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About TWIN REVOLUTION

The TwinRevolution project supports Vocational Education and Training ( VET)
learners from the textile and furniture industries on their twin transition journey. By
improving their digital and green skills, the project wishes to prepare professionals
from both industries to meet the requirements of a sustainable, circular, and

digitally enabled industry.

The TwinRevolution project will develop the following results:

A BLUEPRINT ON TWIN TRANSITION IN THE MANUFACTURING SECTOR:
The Blueprint will bridge key enabling technologies with circular strategies to
be implemented in textile and furniture industries; compile and analyse
European policies that influence the twin transition and the current approach

in VET offer; and define the necessary learning outcomes to reskill current
and future workforce.

A JOINT CURRICULUM ON TWIN TRANSITION IN THE MANUFACTURING
SECTOR which will define the necessary learning paths to ensure knowledge
acquisition, grouping key skills and competences into a set of training

modules and units.

A PORTFOLIO OF TRAINING MATERIALS ON THE TWIN TRANSITIONBGR
THE MANUFACTURING SECTOR. These online materials will be defined and
developed to cover the knowledge gap for a successful green and digital
transition.

A DEDICATED ELEARNING PLATFORM, which will host the learning

materials.

For more information, go to www.twinrevolution.eu



http://www.twinrevolution.eu/

Executive Summary

Although the twin digital and green transition is one of the main priorities of the EU,
there is a lack of knowledge on how both  transitions could act as complementary
drivers for the traditional manufacturing industry, nor guidance on how to transfer

this knowledge gap to the existing VET system.

The TwinRevolution project aims to set the ground and update VET systems for
the curr ent and future manufacturing industry to be aligned with the twin digital

and green transition.

The report offers an overview of the current challenges faced by the textile and
furniture industry and details how circular and digital strategies can  support the
transformation of both sectors. Best practices examples from both industries
illustrated how smart and circular approaches can accelerate the transformation of

these two sectors.

Following a literature review detailing the current state of  industry 4.0 and circular
economy in both sectors, the report highlights how specific Key Enabling

Technologies can support a twin transition.

In this blueprint, we highlight eight industry4.0 technologies with great

sustainability relevance:

Internet of t hings

Considered the most integrated digital technology for Circular Economy, 10T
is useful to collect data during the product life cycle, tracking product flows
from the design to the end of use, which can be applied for a better use of

resources (product design) and the optimization of disassembly processes.

Big data & analytics

Big data and analytics, closely linked to 10T, serve the circular economy
through their potential to optimise processes and enhance decision  -making,
using the data collected from the 0T to improve resource management

across the entire product life cycle.




Simulation

Simulation can be exploited to virtualize/optimise different processes, such
as disassembly processes, before replicating them in the real world. Thus, it
is possible to analyse how some processes could be implemented and their

respective level of sustainability.

Robotics

The implementation of robotics in manufacturing industries allow to employ
robots in an increasing number of applications that could be aligned wit  h CE
practices, such as facilitating waste sorting and disassembly and

remanufacturing processes.

Additive manufacturing

Additive manufacturing allows for circular design, introducing new materials
(including recycled materials) and designs that facilitate  product repair. Due
to the additive process, it contributes to waste reduction, reduction of

handling and transportation activities, and lower energy consumption.

Augmented and virtual reality

Augmented and virtual reality act as virtualization tools, th  at facilitate the
redesign of more repairable and modular products thanks to the simulation

of alternative concepts.

System integration

Cyber-physical systems could contribute to the internet of things, as the
continuous real -time exchange of data via vir tual network, allows the use of
resources (material and/or energy) in a more efficient way. Thus, it is
possible to inform customers about the different components of a product

in order to ease their disassembly or recycling.




Artificial intelligence

Artificial intelligence can enable circular economy innovation across
industries fostering circular design, through iterative machine  -learning -
assisted design processes that allow for rapid prototyping and testing.
Moreover, artificial intelligence can also su pport the implementation of new
circular business models, such as product -as-a-service and leasing, by
combining real time and historical data from products and users. Finally,
artificial intelligence can improve the reverse logistics tools necessary to
close the loop of materials by boosting sort and disassemble,

remanufacture, and recycle processes.

The implementation of these promising technologies to support a circular
economy is not without barriers: different development speed between sectors,
lack of standardisation across Europe, outdated waste management regulations,
economic barriers, and lack of incentives to use secondary materials, as well as
societal barriers are some of the reasons that hinder the full implementation of a
twin transition. Bey ond these systemic challenges, a successful transition should
also take into account the risk of rebound effects minimising the sustainable

potential of such innovative technologies.

Socially, the digital and green divide should be at the centre of the pre  occupations
towards a twin transition. As there is already a growing gap between highly skilled
specialists who can use complex technologies and low skilled workers who might
get unemployed because of automation, investing resources in upskilling the

curre nt workforce to the challenges of such twin transition remains a top priority.
Improving the knowledge, skills, and competences of both the textile and furniture
sectors to navigate this multi -sectoral green and digital revolution will therefore
ensure that this transition is also socially sustainable. This is the objective of the
TWIN REVOLUTION project, which will in a later phase translate the key learning
outcomes identified in this report into a joint training curriculum detailing the
learning pathways to be taken by the industry to successfully transition towards a

smart and circular future.




1.Introduction

1.1 Context

The Green Deal, the European Commission Plan to work towards a climate neutral
society, is expected to transform the EU into a resource -efficient and competitive
economy. The plan outlines that digital technologies are a critical enabler to meet
EU sustainability goals. Likewise, the new industrial and digital strategy Shaping
GlUl t 5 Ov Ljo A Geflets theGrécessity tid dePloy new technologies to enable

this change.

Accelerating the twin - green and digital - transition will not only require new
techn ologies but will rely on a reskilled workforce: the European Skills Agenda and
the Council Recommendation on VET has already expressed the necessity to
update current VET programmes to meet industry needs on digital and green skills,

while at the same time introducing innovative learning and teaching methodologies.

This necessity has become a key issue in fragmented and traditional industry

LiOLut | LjYLiGLOYgLiYGUOYi OnuilG COY(Q F nSMEstiategy fori | OVY LjC
a sustainable and digital Europei 4 YGU |l + s OYUGLjYLju!l + Ft YUl gndGudt J
industries that were not born digital, nor adapted to a green economy. The twin

transition of these industries will therefore require large investment in innovation,

while simultaneously reskilling its workf orce to ensure a successful transformation.

