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This paper provides a context on sustainability of electronic 
textiles (e-textiles) in preparation for a workshop at the 
2017 PLATE conference. The workshop brings together 
experts from electronics, product design and textiles 
to discuss lifetimes of an emerging product area that 
has yet to be explored fully. The workshop is organised 
by members of three research groups at Nottingham 
Trent University (NTU): the Advanced Textiles (ATRG), 
Clothing Sustainability (CSRG) and Sustainable 
Consumption Research Groups (SCRG). The aim is to 
bring together key expertise to explore discrepancies in 
the lifetimes of textiles, electronics and other components. 
Existing guidelines and further sustainability strategies 
will also be discussed. The priority of the workshop 
will be to set forth international collaboration on future 
research to bridge the gap in knowledge in this emerging 
field and to help develop new strategies for incorporating 
electronics into textiles in a sustainable way, specifically in 
relation to product lifetimes.
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The market for smart electronic textiles (e-textiles) 
and garments is growing rapidly, predicted to exceed 
4.7 Billion US dollars by 2020 (Smart Textiles Market, 
2017) with global technology and clothing heavyweights 
including, Google, Levi’s, Nike, and Apple investing 
significantly (Balmat, 2017; The emerging e-textiles 
industry, 2016). E-textiles contain embedded electronics 

that provide enhanced ‘smart’ capabilities, whereby 
materials can sense, react to and/ or adapt themselves in 
response to external stimuli (Kettley, 2016; Black, 2007). 
These are used in the application of ‘wearable technology’ 
which exploit e-textiles as a soft surface within which 
connected systems can be incorporated into garments, 
giving potential to communicate with external devices 
such as smart phones or accessories (Kettley, 2016; Black, 
2007; Braddock, Clarke & O’Mahony, 2005). 

There are many health and wellbeing benefits of e-textiles 
in medical, healthcare, sports, and wellbeing contexts, 
where they can, for example, facilitate health monitoring 
(Lugoda, et al., 2015) or manage stress and anxiety 
(Tillotson et al, 2013). Commercial developments are 
often grounded in specific social contexts, such as 
interactive, networked ‘hug shirts’ that enable haptic 
communication between long distance partners (Cute 
Circuit, 2017); digital gloves that translate sign language 
into speech, for better communication and understanding 
between Deaf people and their hearing peers (Enable Talk, 
2012); and temperature sensing socks that can warn of 
ulcer formation (Lugoda, et al., 2015).

These demonstrate that wearable e-textile garments and 
accessories can enhance quality of life, where the focus is 
on gaining societal – as well as economic – value out of 
technological innovation. However, literature shows that 
there are significant environmental issues surrounding 
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products in perpetual use through circular economy 
systems is also being explored (Earley & Goldsworthy, 
2015). This explores the interplay between fast and slow 
fashion, recognising that different ‘speeds’ of products 
require different design approaches. As such, fashion 
and textile designers operate within complex problem 
spaces when developing and/ or selecting materials and 
approaches that have the most positive sustainability 
implications in relation to intended product use, lifetime 
and commercial restraints (Kane and Philpott, 2013). 
These considerations are particularly pertinent when 
aiming for enhanced ‘positive’ functionality offered by 
e-textiles and must be weighed up in relation to the social 
implications (ibid.). Knowledge and understanding of the 
whole lifecycle of materials from both a scientific, design 
and user perspective is essential. 
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In the development of sustainable garments that utilise 
e-textiles, the considerations mentioned above must also be 
considered, with added complexity of embedded electronic 
components. Increasingly sophisticated methods are 
being developed to add electronics into textiles, from early 
attachment to clothing surfaces or pockets (Cork 2013) 
to incorporating electronic functionality into the textile 
structure, such as incorporating electrically conductive 
yarns. More recent developments have seen electronic 
components integrated at a yarn-level (Dias, 2016) with 
the possibility of integrating a range of sensors (such as 
thermistors) or output devices (such as light-emitting 
diodes). Conductive inks, fibres, and power sources, may 
also feature.  

This variety of electronic components contains non-
renewable materials and minerals: plastics, metals, silicon, 
and ‘critical’ or ‘conflict’ minerals subject to high supply 
insecurity (scarcity) or geopolitical conflict (Köhler et al, 
2013). Understanding of the issues surrounding these, 
ensuring supply chain transparency, design to enable 
recycling at end-of-life, use of alternative materials and 
promotion of sustainable products are therefore essential. 
Issues of physical durability specific to e-textiles include 
washability, durability of interconnects and inks, and 
lifetimes of components. Depending on the nature of a 
device the fibres may wear-out well before the electronics. 
Conversely, the rapid development of microelectronics 
might mean electronics may become out-dated before the 
material aspect of a garment. The lifetime of an e-textile 
is dictated by the shortest lifetime of any individual 
component, unless repair or replacement is possible. 

