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Abstract  

Purpose:  

The aim of this research paper is to provide new insights from the Prato recycling model for woollen 

materials. Specifically, to examine the barriers presented but also opportunities that wool recycling 

might offer for future innovation within mixed fibre textile recycling.  

 

Originality/value:  

This paper examines the established Prato model from an alternative angle considering the mechanical 

textile recycling system alone. Considering the industry from this viewpoint has created value-added 

insights for design innovation for mixed fibre recycling of the future.  

 

Design/methodology/approach:  

Two visits to the city of Prato, Italy was undertaken to generate data collection. Using a field research 

approach, observed through the eyes of the designer, through unstructured interviews and 

documentation (note taking and photographing). Data was analysed using annotated portfolio 

techniques to draw out insights from the observations made during the visits. Finally, a hotspot analysis 

method was used to formalise insights as key areas for future action.   

 

Findings: 

The findings in this paper demonstrate an overview of the Prato model of competitive collaboration 

within the textile recycling industry. Furthermore, it establishes the barriers to and opportunities 

presented by the mechanical recycling of wool/cashmere in Prato. These were consolidated by outlining 

four key hotspots within the recycling system: sorting, blending, processing and end-product/market. 

These hotspots are proposed as a call for future design innovation and research towards mixed fibre 

recycling and circular fibres of the future. 
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1 Introduction 

The fashion/textile industry is causing catastrophic environmental impacts throughout all lifecycle 

stages (Fletcher and Grose, 2012), in particular at the end-of-life where less than 1% of our waste 

clothing is recycled back textile-to-textile (EMF, 2017). However, the industry’s consistent use of 

blended yarns, increasingly desired for their function and price benefits (Turley et al., 2009), and the 

resultant mixed fibres are problematic for developments in new technology, both chemical and 

traditional mechanical recycling (Mathews, 2015).  

 

Over the last decade advancements in the field of textile recycling have evolved, yet mechanical 

recycling has been overlooked as calls for investment refer to chemical processes alone (Dahlbo et al., 

2016).  The challenge now is how solutions to this growing issue can impact the industry at both a local 

and global level. Understanding the barriers to textile recycling can support the next generation in how 

we educate, train and employ this sector.  

 

This paper explores the historic and current situation for mechanical textile recycling within the wool 

industry in Prato, Italy. Understanding the development, both positive and negative, of Prato’s historic 

industrial model (Ottati, 2009) forms the backdrop for insights around innovation. Using a field research 

methodology (Burgess, 1982) the author visited a small selection of wool/cashmere recycling facilities 

with the aim of understanding their current and varying approaches. Through conversation, first-hand 

experience and designerly ways of exploring these industrial processes (Cross, 2007) data was 

generated for analysis.  

 

The insights from this paper seek to demonstrate some of the principal opportunities and barriers faced 

by the textile recycling industry for wool, and in turn how this might affect the more challenging mixed 

fibre recycling. Furthermore, by creating an overview of the recycling system in Prato, this enabled the 

author to identify key ‘hotspots’ (Barthel et al., 2015) for future potential innovation. This paper 

explores insights towards creating circular fibres (EMF, 2017) of the future within mechanical textile 

recycling.  

 

 

2 Context 

The continuing rise in global resource consumption has instigated a growing trend for increased fibre 

production. This gross over consumption of fibre and has caused a ripple effect of excessive textile 

waste in the global fashion industry (Mathews, 2015). This waste is increasingly low in quality, unable 

to be reused as clothing and holds little or depleted value as it filters into limited end markets (Dutch 

Clothing Mountain, 2017). Textile waste in this context is either ‘post-consumer’ or ‘pre-consumer’. 

The former is defined here as any waste textiles including garments that have been used by the 



consumer, while the latter refers to the type of waste that does not reach the consumer such as factory 

waste clippings (Hawley, 2006). 

 

The lack of textile to textile recycling globally can be attributed to a lack of technology and end market 

potential. However, it has been suggested with the right technologies and infrastructure recycling could 

increase to be in line with current rates of collection (Fibresort, 2017).  

 

One of the biggest challenges for recycling technology today is the industry’s consistent use of blended 

materials, used for their resultant functional properties and price benefits. Currently, there is limited 

research investigating the composition of our textile waste. Still, current available data gives us some 

understanding of the problem. A recent UK based exploration of clothing collected by The Salvation 

Army found that 36% of its sample was made up of two or more fibre components (Ward, Hewitt and 

Russell, 2013). This was supported by Dutch Clothing Mountain's 2017 report which generated similar 

data, finding 37% of their sample was blended textiles. Furthermore, this percentage could increase as 

30% of the clothing were unidentifiable due to missing labels. Although both studies demonstrate 

mono-fibre textiles occupying the majority, blended textiles are still a growing issue that needs to be 

addressed. Finding a solution for waste mixed fibre textiles is prevalent as they continue to be 

problematic for both chemical and mechanical recycling technology. 

