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PART I  



INITIAL RESEARCH 
BY TANVI



PARTS OF WATCH STRAP 

PRODUCTION STAGES

CUTTING PATTERNS FROM MATERIAL

SECURE LOOPS WITH STITCH

STITCH BUCKLE 

STITCH BUTTON & BUTTON HOLE

PUNCH HOLES

FINISHING OF THE WHOLE STRAP

1. MAIN STRAP      2. BUCKLE      3. LOOPS      4. BUTTONS

1.

2.

3.
4.



PROBLEM IDENTIFICATION

1. BENDING OF STRAP AND LOOPS WHILE OPENING AND CLOSING  THE FASTENINGS

2. LONG PRODUCTION TIME: 6 OR MORE STEPS IN ASSEMBLY POINTS

3. SCRAP MATERIAL LEFT AFTER PATTERN CUTTING

4. PARTS NEED TO BE DISASSEMBLED BEFORE RECYCLING 

AIMS TO ACHIEVE FOR BAUME

1. INCREASE DURABILITY OF STRAP

2. REDUCE UNNECESSARY STEPS

3. REDUCE MATERIAL WASTAGE

4. DESIGN FOR DISASSEMBLY





STRUCTURES RESEARCH



FLEXIBLE STRUCTURE FROM HARD MATERIALS



POSSIBLE TECHNIQUES

3D Printing
3D printers are often thought of as all-purpose magic 
boxes because of their stongest 
attribute to create complex structures in comparision 
with the conventional manufacturing techniques that 
rely on cutting, trimming or bending. With additive 
manufacturing, it’s possible to create the parts of entire 
object at the same time, fully assembled in one go.

Laser-cutting
By laser cutting certain etching patterns out of a 2D 
shape, even a hard material can exhibit flexible proper-
ties allowing it to be bended and folded through a given 
dimension beyond what would ordinarily be permitted 
without fracture by the material. 



INTERLOCKING STRUCTURES

Inspiration from Biomimicry

Inspiration from Art



INTERLOCKING STRUCTURES

Forces to consider while designing interlocking joints: 

1. Friction - the critical force that holds the joint together. The tighter the joint is, the higher the friction 
and the more 
difficult it will be to pull apart

2. Tension - the force that acts to pull the joint apart

3. Shear - the force perpendicular to tension that pulls the joint sideways (a tearing force)

Benefits:

- Easy assembly and disassembly

-Reduction of components in an assembly. 

-Rapid end of life disassembly



EXHIBITION VISIT



INSIGHTS FROM THE VISIT

This exhibition was very eye-opening for me in terms of building and analysing structures and learning the possibilities of state-of-the-
art additive technology. The exhibition had innovative designs created by Yamanaka Shunji. 

Exploration of Biomimicry in desing and engineering
There was a rage of prototypes called, “Ready to Crawl” which was a series of robots designed and made just like a living thing and pro-
grammed to move in a certain way that it seems very natural to the outlook of the design. All their parts are fully assembled and pro-
grammed in a manner that it resembles a living crawling creature.

The relationship between structure and touch 
The fineness and detail of the structures created through additive manufacturing mean that even objects of same material can be 
made to feel distinctive when touched depending on how they are structured.

All these prototypes were made using the SLA technology in additive manufacturing.



DIGITS 2 WIDGETS 3D PRINTERS



Technical guidance for 3d modeling
with “Tom Mallinson”  Designer at D2W

- An air gap of at least 0.5 mm is a must 
between interlocking structures.

-The minimum thickness should be atleast 0.8 mm to 1 mm so 
that the final structure is not very fragile.  

-If you’re going to use any other technique other than laser 
sintering, there should be connectors in each structure. (Con-
necting air gaps together)

INSIGHTS FROM THE VISIT

Selective Laser Sintering

- Most of the interlocking 
structures are printed using laser sintering process in using SLS 
technology due to it’s high print accuracy and good strength. 

-It’s a method of generating 3d objects, where thin layers of res-
in, metal, or other thermoplastic powder are successively melt-
ed and fused with a laser to build up the desired shape

- The goal of supports is to provide enough material so that all 
facets of the model may be printed 
coupled with ease of removal of the support material once the 
print is finished.

-The SLS uses unsustainable materials like plastic and resin for the process. Therefore, there is a challenge to create a 
similar support structure technology by using a sustainable material.





STRUCTURE EXPLORATION



STRUCTURE EXPLORATION

LASER CUTTING IN WOOD

 CHAIN STRUCTURE

3D PRINTING WITH CONNECTIRS



 CHAIN STRUCTURE

LASER CUT SAMPLES





3D MODELING



SNAP AND FIT SYSTEMS



SNAP AND FIT SYSTEMS



INTERLOCKING CHAINS



HINGE SYSTEMS





VISION



I T ’ S  A B O U T  M A K I N G  L O N G  L A S T I N G  T I M E P I E C E S

PROPOSAL



A SELF-ADHESIVE STRAP
Interlocking structure that doesn’t require additional assembly points. 

MANUFACTURED IN ONE STEP 
Using Additive Manufacturing to produce all parts in one go.

DURABLE STRUCTURE
Manipulate hard and strong material to create a flexible structure.

SUSTAINABLE MATERIAL
3D Printing with Bio-plastic
* Refer to Brigitte’s bio-plastic proposal.



PART II  



INITIAL RESEARCH 
BY BRIGITTE



 

£490  BAUME

On the following pages price, source of energy and material per component 
(shown below) of different sustainable brands are gathered. This will be 
followed with an analysation and comparisation.
There are three main methods in power supply:

battery automaticsolar

Five different components that can be mentioned:

In the case of the Baume watch shown on the right, it would look like this:

Blue cotton strap. 

Brass face. 

Black PVD plated stainless steel case.

Watches are completely customisable, also can a 
personislised text be engraved on the back of the 
clock. Choise of linnen, cotton, cork, recycled PET 
and alcantara for the straps.

strap face case story

https://www.baumewatches.com/gb/custom-timepieces-BMBC002624.html

MARKET RESEARCH



  

£950  REC

Presumably a leather strap. 

Recycled aluminum case. 

“Untreated aluminum cut directly from 
the PT879 MK IX Spitfire aircraft.” 
Each customer gets a card to explain/
enjoy the story of the aircraft that has 
become their watch. 

£29000  Girard-Perregaux

Alligator leather strap. 

Gold case.

This brand is part of the ‘Responsible 
Jewellery Council’ and KERING’s 
sustainability stratergy, so they use fair 
and tracable materials. 

£229  Triwa

Recycled plastic strap.

Recycled illegal firearms. ‘Humanium 
Metal’ as casing.

“Humanium Metal watch, made from 
destructed illegal firearms, with the aim 
to highlight the issues of gun related 
violence. For each watch sold we give 
back 15% to IM to support conflict torn 
societies.”



  

£109  Aubry Watch
PU ‘premium polyurethane‘ vegan 
leather strap. 

PVD plated (silver) stainless steel case.

“Continual commitment to animal-
friendly and sustainable style, this watch 
is created from 100% vegan and cruelty 
free materials.”

£120  Votch

PU (polyurethane) vegan leather strap. 

£190  Classic Engineering
Vegetable tanned, ethically produced 
leather strap. 

Stainless steel case.

“100% repairable and indefinite service 
available for mantainance and repair. 



  

£160  Jord £490  Jord

Maple wood strap and case.

Stainless steel closure, hardend scratch 
proof mineral glass.

The only watch in this research selection 
showing ‘military hours’.

Ebony wood strap.

Ebody wood case and face.

£120  WE-WOOD
Resin infused ‘Borassus Flabelifer’, Balck 
Palm strap. 

Stainless steel face.

Limited edtition. 
The Jord brand explains well where they 
are sourcing all their materials from. 



  

Recycled silicon ‘leather’ strap. 

Stainless steel case and sappire coated 
glass.

This brand offers a wide range of colours. 
It is still under development (Indigogo 
and Kickstarter).

£150  Citizen

Stainless steel strap.

Mother-of-pearl face.

This watch uses ‘eco-drive technology’, 
which is said to charge at any light. 

Recycled (ocean) plastic strap.

Recycled stainless steel case and crystal 
glass.

Japanese solar powered movement. 
One of the few brands that (mentions) 
their use of recycled metal for the case.  

£270  Awake Watch £230  SOLIOS



  

£145  Mondaine Essence
38% natural rubber and recycled PET 
plastic. 

41% ‘Rizinus’ caster oil, 30% glass 
powder, 27% fossil plastics and 2% 
colour.

“Using eco-friendly sources, make 
these modern creations not only clean 
and simple in design but considerate 
to the world we live in” Impressed by 
the Essence booklet that shows the 
percentages shown above.

£135  Votch

Piñatex (pinapple based) vegan strap.

Stainless steel case.

The piñatex strap is only available in the 
colour black. 

±£40  Sprout
Biodegredable corn-resin case. In other 
pieces Sprout uses cork and bamboo as 
well. 

Sprout is a son of E. Gluck Corporation 
and seems to be out of business/
discontinued. 
This brand is the only one so unafraid to 
use colour throughout their collection.



NOTE ON ‘VEGAN’ STRAPSNOTE ON WOOD WATCHES

Many brands use rare species such as Mohogany, 
endangered Teak, Zebrawood, Sandalwood and 
Rosewood. They may sound exotic and look lovely; 
cutting down these slow-growing, ancient trees 
threatens hardwood forests and all creatures whose 
lives depend on them. 

I find the term ‘vegan’ when it comes to PU straps 
extremely short sighted; in the long run this type of 
plastic will ruin the environment and eventually  food-
sources for animals. I think ‘doing no harm to animals 
in the process’ should be looked at from a broader 
perspective. 

“Since approximately 10Mt of polyurethane is 
produced each year, environmental concern over 
their considerable contribution to landfill waste 
accumulation appeared in the 1990s. To date, no 
recycling processes allow for the efficient reuse of 
polyurethane waste due to their high resistance to (a)
biotic disturbances.”
Quote from the paper: New insights into polyurethane 
biodegration and realistic prospects for the development of a 
sustainable waste recycling process.



