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ʻWhen Design & development 
is aware of and willing to 
make sustainable choices, the 
only thing that last, is to 
convince the managerʼ. 
[Wentholt, M.] Complicated logistics for brands

To get these clothes sorted by a sorting center and get them 
shipped to a recycling facility which is in close contact with the 
denim mill is quite an expensive and time consuming operation: 
economic challenge for brands. 

time consuming proces
To create a fabric desired by the brand, a trial and error 
proces is needed which costs time and money. 

How can the use of Post Consumer Recycled 
Cotton in Jeans Production be increased? 
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57% of people who donʼt want to 
contribute to recycling programmes 
of retailers donʼt trust that the 
garment is really used for recycling. 

PCR denim requires extra knowledge in 
washing and finishing the jeans
Special knowledge is needed to fishish and wash the jeans if itʼs 
made from PCR material. The fabric will react different and can 
break faster. 

Consumer are not aware of the impact of buying 
fast fashion
ʻThe mindset of the consumers need to change. 
People need to think about what is happening. 
At the moment there are political discussions 
about the climate agreement, while people are 
standing in line at the Primark buying bags full 
of clothes for 50 euros. And after wearing it 2 
or 3 times, they throw it away and we receive 
this messʼ. [Bon, H.] 

Appreciation of consumer for sustainability 
not high enough
ʻI donʼt say that consumers donʼt care but I 
donʼt think that the level of appreciations is 
enough, not yet. It is still about look and 
priceʼ. [di Conti, A.]

Dutch consumers who donʼt 
want recycled products..
- think there is not enough 
information about the 
recycled products (43%) 
- doesnʼt trust that it is really 
recycled (36%) 
- think it costs too much time 
to do research (34%)

Discarded textiles 
donʼt have value
ʻTherefore it is not profitable 
to use it as material, and 
no-one wants to pay for the 
recycling costsʼ. 

Hard to see to 
material of garment
For upcycling, it must be 
clear what material it is. It 
costs a lot of time to check 
labels, labels are often cut 
out and often labels are not 
correct. Now, sometimes 
sorting is done on how it 
feels, but this is very hard. 
Fibersort is a solution. 

Investment is needed 
to scale up chemical 
recycling
To make SaXcell available for 
biggers scale, investment is 
needed. Investment is a risk, 
and Dutch companies are 
often risk-averse.  
[Bouwhuis, G.]

Mechanical recycling cannot recycle mixed 
materials (up to 95% cotton).

Extra logistics involved to get the garment 
recycled and shipped to the spinning mill. 

Recycled fibers 
are more 
expensive than 
virgin cotton 
fibers. 

Guzetti (Royo): “We have some PCR fabric in the collection but the denim industry 
needs big volumes to make it profitable. In projects with post consumer recycling, 
the brand often offers their own collected garments. So there is no focus on 
increasing the use of PCR from within the mill, we wait for the brands”. 

 

A lot of traditional denim mills donʼt want to 
change their way of working and donʼt want to 
invest in the right facilities to work with PCR fibers.

Brands without a focus 
on sustainability wait 
for consumers to raise 
the demand.

weak and difficult fibers
PCR fibers from jeans are difficult to work with 
because they are short and inconsistent. 

consumers’ supply 
and demand
There is no active demand from consumers 
and not enough supply (to choose from) 
for consumers, wich is like a 
chicken-and-egg story. 

marketing of 
recycled items
For brands, it is hard to enter 
this market in the good way: to 
market a few recycled items in a 
whole collection of 
non-sustainable items. 

Unwashed or overdied PCR denim looks good
The quality of unwashed (dark) PCR denim stays better, and 
unwashed or black overdied jeans look better and therefore sell 
better.

Fibersort is able to sort the right recycable 
materials efficiently
A technology that automatically sorts large volumes of mixed 
post-consumer textiles (mono-materials) by fibre type, it needs to 
becommercialized to use on big scale.    

There is enough discarded 
cotton available. 
2/3 of recycable textiles are pure 
materials, of these pure materials, 
cotton is by far the largest fraction. 
In most projects only old denim is 
used to make recycled jeans. But all 
white, grey, blue and black cotton 
can be used.  

Chemical recycling 
can recycle mixed 
material and create 
100% recycled fabric, 
which is stronger 
than cotton itself. By 
mixing this with 
other fibers, a strong 
denim like fabric can 
be created. 
[Bouwhuis, G.]

There is capacity to 
mechanically recycle jeans. 

A good strong fiber 
can be created by 
blending PCR cotton 
with the right mix 
of organic cotton 
and  hennep, tencel, 
etc. [Tonnaer, T.]