 

2.1 Historical Context 

Prato’s historic textile industry dates back to the middle ages and today every stage of textile 

manufacture can be seen around the city (Mondadori, 2013, p. 14). The origins of wool recycling - or 

more specifically the invention of machinery to tear fibres from cloth – are attributed to Benjamin Law 

in Yorkshire, England in 1813 (Shell, 2014).  These tearing machines, now known as pulling machines, 

appeared in Prato in 1850. Later carbonizing machines emerged, to separate wool from cotton fibres, 

meaning that Prato could be competitive with the northern Italian wool industries. By 1870 a centralised 

factory-based system had been introduced. This allowed for the development of mechanised wool 

carding and spinning, and enabled Prato to become an exclusive and specialised centre. Prato’s carding 

method, allowing shorter wool fibres to be spun (virgin or reprocessed), is what distinguishes its famous 

woollen cloth (Museo del tessuto Edizioni, 2007).  

 

During the first half of the twentieth century low-medium quality regenerated wools and carded fabrics 

were in high demand until the textiles industry was forced to adapt to post-war conditions. Larger 

factories struggled without the military textile demand and were dismantled to create smaller family-

run enterprises and craft workshops, building a flexible industrial structure. At the same time, new 

synthetic materials were entering the market offering functional and cost-effective competition. Fast 

adaption saw Prato blending synthetics with regenerated wool to retain competitive business (Museo 



del tessuto Edizioni, 2007). Despite this, Prato remained famous for its carded woollen product, until 

the ‘carded wool crisis’ in the late eighties.  This caused many factories to drop their traditional carded 

lines for higher quality worsted spinning, a technique which uses long virgin fibres for couture 

production.  The trend for worsted fabrics has continued, fighting off competition from developing 

countries. Today, the mark of quality woollen product is synonymous with the ‘made in Italy’ label 

(Weibel-Orlando, 2012). Yet, as the success of worsted cloth has grown, the traditional carded 

manufacture has continued to fall into decline (Ottati, 2009). 

 

2.2 Prato Model  

The ‘Prato Model’, according to Magi and Ceccarelli (2002), is completely unique in that it is comprised 

of many small and medium enterprises. It is for this reason, Padovani (2017) asserts, that the model is 

based upon value added partnerships.  

 

The Prato system is based on the decentralization of production among a large number of small 

companies capable of adapting to specific design demands and able to produce short runs to 

tight delivery times. This model of collaborative competition provided the basis for the rise of 

luxury and bespoke manufacturing (Padovani, 2017, p. 144) 

 

In addition, the industry’s deep-rooted history over a changing landscape has produced an expert tacit 

knowledge. This has led to an ‘innovation pipeline’ between traditional processes and new products. It 

is the combination of the Prato model and the expertise of the industry that has allowed it to dominate 

the regenerated wool market (Padovani, 2017). However, as Ottati (2009) points out the Prato industry 

is in potential crisis with two contrasting views considered. Either Prato’s successes lie in the past or it 

will be able to adapt to a future of globalisation.  

 

More recently, the industry has joined forces, assisted by Prato Centre of Commerce, to promote the 

growing consumer interest in sustainability (Testa et al., 2017). The creation of the ‘Cardato Recycled’ 

brand was created to boost the declining carded wool industry by creating a certification and unique 

selling point of the recycled cloth. There are strict requisites for any brands to display the ‘Cardato 

Recycled’ label. The materials must be made of at least 65% recycled content (clothing or factory 

waste), must be produced in the Prato district and brands must measure the environmental impacts of 

production (water, energy and CO2 Levels) (Cardato, 2018).  

 

 

3 Methods  

The methodology undertaken for this research paper brings together a variety of data collection and 

analysis methods in its qualitative approach. Using traditional field research methods such as 



observation, unstructured interviews and documentary evidencing (Burgess, 1982) with ‘designerly 

ways of knowing’ (Cross, 2007) and tacit knowledge (Polanyi, 1958) has enabled data to be collected. 

Combined with a variety of analysis techniques such as annotated portfolio (Gaver and Bowers, 2012) 

and hotspot analysis (Barthel et al., 2015) this facilitated the author to extract insights from Prato’s 

wool recycling industry towards future increased mixed fibre textile recycling.   

