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Abstract As human population grows in number, the amount of (organic and non-
organic) waste materials has grown rapidly year by year.

Changes of consumption and lifestyle have generated a higher waste amount.
Waste management has become a significant issue in today’s society. In 2014, the
EU countries registered 2.494 million tons of generated waste, which was an
increase in growth of 2.8% compared with data from 2008. Different renewable
materials are ending up as waste, such as glass, paper, plastic, textile, which may be
used in a recycling process. This chapter will discuss these challenges with the
focus on one of these materials, textiles, as building materials.

We also introduce the perspective of Human-Computer Interaction (HCI)
aspects, and especially Human-Built Environment Interaction which will give some
specific focus on textiles used as recycled materials. The result of the critical litera-
ture review in the area of textiles as building material from an HCI point of view
suggest a set of interaction design dimensions that can be considered and applied on
the usage of textiles for built environments.
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11.1 Introduction

Societal and human concerns about environmental impacts of building practices and
materials have been expressed through a growing demand, production, and use of
“green” building products (Corscadden, Biggs & Stiles, 2014). At the same time,
there is a strong movement in Europe to explore how to integrate natural resources
with bioproducts and renewable resources into different industries. For example,
bio-design products are one emerging area (Wang, Luo, Liu, Lu, & Hansen, 2017)
that may guide humans in changing behaviors for a more engaging lifestyle.
Moreover, the building and construction sector is concerned with different materials
in order to materialize an engineering idea or model. When it comes to the ecologi-
cal impact of the production processes of recycled textiles, some countries have a
greater demand of different types of textiles compared to others. Part of this demand
is based on new implemented top-down regulations, laws, and policies, another part
is due to some changes in the business environmental codes (H&M, 2019) and yet
another part emerged from bottom-up through people changing their behavior
(Parviainen, Lagerstrom, & Hansen, 2017). Different types of textile materials are,
on an everyday basis, discarded and are increasingly considered when it comes to
how to recycle, reuse, and use textiles for extensions, additions, and substitutions in
different contexts.

The public acceptance and market penetration of the environmentally certified
buildings, such as BRE Environmental Assessment Method (BREEAM) and
Leadership in Energy and Environmental Design (LEED) is growing, for example,
in Stockholm, Sweden. This can be shown through the growth of the environmental
awareness of the consumers that are willing to pay more for a green certificate. This
process is followed by lots of international, national, regional, and local initiatives
and future strategies. Sustainable development is the overall goal of the Organization
for Economic Co-operation and Development (OECD) that developed the Green
Growth Strategy (OECD Green growth and sustainable development, 2019). The
City of Stockholm adopted its first environmental program in 1976 (The Stockholm
Environment Program, 2016). Since then, a line of programs has been developed.
The environmental program for 2016-2019 is the ninth environmental program and
one of the reasons why Stockholm is one of the leading green capitals in Europe
regarding sustainability moving in this direction in both governmental, public, and
business environments.

For the development of sustainability, Swedish authorities have developed and
also adopted the Environmental Code (The Swedish Environmental Code, 2000).
This code represents modernized, broadened, and more stringent environmental
legislation. The main objectives that this Environmental Code is regulating are:
human health; natural and cultural environments; biodiversity; use of land, water,
and the physical environment; and the reuse and recycling, as well as other manage-
ment of materials, raw materials, and energy, of which the last part is of interest to
this chapter.
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The aim of this chapter is to introduce some fundamentals from the areas of build
environments, especially considering textiles as building material, and, on the other
hand, general aspects from the Human-Computer Interaction (HCI) discussing the
potential of a new emerging research field of Human-Built Environment Interaction,
with the focus especially on using textiles as building material.

The chapter first gives a brief overview of production, recycling, and reuse of
textiles, followed by a section concentrating on the issues how textiles could be used
as building material. Examples of wool and cotton are given. The final section then
introduces an emerging research field within HCI, dealing with how people interact
with built environments.