Among EU manufacturing industries, the furniture and textile are examples of
traditional and fragmented sectors, with more than 90% of SMEs. According to
Internal Market data, the furniture and textile industrie s are two labour -intensive
sectors that employ a total of 3 million workers and generate an annual turnover of
around EUR 262 billion. Despite this, their index of innovation, according to Eurostat,
is lower than other manufacturing industries. Thus, a hig her effort on their digital

and green transition is required.

A Twin Revolution isrequired.

Although there is an increasing focus on digital and sustainable innovation within

the textile and furniture sectors, there is still a striking gap in reachingth e




transformative potential of these two industries. As the furniture and textile
industries are generally based on traditional SMEs with lower capacity of innovation
and an ageing workforce, there is a pressing need to build new capacity and
introduce inno vative practices for a twin transition, in order to produce and design

with less waste and with new sustainable materials.

1.2 Obijectives

Although the twin digital and green transition is one of the main priorities of the EU,
there is no specific report or blueprint that analyses how both transitions could act
as complementary driver for the traditional manufacturing industry, nor guidance on

how to transfer this knowledge gap to the existing VET system.

The TwinRevolution project thus aims to set the gr ound to update VET systems for
the current and future manufacturing industry needs on the twin digital and green

transition.

More specifically, the report aims to match current industry4.0 technologies with
circular economy strategies, in order to analyse how to connect them in a
complementary and win -win implementation. This blueprint will be used to frame

how both concepts can be integrated in VET training.




2.Methodologicalapproach

The literature review consisted of four stages: formulation of the cent ral research
scope, selection, and evaluation of studies; content analysis of selected articles; and

description of the results. The literature review steps, and the selection results are

presented in figure 1. below.

1. Scoping of the

furniture and

2. Literature

3. Literature

Text analysis

Figure 1 Methodological approach

The first step was to frame the scope of the study:

study selection/evaluatior analysis

) ) ) )
: : State of the art 0

CE in furniture - -
u and textile — Scopus Cross reference — CEin t?Xt”e anc

furniture
N~—— N—— N—— N~—
) ) ) )
Industry 4.0 in State of the art o
— — Science direct —

14.0 in textile anc

textile furniture
~— ~— ~— ~—ee
S S )
Circular digital Bridging CE anc
| solutions in || Springer — 14.0 in textile anc
furniture and furniture
textile - -

- Get an overview of the current level of implementation of CE as well as
barriers, challenges and obstacles for the furniture and textile sectors.

- Get an overview of the current level of implementation of industry 4.0 in the
furniture and textile sectors.

- Address how both digital and green transition are being tackled

simultaneously in both sectors.

A literature review was then deployed to locate relevant studies and to evaluate
their respective contributions. Electronic databases, including Elsevier
(sciencedirect.com), Scopus (scopus.com) and Springer (springerlink.com), were
used. The research used classifications for the nature of the objectives, including
exploratory and descriptive inductive logic, with data collection from primary and

secondary sources using a qualitative approach.
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In the second step, we conducted the search, considering only scientific papers

from journals and reviews related to the environmental and social sciences,

engine ering or management that were available in English. In the third step, only

tittes primarily related to the topics of CE and Industry 4.0 were considered, and the

authors reviewed the summaries and read the articles of all relevant texts, adhering

to the themes mentioned above.

The results of the analysis are presented in the next chapters.

11




3.Furniture and textile sectors at a glance

3.1 Furniture sector overview

The furniture and wood industry has evolved throughout history by adapting the
product to new materials and technological advances that appear on the market.
That is why the evolution of this industry depends on the economic situation , which
is related to the knowledge and availability of production technologies, advertising,
design, business coop eration or raw materials. On a global level, the evolution of

this industry began at the end of the 1950s and reached its peak in the early 1970s
[1].

Today we can say that the furniture industry is concentrated in certain count ries
(China, USA Italy, and Germany). The furniture industry is a labour -intensive sector
dominated by small and medium -sized enterprises (SMEs) and micro firms , among
which there is a strong fabric of family -owned companies that carry out

generational ma nagement changes.

Covid-19 has severely impacted global furniture trade growth in 2020 ¢ yet
recovery is imminent, according to CSIL (Centre for Industrial Studies). Global
furniture production in 2020 was worth $420.000 million , down almost 10% from the
previous year [2]. Almost half of the world's furniture production in 2020 was in
China. The leading importers of furniture are the US, Germany, France, the UK, and
Japan. In the last 10 years, the international trade of furniture has consistently

amounted to about 1% of the international trade of manufactures [3].

Furniture manufacturers in the European Union are highly regarded thanks to a
number of factors, including job creation, as the sector employs around 900.000
workers in 120.000 companies, generating an annual turnover of around 92.000
million euros [4]. On the other hand, European furniture is recognized due to its
product quality , as approximately two out of three high -end furniture products sold
in the world are produced in the EU, which reinforces leadership of EU furniture

manufacturers in setting global trends [5].

Europe is the world's second largest furniture market, with 26% of global

consumption, second only to Asia -Pacific (43%) and larger than the North American

12




market (23%). In contrast to the U.S. market, the European market is more
dependent on domestic production, as more than 80% internal furniture

consumpti on comes from European manufacturers [6].

Italy is the largest furniture producing country in the European Union with a
production value of 22.365 million euros, followed by Germany, France, Spain, and
the Netherlands [4].

Challengesppportunities,and trends of the sector

G Cdzii dzZNB 4 dz00S&aa Ay GKS TFdzNYVAGdz2NE Ay Rdzal
business models, making use of digital design & manufacturing tools and

finding ways of using sustaind £ S Y G SNA I f & HE

Dr. Sascha Peters (Haute Innovation)

EU furniture manufacturers have a good reputation worldwide thanks to their
creative capacity for new designs and responsiveness to new demands, about 12%
of designs registered in the European Union Intellectual Property Office come from
this sector. The industry is able to combine new technologies and innovation  with

cultural heritage and style and provides jobs for highly skilled workers [5].
Several challenges are currently faced by the industry  [7]:

Competition : the EU furniture sector faces enormous com petition from

Lt GFOl GOLjYUgdziFt YCt GYs Il tnplGLudt FYLt LjuLjpVY: U
market is growing rapidly and it is now the largest furniture exporter to the

EU and the main furniture producer.

Innovation - the reliance on innovation and design combin ed with an

increase in global trade and digitalisation, makes the sector more vulnerable

to weak protection of intellectual property rights. Boosting research and

innovation also requires finance that is often inaccessible to SMEs.

Green and Digital Skills: The green and digital skills needs are also important

for the industry since there are specialised and non -transferable skills. In

)
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addition, the ageing workforce combined with difficulties in attracting young
workers may lead to disruptions in main taining skilled workers and

craftsmanship.