 

Across two field visits to the city of Prato four key factories, Companies A-D (see Table 1), were 

selected as a sample to provide a balanced framing of the developed wool recycling industry. This was 

supplemented by three additional companies E-G (see Table 2), affording a broader understanding of 

the opportunities and barriers within the field. While A-D were researched in far greater depth, 

Companies E-G provided additional insights that contributed significantly to the overall findings.  

 

Observed through the eyes of the designer this method provided a foundation for future innovation in 

design (Suri, 2005). The author’s tacit knowledge from working previously as a commercial knitwear 

designer ensured understanding of both the commercial and practical process. The importance of a 

second visit allowed the author to build relationships with experts, gain extended first-hand experience, 

and ensure thorough data collection meaning industrial processes, systems design, and recycling design 

practices could be fully explored. Consent for visits and was obtained from each participating company 

with the agreement that their details would be anonymised.  

 

Analysis was primarily achieved using an annotated portfolio method (Gaver and Bowers, 2012, 

Sauerwein, Bakker and Balkenende, 2018) using photographs taken throughout the experience. This 

was accomplished by using the collected field notes, and memories of the experience to annotate the 

images. These annotations were organised into themes across all the factory visits and formalised into 

simplified tables (see below Table 1 and 2).  

 

By building upon previously established recycling systems diagrams by WRAP (2012), meant 

visualising the specific processes for the wool recycling systems in Prato. Hotspot analysis was applied 

to bridge the gap between Prato insights and the wider textile recycling system. This method provided 

a more comprehensive understanding of impacts and therefore a prioritisation of future actions (Barthel 

et al., 2015), which in this paper applies to complex mixed fibre recycling.  

 

 

4 Discussion  

The aim of this research paper was to establish key areas for innovation within mechanical recycling 

processes.  The objectives included gaining an understanding of the Prato model and the industry’s 



array of processes, then from this ascertain barriers and opportunities in wool recycling to offer 

innovations within mixed fibre textile recycling.  

 

4.1 Diversities 

As shown in Table 1, Companies A – D were selected for their individual approaches and to create a 

balanced framing. A variety of final products were seen to be produced: fibre, yarn, fabric or a 

combination, all of which ranged from high to lower market values. The balance of the sample range is 

further demonstrated by the assortment of ‘input’ or ‘feedstock’ and output materials across woven/knit, 

pre/post-consumer and mono/blended.  

 

COMPANY	A COMPANY	B COMPANY	C COMPANY	D

HIGH HIGH HIGH/MEDIUM MEDIUM/LOW

CASHMERE WOOL WOOL
WOOL	/	WOOL	

BLEND

CASHMERE	/	

CASHMERE	BLENDS
WOOL	BLEND WOOL WOOL	BLEND

YARN	/	FIBRE	/	

KNITTED	PRODUCT
WOVEN	FABRIC FIBRE	ONLY YARN

KNIT WOVEN KNIT KNIT	/	WOVEN

KNIT WOVEN WOVEN WOVEN

X X X X

X	(SMALL	%) X

MONO X

BLEND X X X	(ONCE	SOLD) X

FIBRE	TYPE	-	INPUT

OUTPUT	YARN	

END	PRODUCT	PERCEIVED	QUALITY

END	PRODUCT

WASTE	TYPE

WASTE:	POST	CONSUMER

WASTE:	PRE	CONSUMER

END	MARKET

FIBRE	TYPE	-	OUTPUT

 

Table 1. Simplified recycling system insights from companies A-D, Source: Author  

 

All stages in mechanical wool recycling (see Figure 1 below) were seen first-hand in the field. Through 

conducting this research not only the procedure, but the decisions and requirements at every stage, were 

clearly identified. This enabled the author to understand how these choices impacted future processes 

and final products. It was this overview which enabled insights for future design innovation.  

 

Figure 1. Simplified processes of recycling textiles, adapted from WRAP (2012), Source: Author  

 

4.2 Collaboration  

As previously described by Padovani (2017), the Prato model has been built from decentralisation and 

competitive collaboration. One of the main reasons the industry has been able to adapt. During the field 

visits the author witnessed how Companies D and E used the same processing facility to transform fibre 

to yarn by giving a tour of the same workshop. This partnership between the two businesses had 



developed between the owners which was later found to be based on a deeper friendship established 

over generations.  