11.2 Methodology

From a methodological perspective, this chapter is based on a critical literature
review. This involves selecting and filtering a set of papers and articles in order to
perform a literature in the field(s), but choosing a representative set, and thus, it will
not cover entire fields of practices or research. The area scoped out provides first
with a literature overview on textiles as material and some of its relevant conditions,
especially when considered within the built environment. Finally, the Human Built
Environment Interaction is presented. This is followed by introducing its possible
application in HCI as an emerging research area, especially focusing on the interac-
tion with built environments. The subarea of human-interaction with textiles and
built environments is considered, as an emerging and challenging area.

11.3 Textiles: Production, Recycling, and Reuse

In our society, textiles are fundamental, not only providing us with clothing and
footwear, but also as components in our homes through carpets, curtains, and furni-
ture. Furthermore, textiles are used in our workplaces, in public transportation, in
public urban places, and buildings. The downside is that the textile production,
usage, and consumption have a large environmental and climatic impact by using
natural resources and chemicals.

According to European Environment Agency (EEA), Europeans are consuming
on average 26 kg of textiles per person per year (EEA, 2019). In this report, it is
highlighted that EU citizens and consumers discard around 11 kg of textiles per
person and per year. The amount of discarded textiles, textile waste, is mostly
exported as used clothes, mainly to eastern European countries, Asia, and Africa.
This is an increasing activity. Used clothes not exported are mostly incinerated or
landfilled. This means that the recycling rate of textiles is low. At least 50% of the
material that ends on landfills could be reused (Briga-Sa et al., 2013). Textile recy-
cling may offer the following environmental benefits:
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e Decrease landfill space requirements

* Avoid use of virgin fibers

* Reduce consumption of energy and water
*  Avoid pollution

e Lesser demand for dyes.

However, despite the benefits mentioned above, the production process of textile
is causing a lot of damage and fatigue to the environment as well as to the humans,
especially the people working in the production process and, as such, the textile
industry is a significant pollution factor for water, soil, and air (Table 11.1).

More specifically, in the production of textiles, synthetic dyes are used for fab-
rics which have high levels of sulfur, nitrates, acetic acid, soaps, enzymes, chro-
mium compounds, and heavy metals, such as copper, arsenic, lead, cadmium,
mercury, nickel, and cobalt. Furthermore, reaction of dyes with chlorine can induce
carcinogenic products.

The reuse and recycling of used clothing reduces the environmental burden com-
pared with the purchase of clothing obtained from the original fiber. One way of
dealing with this issue is to consider the concept of recycling, reusing, and reducing
(RRR). All three levels of recycling, reusing, and reducing can be used as a way of
considering the material usage in new ways. We will look closer at cotton and wool
as examples, but other natural and organic fabrics are hemp, angora, silk, linen,
and bamboo.

Cotton is a natural material that requires big amounts of water for the cultivation
process. Even the decomposition process of the cotton fiber is followed up with
production of methane. Synthetic fibers biodegrade slower than the natural ones. An
important part of cotton produced worldwide is part of the textile fibers used for the
production of Denim garments. Types of pollution for cotton is air pollution, water
contamination, and solid fabric waste (Zhou, Zheng, Li, & Lu, 2010).

Another natural material that can be used in building is sheep wool. Fibrous
agricultural materials, such as straw, flax, cotton, and hemp, have been investigated
as potential insulating products, and they are examples of the transition towards
more sustainable materials in the construction of homes and other built structures

Table 11.1 Environmental impacts generated by textiles

Fabric and cloth production Impact

Activity Environmental aspects Health | Water | Air

Ironing Consumption of electricity and occupational X X X
diseases

Clothing sewing Consumption of human energy, and textiles and | x

metal waste

Cloth cutting Noise generation X X

Bleaching of tissue | Generation of liquid waste

Cloth dyeing Generation of liquid waste

Cloth wash (Denim) | Water consumption
From Pichardo et al. (2017)
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(Corscadden et al., 2014). Next section presents an emerging research area, in which
textiles can be considered as particular interesting elements when moving from
focusing on its physical and chemical condition as a material towards a material that
humans can interact with in new contexts and as new concepts.

