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Abstract
The average lifespan of a sofa has fallen 
dramatically over recent decades—from 
twenty-five years to fewer than eight years 
(Palmer, 2012).

Two key factors are driving this decline: 
function and fashion. 

Changes to construction methods and 
materials have resulted in many sofas 
failing faster and making repair difficult 
or cost-prohibitive. Meanwhile fashion 
cycles have become increasingly rapid, 
resulting in even fully functional sofas 
being replaced with trendier, more up-to-
date styles.  

In both cases, sofas typically end up in 
landfill. This wastes resources, is polluting 
to the environment, and  more resources 
are consumed in the remanufacture of 
replacement sofas.

This system, referred to as the linear (or, 
take-make-dispose) production model 
is unsustainable and recent research 
suggests manufacturing products in this 
way is one of the most pollutive and 
damaging activities for our environment 
(Porcelijn, 2016).

This cycle is being further accelerated due 
to increased transience of young adults, 
who are moving more often and living in 
shared accommodation for longer. It is 
therefore difficult for even the most well-
intentioned consumers to justify buying 
higher-quality products which last longer, 
as they are usually more expensive and 

harder to move, so do not meet current 
lifestyle needs (Kurutz, 2013 & Petersen, 
2017).

Increasing awareness of our environmental 
responsibilities and finite resources has 
led to a growing desire by industry and 
consumers alike to address these issues. 
While there has been much research 
into sustainable design, and many new 
products branded eco-friendly have been 
introduced, in practice environmental 
issues have not been adequately addressed 
(sections 12 & 13).

Manufacturers have focused on 
biodegradable and recycled materials. 
Recent research, and the emerging concept 
of a ‘Circular Economy’, has highlighted 
the shortfall in this approach, and is 
encouraging industry to rethink products 
to design out waste, keep materials in use 
and regenerate natural systems  (Ellen 
MacArthur Foundation, 2017a).

This approach has not yet been widely 
researched in, or applied to, furniture 
design.

With core themes of repair, adaptability, 
and considering how this affects 
ownership models (such as leasing vs 
owning), a Circular Economy model 
shows promise in addressing the negative 
environmental impacts of furniture design 
and manufacture.

This research investigates new scenarios 
for sofa design and ownership within 

a circular economy model, developed 
through an iterative ‘research through 
design’ process.

The resulting expandable, repairable and 
adaptable sofa system reduces the volume 
to landfill of sofas by almost 80 percent 
over thirty years (section 20).

Utilising a design for deconstruction 
strategy reduces waste, allows for 
refurbishing, remanufacture and effective 
recycling, and increases adaptability, thus 
allowing a wider pool of potential users. 
This also supports the potential for new 
ownership models, such as the Product-as-
a-Service model wherein a user does not 
need to own the product, instead paying to 
access use, while maintenance and end-of-
life responsibility remains with the service 
provider.

This study of a sofa design is intended to 
test the effectiveness of emerging Circular 
Economy design methods, and to illustrate 
the opportunities and viability of moving 
towards a Circular Economy, encouraging 
manufacturers and furniture designers to 
embrace more sustainable practices.
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1. Foreword
Before starting this research I had the 
idea to try going one year without buying 
anything new. The motivation for this 
was to both save money and reduce my 
e¬nvironmental footprint. A quick google 
search found ‘Buy Nothing New’ was 
already a movement, started in Melbourne 
in 2010. Buy Nothing New encourages, 
borrowing, repairing and buying second 
hand.
 
In 2018, a UN report concluded we have “12 
years to limit climate change catastrophe”. 
This appears to have accelerated the will for 
change and it seems that a growing section 
of the public are realising that we cannot 
continue to consume finite resources in the 
way we have and are increasingly aware of 
the environmental damage caused by this 
mode of consumption (Watts, 2018).

The challenge was going well until I tried 
to repair my five-year-old, mid-range sofa. 
The cushions and base had sagged making 
it uncomfortable and I thought that, as an 
experienced industrial designer, it should 
have been easy to repair—it wasn’t. 

Opening the inside of the couch from the 
base revealed how poorly made the sofa 
was: sparse and collapsed webbing for 
the seat base, no springs, miscellaneous 
screws and staples right through the frame 
and protruding inside, thin ply which 
had cracked, and cardboard used for any 
curved panels. This explained the creaks 
and cracks in the frame. 

The foam chip cushion inners looked 
great when new, but had compacted into 
misshapen cushions. Removing them was 
difficult as the covers were fixed to the 
frame and I needed to wrestle them in and 
out of the cover (with great difficulty) to 
add new foam.

As a designer, this lack of foresight for 
repair and recyclability made me think; 
this can’t be an acceptable way to design 
and manufacture furniture. 

The more I looked into this problem, the 
more I found it was quite normal (Fig.2) 
and that, after just five years, the sofa was 
coming to the end of its typical lifespan. 
There was no way to recycle it, and it 
was not of high enough quality to repair 
properly. In the end, I fixed the sofa as best 
I could and after the Buy Nothing New year 
was over, I replaced it.

In 2016 Steve Howard, IKEAs sustainability 
officer, declared we had reached “Peak 
Stuff” (Hullinger, 2017), and would need to 
start keeping furniture for longer to reduce 
impact, since then IKEA has investigated 
several ways to encourage this, and have 
committed to using only renewable and 
recycled materials by 2030 (Ringstrom, 
2018).

This suggests industry leaders are 
beginning to realise furniture waste is a 
major issue.

Fig.1, Abandoned sofas around Wellington, 2018
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3. Glossary
Carbon sink – Materials which absorb Co2 from the atmosphere during growth

CNC – Computer Numerically Controlled, machinery used for production

Dacron – Polyester fibre lining applied to foam upholstery

Formaldehyde – Added to resin in MDF / Particleboard

FSC – Forestry Stewardship Council

IKEA Hack – DIY modification of IKEA furniture

LCA – Life Cycle analysis

LDPE – Low-density polyethylene

MDF – Medium Density Fibreboard, engineered panel product

Monstrous hybrid – Combined materials which are problematic for recycling

PaaS – Product as a service

Particle board – Engineered timber panel reconstituted from wood fibres and resin

Post-consumer waste - Waste material resulting from disposal of products, after use by the consumer

Pre-consumer waste – Material by-products resulting from the manufacturing process of products

Serpentine spring – Curved “S” shaped spring common in modern sofa production
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Fig.2, Possible transition from Linear Economy to Circular Economy and Cradle to Cradle model (not to scale)
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4. What’s the ‘wicked’ problem?
Green design strategies often fail as 
they don’t address the core problem—
overconsumption.

In a world of limited resources moving from 
one material to another (i.e. polyester to 
cotton) to achieve sustainability is flawed 
(Arsenault, 2017). To achieve a sustainable 
future we need to end the take-make-waste 
model and regenerate natural systems.

Swapping materials often just means 
swapping negative impacts, and doesn’t 
necessarily move us closer to our goal. 
Designers rely heavily on recycled 
materials from other waste streams or 
biodegradable material. Neither of these 
on their own result in less consumption or 
regenerate natural systems.

Jan Boelen claims that designers using 
recycled plastics is “bullshit”, as it 
doesn’t address wasteful behaviours, 
instead arguing for a move to the use of 
biodegradable materials (Fairs, 2018). 
While Phillippe Starck argues that “most 
biodegradable alternatives are made from 
things that people can eat. It is out of the 
question that food should be sacrificed 
to make a chair for example. Even for 
alternatives such as linseed or hemp, these 
take up land that could be used for growing 
food.” (United Nations, 2018).

These conflicting opinions signal how 
sustainable design is truly a ‘Wicked 
Problem’. Wicked problems are those 
that are characterised by being unclearly 
defined, symptomatic of other problems 
(e.g. hyper-consumerism), where there 
are many stakeholders with differing 
viewpoints, criteria is moving (e.g. 
technology, legislation, priorities), 
decisions impact each other and there is 
no clear stopping point. (Rittel & Webber, 
1973). 

Many citizens want society to be more 
protective of the environment. This has been 
sparked over recent decades by disasters, 
documentaries, increasing awareness of 
pollution, movements and reports. This 
research investigates the role design can 
have in the transition from a harmful linear 
economy, to a sustainable model where 
natural systems are regenerated and waste 
is designed out. 
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Fig.3, Linear manufacturing model
Adapted from: EMF, n.d.

Fig.4, Circular Economy manufacturing model
Adapted from: EMF, n.d.
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5. Developing the research question
Initial research found that there are no sofa 
recycling schemes in New Zealand, and 
so most modern sofas will be landfilled 
at end-of-life. It is common to see sofas 
discarded on the street (Ward, n.d.), and a 
number of whole sofas were witnessed in 
skips and landfill during this research.

This may be after multiple owners, however 
unless it has a recyclable frame (e.g. steel 
or aluminium) and other materials that are 
easy to separate, it will inevitably end up 
in landfill.

Contemporary sofa assembly methods 
make it prohibitive to repair or disassemble 
for recycling. The cost for re-upholstery 
is often similar, or more than, a new sofa 
so is usually dismissed in favour of full 
replacement.

Research shows multiple design strategies 
are being applied to sustainable design and 
manufacturing. These typically emphasise 
reduction of waste, improvement of 
recycling and use of renewable materials 
and can be collectively grouped under 
the header of ‘eco-efficiency’ (Braungart 
& McDonough, 2009). While these are 
important in reducing our impact, they 
do not fundamentally change how we can 
safely produce materials and products.