£200  Omega watch strap
100% biodegradable systetic spidersilk 
strap. 

Secondly out of the many players in the field none are 100% sustainable. 
None of them give a flow diagram of where their material is sourced from 
and how it flows back/is used again post consumer. For me to completely 
trust a company claiming to be sustainable I would need to see more 
to know it is not just green-washing. Examples of this could be; cost-
breakdowns (does the money flow ethically?) and material flow diagrams (is 
the material in a sustainable open/closed loop?). 

Thirdly, it seems to me that a more expensive watch doesn’t necessarily 
mean that it is more sustainable as well. I think the price is mainly based on 
the type of mechanics that is being used inside the watch and the durability 
of this system. Quite unique for Baume is that they offer their customers 
more complicated watches then just the standard hour/minute/second 
face, what many other sustainable watch companies seem to offer.

Fourthly, the limited edition stories behind some of the watches I think are 
very powerful in a society where the emphasis shifts towards experience 
rather then just ownership of objects.

Firstly, I noticed that there is not much experimentation done with the 
shape of the watch or alternative power sources. 

Algae Powered?

Lastly, my most important insight: I thought bioplastic (and such) were 
extremely common and already explored throughly. This analysation made 
me realise that it is however not being used at all in the watch industry. 
Surprisingly, wood, recycled plastic, natural rubber and piñatex is as far as 
it goes. The conclusion that I draw from this is that to make a sellable watch 
(component) out of 100% bioplastic remains quite the challenge. Durability 
and water resistant as desired qualities probably play a part in this. That’s 
why the most suitable alternative is (synthetic) spider-silk.  Shown on the 
left, the first brand to come out with a spider-silk strap design at the end of 
January 2019. 

Leather Alternatives, Bacterial Dyes and Bioplastics?

CONCLUSION



Each piece of materials that has grown over a long period of time, slightly 
differs from another. Materials that come to mind are; marble, gold, 
rhodium, silver, nickel, copper, palladium, platinum and other (rare) 
elements. Another example is urushi lacquer, which can only be harvested 
every 20 years.  

Riping with Age

Lavish green lands, beams of moonlight, secret space, all those kind of 
vast landscapes for just a few people. Owning the kind of spaces that make 
humans feel small in the big universe or owning ‘magical objects’ make the 
owner feel like a king. Examples of this are high ceilings, shiny things, stained 
glass and lighting coming from underneath objects. 

Heavenly Experience

This is perhaps the most common way of increased value - a demand for 
object only available in small quantities. Examples of this are; ivory, crocodile 
leather, coral, pearls, tortoise shell, precious materials, gemstones, fossils 
and curiosities. It is an ode to all things controversial and limited.

Scarcity

Objects that require craftsmanship are usually unique, because of the time 
an artisan has to invest into the piece as well as human error. The raw beauty 
of those imperfections showing the craftsman’s handwork. The complexity 
of some works just leave you in awe of their skill. Examples are; woodcarving, 
embroidery, indigo shibori and leather engravings.

Outstanding Artisanship

After analysing the images on the right I 
came to four conclusions about what causes 
an increased value within luxury items. 

VISUAL AUDIT





(gem)stone metal textilelifestyle



woodanimal gems
Below are the opposites that came to mind when describing touch. 
Although some of them are a bit ambigious, I left them in the research.  

Luxury Materials

warm
organic

soft
smooth
detailed

raw
heavy

permeable
flexible

brittle
multilayer
repetitive

flawed
expensive

visous
wet

cold
unorganic
coarse
rough
plain
polished
light
inpenetrable
rigid
resilient
single layer
versitile
perfect
cheap
unsticky
dry

Next to that are pictograms illustrating the four points I found out on 
the previous page. Next to that a final picogram is added, which I find an 
important factor when designing biodegradable materials. 

fast growth
man-made

mysterious
small quantity

fast decay

slow growth
nature-made / machine-made
comprehensible
big bulk
slow decay

VISUAL AUDIT



(gem)stone metal textilelifestyle



woodanimal gems
On the left the all pictograms are assigned per picture, on top of the 
categories a counting is visible. When 100% of that category has a certain 
tactile sensation this will be shown in dark green. When the sensation 
reaches 80% it will be visualised above in light green.

Tactile Sensation of Luxury Materials

warm
organic

soft
smooth
detailed

raw
heavy

permeable
flexible

brittle
multilayer
repetitive

flawed
expensive

visous
wet

cold
unorganic
coarse
rough
plain
polished
light
inpenetrable
rigid
resilient
single layer
versitile
perfect
cheap
unsticky
dry

For a material to feel luxurious it will need to be; non-sticky, dry, heavy, 
smooth and polished. Next to that there is a preference towards single 
layered, versatile and flawed textures.
The temperature and permeability of a luxurious texture seems to be 
preferred differently depending on what kind of material it is, therefore no 
conclusion can be made about this.  

Conclusion

TYPOLOGY I



(gem)stone metal textilelifestyle



woodanimal gems
Previously I came to four conclusions about luxury items after analysing the 
images. On the left can been seen which of four opposites below belongs 
to what picture. Beneath that there is one more illustration that indicates 
biodegradability. The same colour-code applies to this page.

Source of Value

So, most luxurious items are treated to be in the category ‘slow decay’. 
I wonder whether this actually makes them more valuable? Is that what 
perishes and only lives for a short time, not much more valuable?

Next to that there seems to be a connection between nature- and machine-
made and big bulk versus man-made and small quantity. Maybe this is what 
is causing so much trouble at the moment; people are don’t understand the 
effects of their relatively new scale to quantity of items made by machines. 
Nature does create in enormous bulk, at the same time however it maintains 
a high rate of decay for the biggest part of her creations. We can learn a lot 
from nature by thinking about what needs a long product life and what does 
not. 

fast growth
man-made

mysterious
small quantity

fast decay

slow growth
nature-made / machine-made
comprehensible
big bulk
slow decay

Conclusion

TYPOLOGY II



90ml water
60ml arrowroot
120ml sodium 
bicarbonate

1. measure out the ingredients and stir slowly them 
slowely in a sauspan until all the dry ingredients are wet.
2. stir on medium heat for about10 min. until the mixture 
thickens, like a thick mashed potato.
3. place the mixture into a covered bowl. Leave it to stand 
for 5-10min.
4. spread the mixture out in a form. Use silicone for easy removal.
5.  put the form in a 150 degrees oven in sets of 10 minutes 
to check the progress of the mixture. the mixture might rise a little.
6. leave to cool before removing it from the mould.

is it possible to polish this material?
is it possible to let the material dry in a mould?
is it possible to make this material heavier?
could it be more strong?
beautifully formed sponge pattern.
little deformation when drying.

RECIPE 1 & PROCESS PROPERTIES

IMPROVEMENTS

top of mixture bottom (result after 20min)



90ml water
60ml cornstarch
120ml sodium 
bicarbonate

1. measure out the ingredients and stir slowly them 
slowely in a sauspan until all the dry ingredients are wet.
2. stir on medium heat for about10 min. until the mixture 
thickens, like a thick mashed potato.
3. place the mixture into a covered bowl. Leave it to stand 
for 5-10min.
4. spread the mixture out in a form. Use silicone for easy removal.
5.  put the form in a 150 degrees oven in sets of 10 minutes 
to check the progress of the mixture. the mixture might rise a little.
6. leave to cool before removing it from the mould.

is it possible to polish this material?
is it possible to let the material dry in a mould?
is it possible to make this material heavier?
could it be more strong?
beautifully formed sponge pattern.
little deformation when drying.

is it possible to polish this material?
is it possible to let the material dry in a mould?
is it possible to make this material heavier?
easy to press a texture in the pre-oven mixture.
medium deformation when drying.

RECIPE 2 & PROCESS PROPERTIES

IMPROVEMENTS

top of mixture bottom (result after 20min)



90ml cashewnut 
milk
20ml vinegar

1. pour milk in pot and simmer on medium heat. 
2. whilst continuously stirring add vinegar. 
3. when the mixture becomes flaky pour the mixture through a coffee 
filter. 
4. spread the residue left behind on flat surface.
5. leave it until it is completely dry.

heavy deformation when drying.
material stays oily, is it possible to dry it up without?
is it possible to make this material stronger?
is it possible to let the material dry in a mould?
is it possible to make this material heavier?
next experiment should be with a larger quantity. 

RECIPE 3 & PROCESS PROPERTIES

IMPROVEMENTS

sieving of mixture result after 3days



4g agar agar 
2.5ml glycerol 
420ml water

1. mix ingredients and stir until agar and glycerol are dissolved.
2. heat the pot below boiling whilst continuously stirring.
3. skin off any froth.
4. pour liquid into mould.
5. let it dry. is it possible to polish this material?

is it possible to let the material dry in a mould?
is it possible to make this material heavier?
very brittle material.
heavy deformation and shrinkage when drying.

RECIPE 4 & PROCESS PROPERTIES

IMPROVEMENTS

bioplastic before drying result 1/2 of previous size (after 5days) drying



20ml vinegar 
24g chitosan 
5g glycerol 
200ml water

1. firstly, stir hot water and vinegar then progressively add    
    Chitosan and stir until a homogenous solution.
2. add glycerol whilst still stirring.
3. cast the mixture into a mould, the dried object will shrink.
4. leave the material drying until it solidifies. is it possible to polish this material?

is it possible to let the material dry in a mould?
is it possible to make this material heavier?
is it possible to make this material stronger?
brittle material.
heavy deformation and shrinkage when drying.
pleasantly soft material.

RECIPE 5 & PROCESS PROPERTIES

IMPROVEMENTS

 mixture before drying result after 6days



50g calcium 
carbonate
1g alginate
60ml water

1. mix all ingredients into a bowl.
2. pour into a mould when it has thickened into a gel.
3. let the mixture dry for about a day. it should become as hard as a 
brick.

is it possible to let the material dry in a mould?
is it possible to make this material heavier?
air bubbles make the material brittle at thin 
points.