The EU furniture sector has undergone significant changes focusing on upgrading
quality, design, and innovation. These changes include restructuring, technological

advances, and innovations in business models.
Several opportunities can be highlighted [8]:

Investment: Investment in skills, design, creativity, research, innovation, and
new technologies can lead to new products in line with changes in

population structure, lifestyles, and trends, as well as new business models
and supplier -consumer relationships.

Research: Demand for high technology and knowledge intensive jobs is
growing and the research in advanced manufacturing technologies can

result in the creation of specific jobs w hich would give the sector the
attractiveness it needs to attract younger generation employees. This could
help rejuvenate the sector and keep it highly competitive on the global stage.
New market opportunities . Opportunities for the EU furniture sector to seize
other markets at global level ( e.g.,Russia, China, the Gulf area), in particular in
high-end segments and emerging economies.

Synergies: Opportunities with construction and tourism could also be
exploited, building on the sector's excellen t sustainability track record. In
particular, the use of sustainably sourced raw materials in furniture
production could have a positive impact on sales among environmentally

conscious end -users.
In terms of the main trends identified in the furniture sector, several trends can be

highlighted [9]:

e-commerce: More demand for furniture via e -commerce due to customers
are making the switch to shopping for furniture online as brands discover
ways to showcase their furniture products in innovative and visually

appealing settings using advanced technology like augmented reality.

14




Sustainability : Many brands are focusing on developing end -to-end
sustainable furniture products to meet the wants and need s of an
exponentially growing customer base.

Digitalization of the Manufacturing Process: With the rise of customisation,
furniture manufacturers must also ensure they have the right tools in place to
manage all configurations to produce error -free made -to-order parts. For
many, this means adding certain technologies, such as digital printing and
automated nesting, that will help them eliminate stock issues, reduce  costs,
and improve material utilisation.

Smart furniture: Smart furniture, which enables a range of functional activities
such as charging mobile devices, surfing the internet, liste ning to the news or
radio, and more, is a rapidly growing market and is considered by many to be

the future of furniture.

3.2 Textile sector overview

The European textile and clothing industry (T&C) includes 160,000 companies (of
which 99% are SMEs), employing 1.5 million people and generating a turnover of
5~ 7 Y T[I0OCTe& dedfolvhas been showing a continuous increase in sales since
2010, which is due to the ability to offer the required products and high quality of
good s, but also due to the development of innovative capabilities of companies.
These are gradually becoming the most strategically important parameters, which

will affect the long -term success of the industry as a whole.

The T&C sector covers a long supply ch ain: from fibres into yarns, into fabrics and
into final products in textiles and apparel, some of which are strategic for the
European economy. The sector also embraces textiles related services, textile care
and labelling. T&C supplies other industries, including healthcare, agriculture,
construction and automotive and is closely connected to the creative industry.
Significant technological advances, successful pilot demonstrations and

subsequent rapid industrial adoption in the broad areas of research an d innovation
will allow product, process, service innovation leading to a real 4.0 industrial

revolution and digitalization.

15




But innovation itself must be constantly emphasised at both national and European
level to become more competitive. Other economic, administrative, and marketing
measures are also preconditions for development, which will allow to put research

results into practice and bring them to market.

Quality & innovation are the main drivers for the EU T&C competitiveness, as
confirmed by the n umber of patents (1303 at EU level, compared to 869 for China
or 692 for the US) or industrial designs (over 200,000 for the EU; less than 50,000
for the US and 20,000 for China).

Currently, T&C industry is challenged for its environmental impact, in part icular its
use of natural resources, application of hazardous chemicals and significant amount

of textile waste. This challenge is described in the next sections.

Since 2020, the pandemic situation has shaken the foundations of the textiles,
apparel, and fashion industry. Global supply chains have been disrupted, retailers

are restructuring their sourcing options, consumer behaviour is changing.

Challengesppportunities,and trends of the sector

The future development of the textile and clothing  industry depends on a number
of technological as well as non -technological factors. Although global textile
production is expected to grow in the future, the direction of this growth will be

determined by the key challenges and trends that global society f  aces.

To define possible scenarios of development of T&C industry, it is possible to take
into consideration current development trends, which will build /form the close

future of the sector at national as well as at European level [11]

Social trends - Population’s aging

Demographic trends have long confirmed the aging of the population. By 2050
more than 30% of the population will be older than 65 years. The costs of daily care
and improving the quality of life of seniors will place increasing demands on public
health services. This will increase demand for new types of products and services

for seniors in which textile will be required (everyday care, medical textiles etc.).

16



Lifestyle trends - Purchasing power of younger generation/customization

New technologies enable a high level of individual production, including changes in
supply chains in the product category for the consumer market (B2C), driven by the
fashion and functional comfort of textile products. You ng people demand for

SMART products, customised products, and services.

Technology trends

Industry 4.0 and digitalization will increase the functionality of production
infrastructure. New technologies (internet of things, automatization of production
proce ss etc), smart products and services, will increase the demand for innovations

and require more and more highly qualified staff [12]

Economic trends - Custom production, need for specialised production

The impact of these tren ds will be translated into high demand on know -how, high
integrated approach to research and development and multidisciplinary

cooperation between companies, universities, and research centres. This will
create new opportunities for the development of new  business models and new

production approaches.

Companies will compete for highly skilled workers, as the supply of skilled workers
will not match demand. To grow their competitiveness, companies will need a wide
range of highly qualified staff and special know -how to meet the specific needs of
the market. An acute shortage of middle technical management will need to be

filled. Attention needs to be paid to maintaining the "know -how" associated with the

generational change and restructuring of the sector.

Economic trends - Increasing the production of textile products for other
application industries (electrical engineering, health, construction, automotive,
agriculture, environment, aviation). In order to maintain a competitive advantage,
production will re spond sensitively to changes in demand and at the same time
flexibly ensure rapid configuration of its products according to the requirements of
other application industries. The trend expects a significant shift in diversification of

production in smaller series.

17



Environmental trends

Global increase in raw materials and energy demand will have to be
counterbalanced, with circular economy strategies, R&D in new materials, efficient
new technologies for saving water, energy, and chemicals as well as new busi ness

models.