COMPANY	E COMPANY	F COMPANY	G

END	PRODUCT YARN/FABRIC FABRIC YARN

RECYCLED	FIBRE WOOL	 WOOL	 COTTON	/	WOOL

PRODUCTION ON	SITE OFF	SITE OFF	SITE

  

Table 2. Simplified recycling system insights from companies E-G, Source: Author  

 

Quickly, it was recognised that all companies in the sample had close relationships with the other 

businesses, although not always as deep rooted as the previous example. Much like a small village, 

everyone knew everybody else. Each company had their own segment of the recycled wool market. 

Company C, for example, specialised in sorting knitted post-consumer waste which was outsourced to 

be pulled into fibre and returned for quality control. The final product, the fibre, could then be sold for 

processing into yarn.  

 

In contrast, Company A demonstrated collaboration in reverse, ‘insourcing’ rather than outsourcing. 

By allowing second hand traders access to the incoming bales of cashmere (before colour sorting) they 

were able to search for the ‘diamonds’. Diamonds referred to here comes from Hawley’s (2006) 

categorisation of textile waste sorting, considered to be rare finds, often designer items of high value to 

the vintage or second-hand market.  It is this interconnected competitive collaboration amongst smaller 

specialist companies which has allowed the Prato model to flourish.  

 

4.3 Sorting  

The sorting process embedded within the recycling system stretches far beyond the selecting of 

‘diamonds’. Companies A-D all emphasised the importance of sorting on the quality of the end material. 

However, it was recognised that sometimes companies bought in pre-sorted clothing waste, processed 

in special economic zones such as India, connecting Prato to the global recycling industry. Nevertheless, 

others prided themselves on training specialist employees who sorted mixed bales by colour and shade. 

Company C took this one stage further separating shades into ‘ordinary’ (chunky guage knits) and ‘fine’ 

(fine guage knits) to produce, as they claimed, a higher quality resultant fibre.  

 

 



Figure 2. Simplified processes of sorting waste textiles, Source: Author  

 

The sorting stage is one of the most costly processes within textile recycling. Although this hand process 

was a unique selling point for companies such as B, it was accepted that this labour-intensive method 

in a high wage country strained the industry economically. Nonetheless, one of the largest barriers to 

successful recycling is colour contamination, the result of inefficient sorting. Contamination itself 

presents in the form of ‘neps’; contrasting coloured specs which stand out and, in some cases, protrude 

from the yarn or fabric surface. This could be exploited as a design feature, often requested by designers 

for fashion clothing. However, it is still problematic when a mono-colour is required. It was understood 

that mechanically recycled yarns can never be completely solid. Time and effort is often taken creating 

melange effects from virgin materials, which without any effort is a natural quality of recycled yarn 

that ought to be taken advantage of. However, stock colour cards exhibited a wide range of colours in 

melange as well as close to sold shades (Figure 3). 

 

Figure 3. Company B stock colour cards, Source: Author  

 

4.4 Overdyeing 

Due to the nature of the process, single colour materials were valued over multi-colour items. While 

generally avoided, all companies used overdyeing as a solution for these multi-coloured materials. 

Company D did this to tonal patterned garments to create uniform shades, whereas true multi-colours 

could only be dyed black to ensure complete coverage. Another reason to overdye was to obtain a 

specific colour shade which otherwise could not be produced. The availability of feedstock was proved 

to be fundamental in producing a material’s final colour. If a client required a specific shade, a 

combination of coloured fibre would be blended to produce its exact colour, as seen in Figure 4.  



However, if one element of a colour blend is not readily available, overdyeing a similar shade provides 

a solution to deliver the overall blend.   

 

 

 

Figure 4. Company B shade blending for client colour development, Source: Author  

 

4.5 Input and Output 

Across companies A-D perceived quality of feedstock materials was found to be reflected in the quality 

of output material. This follows that the purer the fibre to be recycled, the higher quality it is considered 

to have i.e. mono materiality. The Prato recycling system is therefore centred around sorting and finding 

the highest quality fibre for recycling, in this case wool. Even Company D, whose input material was 

lower value wool blended product, was sorted according to the quantity of wool content.  

 

In contrast, as Table 1 demonstrates, across the four key companies, each used a different combination 

of input to output.  A and C exclusively was found to use knitted waste, whereas B used woven waste. 

Contradicting information was supplied in terms of what feedstock produced the best quality result. 

This was attributed to the bias of each company to promote themselves. However, all companies agreed 

that knitted feedstocks were easier to pull, generating longer fibres. Yet this was not reflected in the 

authors analysis of the perceived quality of the end product. For example, Company B produced a 

quality product from a woven waste feedstock. The greatest insights in this area came from Company 

D who demonstrated that mixing a combination of woven, knitted, pre/post-consumer waste would 

balance out the qualities to create a mid-value end batch. The main attribute affecting the perceived 

quality of the material output was the percentage of the wool fibre.  