RECIPE 6 & PROCESS PROPERTIES

IMPROVEMENTS

mixture before drying result after 6days



15ml agar agar 
5ml carrot skin 
1ml glycerine 
100ml water

1. mix all ingredients into a pot. making sure the agar has dissolved.
2. put on a medium heat and bring it to a simmer.
3. after 3 minutes, pour mixture into a mould. 
4. let it dry for 1 to 2 days.

heavy deformation and shrinkage when drying.
starts moulding when it isn’t dried soon enough.
very brittle material.
is it possible to make this material heavier?
is it possible to make this material smoother?
is it possible to let the material dry in a mould?
what would happen when placing the material in 
water?

RECIPE 7 & PROCESS PROPERTIES

IMPROVEMENTS

after 4 days many of the samples started molding this thin sample dried (and shrunk!) before it could mold



3g glycerol 
60ml water 
12g agar agar 
10ml clay

1. mix all ingredients into a pot.
2. heat mixture until it starts to thicken.
3. pour the mixture into a mould and let it dry.

heavy shrinkage.
is it possible to make this material heavier?
is it possible to polish this material?
is it possible to let the material dry in a mould?

RECIPE 8 & PROCESS PROPERTIES

IMPROVEMENTS

mixture before drying result after 6days 



3g glycerol 
60ml water 
20g arrow-
root 
10ml clay

1. mix all ingredients into a pot.
2. heat mixture until it starts to thicken.
3. pour the mixture into a mould and let it dry.

RECIPE 9 & PROCESS PROPERTIES

IMPROVEMENTS

mixture before drying mixture hasn’t fully dried yet after 10days

heavy deformation and shrinkage when drying.
relatively brittle material.
is it possible to make this material heavier?
is it possible to let the material dry in a mould?
is it possible to let this material dry flat?



Secondly, I encountered deformation; the edges of the material tend to dry 
before the center part does. This rippled effect is especially visible in recipe 
4 and 5. Experiments on internet tried working with wooden frames, but this 
often resulted in deformed frames along with the bioplastic. 
It was Tanvi who had a surprisingly simple yet effective method to keep her 
sticky rice recipes dry flat; just by keeping something that keeps them flat on 
top during the drying process. 

Thirdly,  a nasty problem; moulding. This can be prevented in multiple ways: 
having only a thin layer of bioplastic, so it dries quickly. Having a drying 
location with good airflow, which isn’t too warm or humid and  which is 
bright. Next to that; minimize touching the material when it is still wet. 

The last two issues I encountered are a flexible material  becomes rigid and 
strong(ish) one becomes brittle after drying. The brittleness and cracking 
probably are caused by water evaporation. Spraying the material when 
drying with glycerene (plasticizer) might help this. As well as adding wood 
flour into the recipe. Since this prevents shrinkage, it should also prevent 
cracks in the material during the drying process. 

The first problem I often encountered was; shrikage. Some recipes shrink to 
even less then half their initially poured shape. Research at Harvard* found 
that wood flour prevents shrinkage in chitosan recipes. I think the reason 
why this works is that the wood fibers absorb the water in the mixture and 
after the water evaporates this time the volume stays because of the wood 
particles. Maybe adding wood flour will be a solution to prevent shrinkage in 
the other recipes as well?
* Manufacturing of Large-Scale Functional Objects Using Biodegradable Chitosan Bioplastic

Common Problems with Bioplastics

Lastly,   the difference between the ingredients cornstarch and arrowroot in 
recipe 1 and 2 is very big for a  similar ingredient. So, what would happen with 
a range of these type of materials?  This question will be discussed in part III.

Big difference in result with seemingly similar ingredients

CONCLUSION



For this experiment I wanted to see if I could make the most successful recipe 
from the previous experimentation less brittle through adding glycerine.  
Interestingly enough adding 3 and 6g, actually makes the mixture more brittle. 
At 10g you can see that it keeps everything together. Unexpectedly this amount 
of glycerine did not make the final result more brittle, however it did become 
flexible. 
This experiment means that glycerine can only be used for gaining flexibility, to 
make the recipe less brittle I’ll need to look at other ingredients. Chitosan and 
proteins are mainly named on internet, so moving forward this is something we 
will try. 

0g. 3g. 6g. 10g.



VISION
My overall idea for this project is a watch completely 
made out of one material. The case, face, dial, straps, 
buckle and mechanics. This might seem like a far-
fetched idea, however I think we are closer then 
one might think. 3D-Printing can depending on the 
structure of the material printed result in different 
material properties for different parts of the watch. 
And I predict that in the future, with a multi-head 
3D-printer, electronic circuits can be printed directly 
into the object. 

The experimentations done so far, make me realise 
that if I want to achieve this big vision I’ll need to do 
much more experimentations to get a good material 
to print with. Next to that I realised that I would 
not have time to look at both different types of 
structures and new materials in depth. This is where 
I teamed up with Tanvi. Tanvi has a similar vision of a 
mono-material watch, however unlike me, she wants 
to focus on the structure rather then the material. 
So, we decided to team up from here on to be able to 
finish with a product that has both experimentation 
in structure as well as the material.  



PART III 



LUXURIOUS BIOPLASTIC 
BY BRIGITTE & TANVI



Our first idea was to shape the structure 
using a fused deposition modeling (FDM) 
3D printer. Our low-fi extruder can be seen 
on the right. The left bottom syringe has 
bioplastic filament, the top two syringes 
are filled with water to be able to at a bigger 
distance from the printer. 

PROCESS | 3D PRINTER



3D PRINTING WITH BIO-PLASTIC

TEST 1 - Testing The Extrusion Method with Clay

 TEST 2 - Testing The Extrusion Method with bioplastic - 60 ml water, 60 ml CaCo3, 1 g alginate 

A point of notice is that with our plastic syringe extruder it is not possible to print with heated bioplastics. So for the tests below we use cold mix recipes. This 
might be important for future reference, when we want to print with other recipes that need to be heated to be liquid.



HACKING - Creating the Attachment System HACKING - The First Trial Print



TEST 3 - Recipe from test2 - Printing inside a combination of commercial  shower- and hairgel

OBSERVATION

3D PRINTING IN GEL

From the previous 2 tests we concluded that the  printing ‘filament’ is 
too liquid.  This causes it to disperse with as result a ‘melted’ version 
of the desired 3D-print shape. 
Next to this issue, adding a new layer on the previous layer doesn’t 
work as it is meant, because the first layer of material doesnt solidify 
fast enough. Resulting in the messy prints seen on the previous page.
 
Our solution is based on a project of MiT’s Self-Assembly Lab in 2017; 
3D printing in gel. This would help the bioplastic to contain its shape 
until it is dry enough to let it air dry without losing the desired shape.

The density of this combination gel is too low, with the result it cannot hold the bioplastic, so it sinks to the bottom. 



3D PRINTING IN HAIRGEL

TEST 4 - Same recipe - Printing inside a 100% commercial  hairgel

TEST 5 - 100 ml water, 20 ml vinegar, 10 ml chitosan, 5 ml glycerol - Same gel 

The density of this combination gel is good. Unfortunately, the second recipe did not work out; a wrong ingredient ratio kept it liquid .



Secondly,  just like Yamanaka Shunji said in his lecture, we experienced 
that the margin of error is pretty high with this type of printing. 
Therefore for such a small and detailed object as a watch strap this is 
not the right process method...yet.  

Firstly, the results on the left show that the desired shape is kept best 
in 100% hair gel. however, after taking the print out of the gel to dry the 
mixture completely.  It turned out brittle and broke when we tried to 
move it. So,  for this processing method to have a succesful outcome, 
something needs to be changed in the recipe to get a strong structure.

Printing in Gel

Is 3D-printing Adquate?

CONCLUSION

TEST 2 - printed dry

TEST 3 - printed in 50% gel

TEST 4 - printed in 100% gel



Since the previous experiment thought us 
that we need to improve our recipe before 
trying new process-methods. So, in the 
following pages we map out properties of    
material experiments done.  

PROCESS | BIOPLASTIC

Most bioplastics all use more or less the same 
ingredients without much variation. Our added 
value to existing research is the formula above to 
explore  different bioplastic outcomes. 
Since, ingredients with seemingly similar function 
might have a different outcome, ‘x’ in the first 
box stands for a range of sticky main-ingredients 
that we think have a similar function.  The ‘y’ has 
ingredients that we think might add strength to 
the recipe. And the last box  ‘z’ are additives that 
we suspect add flexibility to the recipe. With this 
we want to achieve the desired properties for our 
bioplastic.   

BIOPOLYMER

x

SOLVENT

water

y

BIOPOLYMER
ADDITIVE

(strength)

ADDITIVE
(flexibility)

z

PLASTICISER

glycerine



1
2
3
4

5

Viscosity:       
Shrinkage:  
Cracks: 

Smoothness:
 
Blendable:

 
Flexibility:
 
Tear Strength: 

Brittleness: 

1) not at all
1) not at all
1) none

2) slightly

2) a few 3) quite a 
       few small

2) 5mm
3) medium 4) quite 5) very sticky
3) 10mm 4) 15mm 5) >15mm shrinkage

4) big cracks 5) completely broken 
       in small pieces

1) coarse 2) slightly 
      coarse

3) relatively 
      smooth

4) quite 
smooth

5) very smooth

5) homogeneous 2) big 
       particles

3) visible
      particles       

4) small 
       particles

1) badly 
      soluable 

1) rigid 5) very flexible4) quite 
       flexible

3) bendable, 
       not fluid 

2) slightly 
       rigid 

1) not at all 2) slightly 
      brittle

4) quite 
       brittle 
 (can pick up)

5) very brittle 
      (can not pick up)

3) small 
      pieces 
      break off

1) minimum 
      force

2) slight 
      resistence, 
      min. force

4) quite  
     some force    
      needed

5) not possible  3) medium 
        force 

OBSERVATION GRAPH

The enlargement of the graph on the right explains a 
graph we will be using on the following pages. The 1 
to  5 in the graph corresponds to the 1 to 5 in the table 
which we used to objectively observe and compare 
our material samples. 
The dotted line in the graph shows our ‘ideal’ material, 
whereas the opaque white shape shows the actual 
values of that bioplastic experiment. 



