TRENDS IN FURNITURE AND LIVING 2024

ANALYSIS OF THE DEVELOPMENT OF MATERIALS
AND TECHNOLOGIES USED IN THE PRODUCTION
OF ICONIC SINGLE-SEATING INTERIOR PIECES

FROM THE EARLY 20™ CENTURY TO THE PRESENT

Ostadalova Michaela’, Sovjak Richard'

! Faculty of Forestry and Wood Technology, Mendel University in Brno, Zemédélska 1, 613 00 Brno, Czech Republic

Link to this article: https://doi.org/10.11118/978-80-7701-044-3-0041

Abstract

This article examines the role of materials and technologies in product design, focusing on iconic
chairs from the early 20™ century to the present. It explores the impact of ground-breaking materials,
such as bent steel and plastics, on aesthetics, ergonomics, and industrial production transformations.
The analysis extends beyond the design, highlighting the application of traditional and modern
materials. The article traces historical milestones where design responded to emerging technological
possibilities. Additionally, it investigates current challenges designers face in addressing sustainability
and resource efficiency. The concluding section emphasizes how these factors increasingly shape
not only the aesthetic but also the functional and ethical dimensions of contemporary design, with

potential implications for its future evolution.
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INTRODUCTION

The turn of the 19™ and 20™ centuries in product
and interior design was characterized more by
nostalgia than by embracing the new opportunities
brought by the Industrial Revolution. Although the
Art Nouveau (Belle Epoque) style was historically
inspired, it began incorporating machinery and
modern materials, such as iron and steel in
architecture and new chemical compounds in glass
and ceramics production [1].

The early 20™ century brought revolutionary
changes in furniture design, enabled by new
materials and production technologies. Chairs and
armchairs played a pivotal role in shaping the
modern interior design aesthetic. The introduction
of tubular steel, molded plywood, and plastics
profoundly influenced seating furniture design,
particularly the shift from craft-based to mass
production [1].

Today, over a century of intense development in
these products has been shaped by innovations in
materials and technologies. These changes have
reflected the spirit of their respective eras and
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addressed their challenges and priorities, such as
creating the Navy Chair during World War II for the
US Navy [2].

This article focuses on how new materials
and technologies have influenced the design of
iconic single-seating pieces and their societal and
aesthetic impacts across different periods. Often,
the most ground-breaking transformations occur
during crises. For example, chromium, initially
used in projectile heads during World War I, was
later employed in Functionalist furniture for
finishing bent tubular steel. Similarly, polyethylene,
developed as insulation for electrical cables, found
applications in furniture design among traditional
materials like metal and rubber, which were in
short supply [1].

The present era represents another turning
point. On one hand, traditional materials are
well understood but often environmentally
unsustainable. On the other hand, emerging
materials and technologies offer novel ways to adapt
or improve existing resources. Based on the analysis
of a selected group of iconic seating pieces, this
article maps the current state and future possibilities.
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Research Questions:

1. How has the development of materials and
manufacturing
design of iconic single-seating furniture in the

20™ century?

2. What key material and technological innovations

technologies

influenced

have shaped contemporary furniture design?

3. How has the focus on sustainability and
environmental

responsibility

impacted

evolution of modern seating furniture?

the

the

METHODOLOGY

This study employs a qualitative research
methodology based on primary and secondary
sources, including historical records and specialized
design and materials engineering literature.

Iconic single-seating pieces, such as the Barcelona
Chair by Ludwig Mies van der Rohe, the Eames
Lounge Chair by Ray and Charles Eames, the Panton
Chair by Verner Panton, and the Louis Ghost Chair
by Philippe Starck, were selected for analysis [11]
[20][26][31]. A historical timeline was compiled for
these iconic products (Fig. 1). The timeline highlights
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1: Timeline of iconic seating elements and materials used for them [4-39][40, 41, 45, 50, 52, 58-62, 66—68]
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the primary materials used, which are subsequently
examined in terms of their material composition,
manufacturing techniques, and design aesthetics.
The analysis also incorporates the approach of
contemporary designers and reviews literature
focusing on sustainable design practices.

Five representative material groups (plus related
materials) for seating furniture were selected (for
their historical significance and innovations in
materials and manufacturing technologies. The
selection criteria included design iconicity, material
innovation, technological advancements, influence on
design history, and application in modern interiors.

These groups were analyzed regarding the
materials used, production processes, and design
philosophy. The analytical parameters included
material composition, manufacturing technology,
aesthetics and design philosophy, sustainability,
historical impact, and relevance.

RESULTS

Wood, a foundational material, was succeeded by
molded plywood in the mid-20™ century.

The Finnish architect and designer Alvar Aalto
pioneered using bent plywood, creating iconic
furniture pieces in the 1930s. Following the war,
Charles and Ray Eames designed a collection of
plywood furniture—the Plywood Group—which
achieved mass production. (In contrast to these
simple forms, the upholstered Lounge Chair, which
design theorist Zdeno Kolesar likened to a sculptural
work, was later introduced.) These designers
experimented with the spatial shaping of plywood
through pressing techniques to create comfortable,
ergonomic, lightweight, and durable forms [1][40].