PCR denim sells better in 
different kind of products
for example in a jacket or chino. 
[Tonnaer, T.] 

There are ways to give 
discarded textiles value. 
ʻBoth consumers and brands 
should be responsible to give 
discarded textile value compared 
to virgin cotton. Maybe that value 
can be created by systems like 
returnable deposists (like bottles) 
or Eco TLC in Franceʼ [Bruinsma, F.]

Collecting costs 
are rising

Downcycling market is at risk
With the possible arrivel of more and more 
electric cars, insulation material is car is not 
needed anymore because of the silent 
engines. [Bon, H.] 

In the future prices of cotton will rise and 
relatively there will be less cotton available
In the future, the cotton prices will go sky-high because of the 
draught and the more and more farmers who stop growing 
cotton [Bon, H.], while there is more and more cotton needed 
to meet the growing need for fast fashion.

Incineration 
costs are rising

More and more clothes are 
collected in NL, but the market 
for collected clothes is at risk

The market for second hand clothes in Africa and Asia is at risk
Because of: 
- A rapidly growing supply of cheap clothes (fast-fashion) from China. [Bon, H.]
- The chinese government who puts pressure on the import policy for second hand textiles of the 
countries when constructing roads etc. [Bon, H.]
- East African countries want to ban the import of second-hand clothing to protect its local textile 
industry. Rwanda raised import duties from 0,20 euro to 2,50 euro per kg. [BBC]  

Growing demand for cotton because of fast 
fashion

Using recycled cotton saves water, energy 
and CO2 emmission.
When using 12% PCR, it saves per garment: 9,8% water (686 
L), 4,2% energy and 3,8% CO2 emissions [G-star]. 

Municipalities earn a 
few million euros a year: 
they let different 
collectors bid against 
each other to place a 
container. They charge 
amounts for placing a 
container, sometimes 
even 0,40 euro per kg 
(half of what collectors 
can get for it). 

Value of clothes decreases
Quality of the clothes gets lower and 
lower, and therefore the value (now 
0,80 euro per kg) for collectors also 
decreases [Leger des Heills].  

Consequence: If we wouldnʼt send our discarded clothes anymore, they would need to buy 
more new clothes, probably from worse quality with a shorter lifecycle. It would be a disaster if 
we would need to make new clothes for everyone who now buys second hand clothes. It would 
cause an enourmous extra footprint. - Bon, H. 

HARVESTING THE COTTON

Bundling into cotton bails

growing the cotton

Most of cotton grown in India, 
China and USA. Other leading 
countries: Brazil, Pakistan, 
Australia, Turkey, Uzbekistan.

Cotton farmer

transport to 
denim mill

different lenghts 
blended into 
perfect mix

Denim mill 
Mostly in Bangladesh, China, Italy 
India, Japan, Pakistan, Spain, Turkey. 

Mills with sustainable innovations:
Italy: Candiani, ITV Denim, Italdenim
Japan: Kaihara
Pakistan: Artistic Denim mills*

Spain: Tejidos Royo*, Unitin, Tavex*
Turkey: Orta Anadolu*, Bossa*, 
ISKO, Killim*, Calik

*Mills that offer PCR denim. 
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cotton cleaned and 
rigged, removing seeds

fibers sort 
by length spinning process

warp

transport to 
weaving mill

weaving

transport to 
production factory

producing the jeans

articifical application of the 
pre-worn look, by manual, 
mechanical and chemical 
treatment

Finishing treatment
Mostly made in Bangladesh, Brazil, 
Cambodia, China, India, Mexico, 
Pakistan, Sri Lanka, Thailand, Turkey, 
Vietnam.

Manufacturer with sustainable 
innnovations:  

Bangladesh: Genesis Fashions 
Italy: Idea Modes, Trend Urbania
Pakistan: Soorty, Artistic Milliners
Turkey: Dinateks, Sarp
Tunisia: Yousstex International
Thailand: Atlantic mills
Vietnam: Saitex

Jeans manufacturer
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90 million kg 
collected per year. 

Municipality

Collector
Reshare (Leger des heills), 

Sympany, Curitas.

Waste130 million kg of textiles ends 
up in waste bin in nl per year

downcycled
In downcycling, the value of material drops, it 
cannot be recycled anymore afterwards.

Re-sellableRe-cyclable Waste
50%5-10%45%

Sorting center
In the Netherlands: for example 

Wieland. Reshare (Leger des Heills) 
has their own sorting center.  