EXPERIMENTS WITH BASE RECIPES

Before Drying After Drying

1.

Recipe Observations:  Well mixed but still some particles 
visible; relatively transparent

Try Again?:  Yes, try with additives

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine

To make puree:
25 tsp sticky rice 
in the blender 
with 60 ml 
water) 

Before Drying After Drying

2.

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine
1 tsp wood flour

Recipe Observations:  
Recipe forms a nice thin sheet, not very strong thoug.

Try Again?:  Yes, try with additives

To make puree:
25 tsp sticky rice 
in the blender 
with 60 ml 
water) 

3.
Before Drying After Drying

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine

Recipe Observations:  Badly moulded maybe because it 
was kept in moist environment for too long

Try Again?:  Yes, try with additives

To make puree:
25tsp sticky 
potato with 
120ml water



5.
Before Drying After Drying

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine
2 tsp water

Recipe Observations:  
This recipe took very long to dry. The xanthan powder has 
to be mixed with all other powders before adding water. 
iTry Again?:  Yes, try with additives

To make puree:
2tsp Xanthan 
Gum powder 
and 8tsp water

EXPERIMENTS WITH BASE RECIPES

4.
Before Drying After Drying

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine
1 tsp wood flour

Recipe Observations: 
Mixture dries faster because of the woodflour, however it 
is still not very strong. 
Try Again?:  Yes, try with additives

To make puree:
25tsp sticky 
potato with 
120ml water

6.
Before Drying After Drying

Recipe:
*All powders are 
mixed before 
cooking

1 tsp vinegar
1 tsp wood flour
1 tsp glycerine
2 tsp water

Recipe Observations:  
This recipe took very long to dry. Adding woodflour makes 
the mixture harder to spread out. 
Try Again?:  Yes, try with additives

To make puree:
2tsp Xanthan 
Gum powder 
and 8tsp water



EXPERIMENTS WITH BASE RECIPES

Before Drying After Drying

7.

Recipe Observations:   Add wood flour to make it shrink 
less

Try Again?:  Yes, try with additives

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine
6 tsp water

To make puree:
2 tsp locust 
bean gum, 
8 tsp water

Before Drying After Drying

8.

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine
1 tsp wood flour
6 tsp water

Recipe Observations:  Wood flour helped in making it 
shrink less; Add corn starch to make it more homogenous

Try Again?:  Yes, try with additives

To make puree:
2 tsp locust 
bean gum, 
8 tsp water

9.
Before Drying After Drying

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine

Recipe Observations:  
Arrowroot is very flimsy, this recipe needs additives for 
strength. 
Try Again?:  Yes, try with additives

To make puree:
2 tsp arrowroot,
8 tsp water



11.
Before Drying After Drying

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine
1 tsp wood flour

Recipe Observations:  
More vinegar needed to make less cracks

Try Again?:  Yes, try with additives

To make puree:
2 tsp cornstarch,
8 tsp water

EXPERIMENTS WITH BASE RECIPES

10.
Before Drying After Drying

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine
1 tsp wood flour

Recipe Observations: 
This recipe is less flimsy, probably because of the 
woodflour, but still very thin and fragile. 
Try Again?:  Yes, try with additives

To make puree:
2 tsp arrowroot,
8 tsp water

12.
Before Drying After Drying

Recipe: During cooking:
1 tsp woodflour
1 tsp glycerine

Recipe Observations:  Vinegar is needed to breakdown 
starch; Add a lot more vinegar so it doesn’t crack

Try Again?:  Yes, try with additives

To make puree:
2 tsp cornstarch,
8 tsp water



EXPERIMENTS WITH GELATINE AS BASE

Before Drying After Drying Before Drying After Drying

Recipe: During cooking:
1 tsp  wood flour
1 tsp glycerine

Recipe Observations:  Add vinegar to make it shrink less

Try Again?:   No

Recipe Observations:   Adding vinegar made it shrink less

Try Again?:  No

To make puree:
2 tsp gelatin,
8 tsp water

Recipe: During cooking:
1 tsp vinegar
1 tsp  wood flour
1 tsp glycerine

To make puree:
2 tsp gelatin,
8 tsp water

13. 14.



ADDITIVES  
FOR STRENGTH & FLEXIBILITY



EXPERIMENTS WITH STICKY RICE

Before Drying After Drying

15. 16.
Before Drying After Drying

17.
Before Drying After Drying

Recipe: During cooking:
3 tsp water 
1 tsp fez oxide
1 tsp vinegar
1 tsp glycerine

Recipe Observations:
Rice needs to be smaller, maybe more glycerine?

Try Again?:   No

Recipe Observations:    The caco3 didn’t mix well so would 
be blended along with the puree, sticky rice particles 
should be as small as possible.
Try Again?:   No

5 tsp sticky
 rice puree

Recipe: During cooking:
3 tsp water 
1 tsp CaCo3
1 tsp vinegar
1 tsp glycerine

5 tsp sticky
 rice puree

Recipe: During cooking:
5 tsp water 
1 tsp NaHCo3
1 tsp vinegar
1 tsp glycerine

Recipe Observations:
Rice particles need to be smaller
Try Again?:   
Yes, add more soda, add pine resin, wood flour, latex? 

5 tsp sticky
 rice puree



1. CaCo3
2. Fez  Oxide
3. NaHCo3
4. Chitosan
5. Milk protein

EXPERIMENTS WITH STICKY RICE

Before Drying After Drying

18. 19.
Before Drying After Drying

Sticky rice
puree

Biopolymer

Water

Solvent

Biopolymer
Additive

(strength)

Vinegar

Additive
(flexibility)

Glycerine

Plasticiser

Recipe: During cooking:
3 tsp water 
1 tsp chitosan
1 tsp vinegar
1 tsp glycerine

Recipe Observations:
Add wood flour to prevent cracking

Try Again?:   No

5 tsp sticky
 rice puree

Recipe: During cooking:
3 tsp water 
1 tsp milk protein
1 tsp vinegar
1 tsp glycerine

Recipe Observations:
Rice needs to be smaller, maybe more glycerine?

Try Again?:   No

5 tsp sticky
 rice puree

+

+



EXPERIMENTS WITH STICKY POTATO

Before Drying After Drying Before Drying After Drying Before Drying After Drying

Recipe: During cooking:
1 tsp water 
1 tsp fez oxide
1 tsp vinegar
1 tsp glycerine

Recipe Obervations:   
Add more sticky potato.

Try Again?:   No

Recipe Observations: 
Potato particles should be smaller and mixed better

Try Again?:  No

5 tsp sticky
 potato puree

Recipe: During cooking:
1 tsp water
1 tsp CaCo3
1 tsp vinegar
1 tsp glycerine

5 tsp sticky
 potato puree
 

Recipe: During cooking:
1 tsp water 
1 tsp NaHCo3
1 tsp vinegar
1 tsp glycerine

Recipe Obervations: 
Mix particles better, add little wood flour?

Try Again?:  Yes

5 tsp sticky
potato puree

20. 21. 22.



1. CaCo3
2. Fez  Oxide
3. NaHCo3
4. Chitosan
5. Milk protein

EXPERIMENTS WITH STICKY POTATO

Before Drying After Drying Before Drying After Drying

Sticky potato
puree

Biopolymer

Water

Solvent

Biopolymer
Additive

(strength)

Vinegar

Additive
(flexibility)

Glycerine

Plasticiser

Recipe: During cooking:
3 tsp water 
1 tsp chitosan
1 tsp vinegar
1 tsp glycerine

Recipe Observations:
Potato particles should be smaller, add more glycerine?

Try Again?:  No

5 tsp sticky
potato puree

Recipe: During cooking:
2 tsp water
1 tsp milk protein
1 tsp vinegar
1 tsp glycerine

Recipe Observations:
Potato particles should be smaller

Try Again?:   No

5 tsp sticky
potato puree

+

+

23. 24.



EXPERIMENTS WITH XANTHAN GUM

Before Drying After Drying Before Drying After Drying Before Drying After Drying

Recipe: During cooking:
5 tsp water 
1 tsp fez oxide
1 tsp vinegar
1 tsp glycerine

Recipe Observations:  
Just like the previous recipe, because the iron oxide 
doesn’t blend in perfectly a beautiful pattern emerges. 
Try Again?:   Yes

Recipe Observations: 
Blend mixture better.  This recipe feels great and has a 
beautiful speckled pattern.
Try Again?:   Yes

To make puree:
3 tsp xanthan 
gum powder
12 tsp water

Recipe: During cooking:
5 tsp water
1 tsp CaCo3
1 tsp vinegar
1 tsp glycerine 

To make puree:
3 tsp xanthan 
gum powder
12 tsp water

Recipe: During cooking:
4 tsp water 
1 tsp NaHCo3
1 tsp vinegar
1 tsp glycerine

Recipe Observations:   
Tear strength is on the low side, what causes this is unclear.

Try Again?:   No

To make puree:
3 tsp xanthan 
gum powder
12 tsp water

25. 26. 27.



1. CaCo3
2. Fez  Oxide
3. NaHCo3
4. Chitosan
5. Milk protein

EXPERIMENTS WITH XANTHAN GUM

Before Drying After Drying Before Drying After Drying

Xanthan gum
puree

Biopolymer

Water

Solvent

Biopolymer
Additive

(strength)

Vinegar

Additive
(flexibility)

Glycerine

Plasticiser

Recipe: During cooking:
4 tsp water 
1 tsp chitosan
1 tsp vinegar
1 tsp glycerine

Recipe Observations:  
Chitosan mixed badly, this is because we still mixed the 
xhantan gum  with water before adding everything else.
Try Again?: No

To make puree:
3 tsp xanthan 
gum powder
12 tsp water

Recipe: During cooking:
3 tsp water
1 tsp milk protein
1 tsp vinegar
1 tsp glycerine

Recipe Observations: 
This recipe took a very long time to dry, maybe it had too 
much water.
Try Again?: No

To make puree:
3 tsp xanthan 
gum powder
12 tsp water

+

+

28. 29.