 



A common misconception, one that was made by the author, is that Prato predominantly uses pre-

consumer waste as a feedstock. It was found that pre-consumer wool recycling formed a small section 

of the overall industry. Although pre-consumer waste was utilised by other businesses, as clarified by 

C it was too expensive for them to warrant using. The only active example of pre-consumer waste 

recycling was company D. By mixing lower value post-consumer fibre with higher value pre-consumer 

meant the wool composition could be closely controlled for each batch. 

 

4.6 Quality 

The quality of fibres was a reoccurring theme throughout the visits. A concern presented by Company 

F were its customers complaints about the varying eveness and colour fastness of the recycled fabrics. 

Colour fastness was ascribed as a property passed forward from the previous garments, with little 

solutions available. However, the notion of garments passing on properties it not always attributed to 

the negative. Recycling in this way retains the colour from their previous lives utilised it in the new 

material.  

 

One of the main processes that can promote quality is ‘cleaning’. This refers to the removal of buttons, 

zips, seams, and contrasting coloured trims. Although these are established practises of raising quality 

of recycled fibre, the removal of seams was a debated exception. Seam removal was dependant on the 

quality of the resultant fabric required by a customer. It would only be completed if the companies felt 

it would add value to the end product. As a labour intensive and costly exercise, economically it had to 

present value for money.  

 

4.7 Blending 

The quality of mechanically recycled fibre has been criticised laboriously by researchers and brands 

alike. It is well documented that recycling yarns in this way damages the fibres and reduces length 

(Gupta and Saggu, 2015, Yuksekkaya et al., 2016). Blending offers a solution to this issue, one that has 

been used throughout history (Shell, 2014). This can be done for colour, composition, function and/or 

ascetics. For the new schools of thought centered around a circular economy blending has been rejected 

as the emphasis is placed on mono-materiality within a cradle to cradle model (Braungart and 

McDonough, 2002). That said, blending virgin fibres in the modern day is common place. It is widely 

established that for a circular economy; products, components, and materials must be maintained at 

their highest utility and value at all times (EMF, 2017). For mechanical recycling this means blending. 

Most prominently this was seen by virgin fibre being blended with recycled, although more innovative 

examples were revealed. Company A for example, would sell the ‘cleaned’ cashmere seam waste for 

blends. The seam waste would be approximately 95% cashmere composition therefore, it could be 

added into a virgin or recycled batch to achieve 10/20% cashmere blend. Whereas D’s blended woollen 



feedstock was utilised to produce a blended wool product not inappropriate for today’s blend heavy 

market.  

 

Recycled stock yarns were a common service provided by companies B and D. Any other blends were 

specially developed for individual clients, and therefore heavily dependent on the requirements for the 

end product or market. The design decisions throughout the process were crucial when reaching this 

stage. All six companies maintained the materials produced could be recycled again, yet there was no 

evidence this had been planned for within the system. This wasn’t due to a lack of enthusiasm for 

sustainability, but restricted by the global market for buying Italian wool and the lack of any formalised 

take-back system.  

 

A further concern is the incompatibility of the feedstock and resultant material. Company B for 

example, brought in high percentage wool input, accepting no lower than 97%. In contrast the output 

was a wool blend, with the richest wool stock service yarn reaching 75%. Meaning the output materials 

would be unacceptable if recaptured and could only be down-cycled.  

 

4.8 End Markets  

The need for developing end markets for recycled fibres has been found by Elander and Ljungkvist 

(2016) supported by the 2014 WRAP report as a residing issue across many areas of the textile recycling 

industry. This was echoed in Prato, as businesses felt pressure to continually increase the value of 

materials. This was demonstrated most prominently by Company A who was not only selling fibres, 

but yarns and garments too, and was also seeking to develop new end markets by producing products 

using traditional recycling methods. This included producing a needle felt for inside luxury quilted 

outerwear and using blended cashmere fibre to replace feather down, as an alternative for active-wear 

apparel.  

 

5 Insights 

5.1 Prato Recycling Model 

The unique Prato model that has established within its woollen textile industry can be segmented to 

focus on recycling in which little research has been conducted exclusively. As a form of analysis, a 

simplified diagram modelling the connections and flow of materials was created (Figure 5).  