Textiles and its characteristics and conditions that can be exploited and utilized
linked to the human not only as clothing and coverings but also as functional,
esthetic, emotional, and practical material in different aspects of interior and archi-
tectural design, both in urban as well as in rural environments.

11.4 Textile as a Building Material

As mentioned in the previous section, textile waste is extensive. The production
processes of traditional materials for insulation (acoustic and thermal insulation)
cause a negative impact on the environment. As a consequence, a new ‘green’
approach started to emerge. It proposes to introduce new eco-friendly alternatives
that include low production costs, and focus on the reuse of waste material in com-
bination with fibrous (porous) structures, which make the recycled textile an inter-
esting solution for building sustainable panels for insulation treatments.

In the previous section, we mentioned fabrics and textiles as possible materials
in built environments. According to Pichardo, Martinez-Barrera, Martinez-Ldpez,
Urefia-Nufiez, and Avila-Cérdoba (2017), the use of textile fibers can solve at least
two problems, serving a dual function: (a) elimination of an environmental pollut-
ant, and (b) creation of an alternative material for the construction industry. Sheep
wool is a bioproduct that has demonstrated some potential and has begun to be
marketed and promoted as an alternative insulating material. Wool has several phys-
ical attributes that make it attractive as insulation, including strength, hydrophobic
and hydrophilic characteristics, thermal performance, and the ability to regulate
temperatures and fire resistance (Ye, Wells, Carrington, & Hewitt, 2006). Wool
itself is a renewable resource and sheep wool has a low environmental impact, yet
the use of alternative materials, particularly sheep’s wool, can still be considered an
emerging research topic.

A study by Ballagh (1996) based on the properties of wool concluded that wool
isolates vibrations, reducing the sound index by up to six decibels. Desarnaulds
et al. (2005) found that sheep’s wool has better sound absorption than mineral wool.
Johnson et al. (2003) identified another potential use for sheep wool as a technical
fiber, due to wool’s unique physical attributes. Thermal conductivity is typically
used to characterize the insulation properties of a material (Corscadden et al., 2014).

The reuse of materials, and especially textiles, is an area of great interest and
with potential application due to the high amount of waste it produces around the
world. Their integration can be carried out as thermal or acoustic insulation, struc-
tural reinforcement, or as coating and finishing material, among others. Different
materials and waste with different origins have been studied. Research has been
developed to study the potential application of natural material as thermal insulation
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(Korjenic, Petranek, Zach, & Jitka, 2011). Textile waste integrates the group of
reusable materials that can be included in the building construction and could have
different possibilities of application (Briga-Sa et al., 2013). The textile wastes can
be from clothes that are no longer used or fabrics as part from other objects, like
furniture, etc. Fibers could also be those recovered from various waste streams,
which could be suitable for lightweight concrete reinforcement (Zhou et al., 2010).
Textile cutting waste has also been mixed with epoxy resin and foundry sand for
producing a composite material used for lightweight construction (Pichardo et al.,
2017). Regarding thermal insulation, thermal conductivity of the materials (A) is the
most important characteristic that should be considered since thermal conductivity
is a measurement of the ability of a material to transmit heat. Measurements of this
parameter have shown that the recycled textile considered have convenient proper-
ties as a thermal insulation material. Moreover, fibrous materials have good sound
absorbing potential. The acoustic efficiency of the textile was confirmed by analyz-
ing the thermal and acoustic insulation, like cellulose fibers mixed into concrete
(Paiva et al., 2011; Briga-Sa et al., 2013; Pichardo et al., 2017).

A variety of techniques for textile recycling exist, but they can mainly be divided
into mechanical and chemical techniques (Hawley, 2006). Recycled textile waste
can be mechanically re-structured into yarns, woven fabrics, nonwoven fabrics, etc.
In order to avoid the use of toxic binders, for producing recycled textiles from natu-
ral and synthetic fibers, needle-punching technique can be used. The structure of the
textile (mostly polyethylene) is consolidated without any binder, by interlacing
the fibers.