EXPERIMENTS WITH LOCUST BEAN GUM

Before Drying After Drying Before Drying After Drying Before Drying After Drying

Recipe: During cooking:
6 tsp water
 1 tsp fez oxide
1 tsp vinegar
1 tsp glycerine

Recipe Observations:  The results are leather like. How-
ever the material  shrinks quite a lot, maybe adding  wood 
flour would solve this. 
Try Again?: Yes

Recipe Observations:  
Blend better, particles are still visible. 

Try Again?:   No

To make puree:
2 tsp locust 
bean gum
8 tsp water

Recipe: During cooking:
2 tsp water
1 tsp CaCo3
1 tsp vinegar
1 tsp glycerine

To make puree:
2 tsp locust 
bean gum
8 tsp water

Recipe: During cooking:
11 tsp water 
1 tsp NaHCo3
1 tsp vinegar
1 tsp glycerine

Recipe Observations:   It’s excreting glycerine, so too much 
glycerine went in.  Add woodflour might solve this partially.

Try Again?:  No

To make puree:
2 tsp locust 
bean gum
8 tsp water

30. 31. 32.



1. CaCo3
2. Fez  Oxide
3. NaHCo3
4. Chitosan
5. Milk protein

EXPERIMENTS WITH LOCUST BEAN GUM

Before Drying After Drying Before Drying After Drying

Locust bean
gum puree

Biopolymer

Water

Solvent

Biopolymer
Additive

(strength)

Vinegar

Additive
(flexibility)

Glycerine

Plasticiser

Recipe: During cooking:
10 tsp water 
1 tsp chitosan
1 tsp vinegar
1 tsp glycerine

Recipe Observations:  Blend with powder before adding 
water, just like xanthan gum this powder binds very fast 
with water and not much else after that.
Try Again?:   No

To make puree:
2 tsp locust 
bean gum
8 tsp water

Recipe: During cooking:
4 tsp water
1 tsp milk protein
1 tsp vinegar
1 tsp glycerine

Recipe Observations:
This recipe was nicely flexible, however needs another 
additive againt shrinkage, maybe woodflour. 
Try Again?:   No

To make puree:
2 tsp locust 
bean gum
8 tsp water

+

+

33. 34.



EXPERIMENTS WITH ARROWROOT

Before Drying After Drying Before Drying After Drying Before Drying After Drying

Recipe: During cooking:
2 tsp water 
1 tsp fez oxide
1 tsp vinegar
1 tsp glycerine

Recipe Observations:   1:1  ratio  of arrowroot to water did 
not work out,  should try ratio 1:4

Try Again?:   Yes, because the recipe was flawed

Recipe Obervations: 1:1  ratio  of arrowroot to water did 
not work out,  should try ratio 1:4 

Try Again?:    Yes, because the recipe was flawed

To make puree:
10 tsp arrow-
root
10 tsp water

Recipe: During cooking:
2 tsp water
1 tsp CaCo3
1 tsp vinegar
1 tsp glycerine

To make puree:
10 tsp 
arrowroot
10 tsp water

Recipe: During cooking: 
1 tsp NaHCo3
1 tsp vinegar
1 tsp glycerine

Recipe Observations:    Add more glycerine? Add latex?

Try Again?:   Yes

To make puree:
2 tsp arrowroot
8 tsp water

35. 36. 37.



1. CaCo3
2. Fez  Oxide
3. NaHCo3
4. Chitosan
5. Milk protein

EXPERIMENTS WITH ARROWROOT

Before Drying After Drying Before Drying After Drying

Arrowroot
puree

Biopolymer

Water

Solvent

Biopolymer
Additive

(strength)

Vinegar

Additive
(flexibility)

Glycerine

Plasticiser

Recipe: During cooking: 
1 tsp chitosan
1 tsp vinegar
1 tsp glycerine

Recipe Observations:    Skin like material;  is it possible to 
remove the bubbles before pouring? 

Try Again?:   Yes, adding latex and pine resin

To make puree:
2 tsp arrowroot
8 tsp water

Recipe: During cooking:
1 tsp milk protein
1 tsp vinegar
1 tsp glycerine

Recipe Observations:   Make milk particles smaller

Try Again?:   Yes

To make puree:
2 tsp arrowroot
8 tsp water

+

+

38. 39.



EXPERIMENTS WITH CORNSTARCH

Before Drying After Drying Before Drying After Drying Before Drying After Drying

Recipe: During cooking: 
1 tsp fez oxide
1 tsp vinegar
1 tsp glycerine

Recipe Observations:   Broken into 100 pieces, add wood-
flour? more glycerine and latex might save it.

Try Again?:   No

Recipe Observations:   Add more glycerine? And add 
woodflour against breaking?

Try Again?:   No

To make puree:
2 tsp cornstarch
8 tsp water

Recipe: During cooking:
1 tsp CaCo3
1 tsp vinegar
1 tsp glycerine

To make puree:
2 tsp cornstarch
8 tsp water

Recipe: During cooking:
 1 tsp NaHCo3
1 tsp vinegar
1 tsp glycerine

Recipe Observations:   Cornstarnstarch is not binding 
enough? Broken into 100 pieces,  add woodflour? more 
glycerine and latex might save it? 
Try Again?:   No

To make puree:
2 tsp cornstarch
8 tsp water

40. 41. 42.



1. CaCo3
2. Fez  Oxide
3. NaHCo3
4. Chitosan
5. Milk protein

EXPERIMENTS WITH CORNSTARCH

Before Drying After Drying Before Drying After Drying

Cornstarch
puree

Biopolymer

Water

Solvent

Biopolymer
Additive

(strength)

Vinegar

Additive
(flexibility)

Glycerine

Plasticiser

Recipe: During cooking: 
1 tsp chitosan
1 tsp vinegar
1 tsp glycerine

Recipe Observations:  Broken into a lot of pieces, can we 
add something to make it more sticky? latex? glycerine? 
wood flour against cracking?
Try Again?:   No    

To make puree:
2 tsp cornstarch
8 tsp water

Recipe: During cooking:
1 tsp milk protein
1 tsp vinegar
1 tsp glycerine

Recipe Observations:  Only one of the cornflour recipes to 
stay whole, based on the base recipe we conclude that  this 
is caused by the additive.
Try Again?:   No

To make puree:
2 tsp cornstarch
8 tsp water

+

+

43. 44.



EXPERIMENTS WITH AGAR AGAR

Before Drying After Drying

45. 46.
Before Drying After Drying

47.
Before Drying After Drying

Recipe: During cooking:
1 tsp fez oxide
1 tsp wood flour
1 tsp glycerine

Recipe Observations:   Broken into quite a lot of pieces, 
more glycerine needed. Latex maybe and no woodflour?

Try Again?:   No

Recipe Observations:   Broken into a 100 pieces, wood-
flour didn’t make it crack less at all, why? More glycering 
needed, or latex?
Try Again?:  No

To make puree:
2 tsp agar agar
8 tsp water

Recipe: During cooking:
1 tsp CaCo3
1 tsp wood flour
1 tsp glycerine

To make puree:
2 tsp agar agar
8 tsp water

Recipe: During cooking:
1 tsp NaHCo3
1 tsp wood flour
1 tsp glycerine

Recipe Observations:  Agar agar just like cornstarch is 
not sticky enough for a main ingredient.  Add way more 
glycerine/latex
Try Again?:   No

To make puree:
2 tsp agar agar
8 tsp water



1. CaCo3
2. Fez  Oxide
3. NaHCo3
4. Chitosan
5. Milk protein

EXPERIMENTS WITH AGAR AGAR

Before Drying After Drying

48. 49.
Before Drying After Drying

Agar agar
puree

Biopolymer

Water

Solvent

Biopolymer
Additive

(strength)

Wood flour

Additive
(flexibility)

Glycerine

Plasticiser

Recipe: During cooking:
1 tsp chitosan
1 tsp wood flour
1 tsp glycerine

Recipe Observations:   Add more glycerine, agar is not 
sticky enough, wood flour is doublabe not useful?

Try Again?:   No

To make puree:
2 tsp agar agar
8 tsp water

Recipe: During cooking:
3 tsp water
1 tsp milk protein
1 tsp wood flour
1 tsp glycerine

Recipe Observations:  This recipe is the only one out of the 
agar experiments that stayed whole; can it be concluded 
that that is because of the casein? 
Try Again?:   No

To make puree:
2 tsp agar agar
8 tsp water

+

+



EXPERIMENTS WITH GELATINE

Before Drying After Drying

50. 51.
Before Drying After Drying

52.
Before Drying After Drying

Recipe: During cooking:
1 tsp fez oxide
1 tsp wood flour
1 tsp glycerine

Recipe Observations:  This material is really stong but also 
hard to bend (might crack). The gelatin is smelly during 
the cooking process. 
Try Again?:   No

Recipe Observations:   Difficult to spread. It has probably 
been kept  too long on the heat; the other mixtures need 
to thicken before spreading, gelatin is poured as liquid. 
Try Again?:  No

To make puree:
2 tsp gelatine
8 tsp water

Recipe: During cooking:
1 tsp CaCo3
1 tsp wood flour
1 tsp glycerine

To make puree:
2 tsp gelatine
8 tsp water

Recipe: During cooking:
1 tsp NaHCo3
1 tsp wood flour
1 tsp glycerine

Recipe Observations:  This material is really stong but also 
hard to bend (might crack). 

Try Again?:  No

To make puree:
2 tsp gelatine
8 tsp water



1. CaCo3
2. Fez  Oxide
3. NaHCo3
4. Chitosan
5. Milk protein

EXPERIMENTS WITH GELATINE

Before Drying After Drying

53. 54.
Before Drying After Drying

Gelatine 
puree

Biopolymer

Water

Solvent

Biopolymer
Additive

(strength)

Wood flour

Additive
(flexibility)

Glycerine

Plasticiser

Recipe: During cooking:
1 tsp chitosan
1 tsp wood flour
1 tsp glycerine

Recipe Observations:  This material is really stong but also 
hard to bend. Add more glycerine? latex?