Political/legal trends & Government regulation, market regulation

This trend is nowadays closely tied with environmental requirements and the social
responsibility of production companies. Responsible institutions have to cooperate
with public bodies on the development of regulation frameworks, new standards,
new tools, new business models. In the textile and clothing industry, new

regulations are oriented towards compliance with health and safety standards both
for the customer and the environment (REACH, emission limits, potential sanctions
THI YGgLuOYsl tnbaLudt FT pn
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4. Circular Economy in theextile andfurniture sectors

4.1 Circular economy overview

Our current - take make waste - linear model is highly unsustainable and requires
us to move for ward with a sustainable way of conducting business and generating
societal wealth. A more sustainable alternative, called the circular economy (CE) is
seen as a viable option to replace the linear model. According to the European
OF Gt FQY: GYI Lj¥ thdaluenofp@duots tdaderials and resources is
maintained in the economy for as long as possible, and the generation of waste
O F(GomBOndY
YLGI LUGCG! YOLt Ft ©AYn OLjL1 GTI OLjYwgFYOLt Ft &G L YLjA
9t nOCL)YGUGLUYI &$-CHTOYVUIOFBHBOFYGGUuUYI OnlGLGFt Q
recycling and recovering materials in production/distribution and consumption
processes, thus op erating at the micro level (products, companies, consumers),
meso level (eco -industrial parks) and macro level (city, region, nation and beyond),
with the aim to accomplish sustainable development, which implies creating
environmental quality, economic pro sperity and social equity, to the benefit of
LGl 1l OFuYgFnYTUUI4 OYt OFOI gudt FLji Y
CE is based on three principles that outline the steps needed to achieve a fully

circular system:

Eliminate: Design out waste and pollution - The CE is a system where waste
no longer exists, products are purposely designed to be disassembled and
reused. Because waste no longer exists, pollution is also eliminated from the
system.

Circulate: Keep products and ma terials in use - To reach the goal of a waste -
free system, the CE requires a shift in creation and consumption habits. We
are moving from the "take -make -waste" mentality towards finding ways to
keep products and materials continuously in use, thus "closing the loop."
Regenerate: Regenerate natural systems - The CE aims to be a regenerative
system, giving back to the environment by avoiding non -renewable

resources and protecting and enhancing renewable resources.

19




At a more operational level, CE aims to red uce resources consumption by slowing,

closing, and narrowing resource loops [15]

— .= oy

processes to reduce the use of natural resources. It includ es the first R principle

(Reduce) in a wide sense. This reduction aims at minimizing the input of primary

energy, raw materials, and waste, by improving efficiency in production (called eco -

efficiency), as well as in the processes of consumption. This is a chieved by

introducing better technologies, making products more compact and lighter,

simplifying packaging, having more efficient appliances, or simplifying the style of

life.

i UOYLjOLt Fn YLju |clpsing tesboifap loa@psjy g YR YU UG LiYL gLOQYUUO
close the loop between post -use and production stages looking for a circular flow

of resources. Through different actions such as recycling, reuse, or recovery, firms

attain to make their production processes more circular

Recycling offers the opportunity to benefit from and reduces the amount of waste

that needs to be treated or disposed of, reducing the corresponding environmental

impact.

The principle of Reusel OT Ol LjYut YogFAYt s Ol gudt FYr AYGcudatL 0
that are not waste are used again for the same purpose for which they were

Lt FLOGAzOni AYi UOY@OULJOYt TYs Il tnuLulLiYS8OgFLiYuUOY
and less work compared with the manufacture of new products from raw materials.

Circularity also means adapting industrial processes through efficiency in energy

consumption (using renewable energy and not only recycled materials).
NGFCCAQYUUOYUuUGI nYuAs O YsloWingrgsourgellodps A Wi G @i LYLjt L
requires the design of long -life goods a nd product -life extension through

remanufacturing and reparation. It consists of the design of new products or

redesigning existing ones to make them more efficient throughout their life cycle.
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The aim is to achieve goods and services that require: (1) f ewer resources, and
wherever possible renewable and/or recycled; (2) quality components that allow
for longer product life, and (3) a design easier to maintain, repair (with the availability

of parts), upgrade and recycle, whether for the original purpose or any other.

Opportunities and challenges implementingieculareconomy

Implementation of the CE concept is a challenging task given the prevailing linear
mindset and structures in industry and society [16] While the benefits for the natural
environment are simple to grasp and understand, the econ omic benefits in the
context of CE are more complex to envisage. Despite existing success stories of
circular system implementation in industry, large scale implementation needs

radical change in the way businesses operate and requires commitment from

higher management in industry.

Currently, industry is faced with a duality of opportunities and challenges to
implement a CE [17] The potential sustainability and business benefits from
adopting a circularity mindset in industry are significant. In Europe alone, the
business benefits linked with CE are estimated to be ca. 1.8 trillion Euro per year up
until 2030 [18] Nevertheless, despite the increased interest in CE implementation
and the large amount of research and governmental incentives, companies still
face challenges in successfully implementing CE. Challenges faced by

manufacturing companies are connected to:

Systemic nature: creating a CE requires fundamental changes throughout the
value chain, from new business model innovation, product/service design
and production processes all the way to consumption patterns and end  -of-
life scenarios

High complexity: new uses of existing material flows increase the boundaries
and the complexity of cir cular ecosystems. Furthermore, the evaluation of
the sustainability performance of CE systems presents high complexity.

High risks: the systemic nature and high complexity of CE also leads to high
risks in the implementation of CE businesses

Multi - and inter- disciplinarity: the complexity and novelty of CE requires the

combination of several disciplines, such as natural sciences, engineering,
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business, economics, and management which takes extra effort to
orchestrate.

Lack of knowledge: a successful CE implementation in companies requires
new knowledge, capabilities, and skills (e.g.,ranging from material

composition to social behaviour).

4.2 Circular economy in the textile sector

Textile is part of our everyday life. Most often we use it as clothing, but it can be
found all around us. The consumption and production of textile products tends to
grow steadily, and with it the impact on climate, water, energy, and the
environment. Global production of textile products almost doubled between 2000
and 2015[19]and consumption of clothing and footwear is expected to increase by
63% by 2030, from 62 million tonnes today to 102 million tonnes in 2030 [20].

In the EU, the consumption of textile products, w hich are mostly imported, now has
on average the fourth largest negative impact on the environment and climate
change and the third largest negative impact on water consumption and land use in
terms of total life cycle [21] Approximately 5.8 million tonnes of textiles are
discarded in the EU each year, or approximately 11 kg per person [22] and one
truckload of textiles is landfilled or incinerated every second somewhere in the

world [19]

The largest part of textile produced in the EU is focused on clothing (81%) (JRC,
2021). The garment industry contributes to unsustainable patterns of
overproduction and overconsumption of garments that are only used for a short
time and then thrown away. Growing demand promotes inefficient use of non -
renewable resources, where reuse and recycling of textile fibre s into new fibres is

not ensured, which is an integral part of a linear economy.