Plywood became a favored material due to
its strength, flexibility, and ease of processing.
An additional advantage is its relatively low
manufacturing cost, facilitating broader industrial
furniture production [40].

Plywood chairs have a relatively low carbon
footprint compared to materials such as metal or
plastic, mainly when made from certified wood
(eliminating risks associated with unsustainable
resource extraction) and eco-friendly adhesives
(as conventional adhesives often contain harmful
substances) [40].

Early 20* Century: Steel Tubes and Modernism

The introduction of tubular steel in furniture design
at the beginning of the 20™ century revolutionized
seating furniture. Dutch architect Mart Stam created
the concept of the metal two-legged chair (S33) [8]
[1]. Alongside Stam, Ludwig Mies van der Rohe
(Barcelona Chair) and Marcel Breuer (Cesca) explored
tubular steel construction. Their designs represented
a modernist ideal of “form follows function” [9]{11].
In 1925, Marcel Breuer created the iconic Wassily
Chair (B3), one of the first chairs to feature chrome-
plated tubular steel [7]. Inspired by bicycle frames,

Breuer experimented with bending steel tubing
to produce lightweight, structurally strong, and
industrially manufacturable furniture pieces [1][49].
Tubular steel utilization introduced elegance and
lightness, contrasting the heavy, traditional wooden
furniture of the time [1].

While steel is a non-renewable material, it is the
most recycled industrial material globally. Annually,
up to 630 million tonnes of steel re-enter the supply
chain, with typical recycling rates ranging from
70% to over 90% [46][47]. Recycling chrome-plated
materials, however, is more challenging due to
removing the chemical coating, which requires
additional energy-intensive processes. To enhance
sustainability, emphasis should be placed on
green energy sources, recycled materials, surface
treatment innovations, and efficient recycling at the
end of the product lifecycle [48].

Elegance and Quality of Leather

Leather is one of the oldest materials processed
by mankind, together with stone and wood.
People have extensive historical experience with
leather and excellent knowledge of its material
characteristics [41]. It remains unrivaled as an
upholstery material, offering exceptional durability,
adaptability to body temperature, and resistance
to staining. Over time, leather develops a patina,
becoming more aesthetically pleasing as it ages.

Although leather is a renewable material,
its production is associated with significant
environmental and ethical challenges, such as
greenhouse gas emissions and biodiversity loss
linked to livestock farming. Additionally, tanning
and dyeing processes often involve harmful
chemicals that harm ecosystems. Companies are
now exploring alternative plant-based processes to
mitigate these impacts [41][42][43].

There is a growing effort to replace leather
with alternative materials, such as mycelium-
based products [44]. However, due to entrenched
consumer expectations, these substitutes often
fail to replicate the full range of leather's desirable
properties.

Aluminium and Recycled Aluminium

Aluminum is widely used in product design due to its
low weight and favorable mechanical characteristics.
While non-renewable, aluminum is fully recyclable
without quality loss, with approximately 40% of
global aluminum currently recycled [53]. However,
primary aluminum production is energy-intensive,
accounting for 2% of global human-induced
emissions. It also generates toxic by-products and
pollution during the chemical processing of bauxite
[54][55].

Due to high demand and the long lifespan of
many aluminium products, the volume of primary
aluminium will remain significantly larger than that
of recycled aluminium in the foreseeable future [56].
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Plastics and the Post-War Era

Alongside moulded plywood, plastics began
showcasing their potential. Derived from non-
renewable fossil sources, early plastics like
Bakelite were introduced [57]. Injection moulding
technology propelled plastics into prominence,
enabling designers like Verner Panton to create
fluid, organic shapes, exemplified by the Panton
Chair. These new materials catered to the post-war
consumer culture, prioritizing comfort, accessibility,
and innovation [1].

In the United States, furniture manufacturers
Herman Miller and Knoll spearheaded the adoption
of plastics in furniture production [1]. Various
plastics are used in the furniture industry, including
PVC, polyester, and polyethylene. For this analysis,
polyethylene (PE) was selected, as it has been a key
material in furniture manufacturing since the latter
half of the 20" century, notably in components such
as glides and guide rails, exemplified by the glides
of the TipTon Chair [36].

The production of plastics has surged significantly,
from 100 million tonnes annually in the early 1990s
to 390 million tonnes in 2021, primarily driven by
their use in packaging [64].

Furniture companies are now exploring innovative
approaches to plastic use and recycled material
options. For instance, Vitra employs long-lasting
virgin plastics (e.g, the EVO-C Chair) as well as
recycled variants (e.g., the Eames Plastic Chair RE).
Vitra avoids practices like those of Kartell, which
incorporates additives like finely milled wood chips
into recycled plastics, rendering further recycling
impossible and ending the material's lifecycle.
Instead, Vitra uses technical fillers such as glass
fibers. All recycled plastics used by Vitra can be 100%
recycled at the end of the product's life [65][69].