0,1%

Upcycle 
projects

By Valvan baling systems 
& Wieland textiles

Fibersort machine

transport to recycle facility

SaXcell by Saxion University (NL)
Chemical recycling is a technique to regenerate a virgin fibre 
made from cotton waste. Cotton fibers are shortened, 
chemically dissolved and a new cellulose-like fiber is created 
with wet spinning. Wet spinning is used more and more to 
create viscose and tencel from wood. Saxcell and Renewcell 
now use cotton waste as raw material instead of wood. 

Dutch government is willing to make the fashion 
industry in the Netherlands more circular (NL 
Circulair in 2050) but beside investing money in 
innovation, they havenʼt turn this into real action. 
There is no (fiscal) incentive, lower import duties or 
PCR standard to stimulate or force brands to use 
recycled material and no legal responsibility of the 
brand to deal with the waste they are creating.   

Financial 
support

Dutch government

SaXcell (NL), Renewcell (Sweden), 
Worn again (England)

Wetspinning proces

Prepare for recycling.
Only the bottom part is 
used (60% of weight).   

Blend with 
virgin cotton

Chemical recycling

Mechanical recycling facility
Mostly in Southern Europe. For example in Alicante, Spain: 

Recover(tex). One recycling facility in NL: Frankenhuis. 

Blend with 
virgin cotton

2nd Hand Store abroad

Humanitarian help 

2nd life in: 
africa (30%)
asia (5%)
eastern-europe /  
russia (10%)

2nd life in Netherlands (5%)

Downcycled

Waste

drying

washing

stone 
washing

laundry

Waste managementDesign Operations
The way a jeans is designed and the 
choice of fabric determines if it is 
recycable or not. 

Samples

The designer or a fabric specialist chooses the 
fabric from samples sent by the fabric mill, or 
develops their own fabric in collaboration with 
the mill. 

G-star, Leviʼs, Calvin Klein, Scotch & Soda
Kings of Indigo, Kuyichi, Mudjeans, Nudie 

Jeans brand
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Weft

weaving

indigo dyeing

Production

Retail and consumption

Collect, Sort, Re-use

Waste and downcycling

Recycling

Relevance

Difficulties

Possibilities

Legend

The cycle of a pair of jeans

Other players: SIPtex, 
Resyntex

Made by Lieke van Raan
House of Denim | Fronteer

intrinsic motivation
of brands
Most brands donʼt have enough 
intrinsic motivation to continue 
developing PCR product when itʼs 
difficult or when sales are 
dissapointed. 

knowledge 
of brands
(Unexperienced) brands donʼt have enough 
knowledge about sustainable options, PCR 
and/or circularity and there is no clear 
information about the possibilities and 
restrictions of PCR recycled cotton.

quality (perception)
PCR cotton is less strong (but up to 20% PCR itʼs strong enough) 
and the colour is slightly different. Brands want the fabric to have 
the same characteristics as virgin cotton.  They perceive the PCR 
denim as an inferior version instead of a new material with itʼs own 
possibilities.  

Management & Marketing

expensive fabric
The price of recycled denim is higher 
than conventional denim. 

 :spinning and weaving

Since 2000, we buy 
more than twice as 
much (60%) and wear 
it only half the time. 

With a baler, 
textiles are 
pressed as small 
as possible.

Removing non cotton parts 
(rivets/zippers/buttons/leather: this part 
is downcycled or incinerated [G-star]). 
The factories often want to do this step 
themselves, in order to have full control 
over the fabrics. Even a small piece of 
metal can cause fire/destruction during 
the spinning process.

Royo is active with PCR cotton compared to other mills, but PCR 
cotton is is still less than 5% of all the cotton produced. [Guzetti, A.] 

More than 29 million tons 
are produced each year

ʻThe quality of mechanically recycled fabric is often lower than cotton made from virgin 
cotton: the length and strength of the fiber, the colour after dyeing was muted / flat and 
the smellʼ [Arzaga, D.]

recycled fibers sold to denim mill
Denim mills work together with local Recycling Facilities to receive PCR 
fibers. The recycling facility can spin the yarns themself but most of the 
time, they sell the PCR fibers to the denim mill (for example Recover sells 
to Royo in a close partnership). Arzaga (Candiani): ʻIf we would continue 
with PCR cotton, we want to receive the already recycled material the 
same way we receive virgin cotton, to spin the yarns ourself. We would 
only want to receive this from, or co-create with, a local partner we trustʼ.

Fabric 
made from 
virgin 
cotton

Fabric 
made from 
PCR cotton

ʻWe, G-star, normally develop our 
own fabric, so we wouldnʼt buy 
recycled fabric if other brands can 
also buy it. We would buy recycled 
yarns so that we can still develop our 
own fabric with it.ʼ [Bruinsma, F.] 