Therefore, a new circular textile economy model is needed. To achieve a circular
economy, the systems set up will have to change. The transition to a circular
economy require s a rethinking of production and consumption. Products placed on
the market should have a long lifetime and be recyclable. Products should be made

from a high percentage of recycled materials, with both environmental and social
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rights being taken into acco unt in production. Clothing products should be

designed in such a way that they can be repaired or effectively recycled. Fast
fashion will no longer be fashionable for consumers, but will be replaced by high
guality, affordable textiles with a longer shelf life. Furthermore, cost -effective repair
services and, where appropriate, alterations to a more fashionable look will be

widely available. Emphasis should be placed in particular on extending the lifetime

of garments to reduce pressure on resources, minim ise the burden of chemicals on

the environment, and reduce the burden of transport.

The garment industry could implement various strategies with the aim of achieving

a circular economy with a zero -carbon footprint.

4.2.1 Circular strategies in the textgdector

4.2.1.1. Ecalesign

Ecodesign, as defined by Eu directive 2009/125/Ec *, focuses on incorporating
aspects of environmental sustainability into product characteristics and processes
throughout the product's value chain. In the context of textile, Ec odesign focuses on
the principles that fashion brands, stakeholders and customers must consider

environmental impacts throughout the life cycle of the garment.

Product design plays a key role in achieving this goal. Currently, 60% of products
are discarded due to poor quality or product failure. Emphasis should be taken
when designing the product to transform the garment from a fast fashion to a
higher quality long lasting garment designed with the minimum impact on the

environment.

Ecodesign considers env ironmental aspects at all stages of the product
development process and aims for products that have the least environmental
impact throughout the product life cycle, where economic aspects are also
considered [23]

https://eur-lex.europa.eu/legatontent/EN/ALL/?uri=celex%3A32009L0125
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As an illustration, the designs by Lada Vyvia meet all these requirements. The
designer has applied nanotechnology to her garments with timeless designs that
promote the longevity of the clothes. Nanotechnology adds functionality to clothes

and reduced the need for washing.

0

Figure 2: Lada Vyvia Lova [24]

Ecodesign approaches can incorporate materials that would have been discarded
otherwise to produce new fashion accessories. Industrial waste such as leather,

tarpaulin, etc. can be upcycled to create new ite ms.

A multitude of designer apply upcycling principles in their production. For instance,
Kave sneakers are made from waste and residual materials locally in the Zlin
TgLrutl AQYt FY9oglhgYDgLUGFOLjYTIt ®aYuuUOYTal LjuYUgC

existing equipment only.

Figure 3: Kave footwear [25]
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https://ladavyvialova.cz/homepage-english/
https://www.kavefootwear.com/kolekce/

Similarly, Medence re+concept bags are largely made of carefully selected,

cleaned recycled and upcycled industrial raw materials, with local production, in

the spirit of slow design.

Figure 4: Medence design [26]

4.2.1.2. Material innovation

The global fibre market is very intense and has a strong upward trend with. 111
million metric tons being produced in 2019, double the production from 20 years
ago. The fibres that are used in clothing can be divided into two basic groups,
namely natural f ibres that are derived from plants including trees, animals, and
insects. The second group are man -made fibres obtained by a chemical
manufacturing process from natural or synthetic polymers. The largest proportion is

currently polyester fibres.

Fibres make almost 98% of finished clothing. The 73% of fibres used in clothing ends
up either in landfill or an incinerator with only 12% recycled [27] Fibres are small and
are exposed to rough processes during recycling which damages their quality, and
thus only 1% of the recycled fibres can be utilised again in clothing. Most of the
recycled fibres can only be used in other functions such as cleaning cloths, carpets,
mattress stuffing, and related functions, which itself is a challeng e as the quality is
lost [28].

However, as a solution, new fibres can be readily blended with old recycled fibres

to strike the right balance between quality and sustainability. In the case of

25




synthetics, such as polyester, th e fibres can be chemically broken down to their
chemical building blocks and later melt -spun into new fibres with exactly similar

properties as the new virgin fibres entering the circular loop [29].

GLOBAL FIBER PRODUCTION IN 2019
IN MILLION MT (+%)
® Wool - sheep: ~1 (~1%)
® Wool - other: ~0.05 (~0.05%)
Down: ~0.27 (~0.24%)
@ Silk: ~0.16 (~0.001%)

Other plant-based: ~ 6.5 (~5.9%)

Cotton: ~25.7 (~23.2%) @

~ 111 million mt @ Polyester: 57.7 (~52.2%)

MMCFs: ~7.1 (~6.42%) @

Other synthetics: ~6.4 (~5.7%)

Polyamide: ~5.6 (~5.0%) —e

Figure 5: Global fiber production [30]

It is estimated that synthetic fibres will represent 98% of all future fibres. This
increase poses an environmental problem from various perspectives. Itis
estimated that 98 million tonnes of oil a re consumed worldwide each year for the
production of synthetic polymers. These polymers are used to produce fibres, dyes,
and finishes and are therefore dependent on fossil fuel extraction. Synthetic fibres
have the disadvantage of not being biodegradable and remaining in the
environment for many years. The fibres are very delicate relative to other plastics
and tend to release nano and microfibers into waterways when clothes are washed.
This causes immeasurable damage to vital ecosystems and cannot be eas ily
traced. Manufacturers therefore need to have to look at new, environmentally

friendly fibres for their products and incorporate more recycled fibres.

The world's largest production is for polyester fibres. Polyethylene terephthalate
(PET) is the maternal of choice to produce recycled polyester textiles. This polymer
is one of the most important and accounts for approximately 18% of global polymer
production. Currently, the most common recycling methods used are mechanical
recycling of PET bottles, wher e mechanical recycling produces rPET. In the case of

other polyester fibre recycling, traditional technologies can be difficult. This is
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mainly due to the mixed nature of the materials, finishes, dyes, pigments, etc. This
results in the downcycling of pol yester textiles into lower value products. To
achieve a better result, new technologies are used where the process uses

enzymes, microwave radiation or glycols.

Emerqging solutions

New technologies include " WornAg ain" [31]recycling technology, which is able to
separate, decontaminate and extract polyester and cellulose from textiles and
polyester bottles and packaging that cannot be reused. This creates dual outputs of
PET and cellulose, putting sustainable resources back into manufacturing supply

chains.

loncell® [32] (Finland) technology is suitable for cellulose -based materials (both
textiles, pulp, old newspapers). A solvent called ionic liquid is used in the process. In
the dissolved state, cellul ose can be transformed into beautiful, strong fibres. The

only chemicals used are non -toxic ionic liquid and water.