Try Again?:   No

To make puree:
2 tsp gelatine
8 tsp water

Recipe: During cooking:
1 tsp milk protein
1 tsp wood flour
1 tsp glycerine

Recipe Observations:  This material is really stong but also 
relatively stiff would adding more glycerine or maybe  latex  
make this recipe more flexible? Yet again the casein is best.
Try Again?:   Yes

To make puree:
2 tsp gelatine
8 tsp water

+

+



EXPERIMENTS WORTH A TRY

Before Drying After Drying Before Drying After Drying Before Drying After Drying

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine

Recipe Observations:  
The combination of arrowroot with gelatin made the 
recipe more flexible and yet kept its strength. 
Try Again?:   No

Recipe Observations:  
The cornstarch base made the mixture in total much more 
smooth then with just the locust bean gum. 
Try Again?:  No

Mix powders & water:
1 tsp gelatin
1 tsp arrowroot
1 tsp wood flour
1 tsp chitosan
8 tsp water

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine
2 tsp water

Mix powders & water:
1 tsp locust bean 
1 tsp cornstarch
8 tsp water

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine
4 tsp water

Recipe Observations:  
Leather like result, but yet again very shrivelled up, adding 
woodflour might be a good addition.
Try Again?:  No

Mix powders & water:
1 tsp locust bean gum
1 tsp xhantangum
1 tsp Fe2O3
8 tsp water

55. 56. 57.



EXPERIMENTS WORTH A TRY WITH TEXTURES

Before Drying After Drying Before Drying After Drying

Recipe: During cooking:
1 tsp vinegar 
1 tsp glycerine
2 tsp water

Recipe Observations:  
The texture can’t be too detailed. The recipe gives a 
strange colour.
Try Again?:   No

2.5 tsp sticky potato 
1 tsp NaHC03
1 tsp vegetable ivory
1 tsp gelatin

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine

Recipe Observations: 
Very inflexible result. Gelatin and xanthan gum are both 
too stiff to make a good combination. Texture worked well
Try Again?:   No

Mix powders with 
8 tsp water:
1 tsp xanthangum 
1 tsp gelatin 
1 tsp Fe2O3 
1 tsp wood flour

Before Drying After Drying

Recipe: During cooking:
1 tsp milk protein 
1 tsp vinegar
1 tsp glycerine
2 tsp water

Recipe Observations:  
Very interesting outcome, soft yet quite stong result. 
Texture formed beautifully. 
Try Again?:  Yes

Mix powders with 
8 tsp water:
1 tsp gelatin 
0.5 tsp cornstarch
0.5 tsp arrowroot 

58. 59. 60.



EXPERIMENTS WITH PINE RESIN

Before Drying After Drying Before Drying After Drying

Recipe: During cooking:
1 tsp glycerine

Recipe Observations:  Way too much water.

Try Again?:   Yes, next recipe doesn’t need water

To make puree:
2 tsp pine resin
8 tsp water

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine

Recipe Observations: Not heated enough! So, the mixture 
didn’t bind properly. Working with rosin is not easy. 

Try Again?:   Yes, next recipe needs to be heated longer

To make puree:
2 tsp pine resin

Before Drying After Drying

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine

Recipe Observations:  Glycerine and/or vinegar were 
coming out during the drying process. Which means that 
the mixture was over-saturated. 
Try Again?:  No

To make puree:
2 tsp pine resin
1 tsp wood flour

61. 62. 63.



EXPERIMENTS WITH PINE RESIN

Before Drying After Drying

Recipe Observations:   The rosin does mix though the 
rest of the ingredients. However, this recipe did fail. The 
mixture didn’t dry at all and stayed sticky. 
Try Again?:  No

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine

To make puree:
2 tsp sticky rice
1 tsp NaHCo3
1 tsp pine resin 
1 tsp wood flour

64.
Before Drying After Drying

Recipe: During cooking:
1 tsp vinegar
5 tsp water

Recipe Observations:  Rosin surpringly, didn’t blend well in 
this recipe even though it has sodium bicarbonate. It might 
have not been heated enough. Also, we forgot glycerine.
Try Again?:   No

2tsp xanthan gum
1 tsp NaHCo3
1 tsp pine resin 
1 tsp wood flour
8 tsp water

66.
Before Drying After Drying

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine

Recipe Observations:  This recipe was a complete failure; it 
was too brittle to remove it from the board. On top of  that 
it stayed extremely sticky. The rosin did blend in though.
Try Again?:  No

2 tsp sticky 
potato
1 tsp NaHCo3
1 tsp pine resin 
1 tsp wood flour

65.



Before Drying After Drying

Recipe: During cooking:
1 tsp vinegar
4 tsp water

Recipe Observations: We forgot to add glycerine, which is 
noticable as it dries: the result is extremely stiff and brittle. 
The rosin didn’t mix in and  instead it formed little droplets.
Try Again?:   No

2 tsp xanthan gum
1 tsp CaCo3
1 tsp pine resin 
1 tsp wood flour
8 tsp water

67.
Before Drying After Drying

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine

Recipe Observations:  Oil didn’t mix with water well.
The bioplastic does not dry

Try Again?:  No

2 tsp arrowroot
1 tsp CaCo3
1 tsp pine resin 
1 tsp wood flour
4 tsp water
4 tsp oil

68.

EXPERIMENTS WITH PINE RESIN

Before Drying After Drying

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine

Recipe Observations:  Oil didn’t mix with water, the 
bioplastic does not dry and doesn’t become solid. This is 
probably because it has too much oil.
Try Again?:  No

2 tsp arrowroot
1 tsp Fe2O3
1 tsp pine resin 
1 tsp wood flour
4 tsp water
4 tsp oil

69.



EXPERIMENTS WITH PINE RESIN

Before Drying After Drying Before Drying After Drying

Recipe: During cooking:
1 tsp glycerine

Recipe Observations:  This resulted in a very flexible 
well blended mixture. The only recipe of the rosin 
experimentations that turned out successful. 
Try Again?:   No

Recipe Observations:   This mixture didn’t dry at all and 
stayed extremely sticky. Removing the oil is not possible 
(for the rosin), so trying another base could be a solution. 
Try Again?:  No

2 tsp gelatine
1 tsp chitosan
1 tsp pine resin
1 tsp wood flour
1 tsp oil
7 tsp water

Recipe: During cooking:
1 tsp vinegar
1 tsp glycerine
4 tsp water

2 tsp arrowroot
1 tsp chitosan
1 tsp pine resin
1 tsp wood flour
1 tsp oil
7 tsp water

70. 71.



EXPERIMENTS WITH LATEX

Before Drying After Drying Before Drying After Drying Before Drying After Drying

Recipe:
Latex is added in 
the last step after
 the cooking of 
bioplastic.

During cooking:
1 tsp vinegar
1 tsp glycerine
1 tsp latex
1 tsp water

Recipe Observations:  Latex doesn’t mix with the rest 
of the recipe and forms a lump that can’t be spreaded 
through the rest of the mixture.
Try Again?:   No

Recipe Observations:   Latex doesn’t mix with the rest of 
the recipe and forms an enormous lump that can’t be 
spreaded through the rest of the mixture.
Try Again?:  No

To make puree:
2 tsp arrowroot
1 tsp FeO3 
8 tsp water

During cooking:
1 tsp vinegar
1 tsp glycerine
1 tsp latex

To make puree:
2 tsp xanthan gum
0.5 tsp FeO3 
0.5 tsp NaHCo3
8 tsp water

Recipe:
Latex is added in 
the last step after
 the cooking of 
bioplastic.

During cooking:
1 tsp vinegar
1 tsp glycerine
1 tsp latex

Recipe Observations:  This had a surprisingly soft, almost 
fluffy bioplastic as result. Very flexible in the beginning, yet 
as it dries more it becomes less flexible. 
Try Again?:  No

To make puree:
2 tsp gelatine
0.5 tsp chitosan 
0.5 tsp NaHCo3

72. 73. 74.

Recipe: 
Latex is added in 
the last step after
 the cooking of 
bioplastic.



EXPERIMENTS WITH LATEX

Before Drying After Drying Before Drying After Drying

Recipe:
Latex is added in 
the last step after
 the cooking of 
bioplastic.

During cooking:
1 tsp vinegar
1 tsp glycerine
1 tsp latex
4 tsp water

Recipe Observations:  
Latex does mix through the recipe, however it is a lumpy 
brittle mixture when done cooking.
Try Again?:   No

2 tsp locust 
bean gum
0.5 tsp FeO3, 
0.5 tsp NaHCo3
8 tsp water

Recipe:
Latex is added in 
the last step after
 the cooking of 
bioplastic.

During cooking:
1 tsp vinegar
1 tsp glycerine
1 tsp latex
1 tsp water

Recipe Observations:  Latex doesn’t mix with the rest of 
the mixture.

Try Again?:   Yes, recipe 77.

To make puree:
2 tsp arrowroot
1 tsp chitosan
8 tsp water

Before Drying After Drying

Recipe:
Latex is added in 
the last step after
 the cooking of 
bioplastic.

During cooking:
1 tsp vinegar
1 tsp glycerine
1 tsp latex

Recipe Observations:  Somehow the sodium becarbonate 
has an reaction with the latex. As a result the latex can now 
be mixed through the recipe and be spreaded out to dry.
Try Again?:  No

To make puree:
2 tsp xanthan gum
0.5 tsp chitosan
0.5 tsp NaHCo3
8 tsp water

75. 76. 77.



EXPERIMENTS WITH LATEX

Before Drying After Drying Before Drying After Drying Before Drying After Drying

During cooking:
1 tsp vinegar
1 tsp gelatine
1 tsp latex

Recipe Observations:  
Latex mixed in long wires. 