The most successful sustainable designs 
tend to employ multiple design strategies 
including repair and adaptability. These 
strategies are not currently well applied to 
sofa design.

Circular Economy (CE) principles were 
chosen to guide this research because they 
bring together many other sustainable 
design strategies as part of a holistic and 
systematic approach (EMF, n.d.). 

CE prioritises sharing, repair and 
remanufacture over recycling. This is an 
important consideration in designing 
sustainable products, as keeping materials 
in a ‘closed loop’— where they can be 
reused for the same purpose—lessens the 
need for virgin materials and so reduces 
the burden on our finite resources. It also 
avoids ‘downcycling’ where recycled 
materials are degraded into less and less 
valuable materials, delaying rather than 
avoiding, their ending up as waste in 
landfill (ibid).

Many consumers consider recycling to 
be one of the most important aspects 
of sustainability (Sustainable Brands, 
2015), but this process uses energy and 
typically very little material is able to be 
fully recycled (e.g. only two percent of 
packaging plastics are fully recycled (EMF, 
2017b). Recycling is therefore one of the 
least favourable options in a CE model. 

This pragmatic, practical and transparent 
approach has potential to solve many of the 
issues of sofa obsolescence, subsequent 
material waste and environmental damage 
from manufacturing replacement sofas.

Final question

Can a circular economy design approach that prioritises 
repair and adaptability transform sofa design to reduce 
post-consumer waste and the environmental impact of sofa 
manufacturing?Linear manufacturing model Circular economy manufacturing model
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Fig.5, Research scope diagram

repair
and

maintain
adapt

user
models

research focus

emotional
design

closed-loop
materials

obsolescence

out of scopewithin scope

maker
movement

design for
deconstruction

recycling

vintage
furniture

pre-consumer
waste

6. Research scope 
Sustainable design is a wide-ranging topic 
with many interpretations and facets, 
considering both environmental and 
social issues. It was therefore necessary to 
establish clear boundaries for this research.

This research was undertaken over a two-
year period and considered the role of 
design in sustainable sofa manufacturing. 
A literature review was conducted to 
explore the history of sofas, environmental 
impacts, factors that contribute to product 
obsolescence, and existing proposed 
design solutions. 

This showed that while the environmental 
impacts of manufacturing and consumption 
are a key concern for many, very few of 
the current proposed solutions have been 
successful in addressing these issues. The 
Circular Economy model was considered 
to show the most promise, and has yet 
to be fully applied to the area of sofa 
manufacturing and use. 

The second stage of study involved in-
depth design-specific research into 
strategies for sustainable design as part of 
a Circular Economy model.

While social considerations, such as worker 
health and factory conditions, are critically 
important when considering sustainability 
holistically, for the purpose of this research 
the focus is narrowed to the role of design 
in the development of an environmentally 
sustainable sofa. 

Also excluded are:

Recovering and refurbishing vintage and 
antique furniture

While this is an effective method to 
reduce waste as it directly avoids the 
manufacturing and material impact of a 
new sofa, it does not answer how design 
can reconsider the current methods of new 
sofa production and ownership.

Recycled materials

Where possible, materials suitable for 
closed-loop recycling were chosen, as 
long as they fit the functional needs of 
the project: repair, maintenance and 
adaptability. This follows the priorities 
of a CE model. However, ultimately, this 
research aims to reduce the need for 
recycling through strategies to increase 
longevity of products. 

The goal of this research was not to make 
use of another waste stream (e.g. PET 
drinks bottles) in sofa construction. 

Pre-consumer waste

The wide variety of approaches to 
obtaining, processing and using materials in 
the design and construction of sofas mean 
that a standard model or expectation of 
pre-consumer waste is almost impossible 
to obtain. This research is focused on 
what happens to the sofa after it has been 
purchased. 
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Fig.6, Research process and sequence
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7. Research methodology: Research through Design
“Research through Designs asks 
researchers to investigate the speculative 
future, probing on what the world could 
and should be.” (Zimmerman & Forlizzi, 
2014)

This research employs both qualitative 
and quantitative methods of research 
to address the two distinct parts of the 
research question. 

To investigate, and assess, how sustainable 
design strategies could be applied to 
sofa design a research-through-design 
approach was chosen, and a sequential 
exploratory strategy (see Fig.9), in which 
quantitative data and results assist in the 
interpretation of qualitative findings, was 
utilised (Creswell, 2003). 

This approach was chosen over the more 
familiar concurrent research strategy as 
this approach was deemed less able to 
support iterative design investigations. 

The majority of the research (approximately 
75%) was qualitative.

Qualitative and quantitative research methods

Can a circular economy design approach that prioritises repair and adaptability transform sofa design
to reduce post-consumer waste and the environmental impact of sofa manufacturing?

qualitative measures
case studies

design experiments 
empirical and iterative design reflection

and expert interviews

quantitative measures
for example: Kg/Co2 emission

Kg material waste avoided

Fig.7, Research question and methodology
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Research through Design

The focus of this research is to address 
repairability and adaptability. Problems 
such as this and exploration of design 
proposals lend themselves well to 
‘Research through Design (RtD), which was 
chosen as the key research strategy. 

This process lends itself to addressing 
physical problems through an iterative 
process of testing and critical reflection 
(Fig.4), and “draws on design’s strength 
as a reflective practice of continually 
reinterpreting and reframing a problematic 
situation through a process of making 
and critiquing artefacts that function as 
proposed solutions” (Rittel & Webber, 
1973; Schön, 1983).

The method and tools used are consistent 
with those used in industry, and as 
demonstrated by Konstantin Grcic in 
The Making of Design. Grcic starts with a 
3D CAD model to generate patterns to 
fabricate a cardboard or paper model. 
The result is checked and modified and 
results fed back into the CAD model. These 
iterative models (3D sketches at 1:1 scale) 
allow fast reworking and alterations to be 
made (Böhm, 2005 & Terstiege, 2009).

Fig.8, Research through Design process.
Adapted from: Zimmerman and Forlizzi, 2014
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Sequential Exploratory Research

Mixed methods research approaches 
employ either a sequential exploratory 
strategy, or—more commonly—a 
concurrent research strategy. 

The former approach favours a 
qualitative-led approach and allows for 
“quantitative data and results to assist in 
the interpretation of qualitative findings.” 
(Creswell, 2003). While in the latter both 
methods happen concurrently and findings 
from the two data sets are compared (ibid). 
To support an iterative research through 

design approach in which impact 
estimations could be phased in before the 
design was fully formalised, and to inform 
decisions in the latter stages of the design 
process, a sequential exploratory research 
strategy was selected. 

At stages throughout the iterative design 
process, the effectiveness of these 
interpretations were measured with 
quantitative data by using TU Delft’s 2018 
Eco-cost database (TU Delft, 2018).

Once this data was collected, the findings 
(both qualitative and quantitative) were 
presented to industry experts for feedback 
through short interviews.

These interviews are approved by the 
Victoria University of Wellington Human 
Ethics Committee: Application ID: 
0000024294

This feedback, material validation and 
reflection were analysed to form the final 
conclusion.

Fig.9, Mixed methods research strategies. Adapted from Creswell (2003).
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Fig.10, Roman banquet couch

8. A brief history of the sofa
The word sofa comes from the Arabic word 
‘suffah’ meaning “a bench or platform for 
reclining”. Originally an area for reclining 
and dining it still serves this same purpose 
in many homes today (Brown, 2012) 
(Fig.10).

Yet, while the basic function of the sofa 
has remained unchanged for thousands 
of years, new materials and modes of 
manufacturing have made sofas more 
affordable and accessible than ever before, 
significantly changing our relationship 
with the sofa as a household item.

The sofa developed from a raised platform 
of stone covered in animal skin or carpets 
into more sophisticated ‘divan’ with a 
sprung base and upholstery around the 
18th century. 

As materials and designs became more 
exotic the sofa became a symbol of status 
and statement of good taste, although 
most people could only afford a simple 
bench without upholstery. It was only from 
the Victorian era onwards that sofa type 
furniture became accessible to many. Sofas 
developed into a formal piece of furniture 
in the Victorian and Edwardian eras in the 
United Kingdom and Belle Époque period 
in France. 

Demand for sofas increased as living 
conditions improved post industrial 
revolution and chosen materials included 
local hardwoods and exotic timbers 
such as teak and mahogany.  Upholstery 
padding at this time was often made from 
horsehair, tree moss, dried grass, cotton, or 
wood shavings. These materials have now 

largely been replaced with synthetic foam 
padding combined with rubber or steel 
spring structures (Peeples, 2017).

Throughout the 20th century new styles 
of sofas emerged such as the formal 
chesterfield and cabriole, and the more 
casual davenport, modernist, and futon 
styles.

After WWII new materials developed during 
the war, including resins for plywood, 
fibreglass and plastics, emerged making 
furniture more affordable (Gilbert, 2015 
and Shepherd & Shepherd, 2018).

Modular, or sectional, designs came onto 
the market from the 1950s as designers 
strived to fulfil modernist ideals of good 
affordable design.

The 1960s brought a new design language 
which took advantage of new technologies 
and materials, such as new plastics, to 
form sofas in new shapes and colours. 
American, British, Italian and Scandinavian 
manufacturers emerged as leaders of 
modern furniture designs.

Since the late 1990s, much sofa 
manufacturing has moved to China due to 
affordable labour, scale of manufacturing 
and a global shift to centralised 
manufacturing. While this has made sofas 
more affordable than ever before, it has 
also reduced the life expectancy of many 
sofas (see section 9).