Another technology for recycling cotton waste is REFIBRAXK[33]by Lenzing (Austria)
REFIBRAXKfibre consists of 80% lyocell TENCEL XX(viscose fibres made from wood
pulp) and 20% a blend of recycled cotton fabrics with cellulose fibres. The cellulose
from the recycled cotton is dissolved using an organic solvent, mixed with the

recycled Lyocell pulp, and processed into new fibres.
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https://wornagain.co.uk/
https://ioncell.fi/
https://textilsantanderina.com/textile-solutions/refibra
https://textilsantanderina.com/textile-solutions/refibra

pulp production &

ho;::’.pm:m combine pulp
‘ TENCEL™
X of sohvent
REFIBRA™
(yecai o6
(S
—
<
yarn & fabric TENCEL™ Lyocell fiber

with REFI technology

Figure 6: REFIBRA [33]

The process of converting domestic cotton waste into  SaXcell [34fibre is an
abbreviation of Saxion cellulose. The input unit is a well -defined, sorted domestic
cotton textile waste; the waste must be clean, so good sorting is necessary. After
grinding , non-textile parts (nails, buttons, zippers) are removed. The dry mixture of
textile fibres of different colours is chemically bleached; this mixture is now ready

for the current wet spinning process according to the viscose or lyocell process.

After several years of research in recycling, the Mistra Future Fashion program has

introduced the Blend Re:wind [35]process into production. This technology is

capable of recycling polyester and cotton blends. There are three outputs from the
process: viscose fibers from cotton and two pure monomers from polyester that

can be re-polymerized into polyester.

Figure 7: Re:wind [35]
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https://saxcell.com/newfibre
http://mistrafuturefashion.com/rewind-recycles-cotton-polyester/

4.3.1.3 Reusingrepurposing, and refurbishing

Reusing and repurposing clothes are essential activities in facilitating a circular
economy. Some countries (such as Germany) have high collection rates of textiles
for reuse to a tune of 75% of textiles [36] which are usually exported to low -
developing countries for extended use. However, in the countries where second -
hand clothing is exported, similar collection infrastructures do not exist and thus
used clothing end up in landfills (Watson et al. 2016). One of the solutions is to

repurpose the clothing to new uses [29].

Refurbishment is the repair of an existing garment, re -sewing, or reuse, where
waste does not end up in an incinerator or landfill but gets a new owner or a new

look. The best-known approach in this case is second-hand.

4.2.1.4. Recycling

Recycling textile comes with two main challenges: sorting and economic viability.
On the economical side, chemical fibre recycling has proven to be expensive,

resulting in fibres that are far expensive than new virgin fibres.

Sorting is a challenge because clothes are usually made of blends, say natural and
synthetic fibres or synthetic/synthetic blend with di  fferent properties which can be
hard to separate to break the individual fibres in its chemical building blocks. On an
extended note, blending in textiles can happen at the fibre level, yarn level, and
fabric level. Some sorting challenges can be innovativ ely solved, as described
below. Overall, it is simplistic to state that clothing is easy to recycle [37].
Respectively, chemists, environmental scientists, textile technologists, and
policymakers need to innovatively think of s everal realistic approaches to

overcome the involved challenges with recycling.

When sorting waste, the most important issue is to know what raw materials have
been used for a given product and what process the product has undergone
throughout its lifetime . The information should be clear, structured, and accessible
on environmental sustainability, for example on substances of concern, treatments,
or material composition. This can made possible by RFID (Radio Frequency

Identification) tags or the so -called digital passport. Waste sorting with RFID tags
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uses the same approach as infrared sensors for automated systems in the plastics
sorting industry. The tag is a source of big data for the manufacturer, where it can
track product use and subsequent collection after use. Customers can enjoy fast
self-service check -in at stores and can communicate with smart washing machines
for optimal wash settings.

A Fabriclevel sorting

(

)

MMM

NT1610002-100436
B%. 30071610
A% ax

‘Nt w0821 (ma )
" 160880 ("s'a)

B Fiberfyarn level sorting

Dissolved cellulose Dissolve the dissolvable

can be used to make and remain with the
paperand pulp undissolvable

1 Separation of fibers in
therrelated . e On oL »

i

High temperature heating
Sometimes sweliing in EERTHIEIIEE R
CCUCICIETIUENECE  and leaves the other fibre
release impurities and behind as solid.
dyes PET/Cotton blends

)

Figure 8:. Adetex sorting* [29]

*Sorting of fibers and fabrics before recycling. (A)Left: RFID yarn that can be woven into

garment seams which can later be employed during the fabric sorting process. Right: Clothing

label with RFID incorporated. (B) Fiber and yarn sorting can be done using physical and

chemical solvent techniques.

Further recycling possibility include solvent technologies. The approach is based on
the fact that specific materials can be dissolved to retrieve other materials. For
example, cotton/polyester fibres in fabrics can be sorted by dissolving cotton
cellulose in a solvent and then leaving polyester behind. The cellulose dissolved
can be used to make new synthetic fibres with natural recycled sources as in the

case of Lyocell, Rayon, Cupro, and Acetate fibres. If the quality is lagging, the
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retrieved material can be used to make pulp and paper. These approaches are
sustainable and the backbone of the circular economy. On the other hand, the latter
approach depends on the melting temperature difference (higher difference) of the
fibres to be sorted. For example, A/B f ibres can be sorted by first swelling the two
fibres at high temperatures to release the organic dye molecules and other
contaminants. At a specific temperature, A will start to melt, but B will remain
behind as a solid. These are then filtered for separat ion and proceeded for
recycling. Scaling up these technologies is still a challenge but are key solutions to

avoiding a linear clothing economy.

In case of necessity to obtain original monomers, it is possible to use technologies

of biosorting, biorecycling by using living organisms or enzymes [38] [29].

Once the waste is sorted, the actual recycling of textiles takes place, which can

currently be mechanical, physical/thermo -mechanical or chemical recycling.

Mechanical recycling is the most commonly used, involving operations such as
cutting, shredding and tearing. The process results in nop s, short fibres and fibre
dust. There is a great loss of mechanical properties. The material is of lower quality,

so it is mixed with virgin fibres most often used to produce new non-woven fabrics

Figure 9: Textile recycling - cutting of textile waste vs Textile recycling - resulting fibres [39]

Physical/thermo -mechanical - for textiles made from 100% thermoplastic fibres.
Fibrous waste must be clean and free of non -melting impurities. The textile material
is cut into small piec es and compressed into small balls or granules. The material is
then melted. Then the screw in the extruder slowly conveys the material, mixing

and homogenising the material, including the colours of the input material. At the
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end of the extruder, the mate rial is cooled below its melting point, and after leaving
the extruder it is cooled by air or water. The output is a thin string, which is then
chopped into small pieces (a few millimetres long) - the so-called regranulate. The
regranulate can be further p rocessed, e.g.,extruded into textile monofilament yarns.
When heat is applied to the material, its properties are changed or reduced. This

makes it difficult to reuse for the same applications

Figure 10 The extrusion-pelletizing line [40]

Chemical recycling : Chemical recycling processes convert waste textile materials
through specific chemical processes into their basic components, which can then

be re-spun into new fibres, yarns and textiles that are the sam e as the original fibres
or can be even better without losing physical properties. The development of these

processes is still at pilot scale.