 

Figure 5. Simplified Model of Prato Wool Recycling Industry, Source: Author  

 

The diagram uses circles representing single companies and signifying the life cycle of the materials or 

services they provide. The boundary of the Prato district is broken by incoming materials and outgoing 

products connecting this small segment to the global recycling industry. The circles meet as the small 

and medium sized facilities collaborate. In Figure 6 we can see in detail the example of companies D 

and E and how this worked in practice.  

Figure 6. Detail of Prato wool recycling industry simplified model, Source: Author  

 



This visualised system falls into the category of open loop recycling in which Payne (2015) points out 

materials are generally not reclaimed. The open loop system, which is fed from the global waste woollen 

apparel industry, is down-cycled often into blended woollen fabric that is not readily recycled again. 

  

This model demonstrates how a small and specifically located industry is embedded and connected to 

global recycling as well as the virgin textile industry. The problem of material collection is one that 

spans these two industries, and is one of the biggest barriers that is faced.  This is challenged in the 

most recent ECAP report suggesting collection can only be solved with a spectrum of methods 

collaboratively rather than competitively, much like the Prato model suggests but on a larger scale 

(Watson et al., 2018).  

 

 

 5.2 Barriers to the opportunities 

Understanding the barriers and in turn how these might be future opportunities for innovation witnessed 

in Prato was a first step. The Prato wool recycling model, visualised by the author in Figure 5 and 6 has 

enabled a simplified overview for a future systems approach which can be considered towards mixed 

fibre recycling. Understanding the underlying system in which the industry operates can aid design 

choices which are critical for innovation. Ripple effects could be seen from every decision along the 

process from the sorting to the end product, leading to the author plotting the key barriers and 

opportunities along the recycling process. This resulted in four areas being highlighted as impact 

hotspots (Barthel et al., 2015) for future design intervention towards increased value of materials (see 

Figure 7).  

 

 

Figure 7. Hotspots for innovation within the processes of recycling textiles, Source: Author  

 

5.2.1. Hotspot: Sort 

The first hotspot area identified was the sorting stage. Current work on new technological innovation 

to replace manual sorting is being developed using NIR technology (Wedin et al., 2017). This could 

provide a solution to the cost barriers prevalent in Prato, but as Wedin et al. (2017) points out does not 

solve the issue of sorting blends particularly with a low fibre content or multilayer garments. More 

specific to the issues in Prato was the inconsistent information regarding the quality of woven verses 

knitted materials to the process. These are therefore potential areas for the further design research.  

 



A key opportunity within the sorting stage was the sorting by primary fibre. For Prato this was wool. 

Even when recycling blended fibres, the materials were categorised by the amount of wool content. 

Wool in this case was the most desirable, due to the fact it was being processed within a wool industry. 

From this we might infer that for mixed fibre sorting, categorising using a ‘primary fibre’ could aid the 

process. This insight demonstrates the need to understand the material composition, which currently is 

skilled and labour intensive, to aid sorting technology for new types of ‘primary fibre’ categories which 

should flow into specific end markets.  

 

5.2.2. Hotspot: Blend 

The feedstock of any recycling process is one of the most important factors, but is still heavily reliant 

on the types and colours of materials coming into the system. As previously discussed overdyeing is 

used when there is limited availability of coloured feedstock for shade blending. The challenge of 

varying feedstocks is a targeted area for innovation exploiting areas of opportunity such as melange 

effect of recycled yarns.  

 

Blending is often associated with negative connotations when concerning the circular economy.  

However, for mechanical textile recycling, blending represents a positive by increasing quality and 

often creates a cost-effective end product.  Notably there is a lack of research comparing woven verses 

knitted feedstocks and the effects of combining these different inputs of waste. It is a challenge to find 

new ways of increasing quality at the blending stage, as well as utilising different forms of blended 

materials to produce appropriate products for end markets.  

 

5.2.3. Hotspot: Processing 

Processing, or spinning most prominently used in Prato, is one of the more technical areas for 

innovation. Yet, this could provide a significant space for intervention. Spinning yarn for weaving or 

knitting is only one way of processing fibres. Looking to more traditional methods to produce 

alternative products is an opportunity. For this approach to work there needs to be full system 

understanding, connecting this hotspot to the other processes and developing new ideas towards circular 

and recyclable products of the future.  

 

5.2.4. Hotspot: End Product/Market  

Developing recycled alternatives for the needs of the textile manufacturers, currently using virgin and 

often blended materials, is a challenge across the industry. This reiterates the importance of 

understanding recycling feedstocks as a fundamental way to design and develop desirable materials. 

This knowledge can then be used to exploit advantages and seek solutions for properties that are passed 

on from feedstock to output and plan for this in the design process for suitable end markets.  