Fig. 11, View of the inside of a kylix (stemmed wine cup), circa 500 B.C., attributed to Onesimos.
J. Paul Getty Museum, 82.AE.14 
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9. Sofa construction
a. Modern sofa construction: a problem in the making

Approaches to sofa design and construction 
can be divided into two broad categories—
traditional, which was used in furniture 
made pre 1960-70s and in new ‘craftsman 
built’ sofas today; and contemporary, which 
can been seen in mass-produced sofas 
made from the 1970s onwards, and allows 
for faster production, less manual labour 
and therefore a more affordable sofa.

The emphasis of traditional construction 
is on craftsmanship, comfort and quality, 
whereas contemporary methods are 
more affordable and typically more on 
trend. Contemporary sofas have taken 
advantage of new materials (particle board, 
polyurethane foam) to lower the cost and 
productionise the build process (Petersen, 
2017).

As the traditional method is built largely 
by hand from high quality materials by a 
skilled furniture maker and upholsterer, it 
can be repaired by other furniture makers. 

The contemporary mass produced sofa is 
built using materials and techniques more 
suited to a factory, reupholstering these is 
harder as the frame materials are not suited 
to traditional repair methods. Upholstery 
finishing is still largely a manual skilled 
role, even in mass produced sofas (Brown, 
2014).

While there are many variations of the 
methods and materials used, the average 
sofa is comprised of just four elements: 
frame, suspension system, wadding and 
filling, and upholstery.

An example of how these two methods 
of construction are applied to the four 
elements is outlined here and as detailed 
in the Spruce Upholstery and Design Guide 
(Brown, 2014).

Fig.12, Comparison of coil spring and serpentine spring seat base

Traditional construction

Frame

A hardwood frame is joined with dowels, 
screws and animal or synthetic glue and, 
if wanted, frame parts shaped to create 
curved forms. Feet are typically joined to 
the frame with a screw fitting, or the frame 
itself may form the foot.

Suspension

Webbing is stretched across and tacked 
or stapled to the frame to add tension 
and strength. This creates a base for the 
coil spring suspension which forms to the 
shape of the user to give even support 
when sitting and lift when standing. 

Steel coil springs are tied or cinched in 
place with clips, and jute cord is tied across 
the springs in four directions to secure 
them to the frame and force them to act 
together as a unit to aid comfort. This type 
of suspension is very durable and rarely 
need to be replaced (Brown, 2014).

A modern alternative to this is a coil spring 
unit (fig.12).

Finally, heavy linen fabric is laid over the 
springs and sewn to the coils to protect the 
upholstery (ibid).

Wadding and filling

Wadding softens the surface of the spring 
base, gives the piece a plush surface, and 
moulds the shape of the chair. Horsehair, 
cotton or straw are built up over the 
protective linen layer and held in place 
with another layer of linen. A final layer of 
cotton wadding is used to give a soft layer 

to sit under the upholstery.

Upholstery

Leather, linen, velvet and wool are all 
popular upholstery fabric choices, and are 
either sewn to fit over the form, or made to 
fit in place by folding the fabric under and 
tacking it to the frame. Decorative tacks, 
such as brass dome headed tacks, may also 
be used as a design feature around arms 
and frame base.

The seat base or back may be buttoned to 
help maintain structure and add a design 
detail, and these buttons tightly tied 
through the upholstery and wadding to 
indent them.

A ‘box cushion’ may be used for the seat 
base to keep it separate it from the frame. 
This is a fabric pocket, typically with piping 
around the edges to maintain structure, 
over a wadding core. 

Contemporary construction

Frame

A frame is usually pinned, screwed or 
dowelled together from panels cut from 
particleboard, plywood, MDF, or a softwood 
such as pine. Timber corner reinforcement 
may be glued in place, or steel brackets 
used, to increase strength and durability of 
the frame.

IKEAs Klippan sofa has replaced an earlier 
wooden frame with particle board reducing 
its manufacturing and retail cost (Mikel, 
2017).

Frames may also be made from low-
carbon steel sections cut and welded 
together. Different grades of steel are 
used for framing (low-carbon steel), fixings 
(medium carbon steel) or springs (high 
carbon steel).

Suspension

Serpentine, or zig-zag, springs are 
commonly used in place of the more costly 
and labour intensive coil springs used in 
traditional construction methods (fig.12). 

These are tacked to the frame from back to 
front using special clips forming a sprung 
seat base, and jute cord is tied between 
them to form a spring unit. This is covered 
with heavy fabric to protect the materials 
above from wearing on the edges of the 
springs (Brown, 2014).

For the seat back, webbing, serpentine 
springs, or sometimes only a tensioned 
fabric sheet may be used, and is stapled to 
the frame to hold it in place. 

Wadding and filling

Polyurethane foam is built up in chosen 
densities and fixed to the frame using spray 
adhesive. Polyester ‘Dacron’ fibre sheeting 
is wrapped over this to allow subsequent 
upholstery layers to slide easily over the 
foam. This also rounds the foam edges.

‘Box cushions’, are also common in this 
construction style, and are built up in 
thicker foam layers. Cushions may also 
use chipped foam created from offcuts to 
give a more rounded and plush form than 
a foam slab.

Upholstery

Cotton (often blended with synthetic fibres 
to add strength), leather (real or synthetic), 
polyester, and wool, are all common choices 
for upholstery fabric. 

A base layer may be applied to smooth 
the sofa before the top layer dresses the 
piece. These layers are stapled in place 
and a polypropylene cambric dust cover is 
stapled over the bottom to close the frame 
before feet are screwed in through the dust 
cover (Brown, 2014).
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b. Technology of seating ergonomics 

Observations of end-of-life sofas show that comfort, or lack 
thereof, is a significant factor in whether a sofa is discarded.
 
Ergonomics and, to a lesser extent, material choice are key 
factors in what makes a sofa comfortable. At the same time 
various elements of ergonomics, including differences 
in angle, depth and profile all have different technical 
requirements, which can in turn influence the material 
make-up of a sofa. 

Therefore, an understanding of the ergonomics of sofa 
design and how these impact comfort and material choice, 
as well as reparability and adaptability, is critical to meeting 
the needs of a Circular Economy sofa. 

The following six examples represent common uses of 
seating technology to support and enhance comfort. 

Fig.13, Herman Miller/Vitra ‘LCW’ chair by Eames Office 

The LCW chair has contoured moulded plywood seat 
and back panels which support the body evenly without 
pressure points. The seat is angled down backwards, 
avoiding the need for springs to deform to support the 
body and creating a comfortable seating position with the 
buttocks and thighs taking most of the weight. 

The LCW chair doesn’t adjust to different body types as 
an upholstered chair would and only accommodates one 
resting position.

Fig.14, IKEA ‘Moment’ sofa by Niels Gammelgaard 

The Moment sofa also uses an angled seat base, placing  
the majority of load on the buttocks and thighs. However as 
this sofa is built to seat 2-3 people the support structures 
cannot be contoured as they are in the LCW chair, instead 
foam padding is used to support additional load spreading.

Fig.15, Vitsoe ‘620’ system by Dieter Rams 

The Vitsoe chair uses a traditional steel coil spring 
suspension unit fixed on a similar angle to the Moment 
sofa. The springs are able to deform to increase the angle 
and contour the seat to the body. This spring action has the 
added benefit of helping the sitter stand up. 

On top of the spring system a coir (coconut fibre) pad further 
softens the spring surface and a layer of foam moulds the 
support to the body (Vitsoe, n.d.). This is a sophisticated 
system using three layers to create suspension and support.

Unlike the other examples in this section, the Vitsoe has a 
high back which support the neck and shoulders. 

Fig.16, Hay ‘Can’ Sofa by Ronan and Erwan Bouroullec 

The Can Sofa has a flat sheet metal base with a loose 
foam cushion on top providing both pressure support and 
cushioning.  

The design is conceived to be self assembled with a flat 
base structure that is simple to build and fabricate. A thicker 
seat cushion is used in place of the spring base. 

Fig.17, IKEA ‘Delaktig’ bed sofa by Tom Dixon 

The Delaktig sofa uses a flat mattress-type seat on a timber 
slatted support. The suspension angle is created by coil 
‘pocket springs’ inside the mattress, with foam slabs on 
the outside edges and top under an uphosltery layer. This 
allows the object to function equally as a sofa, or a bed. 

The frame structure, as with the Can sofa, has been 
simplified to assist with ease of assembly and allow for the 
potential replacement of the mattress.

Fig.18, Cassina ‘Aire’ sofa by Piero Lissoni

This sofa uses a tensile support cover which reduces the 
required polyurethane foam by 65 percent compared to a 
typical sofa padded with foam (Stylepark, n.d.).

The foam layer on top of the cover helps spread the load 
while the tension of the membrane functions as both spring 
support and padding. As this structure relies on tension 
there is a risk that it could dip and move in an undesirable 
way with multiple occupants both moving independently.

A downside of this system is that a small area of damage 
to the membrane may result in the whole cover being 
replaced.
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Fig.19, Comparison of key features in sampled seating designs.

Comparison of key features in sampled seating designs

Discussion

Clear linear relationships can be seen in 
these examples demonstrating:

• More sophisticated suspension 
provides higher levels of comfort 

• Highly adaptable systems are more 
repairable 

• More comfortable systems are 
generally also more repairable

The LCW chair is the simplest, avoiding the 
need for foam, springs or upholstery, but 
does not allow multiple resting positions 
as in sprung and upholstered examples 
and for these reasons this format would 
not adapt well to a sofa.