Figure 11 Fibre-to-fibre recycling. Source: WRAP 2017 Economic and Financigbustainability [41]
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4.2.1.5. Change in the distribution model

Thanks to the expansion of e -commerce, a new use of clothing goods is also
emerging - clothing as a service. Extending the life of garments by reselling or
renting is a growing trend in the fash ion market. For example, the UK website

https://www.hurrcollective.com  offers the service of renting clothes for a certain

period of time.

Laundries also offer textile rent al for companies. When a laundry provides a
company with clothing for their employees. Each employee is always provided with
clean clothes of their own. The identification of each garment involves the use of
either a barcode or a chip. This gives them info rmation about the worker, the

treatment, and the number of washing cycles the garment has been through.

The system receives all this information automatically and contactless when the

laundry is received.

TexSilicon M I”IIIII'II
CE37001

Figure 12 Laundry chip [42]

At the same time, this method of providing workwear or textiles to the operation
(e.g.,hotels and restaurants) is very environmentally friendly, because thanks to the
higher quality of textiles, less waste is generated, the waste generated is furt her
processed (laundries have contracts for the purchase of discarded textiles), and less

water and energy is spent on washing and drying.

Table 1below summarises all the previous strategies.



https://www.hurrcollective.com/

Table 1 Summary of Circular Strategies in the textile sector

Strategies

Description

Best practices

Ecodesign

Ecodesign takes
environmental aspects into
account at all stages of the
product development
process and strives for
products that have the lowest
possible environmental
impact throughout the
product's life cycle, where
economic aspects are also
considered .

- ensure maximum product
lifetime

- use recycled materials

- ensure production
sustainability

Material innovation

Innovation in materials,
replacing fossil supplies with
biobased and recycled
content.

-substitution of fossil
materials with biobased and
recycled materials

Refurbishing

The process of repairing or
restoring a garment, through
which the garment is given a
new life.

- repair of clothing

- garment alterations

Recycling

Clothing recycling, where
clothes are processed, and
new fibres are obtained.

- use of technologies for easy
recycling of clothing materials

- use of digital passports

- improving waste sorting

Change in the distribution
model

To look at textiles in a new
way, not only in terms of
sales.

- offer textile lease/rental
business models

4.3 Circular economy in th&urniture sector

i UOYGUI t 5 Og F Y zércePalliitlgn Actioff Fanjsfates that, from 2050, air,

water and soil pollution will be reduced to levels no longer harmful to health and

natural ecosystems thus creating a toxic free environment. Numerous tools are to

be used to achieve this aim. The change from the actual linear economy to a

circular one is one of them.

To achieve the circular economy, the European commission intend to

change/implement new policies and directives, that will shake and change the




furniture sector as it will imply the design of new products and ser vices, new
business models and business relationships between suppliers and customers, but
also the development of behaviours, regulations, and information dynamics. The
implementation of policies such as the ESPR (The Ecodesign for Sustainable
Products Regulation) and of the DPP (Digital product passport) will have a

particularly strong effect on the furniture sector.

Although, by improving and developing already existing strategies into the current
supply chain, the furniture sector can not only become su stainable, but also a driver
of a circular economy worldwide, as Europe produces a quarter of the global

furniture [43]. Therefore, different circular strategies could be implemented in the

furniture sector with the aim to get a circular value chain (figure 13).

Figure 13 Circular Economy strategies in the furniture sector [44]

4.3.1 Circular strategies in the furniture sector

4.3.1.1 Ecodesign

The integration of environmental aspects into the product development process, by
balancing ecological and economic requirements. Eco -design considers
environmental aspects at all stages of the product development process, striving

for products which make the lowest possible environmental impact throughout the

product life cycle.
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Dismantlable Furniture:

AlGLidgFuUCgl COYTUl FGuul OQYClGibOYuUOYt FOYLjt CnYgu
CaTOQYGTYuUOYLjsgl OYs gl uLiYgl OYOgLjGCAYTGFngl CC
staple/sew the fabric to the body of their sofa, as it is often the first thing to break.

Instead, they use physical connectors. Indeed, a possible, non -destructive,

reparation from the consumer himself is a good media to give a longer life to a

T

Figure 14 Sofa from the Magis company [45]

product.

Dismantlable furniture is also good for transport and carbon footprint issues. A piece
of furniture that is not assembled yet is way more compact during shipping,
therefore more sustainable. This is seen for IKEA obviously, but also for other, more
modest, companies such as TAKT (Denmark) that design their dismantlable

furniture with wood from sustainable forest [46].

Modular/multipurpose furniture:

Buying furniture that serves multipl OY s G| 5+ LjOLjYlI Onu L OLjYuUOYLt FLjl
different pieces that would turn to waste in the end (valuable waste is still waste).

Some company like Stokke [47](Norway) even create furniture that can evolve with
aperson,astheli | Ysl t nliLUYwi |l GssYil gssi YGLYgYlI Gl AVYLL
positions, therefor suite as much a baby as a child or an adult, eliminating the need

to buy new furniture as one is growing up.
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4.3.1.2 Material innovation

Innovation in materials is the process of meeting user needs through improvements
in existing products or processes or creating and developing something completely

new to achieve greater differentiation, a red uction in costs or sustainability.

Use of 3D printing, easily recycled materials:

Peter van de Water, Netherland, designed a 3D printed sofa (The De Sett) made
from 95% of recycled materials and that could be reused/rebuilt/recycled ten

times before needin g to add some new materials to it [48].

Figure16® Ao0s | GFUOnolt nAot TouUO6cAOO6alOuuooTlt 8600UO0I 6

Use new ways of binding materials together:

Scientists now know that by rubbing two pieces of wood together with enough
friction, the lignin (a mechanical component of wood) will liquify and act like a glue
when dried [49]. That is what principle the BECK Fastener Grou p, in Austria, used to
create their Lignoloc Wood Nails [50]. These nails, used with a nail gun, use the
energy of the choc to liquefy lignin. Allowing to bond pieces of wood together

without using any glue or petrochemical pro duct.
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Figure 17 Lignoloc wooden nails and pneumatic gun [51]

Replace mineral/plastic/animal product -based materials to biobased ones:

Paper, for now, is one of the most recyclable materials. But after a few times, the
paper fibres can get too short thus, resulting in the non -recyclability of it. However,
it is now possible to use paper as a raw material for particle/fibre boards. This is
what the company Honext [52], in Spain, has been doing, going even further as they

bind those cellulose fibbers imitating a natural enzymatic treatment.

