	 The scalability of the used materials, larger diameters result in a thicker material, the optimal ratio 	
    between thickness and stiffness should be achieved.

•	 Explore other materials such as ECOR and giant bamboo.
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Thank you for your 
attention.