The 620 chair is the most sophisticated and 

potentially comfortable system but this 
requires much more material (and material 
types) than the other systems. 

The Moment, Can and Delaktig sofas eschew 
typical seating technology for the ability 
to be flat-packed and easily transported—
features which may be valued by users 
who are moving house frequently. 

Delaktig uses mattress technology to 
conceal the springs in the seat cushion 
achieving a sofa which is both comfortable 
and transportable. 

Aire applies a tensile membrane typically 
seen in task chairs such as Herman 
Miller’s Aeron Chair. This works well for 
one occupant but may react differently 
with two people seated, due to the added 

tension on the membrane.

Overall, this comparison shows that a non-
angled base is acceptable as long as there 
adequate suspension to increase comfort. 
This can benefit fabrication, assembly and 
transportation. 

Angling the seat can also enhance comfort 
while being more material efficient.

Creating the suspension system from 
separate material components may also 
mean damaged or worn elements can 
be more easily isolated and repaired or 
replaced.

With the exception of the Vitsoe 620 chair, 
these examples share a similar low back, 
this gives lumbar support, though does not 

support the shoulders and neck. This could 
be acceptable due to fashion or function 
considerations¬ – as many modern sofas 
are often used to lie on, rather than formally 
sit on. Tom Dixon’s Delaktig ‘bed-sofa’ 
demonstrates the line between sofa and 
bed could be beginning to blur (Farquhar, 
2018).

Table.1, Table of compared ergonomic designs.

Design Seat angle Suspension method Support method
LCW chair Approximately 3° Contoured plywood panel Moulded, contoured plywood 

panel
Moment sofa Approximately 3° Steel mesh frame PU foam cushion
620 Chair Approximately 3° Tied coil springs under coir layer Coir layer and PU foam cushion
Can sofa 0° Folded steel panel PU foam cushion
Delaktig “bed-
sofa”

0° Internal pocket springs in seat 
'mattress', supported by timber 
slats

PU foam cushion
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Fig.20, Abandoned sofa, Wellington 2018

10. Sofa obsolescence
It’s not uncommon to hear of sofas which 
have lasted over forty years becoming 
heirlooms while some modern sofas fail 
within the first few years (Hezel, 2017; 
Petersen, 2017). 

This is because over recent decades the 
life expectancy of a sofa has shortened 
from 15+ years to 7.8 years or less (Palmer, 
2012). Despite this, at least half of all 
consumers expect furniture to last 20 years 
or more (Mallon, 2018).

“That blue couch survived as long as it did because it’s 
framing was solid wood; whatever its stuffing was, it held on 
for decades, not years.” Anne Helen Petersen (2017)

Fig.21, Illustration of falling average sofa lifespans,
Figures from: Hezel, 2017; Petersen, 2017; Palmer, 2012.
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a. Modes of non-functional obsolescence

An item can become obsolete for multiple 
reasons other than it having materially or 
structurally deteriorated to a point where 
it no longer performs acceptably. 

The aesthetic may no longer be on trend, the 
format and size may no longer be suitable 
due to change in circumstances (such as a 
growing family or downsizing), or the cost 
to adapt or repair may be prohibitive.

Burns (2010) suggests these modes of 
obsolescence can be grouped into four 
categories: Aesthetic, economic, social, 
and technological.  
As outlined below, aesthetic and economic 
factors seem to have the greatest impact 
on sofa obsolescence. 

Aesthetic obsolescence

This can happen when an item is either no 
longer fashionable or is visually worn and 
so no longer desirable.

Fashion-based

Clothing, hairstyles, accessories and even 
household items are subject to fashion 
trends and often replaced or discarded 
when they go out of style rather than when 
they cease to function. 

Fashion cycles for some items move rapidly 
(clothing, electronics), while for others, 
including bigger ticket items, they tend to 
move more slowly. The challenge is that 
they still move. 

Furniture is seen as a signifier of progress 
in life and good taste (Petersen, 2017). 

While the basic couch structure and 
materials change very little over time, the 
shape, colour and use of patterns, as well 
as accents such as leg material and colour, 
change more often.

While these changes can offer consumers 
greater choice they also carry risk as 
purchasing a sofa that is heavily influenced 
by the trends of today may quickly date the 
item, causing it to go prematurely ‘out of 
fashion’.

The fashion cycle of sofas appears to be five 
to 10 years, with new designs appearing, 
and vintage designs coming back into 
favour.

Reviewing IKEA catalogue covers over 
decades shows a classic sofa design, the 
Scandinavian inspired mid-century sofa, 
reappearing every decade (see, 1978, 1988 
and 2008 covers), with new designs cycling 
faster. This is emphasised in interior design 
magazines where the latest colour trends 
are promoted and styles change rapidly 
(see fig.22). Fig.22, Series of IKEA catalogue covers illustrating changing fashion cycles

1974 - Peak pine fashion

1978 - Classic recurring ‘mid-century’ inspired sofa design

1985 – Edgy design, has now become a sought after classic

1988 – Classic recurring ‘mid-century’ inspired sofa design

1994 – Patterns and rolled arm sofas become fashionable

2008 – Classic recurring ‘mid-century’ inspired sofa design

Many sofas currently available in 
New Zealand follow this mid-century 
Scandinavian-inspired design and are 
upholstered in a muted colour palette. 
This minimises the risk of a sofa dating 
quickly or clashing with existing or future 
décor, these are important considerations 
as a sofa is an expensive purchase. Being a 
relatively safe option this style is likely to 
be a compromise between partners’ tastes, 
no matter how different. 

Unless a consumer replaces their sofa for 
the latest seasonal trends it will almost 
always be somewhat ‘off trend’, even soon 
after purchase. While classic sofas tend to 
remain desirable over decades and so are 
less affected by fashion cycles. 

As there are many compromises involved 
when choosing from off-the shelf designs it 
is unlikely the sofa will ever be 100 percent 
suitable, especially over a longer period. 
There is clearly an opportunity for design 
to offer greater aesthetic customisation 
and creative input from buyers. 

This suggests there are two paths available 
for overcoming fashion-based aesthetic 
obsolescence:

• Design a sofa which will be unaffected 
by fashion cycles

• Design a system able to be adapted to 
changing fashions

While it is technically harder to design for 
adaptability, there is no value in replicating 
existing popular designs, and aiming to 
create a timeless design is no guarantee of 
success. Many new designs appear every 
year, very few become classics.

Fig.23, Illustration of  potential sofa / trend performance]
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“As a rule, beautiful things tend to have a longer history than 
ugly ones. We take good care of beautiful things, invest in 
maintaining them, and perhaps even try to preserve them for 
the future.” Fredrik Bengtsson (2010)

Wear and tear-based 

Damage to a product from use can be viewed 
positively or negatively. For example, in 
denim jeans some signs of wear can be 
desirable, while for a car a scratch to the 
paintwork would be considered negative.

Applied to sofas both scenarios could be 
true; a leather sofa can develop a desirable 
patina over time, while a fabric sofa could 
fade, sag and tear, and would be considered 
untidy.

Some areas, such as corners, edges and 
seat covers, are prone to high wear and 
upholstering the item in a single material 
can highlight fading due to UV photo-
degradation—a particular problem in New 
Zealand. 

Design decisions, such as upholstering 
sections of the sofa contrastingly, may limit 
apparent wear and may even make the sofa 
as a whole more eclectic and desirable over 
a longer lifespan.

Cooper (2010) and Burns (2010) describe 
how worn a product appears as its 
“useness” versus its “newness”.

In Worn Out or Worn In?, Ross Stevens 
(2006) considered the potential for mass-
produced products to age and develop 
patina with use as a strategy to strengthen 
the bond we have with our belongings. 
Stevens proposes that designers could 
design products with the added dimension 
of time to create more personal product 
experiences.
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Fig.24, PETA protestors

Synthetic fibres: There has been growing 
stigma against synthetic fabrics as the 
fibres that are shed during washing they 
have been found in the ocean where they 
contaminate the food chain and harm 
marine life (Paddison, 2016). While this 
is primarily an issue with clothing, rather 
than upholstery which is not regularly 
laundered, it could turn people off synthetic 
fibres in general.

Leather: Leather sofas may become 
undesirable as people look to move away 
from animal products. While leather has not 
yet been as targeted as other animal skins 
and furs, perhaps because it is considered 
a by-product of the meat industry, this may 
change in the future (Edwards, 2018).

Social obsolescence 

Social obsolescence affects products when they become unacceptable to society based on 
shifting values; consider gollywog dolls, fur coats, and even cigarettes.
 
While sofas are unlikely to become socially obsolete, the materials they use may, for 
examples leather and synthetic fabrics.

Technological obsolescence

Possibly the most well-known form of 
obsolescence, this is when products 
are superseded by new technology and 
become undesirable despite functioning 
well. This too can be viewed positively or 
negatively.

For example, typewriters have been 
superseded by computers, and this is 
considered to be positive obsolescence 
as it is the result of innovation and the 
creation of a superior product.

Technological obsolescence is usually 
viewed negatively if it results in products 
becoming less usable before expectation. 
For example, Apple faced criticism when 
streamlining the ports on their MacBook, 
making it impossible to connect hardware 
without a new adapter. (Matney, 2016)

In the past many products were built to 
be durable and repairable, but pressure to 
manufacture cheaper goods has reduced 
quality and lifespan (Cassidy, 2014). This 
rapid development can also mean older 
products are not supported with spare 
parts after production ceases, or entire 
subassemblies have to be disposed of 
rather than individual failed parts. This can 
annoy customers and negatively impact 
brand loyalty (Burns, 2010).