 



5.3 Limitations  

The scope of this research could be limiting due to using a small sample used as a form of analysis of 

an entire industry. Owing to the time scale available only two visits to Prato were undertaken, meaning 

the sample size was selected from the companies willing and available. Subsequently, this affected the 

number of observations that could be completed.  However, to achieve the research aims the time 

allocated was accepted to enable thorough analysis and meaningful insights. When reflecting on the 

learnings from a single small area to seek solutions for mixed fibre recycling it is important to remember 

that textile recycling is a global industry. Therefore, further research into other textile recycling sectors 

might be considered to form more comprehensive deductions.   

 

6 Conclusion  

The field research undertaken was a means to develop designerly understanding of the wool recycling 

industry in Prato. The insights unearthed were a method to seek further solutions for the more 

problematic mixed fibre textile recycling urgently needed in today’s wasteful fashion industry.  

By completing this, a deeper understanding of the processes within the wool recycling industry have 

been yielded.  Furthermore, by reflecting on the barriers and opportunities and translating these insights 

towards mixed fibre recycling, key hotspots for innovation have been uncovered. Understanding the 

value of the hotspots can signpost further research to create material and systemic interventions within 

mechanical textile recycling to create circular fibres of the future. 

 

References  

 

Barthel, M. et al. (2015) ‘Hotspots Analysis: Providing the Focus for Action’, in Sonnemann, G. and 

Margni, M. (eds) Life Cycle Management. Dordrecht: Springer Netherlands (LCA Compendium – The 

Complete World of Life Cycle Assessment), pp. 149–167. doi: 10.1007/978-94-017-7221-1_12. 

Braungart, M. and McDonough, W. (2002) Cradle to Cradle. Remaking the Way We Make Things. 1st 

Edition. New York: North Point Press. 

Burgess, R. G. (ed.) (1982) Field research: a sourcebook and field manual. London: Unwin Hyman 

(Contemporary social research series, 4). 

Cardato (2018) Cardato Recycled Brand, Cardato. Available at: http://www.cardato.it/ (Accessed: 31 

July 2018). 

Cross, N. (2007) Designerly ways of knowing. Basel: Birkhäuser. 



Dahlbo, H. et al. (2016) ‘Increasing textile circulation—Consequences and requirements’, Sustainable 

Production and Consumption. doi: 10.1016/j.spc.2016.06.005. 

Dutch Clothing Mountain (2017) Measuring the Dutch clothing mountain: Data for sustainability-

oriented studies and actions in the apparel sector. Amsterdam: Hogeschool van Amsterdam. Available 

at: http://www.hva.nl/create-it/gedeelde-content/projecten/projecten-fashion/measuring-the-dutch-

clothing-mountain.html (Accessed: 13 February 2018). 

Elander, M. and Ljungkvist, H. (2016) Critical aspects in design for fibre-to-fibre recycling of textiles. 

IVL Swedish Environmental Research Institute. Available at: http://mistrafuturefashion.com/wp-

content/uploads/2016/06/MFF-report-2016-1-Critical-aspects.pdf (Accessed: 10 March 2017). 

EMF (2017) A New Textiles Economy: Redesigning Fashion’s Future. Ellen Macarthur Foundation and 

Circular Fibres Initiative. 

Fletcher, K. and Grose, L. (2012) Fashion & Sustainability : Design for Change. Laurence King 

Publishing. 

Gaver, B. and Bowers, J. (2012) ‘Annotated portfolios’, interactions, 19(4), p. 40. doi: 

10.1145/2212877.2212889. 

Gupta, M. and Saggu, H. K. (2015) ‘Physical properties of shoddy yarn.’, Man-Made Textiles in India, 

43(2). 

Hawley, J. M. (2006) ‘Digging for Diamonds: A Conceptual Framework for Understanding Reclaimed 

Textile Products’, Clothing and Textiles Research Journal, 24(3), pp. 262–275. doi: 

10.1177/0887302X06294626. 

Magi, F. and Ceccarelli, F. (2002) Prato’s Carded Fabrics: From a historical product to a new 

opportunity for development. 

Mathews, B. (2015) Closing the loop: an essential guide for the global textile supply chain. Normanton, 

England: MCL Global. 

Mondadori (2013) Prato: Guide to the City. Milano: Mondadori Electa S.p.A. 

Museo del tessuto Edizioni (2007) Museo del tessuto di Prato. Trenta anni di donazioni. Prato Textile 

Museum. Thirty years of Donations. Prato. 