Try Again?:  No

Recipe Observations:   
Latex blended in quite well. 

Try Again?:  No

To make puree:
2 tsp xanthan gum
1 tsp NaHcO3
8 tsp water

Recipe: 
Latex is added in 
the last step after
 the cooking of 
bioplastic.

During cooking:
1 tsp vinegar
1 tsp gelatine
1 tsp latex

To make puree:
2 tsp rice
1 tsp NaHcO3

Recipe:
Latex is added in 
the last step after 
the cooking of 
bioplastic.

During cooking:
1 tsp vinegar
1 tsp glycerine
1 tsp latex

Recipe Observations:    Latex doesn’t mix with the rest 
of the recipe and forms an enormous lump that can’t be 
spreaded through the rest of the mixture.
Try Again?:  No

To make puree:
2 tsp arrowroot
1 tsp CaCo3
8 tsp water

78. 79. 80.

Recipe:
Latex is added in 
the last step after 
the cooking of 
bioplastic.



EXPERIMENTS WITH LATEX

Before Drying After Drying Before Drying After Drying

Recipe:
Latex is added in 
the last step after 
the cooking of 
the bioplastic.

During cooking:
1 tsp vinegar
1 tsp glycerine
1 tsp latex

Recipe Observations:  Latex blends well, probably 
somehow the sodium bicabonate breaks it down because 
there are tiny white spots thoughout the recipe. 
Try Again?:   No

To make puree:
2 tsp sticky potato
1 tsp NaHCo3

Recipe:
Latex is added in 
thelast step after 
the cooking of 
the bioplastic.

During cooking:
1 tsp vinegar
1 tsp glycerine
1 tsp latex
1 tsp water

Recipe Observations:   Latex doesn’t mix with the rest of 
the recipe and forms an enormous lump that can’t be 
spreaded through the rest of the mixture.
Try Again?:   Yes, recipe 83

To make puree:
2 tsp xanthan gum
1 tsp CaCo3
8 tsp water

83.
Before Drying After Drying

Recipe:
Latex is added in 
thelast step after 
the cooking of the 
bioplastic.

During cooking:
1 tsp vinegar
1 tsp glycerine
1 tsp latex

Recipe Observations:  
The small amount sodium bicarbonate makes it possible 
not only to mix the calcium carbonate in but also the latex.
Try Again?:  No

To make puree:
2 tsp arrowroot
0.5 tsp CaCo3
0.5 tsp NaHCo3

81. 82.



MOST SUCCESSFUL RECIPES

RECIPE 25 - Xanthan Gum with Calcium Corbanate RECIPE 26 - Xanthan Gum with Iron Oxide



MOST SUCCESSFUL RECIPES II

RECIPE 60 - Gelatin, Cornstarch, Arrowroot and CaseinRECIPE 54 - Gelatin with Milk Protein



 

CONCLUSION
Form the agar and cornstarch recipes can be concluded that adding 
milk protein makes the recipe stronger and stay flexible longer. How 
and what other proteins might do is an interesting new research 
direction that we won’t be taking during this project. 
Gelatine is the strongest base, but not very flexible. 
Combining bases can bring even better results, this is especially 
visible in case of the 60. And lastly, from the experimentations can 
be concluded that adding wood flour prevents shrinkage up to a 
certain point. 

Looking back at the experimentations we started with, we began 
to notice that our goal had unintentionally shifted. From hard 
material to create a chain like strap, to a bioplastic that is as flexible 
as possible. 

Rather then ignoring all experiments until now, we looked at what 
we could do with this new direction in the material. The first and 
most obvious direction is making a strap out of the material. Our 
first prototype can be seen on the left. This however was quite the 
anti-climax to a concept that would be about how different complex 
structures would change the properties of the material. So, we 
started looking into moulding the structures and how to make the 
face, buckle and mechanics out of bioplastic as well. 

A Shift in Goals: Flexibility  



Another idea was to shape the structure 
using moulds to let the bioplastic dry in a 
certain shape. For this we made a acrylic 
mould as well an inverse of this so that we 
can cast a silicon version.

PROCESS | MOULDING



MOULDING WITH BIOPLASTIC

TEST 1 - Testing The Fixed Mould with Xhantan Gum

 TEST 2 - 

This was not a success. Mainly because the stiff mould doesn’t give enough wiggle space for the fragile bioplastic to come out properly, espesially when there 
are such small parts. For the next test we want to try a silicon mould; it should be a lot easier to get the bioplastic out in one piece. 

Testing with a Silicon Mould - Algae Recipe



TEST 1 -
To prevent the need for a metal buckle we looked at methods to close the watch in a more embedded manner. So, we came up with a peg and hole system. Both 
were successful, though not very strong. Maybe this is cause due to the fact that we make a sheet of bioplastic first and after this has dried completely the new 
shapes will be poured on top; the adhesion might be weaker than a material that is poured in one go. 

MOULDING A NEW TYPE OF CLOSURE

Testing Two Types of Closures



 
That the mechanics are not sustainable, yet also not subjected to change, because the ones making this have no desire to do so, is unacceptable. So, we propose 
to create a new type of clock. It will be digital and therefore hyper precise, yet not limited in design. For example how most alarm clocks still stick with the 
seven segment LED display where with the technology available designers can go far beyond that. Using bioplastic as moving parts with only a few electronic 
components, that probably in the future can be 3D-printed into the design directly.  

A REPLACEMENT FOR THE OLD FASHIONED MECHANICS

120TIP 
transistor

10cm nitinol wire

2.4k ohm resistor

Below are a few of the paper experiments that we created to visualise how we would be able to show time with movement. Our final idea has 24 moving 
bioplastic parts, 12 will move constantly every 5 seconds to mindfully make the wearer aware of time. The other 12 will become the hour-hand when a button is 
pressed, alongside the 12 ‘second-hands’ that will reveal the minutes.



PROCESS | TEXTURE

 
 

To continue the idea that Brigitte stared 
with we started looking into textures that 
would feel luxurious. 



Different Textures Though Moulding Bioplastic on TopTEST 1 -

 TEST 2 - 

Through this first experiment with different types of moulding textures we found out that only a certain mount of detail can be reached. For the too small details 
or textiles like velvet the bioplastic can’t come of properly, leaving a lot of detail on the mould. The smooth surface of the fake crocodile  fabric worked best.

Prototyping our First Full Watch Strap and Dial

LUXURIOUS TEXTURE



 

CONCLUSION
Working with a silicon mould is better, for a next iteration the tex-
ture could be implemented into the mould by making a 3D model of 
the watch, with texture, CNC milling this version and finally casting 
that in silicon. 
Pouring into silicon still has a big disadvantage that you have to deal 
with shrinkage, where as drying in sheets and lasercutting the pre-
cise shape after it is dry doesn’t have that problem. 

The electronics didn’t work out as well as Brigitte wanted. Sending 
the right amount of ampère through the nitinol wire requires quite 
a complex circuit calculation. The calculation in the schematic given 
previously still doesn’t seem to be completely correct. 
Besides that, to be able to control 24 individual outputs can’t be 
done via Arduino alone, so two daisy chained shift registers are 
needed. Which in easy language means that the six PWM outputs 
of the Arduino become 32 outputs, so that now there is enough 
outputs to tell each clock hand individually what to do. 

An example of a shift register is 74HC595, which per chip gives eight 
new outputs. There is even a special shield for this: the EZ Expander. I 
somehow choose a different chip; TCL5940TN, which is suppose to 
give 16 new outputs.
Finally, rather then the 120TIP transistor, a transistor like ULN2003 
would be more suitable to handle the 400mA that the wire needs. 

Coding and calculating can easily take up to two weeks to make 
everything work properly. Therefor with our time restrictions, 
unfortunately, there was no time to make the electronics work fully. 

Electric Setbacks



PART IV 



BIOPLASTIC ON THE MARKET
A SHORT SUMMERY



 
 

During the feedback given on 18th of April 
we were asked how to make this project 
more feasible. So, the following pages we 
explore different projects out there and 
give them a rating based on how market 
ready they probably are. 

FEASIBILITY BIOPLASTIC|

https://static.dezeen.com/uploads/2017/12/eric-klarenbeek-maartje-dros-change-system-dutch-design-week-algae_dezeen_2364_col_3.jpg



ALGAE BASED PACKAGING

YEAR:  2019

BY:  Chile-based designer Margarita Talep

FOUND INGREDIENTS:  A jelly-like polysaccharide substance that is extracted 
from red algae by boiling (agar +natural dyes: skins of fruits and vegetable such as 
blueberries, purple cabbage, beetroot and carrot) water as plasticizer.

PROPERTIES:  Suited to packaging dry goods,  biodegrade in around two to three 
months 

PROCESS:  Mixture temprature should be around 80 degrees celsius, 
before transferring the molten liquid onto a mould. If temperature is below 
20 degrees celsius, it takes on a gel-like consistency. This is then left to dry in a 
well-ventilated environment with a constant temperature, until it becomes simi-
lar to paper or thin plastic.

BIODEGRADABLE ALGAE BOTTLE

MARKET STATUS:

YEAR:   2016

BY:   Product design student Ari Jónsson

FOUND INGREDIENTS:   Red Algae powder (agar) and water

PROPERTIES: As long as the bottle is full of water, it will keep its shape, but as 
soon as it is empty – it will begin to decompose. If it fails, or if the bottom is too 
thin or it has a hole in it, it can just be reheated and be poured into the mould 
again.

PROCESS:   The substance is slowly heated before pouring it into a 
bottle-shaped mould that had been kept in the freezer. The mould is then rotated 
while submerged in a bucket of ice-cold water, until the liquid 
inside has taken the shape of the bottle.  It is then placed in a refrigerator for a 
few minutes before the agar bottle is extracted from the mould.