Today repairable and adaptable products 
are typically niche, high-end products, and 
the high price of these makes it difficult to 
justify paying extra when technology and 
fashion is evolving. Consider the repairable 
Dualit toaster, which retails at $445—many 
times more than the ‘cheap and cheerful’ 
brands, which retail for as little as $9 and 
fulfil the same function.

Technological obsolescence can be 
avoided without discouraging innovation 
by designing systems that allow future 
innovations to be integrated into current 
models—known as forwards compatibility. 

Fairphone produce a modular, repairable 
and upgradable mobile phone (Holligan, 
2015). While the cost to build in 
this compatibility means the initial 
manufacturing and retail cost is often 
higher, there should be material and 
cost savings long-term that offset this 
initial investment. Manufacturers can 
still benefit if this approach encourages 
greater customer loyalty, and producing 
more durable products may protect 
them from changes in legislation such as 
product stewardship schemes (European 
Parliament, 2017).

EU legislators are developing legislation 
that would require greater product 
repairability and replacability, particularly 
for components which typically break 
or wear out, such as LEDs or batteries. 
In Sweden sales tax on repairs has been 
reduced to incentivise people to repair and 
maintain their products (Starritt, 2017).

Sofa technology has not evolved as quickly 
as some other industries; the method of 
construction has remained essentially 
the same since the mid-20th century (see 
section 9). However, modern materials such 
as particle board, have made repair harder 
as these poor quality materials are prone 
to damage during disassembly, whereas 
frames made from solid wood could be re-
joined and glued to repair them.

low cost

high cost

low
repairability

high
repairability

Economic obsolescence

Mass-production and decentralised 
manufacturing has made many products 
which would have once been expensive to 
purchase more affordable and accessible. 
Often, this means that if a product is 
broken it may be easier and less expensive 
to replace rather than repair. 

A number of design strategies can 
be implemented to avoid economic 
obsolescence: 

• Ensuring ease of repair to minimise 
labour cost

• Functional adaptability for changing 
user needs

• Aesthetic customisation for changing 
taste and fashion

• ‘Knock-down’ features for easy 
transportation.

Sofas too have become more affordable 
over recent decades and so professional 
re-upholstery has in turn become less 
appealing due to the comparative cost 
of replacement and re-upholstery. As an 
example, the upholstery materials and 
labour for the prototype sofa developed 
for this research cost $872; similar or more 
than comparative sofas currently on the 
market. 

“This mode commonly occurs when repair, maintenance, reuse 
or upgrade is too costly to be justified by the manufacturer or 
the consumer.” - Brian Burns (2010)

Fig.25, Typical correlation between cost and repairability
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11. Planning for obsolescence
Rather than seeking to avoid obsolescence, 
Burns (2010) proposes that obsolescence 
is inevitable and should be planned for. 

He makes these suggestions for 
consideration when designing an 
obsolescence resilient product:

How mature is the product and market? 
Are there likely to be rapid technological 
changes in the near future?

The sofa market can be considered mature. 
The design and fabrication of a sofa has 
changed only gradually over the past 
50 - 100 years (for example, wadding has 
moved from horsehair or down to cotton 
and now commonly polyester), but has 
changed little in form and function.

This presents two opportunities for 
potential disruption:

The first being through technological 
innovation in the form of new materials or 
digital manufacturing to aid repairability. 

The second, changes in the ownership 
model. For example, leasing model could 
be applied to provide a higher quality 
sofa at a more accessible cost to the user. 
(‘Product as a service’ models are discussed 
in more detail in section 13.j).

What is the expected cost—either cost of 
use or per use?

The term ‘cost per wear’ is used frequently 
in the fashion industry to highlight that 
a cheaper garment is not good value if 
you only wear it a handful of times, and 
to justify the value of, and investment 
in, a more expensive, but longer-lasting 
garment. Although the key benefit for 
most customers is cost saving, this also 
has environmental benefits in reducing 
resource use and waste.

Applying this thinking to a sofa, the 
expectation would be that a higher quality 
sofa costs less per year over its lifespan, 
however this is not necessarily the case. An 
affordable sofa in NZ could be $600 with a 

2 year warranty, and last 7 years. A higher 
quality sofa can cost $2000 to $3000, with 
a 10+ year warranty, and last 10 - 20 years 
(Stacks Furniture, 2019).

The per year cost of the high quality sofa 
is higher, but the waste and environmental 
impact is significantly lower, as it can 
outlast multiple lower cost sofas.

What is an appropriate lifespan?

In the example above, the cost per day is 
much higher in a mid-range or high-end 
sofa, even when maintaining this for twice 
as long as an entry level sofa. This suggest 
a higher-end sofa has to offer more than 
just a longer life and repairability. This 
could be the ability to change functionality, 
aesthetics, or build a stronger emotional 
connection.

The increased transience of the population, 
through renting and moving more 
frequently, has meant people may find 
themselves only needing a sofa for a few 

months, or a few years at a time. 

This has created an opportunity for 
companies to consider new methods of 
providing sofas, such as through leasing 
and Product-as-a-Service (PaaS) systems. 

Several new companies have been started 
to respond to this market opportunity. 
Strata Sofa (UK) are leasing furniture 
to landlords, and LiveFeather (USA) are 
leasing a range of domestic furniture with 
leases starting at just three months (EMF, 
2017a & Feather, n.d.).

Alternatively, you may use a single sofa for 
all your adult life. This suggests potential 
for a buy-back model which incentivises 
users to keep a sofa for a long time, rather 
than a leasing model which carries an 
ongoing cost.

In both cases repairability and adaptability 
are needed to ensure the sofa can be 
loaned to different users, or maintained by 
one user for a long time.
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What are the likely technological changes 
in this time?

Digital fabrication has the potential to 
make parts-to-order locally, allowing 
mass customisation. This may support 
sustainability outcomes by encouraging 
someone to keep their sofa for a longer 
time as it is unique to them. 

An example of digitally manufactured 
seating is Sketch Chair (2011), which allows 
users to design their own chair and have it 
cut out on a CNC router. However, as the 
components are specific, if a part is broken 
there are no off-the-shelf parts available, 
and a new part would need to be cut. This 
could make it harder to repair.

Digital customisation of covers is an option 
which would allow creative freedom while 
maintaining the ability to repair and replace 
most of the sofa with standard parts.

More sustainable materials are emerging, 
such as Ligate adhesive for engineered 
timber products (Scion, n.d.). Designing for 
deconstruction allows these new materials 
to be phased into old units. 

What is the likelihood of laws and 
standards changing?

Globally, pro-environmental legislation 
is emerging. As discussed above, new 
EU legislation is introducing product 
stewardship schemes for certain products, 
with recommendations for other products 
to ensure repairability (Anastasio, 2018). 

The New Zealand government is also 
considering stewardship schemes for 
lithium batteries and used tyres, and 
are currently debating introduction of 

additional landfill taxes on all waste (New 
Zealand Government, Ministry for the 
Environment, 2018).

Stewardship schemes apply a fee at the 
point of sale of a product to cover the 
cost of responsibly recycling or disposing 
of the product at end-of-life. This 
should encourage manufacturers to take 
responsibility for their products waste, and 
design with disassembly and repairability 
in mind.

Stewardship schemes generally target 
highly toxic items (e.g. batteries, tyres, 
agrichemicals) so are unlikely to affect 
sofas (ibid).

Additional landfill taxes are designed to 
encourage businesses and individuals to 
be less wasteful. Manufacturers may be 
encouraged to reduce pre-consumer waste 
to reduce their disposal costs, while owners 
may consider a longer lasting product, 
repairing or selling the sofa instead of 
disposing it. 

Unlike stewardship schemes, additional 
landfill taxes would cover all items sent to 
landfill. As sofas are bulky items consisting 
of low value materials this would 
significantly affect owners.

Cascading sofa ownership

Given the different reasons for a sofa being passed on or disposed of, it may not go to landfill 
after one owner. Typically sofas are given to other family members or friends, donated to 
charities or sold second hand. However, there needs to be enough demand for second hand 
sofas, and they need to be of high enough quality, to prevent them going to landfill. 

Potential sofa ownership scenarios are illustrated in Fig.26, showing ways a sofa could pass 
through several owners, and generations. Current sofa designs do not allow adaptability to 
fully meet the demands of these different users, suggesting this is a strong opportunity for 
design experimentation.

new sofa buyers

landfill

thrifter

millenial

average kiwi

fashionista

year

0 10 20 30

pathways

Fig.26, Potential sofa ownership pathways

Discussion

Sofas become obsolete for a number of reasons both functional and non-functional. 

On one hand, many sofas are now made from cheaper and lower quality materials (e.g. MDF 
as opposed to solid timber) to compete on cost. This results in products failing earlier and 
comes at an environmental cost. 

At the same time this short life span, along with fashion-based obsolescence, gives 
customers more choice, and the ability to change their sofa more frequently. Despite the 
environmental impacts (section 12), it is justifiable from a cost perspective to replace an old 
sofa with a new one after only 5-10 years rather than repair it. 

Users’ needs also change over time, at different times prioritising affordability, style, 
function and practicality.