In addition, new resources can be found to create new types of particle  board such
as seaweed, sunflower fibbers, artichoke thistles, coconut fibbers or even fish scale.
Fish scale [53] particle boards, as Scale [54](France) produced, could be a very nice
product as it is stone like, but especially as it is 100% biodegradable. Indeed, the
binding element used to achieve this result is already a component of the fish scale
(Chitine protein). However, it reacts to water like wood would (deformation, swelling,

formation of fungus...) so it might not be used outside.

Figure 18 Fish scales boards from Scale company [54]
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Boards could also be created from residues of animal by -products like leather. As
we tend to decrease the production of leather, their wastes are still here and must
be reused if they can. However, leather alternatives for furniture are also a central
guestion. Cork powder, orange peels, wine Trester, cactus protein, hemp residues
are raw products that can be used to create leather alternatives. The product
MIRUM (USA) is a 100% free of plastic, recyclable, biodegradable, leather like

material that has alre ady been used in some BMW car [55]

Other fabrics, like polyester have their alternatives, as the company Natural Fibber
COCnlGFt YAN0Aa pYTHt U Eattoh breStpghtian [586]wm®idyGtsyintifetic -

equivalent performance to polyester.

Figure19¢ 6 FGOCnOnoco Lt dut FOTAGrr ol odt FouUOOCOTueoldFoOoLt 5 ¢l GLj

The use of mushroom

As all these materials need biobased alternatives, the best competitor for them

might be a mushroom: the mycelium. The Karlsruhe Institute of Technology
(Germany) built a board from mycelium [57]that has high strength and water
resistance. A leather alternative from the same mushroom has been commercially
released the 7™ of March 2022 during the Paris fashion week by the company Mogu
(Italy) [58].

The mushroom can also be developed by taking the prop erties of a foam if its
growth is geometrically guided. Ecovative Design (USA) [59], achieved this process
to use as a Styrofoam kind of foam, but an application as a thermic insulation or as

cushion foam is not to be exclude d.
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Figure 20: Mycelium foam developed by the ECOVATIVE DESIGN company for nutritional and packing uses [59]

Acoustically, the company Mogu (ltaly) [60] developed an acoustic panel from a mix

of the mycelium skin, upcycled fabric wastes and natural fibres like cotton or hemp.
GdzOFYuUt Gt UYGUuLjYULOYGL)YFtuYegaFLul OgaYAduQYu
monitored closely. However, its expansion as a technolog y and production might

take a while, as the process to create material from it (which consists of a lot of

waiting for it to grow) is far from the current industrial mass production processes.

Therefore, companies are being cautious to invest in those ne w technologies [61]}

Give biobased materials new properties:

To give biobased/eco -friendly material new properties that can replicate the ones
of others can be an opportunity for sustainable innovation and development. Taking
some European [62] sapwood species and processing them through a hydraulic
press with biobased reagents can give them tropical wood properties, without the
transport issue. This is what the Swiss Wood Solutions company, based in Zurich,
discovered. Engineers [63] also found out that, when bleached the wood loses its
linin but it can be replaced with epoxy. Then, those wood properties can turn into
those of transparent plastic, therefore becoming transparent and letting light go

through them. M aybe a transparent wooden building is conceivable.
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Figure 21 Translucent wood obtained by suppressing the lignin and replacing it with epoxy [64].

4.3.1.3 Refurbishing

This process can be seen as repairing, (reselling) and reusi ng an object instead of

turning it into waste. Thus, bringing it back into another life cycle.

Second hand furniture business models:

Second hand furniture business model has an enormous potential as it brings back

gYwttt nYgLYFOGT Ys | t mflihe cosunpton piddes. The G FF G Ft Y
company Rype Office (UK) [65] repairs and resells office furniture while letting the
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In this way, the city of Berlinhas also t | t § F (i Lj©n Y V¥ $8§]CCsicollection

of old furniture around the city, letting the people judge of the quality of said

products. Reselling them in a mall after the collection, this has been one of the first

city Lit g COYwTCOgYagl bOuUvYClibOi YLjOLt FnYUgFnYl OLt C

4.3.1.4 Repurpose/upcycling

Close to refurbishing, the aim of these processes will be to bring back a product

into a new life cycle, but by changing its substance and function.

Use basic structures for pieces of furniture for a new different one (often used in

individuals):

Often seen as a trend on the internet using pallet wood, upcycling is still a media to
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furniture made from pallet wood.
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so that, after the object is turned into waste, some of it can be easily repurposed to

build something new, by an individual or a company.

4.3.1.5 Recycling

Recycling [68] is a resource recovery method involving the collection and treatment
of a waste product for use as raw material in the manufacture of the same or a

similar product.

Use multiple material waste to create a one material piece of furniture:

While plasticis notaneco-T1 G OFn CAYagu Ol GgCQYGUudL)YFt FYuuo®
present around the world as a waste. Turning those waste into valuable material

could help give them new purposes and turn their recycle process more valuable

for the companies. As the possibilities of uses increases, the demand for this type of

secondary raw material will follow.

i UOYH It gFGEQUGt FYwuUOYF OGYIGgFdil YATR)YE sonGEfiLAQ Y G F o
where multiple material urban waste ist urned into one that can be processed

through 3D printing. Thus, giving the possibility of building new public place

furniture such as bench or chair, from the same wastes as the ones that where on

these streets before.
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Figure 23: PRINT YOUR CITY urban bench next to the waste needed to produce one of these benches [69].

4.3.1.6 Change in the distribution model

As the furniture industry can be seen as part of a secondary economic sector
(aiming for a transformation of raw materia Is into a more elaborate product), it can
be used for services purposes, thus, introducing this industry into the third

economical sector.

Sharing/renting furniture network to avoid creating more waste:

As network and online sale platform use has been incr easing, it is normal for the
furniture sector to follow this trend. Recently new business models approaches
have emerged, such as sharing and renting of furniture between people ( Beleco
Company, Sweden) [70] or setting a renting price by announcing how many
months/years the furniture will remain with the customer ( Lyght Living, London)
[71]

Create information/data flow instead of material/substance flows:

Instead of buying a piece of furniture from another country, therefore increasing the
carbon footprint of the product via transport, It is now possible to buy CNC  plans
(via Opendesk), ask a local woodworking company to process wood

panels/particle boards and then assemble it yourself. More than just cutting
transport price and effects, it is also possible to use local wood species for

office/home furniture.
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