The development of smart textiles has grown and is guided by material sciences,
especially the new findings at fiber level (e.g., Cherenack & van Pieterson, 2012).
However, not everything that is technologically possible is useful; nonetheless,
smart textiles bring interactive and dynamic possibilities and introduce the human
into the research, production, and use of smart textiles in different situations. Refs
needed Smart materials are materials that possess the ability to modify their physi-
cal properties in a specific way as a response to a specific external trigger. This
means that a smart material may contain sensors, actuators, and controlling mecha-
nisms which make it able to detect the stimulus, respond to it in a specific manner
and intensity, in an appropriate time, and return to the original state as soon as the
stimulus is removed. Depending on the type of the trigger, smart materials can be:

* Piezoelectric materials (e.g., Chalioris et al., 2016)
e Thermo-responsive materials

e Magneto restrictive materials (e.g., Dapino, 2004)
e PH-sensitive materials

* Chromogenic systems (e.g., Lampert, 2004).
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11.5 Human-Built Environment Interaction

The process of recycling textiles do not only responds positively to environmental
and economic aspects but also gives the opportunity to the user to be part of the
procedure by choosing personal belongings for recycling or designs which gives
personality to the final product. This is particularly pronounced when using textiles
in acoustic treatment. As such, the user interaction with the final product with which
he/she has a personal relationship will enhance the experience and understanding of
the life cycle of natural materials and their conditions.

Today, the elements of the built environment, such as buildings in urban and rural
contexts encompassing both private and public spaces, are quickly changing and are
being reconceptualized in different ways, aiming at supporting our lives in the
spaces where we live (Parviainen et al., 2017). New demands and awareness are
beginning to arise on the fact that we, as humans who live in the built environments,
need to be involved in reshaping our needs, behavior, and visions. We want to know
not only how our food, air, and soil are being treated but also the built environments
that surrounds us. By designing and equipping our built environment with new tech-
nologies, such as Internet of Things (IoT) and sensors, we create new ways of inter-
acting with our built environment.

This means that we, as humans, are moving between different and more complex
spaces, so called ‘blended spaces’ (Benyon, 2012). A blended space involves both
our physical world, as well as digital habitat spaces, and we can interact with and
between them. In the state of a blended space, we may redefine our habits, needs,
demands, and our knowledge and awareness about why and how we want to live our
lives. One such redefinition is about the materials that surround us in different
forms. Usually, specific materials have their functions, purpose, and task to fulfill,
both socially and culturally. However, our conceptualization is that a material has a
certain function and we get used to that. It is rarely that we discuss about how a
specific material that we use for a specific function/purpose actually can be reshaped
or evolve into another purpose and function.

Within the research field of HCI, a specific research area has emerged, called
Human-Building Interaction (Alavi et al., 2019a). From within HCI (including
Industrial and Interaction Design), the focus is on how humans (or agents) and arte-
fact interact within the spaces they are located in. One of the aspects raised within
architectural practices includes ecological and sustainable concerns and the use and
utility of materials (such as textiles). According to Alavi et al. (2019b), Human-
Building Interaction can be studied encompassing the complexity of people’s expe-
riences in built environment that also integrates computing in different forms.
Important interconnected phenomena of the building to study can be: the physical-
material, the spatial-configurational, and the social-cultural aspects (Alavi et al.,
2019b). In addition, a blended space (Benyon, 2012) aspect can be included, involv-
ing people moving between digital and physical spaces. Built environments with
different functions (homes, workplaces, hospitals, parks, public transportation,
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educational buildings, etc.) bring up a range of contextual requirements that entail
the development of focused research.

An interesting approach suggested by Sijakovic and Peric (2018) is discussing
the possibility of implementing the biological concept of symbiosis into the field of
architecture for redefining the design principles of architectural recycling of
resources. The concept of symbiosis serves for the definition of a possible relation-
ship between existing buildings and new intervention in the process of architectural
recycling. According to Sijakovic and Peric (2018), the translation and transforma-
tion of the biological principles is possible due to a set of criteria for the redefinition
of design principles: structure, material, form, and spatial organization. Related to
the topic of this chapter is the first of the three redefined design principles: the cri-
teria for building tectonics, which focuses on the interaction between structural ele-
ments and material. The tectonic criteria dealing with structure are understood as
either that (a) old and new materials are interwoven or (b) a clear division can be
seen between the old and new material (Sijakovic & Peric, 2018). One of the pur-
poses of using a symbiotic approach is to allow at least one part of the relationship
to benefit either the structure, material, formal, or spatial enhancements.