To address issues of sustainability and obsolescence, designers should design for less 
consumption of total materials, while addressing changing user needs. Any new system 
should propose abundance of material, choice and creativity for it to be appealing.

most influence least influence

economic aesthetic social tech’

modes of obsolescence

student
first home
long-term relationship
starting a family
retirement

comfort

fashiondurable

function

Fig.27, The most significant modes of obsolescence affecting 
sofas, based on Burns definitions

Fig.28, How user priorities and needs could evolve over time
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Fig.30, Top 10 environmental impacts, Porcelijn 2016.

12. Environmental Impacts

Since the 1960s, researchers and commentators have argued that the current model of 
consumption is wasteful and polluting (Packard, 1960 & Papanek, 1973). Designer, Babette 
Porcelijn (2016) calculated that the impact-per-person from manufacturing products is 
larger than any other industry (fig.30).

Public awareness has also increased in recent years resulting in consumers asking for more 
sustainable products, and some manufacturers are starting to change in response (Colmar 
Brunton, 2017).

Despite this, pollution, emissions and depletion of resources have increased, demonstrating 
that current strategies for sustainability are inadequate, or are being adopted too slowly 
(United Nations, 2016).

Fig.29, Waste sofa in landfill.

“Only one percent of the total North American materials flow ends up 
in, and is still being used within, products six months after their sale.” 

Hawken, Lovins & Lovins (2000)
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a. The linear production model

The model that contributes most to this 
pollution and rapid resource depletion is 
the linear production model, also known 
as the ‘take-make-dispose” model. It does 
not design for responsible material use or 
regenerative systems (fig.31).

To ensure positive design decisions are 
being made to limit these impacts it is 
important to understand the specific 
effects on the environment from furniture 
manufacturing. 

This understanding should prevent design 
choices which remove some impacts only 
to add others elsewhere.

There are four key stages to consider when 
assessing the environmental impacts of the 
linear production model: Extraction and 
harvesting, manufacturing and production, 
use, distribution, and finally, disposal.

Extraction and harvesting

Mining and drilling impacts

Open-cast mining removes top soil and 
ecosystems to access deposits. This 
damages natural vegetation which would 
provide natural carbon sinks, habitats, 
and prevent erosion helping to protect 
waterways from pollution.

The heavy machinery used for extraction 
and transport has high energy needs, 
emitting greenhouse gases. During 
transport, particularly sea cargo, there is 
a further risk that extracted materials are 
spilt into the environment.

In addition to these effects, there is also 
the risk that processing chemicals and 
waste can make their way into waterways 
and the environment.

Harvesting impacts

Harvesting materials for manufacturing 
often requires either removing an existing 
natural resource and habitats (e.g. 
wetlands or forests) or adding pollutants 
such as insecticides and pesticides to the 
environment to protect commercial crops. 
These can also leach into waterways.
 
Irrigation may also be diverted from 
supplies needed elsewhere. For example, 
growing the fibre for a cotton t-shirt 
requires approximately 2,700 litres of 
water, which often cannot be met through 

rainfall alone (WWF, 2013).

Forestry also presents a number of eco-
challenges, and while responsible forestry 
replants trees to maintain a stock, non-
certified timber could be from native 
forests which may not be replanted. 

Natural rubber and cork harvesting involve 
careful management of forests. Natural 
latex rubber is ‘tapped’ from the tree, and 
cork which is cut from the tree bark, and 
therefore the trees are left in place and the 
forest is maintained.

Wool is often used in upholstery due to 
durability and being naturally fire retardant. 
However livestock management for wool 
production can raise animal welfare 
and environmental issues. The methane 

produced by livestock contributes to 
greenhouse gasses and, although banned 
in New Zealand, mulesing (a painful process 
of clipping the sheep to prevent build-up 
of waste) is widely criticised (Weyman-
Jones, 2018).

In all these cases land used may be diverted 
from food production, meaning a resource 
valuable to local communities is lost.

Manufacturing 

Once materials are gathered they need 
to be processed into usable products for 
furniture production, this can lead to issues 
such as material waste and processing by-
products, high energy use, and toxicity.

Metal refining inevitably creates by-
products and waste, for example slag, 
sludge, dust and gases from aluminium and 
steel smelting, and ingredients added to 
purify the raw material, such as limestone, 
are often left over (Jernkontoret,2018).

In wood processing material loss is 
inevitable, for example the trimming of tree 
trunks and boards for timber or plywood.

In processing textiles and paper the 
chemicals used, such as the chlorine and 
bleach, can flow into water systems. Large 
volumes of water are often used in dying 
and washing materials, and discharged as 
wastewater (Solomon, 1996 & WWF, n.d.).

Sometimes waste products can be used—
such as gas for energy generation, dusts for 
cement, wood for mulches, and compost 
for agriculture—however many are only 
waste products.

Fig.31, Linear manufacturing model
Adapted from: EMF, 2015.
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Processing these materials also requires 
energy for equipment and transport. While 
in New Zealand a significant proportion 
of our energy is renewable, elsewhere 
renewable production is not as high and 
therefore fossil fuels are used, emitting 
Co2 gas and other pollutants.

Engineered timber boards (e.g. MDF, 
particleboard) often require chemicals or 
resins which are known to be carcinogenic 
and pose a risk to workers in production. 
These can continue to off-gas after 
production, potentially affecting owners 
(Salant, 2008).

Distribution

A consequence of the efficiencies gained 
through centralising manufacturing has 
been an increased reliance on transport—
often over long distances. This increases 
the risk of spillage or leakage of hazardous 
materials, for example, plastic nurdles 
(pellets for plastic production) have 
washed up on beaches all over the world 
after being split from a container ship 
(Gubana, 2018). These pellets are often 
mistaken for food by marine life.

Sofas are bulky and so shipped via sea 
freight. While sea freight contributes 
significantly lower C02 emissions than 
other forms of transport, this still adds to 
their carbon footprint of (see appendix 
A.6).
 

Disposal

Due to the combined materials and 
construction methods which prevent easy 
disassembly, sofas are typically disposed 
of whole into landfill. This allows materials 
to leach into the ground and groundwater, 
while loose waste can blow into the 
surrounding environment. 

Photographer Andrew Ward documents 
the phenomenon of street sofas in Sofas 
of LA, where they are dumped awaiting 
bulk waste removal, further demonstrating 
that there are not adequate end-of-life 
solutions for sofas (Ward, n.d.). 

Organic materials (e.g. cotton, timber, and 
wool) are not typically separated to be 
biodegraded and therefore break down 
anaerobically releasing methane, a potent 
greenhouse gas, unless it is captured for 
energy (Lee, Han & Wang, 2017).

As well as pollutive impacts, disposal in 
this way loses resources.

For more on the environmental impacts of 
furniture production see Appendix A.1

Fig.32, Actions, emissions and potential impacts.
Adapted from: Audi, 2012.
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b. Alternatives to linear production model

In order to stop the loss of materials, eliminate waste and regenerate natural systems, the 
Ellen MacArthur Foundation are working to establish a circular economy model which can 
replace the linear production model.

The Circular Economy model builds on the work of Braungart & McDonough (2009) through 
their Cradle to Cradle model, and Stahl & Reday (1981) on the performance economy. These 
models are discussed in section 13.
 
c. Discussion

All materials and processes involved in sofa production have some negative impacts and 
risks, and must be managed to limit environmental harm (see Appendix A.1). 

As we have moved to centralised manufacturing, supply chains have become larger and less 
transparent, this can result in lower environmental standards.

Some processes can viewed as part of a natural system and if responsibly managed can be 
regenerative; bamboo, cork, rubber, and wool production.

Given the potential harm resulting from creating products, and how much material is wasted 
through this process and at end-of-life, this is an issue that requires change in legislation 
and infrastructure as much as design. 

No facilities were found to recycle sofas, and given the time needed to disassemble them 
fully and the low value of materials it would not be viable with current designs.

Material choices can be made based on different priorities (e.g. durability, organic, and 
recyclability), making it difficult to judge which materials are ‘best’. Substituting materials 
may mean we are more sustainable in some aspects but less in others. 

Considering that all materials have an impact, less material consumption and production is 
the most effective way to reduce externalities. In 2016 Steve Howard, IKEAs sustainability 
officer, declared we had reached “Peak Stuff”, and would need to start keeping furniture for 
longer to reduce impact (Hullinger, 2017). 

“A new (made in China) chest of drawers has a carbon 
footprint 16 times higher than the antique equivalent per 

year.” – Alice Grahame (2015)

13. Change by design
Almost half a century ago, designer and educator, Victor Papanek said; “in pollution, the 
designer is more heavily implicated than most people.” (Papanek, 1973)

We can clearly see that through changes to manufacturing and material choice design has 
continued to play an increasing role in pollution to this day.

Papanek (1973) also said, “if design is ecologically responsive, then it is also revolutionary.” 
This section presents an overview of existing design strategies to foster sustainability.
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Fig.33, Circular Economy model
Adapted from: EMF, 2015
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a. Circular economy

Suggested as an alternative to the linear economy, the 
Ellen MacArthur Foundation (2015) are working to move us 
to a circular economy, prioritising:

• Designing out waste and pollution
• Keeping products and materials in use
• Regenerating natural systems.

The Circular Economy (CE) builds on a number of previous 
models, including Cradle to Cradle (Poppelaars, 2014).

Following these models, CE emphasises the need to 
keep biological and technical materials separate, arguing 
that combining them increases complexity and reduces 
our ability to recover materials, or in the case biological 
materials, return them to the biosphere at end of life. 