Ottati, G. D. (2009) ‘An Industrial District Facing the Challenges of Globalization: Prato Today’, 

European Planning Studies, 17(12), pp. 1817–1835. doi: 10.1080/09654310903322322. 



Padovani, C. (2017) ‘MADE IN ITALY: Reclaiming social heritage and artisan know-how’, in 

Whittaker, P. and Padovani, C., Sustainability and the Social Fabric: Europe’s new Textile Industries. 

Bloomsbury Publishing PLC, p. 28. 

Payne, A. (2015) ‘Open- and closed-loop recycling of textiles and apparel products’, in Muthu, S. S. 

(ed.) Handbook of life cycle assessment (LCA) of textiles and clothing. Cambridge, England: 

Woodhouse Publishing (Woodhead publishing series in textiles, number 172). 

Polanyi, M. (1958) Personal knowledge: towards a post-critical philosophy. London: Routledge. 

Sauerwein, M., Bakker, C. and Balkenende, R. (2018) ‘Annotated Portfolios as a Method to Analyse 

Interviews’, in DRS2018. Catalyst for Change, University of Limerick: Scribd, pp. 1148–1158. 

Available at: https://www.scribd.com/document/382349704/DRS2018-Vol-3#download (Accessed: 24 

July 2018). 

Shell, H. R. (2014) ‘Shoddy heap: a material history between waste and manufacture’, History and 

Technology, 30(4), pp. 374–394. doi: 10.1080/07341512.2014.1003165. 

Suri, J. F. (2005) Thoughtless acts? observations on intuitive design. San Francisco, Calif: Chronicle. 

Testa, F. et al. (2017) ‘Removing obstacles to the implementation of LCA among SMEs: A collective 

strategy for exploiting recycled wool’, Journal of Cleaner Production, 156, pp. 923–931. doi: 

10.1016/j.jclepro.2017.04.101. 

Turley, D. B. et al. (2009) The role and business case for existing and emerging fibres in sustainable 

clothing: final report to the Department for Environment, Food and Rural Affairs (Defra),. London, 

UK. Available at: file:///Users/student/Downloads/EV0420_9092_FRP.pdf (Accessed: 30 January 

2018). 

Ward, G. D., Hewitt, A. D. and Russell, S. J. (2013) ‘Fibre composition of donated post-consumer 

clothing in the UK’, Proceedings of the Institution of Civil Engineers - Waste and Resource 

Management, 166(1), pp. 29–37. doi: 10.1680/warm.12.00014. 

Watson, D. et al. (2018) Used textile Collection in European Cities. PlanMiljø, Denmark: Study 

commissioned by Rijkswaterstaat under the European Clothing Action Plan (ECAP). 

Wedin, H. et al. (2017) Can automated NIR technology be a way to improve the sorting quality of textile 

waste? RISE: Trash2Cash. Available at: 

https://issuu.com/trash2cash/docs/report4/1?ff=true&e=30581983/55544808 (Accessed: 11 December 

2017). 



Weibel-Orlando, J. (2012) ‘The Utility Of Employing Integrated Research Analysis Paradigms: A Case 

Study Of The Textile Industry In Prato, Italy’, Urban Anthropology and Studies of Cultural Systems 

and World Economic Development, 41(1), pp. 1–42. 

WRAP (2012) A review of commercial textile fibre recycling technologies. Oakdene Hollins. Available 

at: 

http://www.wrap.org.uk/system/files/private/Commercial%20textile%20fibre%20recycling%20techn

oloogies%20report.pdf (Accessed: 7 December 2017). 

WRAP (2014) Evaluation of the end markets for textile rag and fibre within the UK. Oakdene Hollins. 

Available at: http://www.wrap.org.uk/sites/files/wrap/priv_download/MPD007-

015_Evaluation%20of%20End%20Markets_Final.pdf (Accessed: 7 December 2017). 

Yuksekkaya, M. E. et al. (2016) ‘A Comparative Study of Physical Properties of Yarns and Fabrics 

Produced From Virgin and Recycled Fibers’, Journal of Engineered Fabrics & Fibers (JEFF), 11(2), 

pp. 68–76. 

  

Research Funding and Acknowledgements  

The author gratefully acknowledges the contribution from Prato Centre of Commerce for their 

generosity and help whilst visiting Prato and to all the companies that kindly gave their time to grant 

access to their operations. The author would also like to acknowledge that this research has been funded 

by the University of the Arts London Studentship Award and by the British Cotton Growers Association 

Work Peoples Collection Fund at the University of Manchester.  

 

 