Eco TLC: In France companies are 
considered responsible by law for 
managing the recycling of their 
products. They can either organise their 
own recycling program or contribute to 
an organisation to provide for them, 
and they will get a discount when using 
PCR material in their products.  

The companies, such as the 
H&Mʼs and C&Aʼs of this world, 
put textiles in the market and 
donʼt take the responsibility for 
the mess they createʼ. [Bon, H.]

7 baths to attach the 
indigo colour to the yarn. 

In the world of 
fast-fashion, consumers are 
used to cheap fashion, 
changing collections and 
sale. There is a growing 
awareness of sustainability 
but consumersʼ awareness 
often differs from their 
impulsive shopping 
behaviour. 

ʻWe, KOI, stimulate Calik in Turkey to 
put more recycled cotton in their 
denimʼ. If they have a fabric which we 
like, we ask them; can you make it 
with recycled and organic cottonʼ 
[Tonnaer, T.]. 

We need more demand
Using PCR denim has to be industrialised so that itʼs easy for everyone. The more demand there 
is, the more the mills will develop the PCR fabrics themselfs and offer it to bigger brands. Then it 
will be easier to reach the volume of scale, so that it is more economically feasible [Tonnaer, T.] 

overstock

Often PCR yarn is used only as weft. Using 30% PCR in the weft results in a total recycled denim content of 12%. 

water and 
soil polution

loss of 
biodiversity

Use of water
Use of 8000 L water 
per kg conventional 
cotton

Use of chemicals
Lotʼs of chemicals and 
pesticides are used in 
cotton production

Almost always 
spinning & 
weaving happens 
in the same 
factory. 

Warp
Weft

Skewing to 
prevent 
denim from 
twisting

Singeing 
proces for 
smoother 
look

Sanforizing 
(anti shrinkage)

Quality control to 
test solubility and 
visual quality

Cutting patterns

Sewing / 
stitching

quality 
control

Brand tells the 
production factory 
from which fabric 
the jeans needs to 
be developed. 

PP spray or 
sandblasting to 
create lighter areas

distressing and 
creating lines by 
sandpaper or 
laser* treatment

Bleaching with chemical bleach, 
Ozone* and/or Enzymes*. ironing, 

presssing or steaming

application of the buttons, rivets and 
leather patch, removing loose threads, 
attaching labels and hangtags

- labels
- patches
- ribbons
- zippers
- buttons
- rivets 

Remaining stock and collected garments.

Collecting bins in store in 
exchange for discount 

Donate directly to 
2nd hand store

Collector pays 
municipality for 
having the right 
to collect.

26 million kg Reshare
22 million kg Sympany
6 million kg Curitas
2,3 million kg H&M

Incinerated in a 
safe way, which 
produces ʻgreenʼ 
energy. Costs 
0,13 euro per kg.

- Shredded to use as insulation 
material in cars and buildings
- Prepared as industrial wipes 
for garages and  factories.

Sorting centers sort recyclable 
textiles by colour and fibre type. 

Textiles that are polluted with 
oil, paint or that are wet. This 
group costs them money.  

Clothes that can have a great 
second life elsewhere: Main 
income of collectors / sorters.

Sorting is always 
done by hand.

Shipping of collected PC garment within Europa and to Turkey is possible. 
Shipping within Europ is no problem. Shipping outside Europe has caused 
problems in the past. When shipping old clothes to Turkey, the textiles could be 
seen as clothes (> paying import duties for wholesale) or as waste (>waste permit 
and regulation). When shipping fibers, the composition must be precisely 
described. Recently a positive change in Turkeyʼs custom legislation is realised.  

Conʼs
- It is not yet available for commercial use
- It is more expensive than mechanical recycling

Proʼs
- It doesnʼt require any agricultural land, pesticides and uses less water 
(250L per kg). The chemical solution used for dissolving the cotton can 
be re-used for more than 99% and the SaXcell fiber itself is recyclable 
many times.
- The created fiber has no colour, is stronger and more evenly than 
mechanically recycled fibers. Therefore it is possible to make fabric of 
100% SaXcell fibers. 
- In the proces mixed materials can be separated. 
- The costs of the Saxcell fiber is similar to competing fibers such as 
tencel and viscose. Tencel has the same characteristics, and almost the 
same production proces but is made from wood.
- SaXcell is planning on selling licenses to use this technology.
- SaXcell expects to be available on big scale in 4 or 5 years. 

[Bouwhuis, G.] 