What makes CE different from these models is its emphasis 
on reducing virgin material input through actions such 
as sharing (e.g. leasing), repairing, and remanufacturing 
products. 

These also reduces the need for recycling.

CE priorities minimise recycling as it is an inefficient process, 
due to the energy needed for collection and processing, 
and loss of contaminated materials.

For example, only a small proportion of plastics are truly 
recycled in a closed loop to create materials of equal 
performance, while the rest is cascaded into less valuable 
materials or leaked into the environment (Ellen MacArthur 
Foundation, 2016).

Fig. 34, Cradle to Cradle diagram
Adapted from: Braungart & McDonough, 2009
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adapted from: 
www.innovationservices.philips.com/news/life-cycle-assessment-finding-best-approach-company/

b. Cradle to Cradle

Cradle to Cradle (C2C) maps human industry against 
natures processes and encourages an approach to design 
that is beneficial for the world.

Creators, Braungart and McDonough (2009) stress that eco-
efficiency (reducing impacts and waste) keeps us busy but 
does not open the door to regenerative design. 

“Being less bad is not being good.” – Braungart & 
McDonough (2008)

They are also critical of combined materials, describing 
them as “monstrous hybrids” as they make recovery and 
separation complicated and unfeasible.

In addition to condemning monstrous hybrids, C2C 
maintains a list of banned materials deemed too harmful 
to use. For example, PVC (polyvinyl chloride), a proven 
carcinogenic, is banned due to its toxicity (McDonough 
Braungart Design Chemistry, 2012).

The C2C design approach goes beyond the product. At 
Herman Miller the principles were applied to the factory; 
introducing natural light, fresh air and greenery, improving 
worker health and satisfaction (Braungart & McDonough, 
2009) 

The ultimate vision of C2C is for products and factories 
to have enriching outputs, for example, generating clean 
energy, purifying water, and producing by-products which 
enrich soils.

C2C offers a potential framework for sustainable sofa 
design and production which, if successful, would see sofa 
design become an environmental good. 
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Fig.35, Democratic Design diagram
Adapted from:  Wingfield, n.d.
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c. Democratic design

Phillipe Starck described Democratic Design as: “inspired 
by the organic and a will to initiate a sustainable de-growth, 
always looking for the most in the least” and “consists 
of giving up the insane cycle of fashion for sustainable, 
durable objects.” (Wingfield, n.d)

Starck stresses that there are huge benefits from mass 
production (e.g. quality and affordability) but many 
products become standardised and so lose their ability to 
meet the individual needs of users (ibid). 

As discussed in section 10, fashion is a major factors 
contributing to the increasing speed of sofa obsolescence, 
and so Democratic Design shows potential as an approach 
in minimising waste from sofa use.

The TOG (All Creators TOGether) project has adopted a 
Democratic Design ethos.  TOG is a platform and network 
which allows buyers to co-create objects in an app and 
through a network of local artisans.

TOG combines the benefits of mass production with 
craftsmanship to create bespoke objects that are not driven 
by trends (Howarth, 2014). This may avoid fashion-based 
aesthetic obsolescence and increase the emotional bond 
between the owner and the object.

Fig.36, Ease of deconstructability
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d. Design for Deconstruction

Many products involve a combination of parts and materials, 
fixed or bonded together, or fully composited into one part. 
The more permanent the join, the less likely repair and 
recycling will take place.
 
This can mean products and materials requiring specialist  
or intensive labour need to be transported to facilities 
for recycling. These facilities may not be available 
domestically, so potentially hazardous waste is exported 
(Thompson, 2014).

Designing for deconstruction would allow more recycling 
to be done locally as processing would be easier. This 
would also have the added benefit of reducing transport 
emissions. This would be further supported by local 
manufacture and refurbishing facilities.

Not only do materials have to be separable, but recycled 
materials have to be in demand to guarantee recycling. 
This is where a buy-back model (discussed later in this 
section) can be beneficial, by building in demand for these 
materials.

As a model, design for deconstruction has increasing 
support from government agencies to major companies 
in the design industry, such as Autodesk who’s Design for 
Disassembly and Recycling guide emphasises the need for 
simple and universal tools, minimal fixings, and avoiding 
adhesives and other contaminating processes (Autodesk, 
2018).

In 2016 the EU parliament published a resolution to 
guarantee consumers durable and high-quality products, 
emphasising that they should be repairable and upgradable, 
essential components should be removable, and spare 
parts available (European Parliament, Environment, Public 
Health and Food Safety Committee, 2017).
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e. Emotional Design: Norman’s Three Levels of Design 

Don Norman (2005) summarises the emotional aspects of 
design on three levels:

1. Visceral 
2. Behavioural 
3. Reflective 

The immediate appeal of a product is the visceral aspect. 
Two functionally identical products can evoke very 
different feelings in a user. This can be superficial, such as 
use of colour to signify masculinity, speed, performance, 
sophistication, or forms to evoke nostalgic feelings.

The second layer is behavioural design, and addresses the 
experience of using the product. If a product is easy to use 
and performs with minimal effort then it tends to scores 
highly. When a product limits us or is arduous to use the 
pleasure of using it declines, resulting in negative emotions 
(Komninos, 2018).

Reflective design occurs when we reflect on our belongings 
when we are not using them, believing they fit an image of 
ourselves we like and want to project. This is the highest 
level of emotional design. 

Products which become classic and timeless tend to score 
well across all categories. 

The Braun ET66 calculator is an example of this. It is 
immediately readable, its form is well organised and 
satisfying to look at. An intuitive interface means it can be 
used easily and needs no instructions. At the highest level 
it says the user values good design, and maybe portrays a 
modest sophistication. This design heavily inspired Apple, 
and has been reissued as a classic design (Griffiths, 2017).
 
Norman’s model suggests that if the sofa performs as 
expected owners will have a stronger emotional connection 
to it, and may be more considerate of updating, renovating, 
selling or passing on, rather than dumping it.

“We need to love our stuff” - Richard Dennis, Economist (2017)

“There is little point in designing physical durability into consumer goods if 
consumers have no desire to keep them.” - Johnathan Chapman (2005)

Fig.37, Modes of emotional design
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f. Life cycle analysis  

Life Cycle Analysis (LCA) considers the lifetime of a 
product, encouraging manufacturers to consider long-term 
timeframes when evaluating costs. The results detail the 
footprint (e.g. Co2, energy, and waste) of the product. 

Audi used LCA to demonstrate that while moving to 
aluminium car bodies increased the initial footprint 
from manufacturing it lightened the car and reduced the 
footprint from fuel for an overall gain (Audi, 2012). 
 
Herman Miller Inc, used LCA methods to compare the 
impacts of installing (and re-installing) fitted and modular 
furniture over time. In this case, it showed a modular system 
made from more durable materials will not be replaced as 
rapidly, and so warrants higher investment up front for 
long-term benefits.

LCA is a powerful tool to inform design decisions but has 
received some criticism. Braungart (2018) who favours the 
C2C approach, argues that LCA is too focussed on reducing 
harm, rather than thinking in a transformative way to make 
products better. In his words it just makes things, “less bad”.

LCA requires investigation of the full sourcing, 
manufacturing and disposal processes. This could be done 
after major design decisions have been made, limiting its 
potential to reduce environmental impacts from the outset 
of the design process (Nee,  Song & Ong, 2016).

Fig.38, LCA evaluation process.
Adapted from: Audi, 2012.
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g. Maker movement 

At the core of the maker movement is a desire to shift away 
from centralised manufacturing to a network of makers.
 
Digital manufacturing technology has contributed to this 
movement as it reduces the need for traditional craft skills, 
and so enables would-be makers to start building projects 
quickly. The movement also has social and commercial 
benefits—the process of learning from doing can help 
reverse the decline in making and repair skills, and the 
ability to prototype products faster and more easily has led 
to a number of successful start-ups.

The maker movement shows is a desire to relearn skills, and 
build and repair your own items, but wider impact has been 
limited by access and the effort and skill still needed to 
design good objects. While it has increased access, it hasn’t 
made designing your own quality products significantly 
easier, and so the maker movement has become more niche 
than may have been anticipated (Fallows, 2016).

However, there are still insights from this movement that can 
be applied to the development of a repairable, sustainable 
sofa. The challenges faced by the maker movement show 
that repair has to be within reasonable ability, skill and will 
of most users.

“In reality, this stuff takes years 
of difficult, painstaking work and 
hard won experience.  It is more 
accessible, but not necessarily easy.”                                                       
– James Fallows (2016)

h. Modular design

As discussed in section 13.f, Herman Miller Inc has shown 
that while it often requires extra initial material, modular 
design can reduce waste long-term.

This additional material requirement is a consequence of 
future proofing, where more features are built in increasing 
the initial cost. This presents a challenge as consumers may 
expect modular design to be lower cost as manufacturing 
is standardised.

Many sectional sofa systems are in practise a row of 
armchairs used to form a sofa. This results in ends of units 
butting together and doubling up in material, whereas in 
a standard two-seater none of this additional structure 
would be needed. However, the long-term ability to modify 
and adapt a modular system can save material and cost 
over a long period.

A modular design approach also lends itself to other 
benefits, including product refinement through iteration, 
customisability, and overall product quality.

“Over a 12-year period, modular 
casework will use up to 151 percent 
fewer materials than fixed casework…” 
- Herman Miller Inc (2008)
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i. Open design

Open design strives to democratise creativity.