Stakeholders in smart textile development, use and 
disposal cover a wide range including consumers, 
legislators, designers, engineers, garment producers, and 
consumers. Each group has differing priorities including 
functionality, cost, appearance, fashion, recyclability, 
and disposal. Ensuring knowledge and understanding 
of sustainability across design and production will be 
imperative, alongside supporting sustainable consumer 
behaviour during use, care and end of life. Lifecycle 

both clothing (WRAP, 2012) and e-textile waste (Velden, 
et al., 2015; Kohler, 2013; Kohler, et al., 2014; Ossevoort, 
2013; Wilson and Teverovsky, 2012). There is a significant 
risk that combining these two product areas, especially 
as they both represent short-life mass consumer goods, 
may lead to increased toxic waste (Kohler, et al., 2014). 
To be sustainable, technological developments must 
address social and economic concerns in harmony with 
nature, as agreed in the United Nations 2030 Agenda for 
Sustainable Development (United Nations, 2015). It is 
therefore important that design strategies to minimise 
the environmental impact of e-textiles products are 
developed, taking into consideration all stages of the 
product’s lifecycle (Köhler, 2013). Challenges for the 
eco-design of emerging e-textiles have been discussed in 
relation to design for recycling, disassembly, and disposal 
(ibid.), but product lifetimes remains an underexplored 
area of investigation. 

Product and material longevity is a key sustainability 
strategy: longer usable lives and circular material cycles 
can reduce the amount of raw materials required and 
reduce waste (Earley & Goldsworthy, 2015; Cooper, 2010). 
There are discrepancies between the lifetimes of textiles, 
electronics and other components in e-textiles, and 
complex challenges in making appropriate design choices 
for different garment lifetimes (Earley & Goldsworthy, 
2015) that must be considered in designing for these 
converging technologies. 

Clothing Lifetimes 
It is estimated that 350,000 tonnes of clothing waste ends 
up in landfill in the UK every year (WRAP, 2012), and 
while the production, distribution and disposal phases all 
create environmental impacts, life cycle assessment (LCA) 
has found that the most effective intervention to reduce 
the environmental impact of the clothing industry is to 
extend the usable lifetime of garments through design, 
maintenance and re-use (WRAP, 2012). NTU research has 
extensively explored how to improve design and testing 
for clothing longevity (Cooper et al, 2016, 2014, 2013 & 
2012). 

A toolkit of industry-led strategies has been developed 
from the findings to support multi-disciplinary systems 
thinking across design, merchandising, business, 
production, marketing, and sustainability managers 
(Cooper et al, 2016). This included holistically promoting 
the importance of physical durability and testing, ensuring 
transparency and communication in complex global 
supply chains, supporting consumers through product 
labelling and communications, provision of lifetime 
guarantees, laundry, care and maintenance guidance, and 
enabling repair and adaptability through design. Adding 
emotional value to enhance user-product attachment and 
alternative business models to encourage greater active 
use of garments through leasing are also encouraged 
(ibid.). 

Elsewhere, extending material lifetimes by keeping 
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The introduction will include insights from the teardown 
of a smart garment, giving the opportunity to find out 
what is inside an e-textile and discuss products being 
developed in this fast growing market. The discrepancies 
in lifetimes of textiles, electronics and other components 
will be explored with an expert panel representing different 
perspectives relating to the research, development, 
manufacturing, and use of wearable e-textiles products. 
This will be followed by group discussions to explore each 
perspective further and discuss sustainable strategies.

Objectives include: 
• To identify the current provision of sustainable 

strategies / toolkits for the development of smart 
wearable e-textiles; 

• Discuss and explore a wide range of perspectives on 
the sustainability and lifetimes of wearable e-textile 
products;

• Extract data to identify challenges and opportunities 
to developing and implementing sustainable smart 
e-textiles design strategies;

• Identify research interests and map out future 
research proposals for potential cross-institutional 
international collaborative research proposals.

Proposed outcomes of the workshop will include:
• A new set of directions for the field, available open 

access to all participants after the event;
• Identification of collaborators for making funding 

applications at national, European and international 
scales to further the research agenda and/ or 
collaborate in an international research network.

and systems thinking approaches are therefore required 
alongside technological research and development to 
enable design for sustainability of these converging 
technologies (Köhler, 2013), in order to consider their 
design, manufacture, use and end-of-life for extended 
product lifetime or maximised circular material lifetimes. 

There are a variety of questions that need to be asked 
regarding this topic. Key to the focus of this workshop is 
what is the expected lifetime for an e-textile? Consumer 
perspectives on smart wearables in relation to clothing 
lifetimes, care, use and disposal also need to be explored. 
It is also important to deliberate the ethics of materials 
used and how they affect the waste stream, particularly 
identifying components that should never be integrated 
into textiles from either a safety or sustainability 
viewpoint. Currently it is unclear whether e-textiles are 
covered by textile legislation, or electronics legislation, and 
current recycling schemes for e-waste (Waste Electrical 
and Electronic Equipment Directive, 2005 [WEEE]) are 
not technically suited to deal with them (Köhler et al, 
2014) so clarification and action is required. Reviewing 
these aspects together this will help to inform industry-
led design strategies that ensure sustainable development 
within this emerging industry.

The Workshop 
The aim of this workshop is to explore aspects of 
sustainability and product lifetimes relating to e-textile 
garments.  
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