SUMMARY

This study analysed the material characteristics
and manufacturing technologies employed in the
20" century, examining their impact on product
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design. The materials selected for this analysis
were evaluated based on several key criteria:
recyclability, depletion of primary resources, energy
intensity of production, processability, and future
potential (Fig. 2). The assessment was conducted
using a 1-3 scale, where 1 represents a low value,
while 3 indicates a high value.

The findings provide a comprehensive insight
into how material and technological innovations
influenced the design of iconic single-seating
furniture pieces in the 20" century. They also
highlight the environmental sustainability of
contemporary design using these materials and
technologies. The evolution of these innovations
significantly shaped aesthetics, manufacturing
processes, and sustainability in the global context
of furniture design. Leading designers of their time
successfully integrated these changes into their
creations, inspiring subsequent generations of
designers and manufacturers.

The study emphasizes that the environmental
impact of furniture design is closely linked to
material selection and technological processes.
Achieving genuine sustainability requires re-
evaluating traditional and modern materials and
optimizing their life cycles.

For designers who traditionally prioritized
furniture's  visual and functional aspects,
this entails a shift towards careful aesthetic
consideration and a deeper understanding of the
environmental impacts associated with material
choices. Sustainability must be embedded from
the beginning of the design process, necessitating
close collaboration between designers, material
specialists, and environmental experts.

DISCUSSION

Selected iconic furniture pieces represent specific
time periods and aesthetic movements, but do
not encompass the full breadth of material and
technological innovations in furniture design.
Another limitation is that some environmental and
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2: Parameters of selected used materials [40, 41, 45, 50, 51, 58, 59, 62, 63, 77-83]
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technological data were obtained from secondary
sources, which may impact the accuracy and
timeliness of the findings.

The analysis showed that materials with low
energy processing requirements, particularly those
from sustainable sources such as certified forests
(FSC, PEFC, EUTR) and recycled material, ranked
highest. The study suggests gradually replacing
certain traditional materials, such as reducing
the use of leather and virgin plastic. Sustainable
alternatives include materials with a lower
environmental impact, such as substituting MDF
with carbon-negative materials like HONEXT [70].

Despite efforts to reduce its use, plastic remains
the most suitable material for industrial furniture
production, and it has been utilized extensively
since the 1960s with increasing intensity. The
projected compound annual growth rate (CAGR).
for plastic furniture sales from 2023 to 2033 is 5.9%
[71]. However, excessive use of plastics, including
furniture, results in “spread” of microplastics
within the environment, impacting human health.
While their presence and potential risks have
been confirmed, the exact exposure from furniture
contact or inhalation in indoor environments
remains unclear. Little is known about which
chemicals may adhere to these microplastics and
nano-plastics indoors [72][73][76].

These findings underscore the importance for
designers and manufacturers of maintaining an

CONCLUSION

updated critical approach to material selection and
addressing environmental impacts when creating
new products.

Hemp-based materials could be a viable
alternative to plastics and wood, offering excellent
mechanical features. Hemp requires less water
to grow and is harvested in shorter cycles than
traditional wood cultivation [74].

Another aspect closely linked to material selection
is the manufacturing technologies that vary in
energy intensity. Materials with high energy
demands during production were rated negatively,
with one pathway to improvement being the
adoption of renewable energy sources in the
manufacturing process [48].

Design can no longer be judged solely on aesthetic
grounds; it must incorporate sustainability and
ethical considerations in material engineering. In
this context, it is essential to design products based
on circular economy principles, where product
recyclability should be a standard and clear choice,
not merely an option.

An innovative approach to the circular economy
is demonstrated by Dutch designer Ineke Hans with
her deposit-based chair, REX. This model is built
on the concept that furniture is often replaced not
due to wear but because of a desire for change.
Her Circuform project enables customers to return
furniture for resale, either in its original form or
with replaced components [75].

The analysis reveals that the development of materials and manufacturing technologies in single-
seating furniture reflects broader trends in design, culture, and technological innovation. From
the use of tubular steel in modernist designs to the introduction of molded plywood and the mid-
20%-century rise of plastics, each technological breakthrough has enabled designers to push the
boundaries of form, comfort, and functionality.

Contemporary technologies now facilitate unconventional designs using single-material
constructions that can be easily recycled at the end of their lifecycle. A notable example is the
impressive advancements in processing recycled plastics.

The analysis underscores that designers are primarily responsible for improving material usage
today. Just as some designers historically shaped new trends, those who adapt their approaches and
embrace emerging technologies will lead the way today. The role of the designer continues to evolve.
One hundred fifty years ago, Michael Thonet introduced innovations that enabled the mass
production of chairs in shorter timeframes. Seventy years ago, Verner Panton sought to realize his
visions by pioneering the technologies needed to achieve them. At the end of the 20™ century, Borek
Sipek became a designer-artist, defying ergonomic norms with his glass chairs while expanding the
creative possibilities of design processes.

Today, Ineke Hans focuses not only on product design but also on the social dimensions of design
and architecture, including the processes that accompany them. Contemporary designers must
consider the growing potential of new materials and the adoption of more environmentally friendly
manufacturing techniques. Trends suggest that the future of the furniture industry will continue to
be shaped by technological progress with a strong emphasis on sustainability.
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