Textile materials have several properties, such as sensing, flexibility, durability,
weight, water absorbance, strength, insulation, etc. Textiles in different forms con-
stitute a medium that bridges the interaction between humans and the humans’
world, such as buildings. Even though adding computation like sensors and other
technologies to the textile, the interactive textile is enabled with sensing or actuating
properties. From an HCI and Interaction Design point of view, there might be sev-
eral interaction design dimensions (Hallnds, 2011) involved in the design space for
which textiles and textile waste can be framed: Timing, Spacing, Connectivity, and
Methodology. Timing refers to how both non-interactive and interactive textile
change over time in different ways, such as fading, structure decomposing, and
strength. Spacing refers to the fact that all textiles introduce a space. The material
itself is a space and as such could embed other properties. Connectivity refers to the
interface. The interface could be physical or non-physical. The textile material
enables interaction and connectivity. For example, if one would know that the
clothes of a certain person or his/her family were used for insulation, he/she would
have a very special connection to his/her apartment, house, and even to a particular
wall. One’s behavior may change due to this knowledge. Methodology refers to the
ways in which one uses the material (Persson, 2013, 108—109). This includes the
different ways a person may interact with textiles. We all have our relationship,
experiences, and memories of a specific material. One of the goals of research
within this area is to explore and find new approaches on how we see textiles from
a time-perspective, how textiles can enhance, change, populate our spaces and how
new types of interaction patterns and behavior could emerge. This will then also
lead to the development of new methodologies on how we approach and use textiles
in our daily lives, as well as in professional work situations, as part of our built
environments. Another interesting example is the breathing wall. It is a system
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using textiles that merges normal insulation systems and characteristics of thermal
exchange of building walls (Youssef, 2017) and thus interact with humans.
Therefore, when the sensor is sensing any changes in the temperature, metal strings
bend, decreasing the space between the textile strings, which causes a reshaping of
the textile.

By introducing the electronics within smart textiles, the environmental sustain-
ability is decreased because of the difficulties in the recycling process of the elec-
tronics, but the concept of the smart materials enhances societal sustainability
regarding the personalization and interaction that increase the value of the smart
textiles in built environments.

11.6 Concluding Remarks

Textile waste is a problem for the environment and may become a worse problem
without recycling or other means to lower its environmental impacts. The discus-
sion presented in this chapter on different types of textiles has shown that, after
recycling, this type of material has convenient properties to be reused as a building
material.

Recycled textile can be used in different forms as structural and non-structural
building material. Non-structural use of the recycled textile as a thermal and acous-
tic insulation was considered in this work. The results have shown that textiles are
promising materials and have still open field of work for more advanced development.

The application of a smart concept, through the use of electronics, gives textiles
another value. Although the environmental sustainability is lower in that case due to
the use of electronics, the interaction possibilities opens up new potential in the
societal sustainability. Research in this field is currently intense, the potential and
flexibility of these smart materials is perceived and only engineers’ and designers’
creativity can set or break the limits of their application.

This chapter has provided with a reflective analysis on considering textiles as
material in built environments from a regenerative point of view. We hope that
research, both from the built environment and HCI communities, can benefit from
each other when developing material, material usage, and recycling, as well as
involving and embedding human interaction with these materials for the develop-
ment of more sustainable built environments. We have pointed out several condi-
tions for how to relate HCI with textile as material, especially connected to the built
environment as an emerging research field. We show that the importance of explor-
ing textiles as material for interaction design is vital and important from a design
and from a circular economy perspective by looking at the spatial and temporal
design aspects of textiles, elements that will enable interaction.
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