Firstly, garments 
are unraveled to 
fibers as short as 
possible

Garments are manually 
prepared for shredding. 
Remove buttons, nails, 
zippers etc.

Cleaning fibers: removing 
polyester, metal content, 
color dyes  

The SaXcell method makes the 
fibers ready to be dissolved: the 
adjustment of the degree of 
polymerizations creates a pulp 
(cellulose), which is dried 
afterwards. 

The wet spinning 
proces starts with 
dissolving the pulp in 
NMMO to create a 
viscous liquid: visoce.

An extrusion 
proces creates a 
filament of 
cellulose: the 
SaXcell fibers.  

Filament is cut 
into fibers of the 
right length 
(mostly 38 mm)

Normal spinning 
proces with 100% 
Saxcell fibers or 
mixed with cotton 
fibers. 

Conʼs
- Because of the shredding, fibers get shorter and 
therefore the fabric is weaker. [Arzaga, D.]
- The colour of PCR denim after dyeing is different, 
less fresh, which comes from dyeing fabric that was 
dyed previously [Arzaga, D.]
- Mechanically recycled fibers always need to be 
blended with virgin cotton (now max 30-40% PCR 
fiber) [Engelen, E.] 
- It is quite a technical expertise to get these short 
fibers in a strong cotton. [Bruinsma, F.]
- Half of all fibers are too short and cannot be used 
at all. [Bouwhuis, G.]

   

Proʼs
- It is cheaper than chemical recycling. No 
investments are needed.
 

ʻRecycling factories and denim 
mills are very technical, we are 
not. I believe in using the 
know-how of these companies. 
We can give them our wishes, 
give them contacts and help 
them where needed, but the 
industry itself has to do it 
eventuallyʼ. [Tonnaer, T.]

- Stretchy jeans are popular at the moment. A lot of 
elastane in the jeans makes it not possible to recycle 
mechanically.
- G-star has made the most sustainable jeans yet, 
which is cradle-to-cradle certified, and 98% 
recycable: detachable buttons, no rivets, printed or 
paper labels.
- Experiments are done with glued seams, 
printed/lasered labels and other recyclable 
alternatives.  

Mudjeans and Royo create together denim with 40% recycled fibers. 
This is the highest percentage so far. 

greenwashing
Some brands use minimal 
sustainable practises only 
for marketing: 
Greenwashing can make a 
company appear to be 
more environmentally 
friendly than it really is.

mills wait for demand
Mills wait for brands to raise the demand and donʼt offer PCR themself. 
Therefore, brands need to actively ask for PCR at their current mill. 

How can the use of
 post consumer recycled cotton

       
be increased in jeans production?

A c c e l e r a t i n g  t h e  t r a n s i t i o n 
t o w a r d s  a  c i r c u l a r  d e n i m  i n d u s t r y

By answering the question: 

Designing for a systemic change in the denim industry
Due to the fast-fashion industry and our linear economic model, there is a growing 

demand for and pressure on cotton. This, combined with the increasing amount of clothes 
that are discarded and collected, asks for a systemic change: to work towards a more 

circular system. Since Amsterdam is internationally known as the jeans capital of Europe, 
the Dutch government wants to strive towards a circular denim industry in the Netherlands 

and involved House of Denim to work towards this goal. Increasing the use of post-consumer 
recycled cotton in denim production is defined as the first step. 

Systems Oriented Design
Increasing the use of recycled 
cotton in denim production is 
a complex systemic challenge. 
Designing for this challenge, asks 
for a systemic and holistic approach 
to be able to have a deep 
understanding of the current system 
and its complexity. Therefore this 
project is executed with a relatively 
new design approach: Systems 
Oriented Design (SOD). The cycle 
of a pair of jeans with its key-actors 
and all the difficulties in producing 
and using recycled cotton is 
visualised in a so called giga-map. 

The Dutch Denim Programme is a collaborative 
and action-oriented programme to work towards 
a Bright Blue loop: a circular denim industry in the 
Netherlands.
  
The Dutch Denim Programme (DDP) helps brands to raise the demand for 
recycled cotton by stimulating them and facilitating a collaborative value chain. 
By setting up the network and initiating the material flow, the DDP will push 
participants to develop new recycled denim fabrics. Besides that, the DDP will 
launch the Bright Blue Loop label: a label for denim fabrics and products that 
contain 20% Dutch recycled cotton. By showing a joint effort, the industry can 
push the government to incentivise the use of recycled cotton. If the key-actors 
would participate in the Dutch Denim Programme, House of Denim would be 
able realise a growth in the use of recycled cotton in denim production, which 
would reduce the environmental impact of the highly polluting denim industry.