MARKET STATUS:



3D PRINTED ALGAE BIOPLASTIC

YEAR - 2017

BY:  Dutch designers Erik Klarenbeek and Maartje Dros with Atelier Luma

FOUND INGREDIENTS:  Algae, (have created biopolymers from other organic 
raw materials such as mycelium, potato starch and cocoa bean shells)a renew-
able biopolymer containing both seaweed and potato starch (decreasing the 
amount of potatoes needed)

PROPERTIES: Probably non-flexible

PROCESS:  Algae is produced, it will be “harvested” and dried into a 3D printable 
material. To get such a clean 3D print, we suppose that they mix the powders with 
clear potato starch-based PLA.

ALGAE & CaCO3 BIOPLASTIC

MARKET STATUS:

YEAR:   2016

BY:   Vilnius Academy of Arts graduate Austeja Platukyte

FOUND INGREDIENTS:  Agar and calcium carbonate which has been impregnat-
ed with emulsifying wax.

PROPERTIES: The material is strong enough to protect 
products but remains lightweight and is also waterproof. After its use it can be 
composted, or used as a fertiliser to help retain soil moisture. The packaging can 
also be discarded and left to naturally decay, forming new layers of chalk as it 
does so.

PROCESS:  The designer tested a number of natural materials as well as their mix-
tures before coming up with the most suitable solution. The material was used 
to form an experimental line of bowl-shaped packaging, which included plywood 
lids that were attached to containers using natural rubber bands.

MARKET STATUS:



MICROSILK - SPIDER SILK

YEAR:   2015

BY: Bolt Threads

FOUND INGREDIENTS:   The main input is sugar - that is used in the fermentation 
process. It comes from genetically modified corn because of its abundant supply.

PROPERTIES: It’s soft, breathable and remarkably warm; easier to wash and wear 
than traditional silk

PROCESS:  The silk protein spun by spiders is studied to understand what gives 
them their incredible properties. The proteins inspired by these natural silks are 
developed using bioengineering (putting the DNA into yeast) through fermenta-
tion of yeast, sugar and water. The liquid silk protein is extracted, spun into fibres 
in the same way acrylic and rayon are made; and the yards are finally knitted or 
worn into fabrics and garments.

MARKET STATUS:

PLA BIOPLASTICS

YEAR:    2015 | BY: Basque designer Jean Louis Iratzoki
                    2017 | BY: Lego
                    2018 | BY: Reebok
                   
FOUND INGREDIENTS:    
Iratzoki uses PLA beetroot, cornstarch, sugarcane.  | Lego uses ethanol from 
sugar cane (PE plastic) to make their sustainable biobricks. |  Reebok has 75% bio-
based content of which the shoe sole is made from corn PLA. 

PROPERTIES:   Recyclable and biodegradable when subjected to industrial 
process | Reebok’s shoe performs and feels like any other shoe | 

PROCESS:   The compound is obtained using a series of mechanical processes, 
followed by a fermentation period. The resulting polymer can be injected, 
extruded and thermoformed into the desired shape.

MARKET STATUS:



3D PRINTED MYCELIUM CHAIR

YEAR:  2014

BY:  Dutch designer Erik Klarenbeek

FOUND INGREDIENTS:  Mycelium, straw, water and 
waste potato starch PLA.

PROPERTIES: Hard material, needs a couple of days after 
printing to strengthen.

PROCESS:  The machine simultaneously prints the infill and outer shell, which 
prevents its fresh mycelium and straw mixture from falling apart (Mycelium 
binds it all together). After printing, it takes a few days for the structure to grow 
and gain its strength. If you don’t want them to grow any further, baking is 
probably necessary  “After use, the product is fully compostable, and can be 
disposed without harming the environment. On the contrary, it will fertilise our 
surroundings”

GROWN LEATHER FROM MYCELIUM

MARKET STATUS:

YEAR:   2013

BY:   MycoWorks

FOUND INGREDIENTS:   Mycelium (ganodema lucidum) and agricultural 
by-products (sawdust) 

PROPERTIES:   Leather-like, semi flexible to hard depending on the thickness; 
breathable, water wicking, and natural antibiotical

PROCESS:   A ‘hide’ can take up to 2 weeks to grow (cow’s hide takes about 2 
years), to influence certain properties light, temperature, gas, food and humidity 
are manipulated. Colour, texture etc are relatively secret.

MARKET STATUS:



FOOD PACKAGING FROM SCOBY

YEAR:  2018

BY:  Italian designer Emma Sicher

FOUND INGREDIENTS:  Fermenting scoby – with fruit and 
vegetable leftovers

PROPERTIES: Forms a gelatin-like material; after drying is 
plastic/paper/leather like; can be composted with organic waste, eventually turns 
into fertiliser; very absorbent but at the same time more water-resistant than 
ordinary paper, high hydrophilicity(needs coating to contain liquids, like 
beeswax)

PROCESS:  It’s dried in room temperature for 2-4 weeks. Once dried, it becomes 
a translucent material. Dry on different surfaces to achieve various textures and 
patterns – the smoother the drying support, the shinier the cellulose will be, for 
instance a layer dried on a plexiglass board will resemble plastic.

MARKET STATUS:

BIOPLASTIC MADE FROM SHELLS

YEAR:   2019

BY:   Ed Jones, Insiya Jafferjee, Amir Afshar,  Andrew Edwards (RCA + Imperial)

FOUND INGREDIENTS: Vinegar & a biopolymer called chitin

PROPERTIES:   Paper-like material. Alternatively, it can be poured onto soil in its 
liquid form as a natural, non-polluting fertiliser.

PROCESS:   They invented five manufacturing machines. 1st - Shelly, the extractor 
that draws out chitin from the seafood waste; 2nd - Sheety, an evaporative sheet 
former that uses heat & wind to transform the bioplastic solution into flat sheets; 
3rd - Vaccy, a steam heated vacuum former to make moulded packaging; 
4th - Dippy, a heated dip moulder comprising two solid metal elements attached 
to a heat source, which are dipped in the liquid material and left to dry, forming 
3D vessels; 5th - Drippy, a hydro-recycler machine, which drips a liquid solution 
of water &  vinegar into a cup containing scraps of the dried bioplastic, gradually 
turning it back into its liquid form, making it infinitely recyclable. 

MARKET STATUS:



PAVILION MADE FROM BIOPLASTIC

YEAR - 2013

BY:   Students and professors from Stuttgart University’s ITKE (Institute of Build-
ing Structures and Structural Design)

FOUND INGREDIENTS -  Arbobland which is produced by German firm, Tecnaro. 
It contains over 90 % renewable materials like lignin(2nd most abundant after 
cellulose), natural reinforcing fibres, natural resins, natural fatty acids, waxes, 
oils, PHA, PCL, Bio-PET, starch, PLA, Bio-PE, Bio-PA.

PROPERTIES:   Probably hard material and possibly waterproof; compostable 
and not biodegradable, highly malleable and recyclable like traditional plastics

PROCESS:   Unknown

MARKET STATUS:

BIOPLASTIC MEAT PACKAGING

YEAR:  2019

BY:  Reykjavík design studio At10 from Iceland

FOUND INGREDIENTS:  Animal skin

PROPERTIES:  Transparent and has a similar texture to plastic; biodegradable

PROCESS: It is made by boiling animal skins in water, a process that releases 
collagen and gelatin to create a gel-like substance that can be moulded into any 
shape desired before hardening.

MARKET STATUS:



 

CONCLUSION

Most companies boast with biodegradability of their products 
‘under specific circumstances’. What they really mean is that the 
product is compostable, only when it gets collected in the right 
way and brought to factory that can ‘biodegrade’ them in a specific 
environment, they break down. This is not the same as a product 
that is biodegradable, a product that can break down under normal 
circumstances of our environment. So, plainly put when these 
compostable products are thrown in with the rest of the landfill 
waste it is just as bad as regular plastics. 

During our market research of the projects that are out there there 
is a stark difference between those that are biodegradable; they 
are no where ready for the market. Although this is not explicitly 
mentioned this is probably due to the fact that they are not 
waterproof, heatproof, wear and tear resistant; they are not durable 
enough. Whereas the products that are on the market are probably 
all compostable rather then biodegradable. One of the main culprits 
is PLA, corn based biopolymer

We thought that would be the same for the project on the left 
‘3D-printed algae bioplastic’, however they use PHA as a base (this 
biodegrades naturally within two months) whereas the algae are 
probably used to colour the filament. 
Next to the mycelium leather and spider silk yarn, this has an 
incredible potential. And all three are almost or already market 
ready. For BAUME all three would be an feasible direction to go into. 

https://www.frameweb.com/media/files/rtf/2018_01_FRAME/Frame_Lab-Studio_Klarenbeek_Dros-02.jpg

Biodegradable = Compostable



 
 

Based on the extensive research we have 
done during this  project we would like to 
propose a feasible method for BAUME to 
make a sustainable watch. 

FINAL PRODUCT

STEP 1 - Mix ingredients under heat: PHA pellets, algae powder 
(or other natural colour), spider silk protein (for flexibility)
 and possibly glycerine (if extra flexibility is needed).



STEP 2 - The new mixture needs to be cooled down and 
shredded to about 5m3 sized pellets.

STEP 3 - The pellets go through an extruder that can make 
filament for a 3D-printer. With this filament the all 
separate watch pieces can be printed. 



STEP 3B - Or sheets can be printed (or poured) to 
manufacture in a different manner. 

STEP 4 - There will need to go research in different luxurious 
textures, that don’t necessarily have to resemble any
traditional textures anymore.



FINAL CONCLUSION

 

During this project we went from knowing very little about 
bioplastic to being able to make an educated guess to what 
ingredients and methods other people use based on a picture 
and their description. 
Even though the final bioplastic recipe is still not wildly 
successful, I think we have contributed to by the sheer amount 
and variety of experiments. 

The most exiting part of the process is to start and being able 
to understand the process enough to look at the project of Erik 
Klarenbeek and Maartje Dros and to be able to replicate how 
they probably make their filaments as well. Our first filament 
didn’t come out perfect but I think with a couple more tries we 
would be able to print a complete watch out of this material. 

For BAUME we would advice to look into the possibility to print 
with PHA in combination with spider-silk protein and natural 
ingredients to give the mixture a desirable colour. 

FINAL PRODUCT VISUAL  