Author of Open Design, Leon Cruikshank (2014) discusses 
how designers have performed in a ‘designer is genius’ role, 
expressing themselves through their vision for a product. 
Open Design challenges this by opening up tools of design 
to many people.

Indeed, Open Design poses that design should be flexible 
enough that the user can create something the designer 
would hate (Cruikshank, 2014). This freedom for creative 
input on the part of the owner can also support the earlier 
discussed concept of emotional design.

Much like the maker movement this is a bid to democratise 
manufacturing and design and potentially benefitting 
sustainability by allowing for local manufacture which 
increases the potential for local repair.

The rapid rate at which digital manufacturing technology 
is becoming more sophisticated and accessible may mean 
users are able to create complex and fully functioning 
objects affordably and on demand. This could support 
mass-customisation of products where each object can be 
tailored to the user.

Some suggest there is a role for open design and traditional 
design to co-exist, or even be combined through co-
authoring, which gives enough control to the designer to 
ensure a successful product, and enough freedom to the 
user to express themselves (Cruickshank, 2014 & Wong, 
2011).

Tom Dixon and IKEA have demonstrated this approach 
through the Delaktig sofa, a ‘hackable’ sofa system allowing 
third parties (companies and individuals) to create add-ons. 
Open Design can foster greater emotional connection to 
items and enhanced function and performance through the 
ability to customise.

Fig.39, From fully closed design to fully open design
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Performance economy

In a performance economy model, providers and users 
are connected to temporarily share resources without 
transferring ownership. This encompasses a range of 
systems from traditional leasing, to the relatively new 
Product-as-a-Service model (PaaS).

This model shows promise in a number of industries, from 
lighting to car ownership, and works particularly well for 
expensive items which are unused most of the time, for 
example spare rooms and vehicles. 

On average, a personal car is parked and unused for as 
much as 92 percent of the time (EMF, 2015). Wellington 
start-up, Mevo provides short term car rental using a share 
model, where users are charged by the minute, meaning 
significantly less cars (and resources) would be needed by 
a community (Mevo, n.d).

Similarly, research has shown that power tools are used on 
average for just 12 minutes of their life. Some communities 
and businesses have responded to this opportunity by 
setting up tool libraries or ‘libraries of things’. 

In addition to a more efficient use of resources, this model 
shifts the responsibility for maintenance and product 
stewardship to the provider, which in turn incentivises high 
quality, deconstructable designs to aid repair and recycling. 
Philips have even begun to apply this model to their 
lighting and are currently working with Schipol airport in 
the Netherlands to provide this as a service. Schipol pays 
only for the light they need and Philips is incentivised 
to upgrade and maintain the system to provide the most 
efficient lighting system (Philips Lighting, n.d.). This also 
encourages Philips to design for product end-of-life as it 
remains their property.

Several start-ups are now providing ‘furniture as a service’, 
allowing users to change furniture, have it delivered or 
removed, and buy it outright at the end of the lease. This 
provides benefits for the user as one of the obstacles of 
reselling a sofa or properly disposing of it is the bulk of 
transporting it (Schneider, 2017).

The Strata System, created by RCA graduates Katrine 
Hesseldahl and Victor Strimfors, provides sofas where the 
the outer layer can be changed easily by the owner. Strata 
suggest that people may not even need to own the sofa 
base, and this could stay with the rental property (Tucker, 
2017).

“Access is better than ownership” - 
Kevin Kelly (2009)

j. New ownership models

The Circular Economy model goes beyond the product to consider emerging ownership models wherein the user of the sofa 
becomes a temporary, rather than outright, owner. 

Buy-back model

Buy back models provide an alternative to leasing.

Pentatonic, a start-up furniture manufacturer and 
retailer, buy back furniture at end-of-life. This financially 
incentivises owners to return old furniture to the company, 
and Pentatonic to use material which can be maintained in 
a closed-loop, prioritising deconstructability.

This reduces the resource depletion to manufacture new 
furniture, and decreases potential future costs from product 
stewardship schemes.

In 2016, IKEA’s sustainability officer declared we were at 
the point of “peak stuff”, and in an effort to reduce their 
environmental footprint the company introduced a buy-
back model (Hullinger, 2017).  Items are rated on condition 
and customers receive up to 50% of the original retail price 
in store credit for the product when it is returned.

While this system has many positive environmental benefits 
(minimising resource depletion and pollution), it does not 
in itself address obsolescence of products, nor necessarily 
slow required production or re-production. As such it is not 
sufficient to guide this research, but does show potential to 
fit as part of a wider system.

Fig.40, Waste drinks bottles with Pentatonic AirTool chair
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Fig.41, Overlapping ‘change by design’ strategies

k. Discussion

This section has presented a¬ range of current sustainable design approaches. Typical of 
a ‘wicked problem’ the variations of the approaches and viewpoints highlight a challenge 
in adopting sustainability—with so many definitions, variety in scope and perspectives on 
priority it can be difficult to know which is the ‘right’ model, and where best to place focus.

However, through these examples several core themes emerge:

• Design for deconstruction
• Alternative user models
• Regenerative systems

For the purpose of this research, a Circular Economy (CE) framework, which takes an holistic 
view and encompasses many strengths of the other approaches, has been selected. (Fig.41)

Like C2C, CE stresses the need to reinstate natural systems and separate biological and 
technical nutrients. Modular design, and alternative user models can encourage repair, 
refurbishment and adaptation within a CE system giving products and materials a longer 
(even infinite) lifespan. All of these aspects rely on design for deconstruction, showing that 
this is key to a CE model.

“Design is integral in the shift to the circular economy”                     
- Ellen MacArthur Foundation (2017)
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14. How to defy obsolescence
Multiple strategies utilised by designers 
to defy obsolescence—including material, 
functional, emotional or cultural.

Building on findings (section 10 & 13) this 
section presents case studies of design 
precedents which showcase the following 
strategies:

a. Adaptability
b. Emotional durability and timelessness
c. Maintainability
d. Modular design
e. Repairability
f. User models.

a. Adaptability

Products that are able to adapt and grow 
to meet new user needs can significantly 
extend their lifetime.

Wishbone Design Studios 3in1 bike 
grows with your child. Starting as a trike 
for younger ages, the trike axles can be 
removed to produce a strider bike for a 
small child, and later the curved frame 
component can be inverted to raise the 
seat accommodating older children. 

This results in surplus parts but replaces 
three products. This adaptability, combined 
with durability, maximises resell potential, 
or gives it a second life with a younger 

sibling, All fixings use the same 5mm hex 
key (Wishbone Bikes, n.d.).

A similar system, the Tripp Trapp high 
chair, allows newborns to sit in an attached 
basin, later replaced with a table and foot 
rest. The table can be removed and the 
seat lowered to accommodate growth right 
through to adulthood; truly a “chair for 
life” (Stokke, n.d.).

This system can also be applied to 
clothing. The Petit Pli outerwear uses 
pleated clothing which can expand bi-
directionally to accommodate growth from 
4 to 36 months—approximately seven size 
changes (Petit Pli, n.d.).

All of these examples have additional 
features or materials than less adaptable 
products. Therefore, adaptable products 
are usually more expensive and have to be 
built to higher standards to last longer. 

However, users gain from the additional 
outlay through long-term material and cost 
savings. This incentivises users to maintain 
the product for a long time, possibly 
allowing a reflective phase to develop. 
(section 13e).

Fig.42, Wishbone 3in1 bike Fig.43, Tripp Trapp chair Fig.44, Petit Pli - clothes that grow

 
b. Timelessness

A timeless design defies obsolescence by 
making the product impervious to fashion 
trends. So, what makes a design timeless? 

Become classic

Consider the Braun ET55 calculator. 
Designed in 1987, its usefulness and 
aesthetic are intrinsic in that the simple 
and clear aesthetic makes the product self-
explanatory, maximising usability. It is also 
a modest and unobtrusive product. This 
helps makes the product difficult to date—
it could perhaps have been designed any 
time between the early nineteen seventies 
and the millennium.

The classic style has influenced modern 
products too, such as Apple’s iPod and 
iPhone series, wherein the phone’s 
calculator strongly resembles the ET55 
calculator. This may have enhanced the 

ET55’s position as a design classic.

Another enduring example of timeless 
design is the Dr Martens boot, which has 
never really gone out of fashion. This 
likely is due to its clear and understated 
functional aesthetic and famous durability.

Be ‘Super Normal’

When products become the iconic example 
of that object they can become timeless. 
This quality ties into what is known as 
‘Super Normal’ design, such as the Bialetti 
stove top coffee maker, or a simple clear 
water glass (Ito & Picchi, 2006).

Evolve carefully

Land Rover’s Defender vehicle series, 
produced for over 67 years, has modernised 
gradually to meet new standards and 
expectations of comfort and performance, 
while retaining the simple robust aesthetic 
for which it has always been known (Land 
Rover, 2015).

From conception the Land Rover design 
has allowed for customisation, retaining 
a separate chassis and multiple body 
options. This has allowed it to be used 
for many purposes—it can be driven by 
a soldier, farmer or even the Queen of 
England without looking out of place (Pitas, 
2016). Like the previous timeless examples 
it is known for its simplicity and durability.

Fig.45, Braun ET55 Calculator Fig.46, Bialetti Moka Express Fig.47, Land Rover Series I 1948
Author: DeFacto
Source: CC
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These products share common themes of 
purity of form and honesty of materials. 
Their desirability can be largely attributed 
to simple yet distinctive aesthetics, and 
over time they have become icons of 
design.

c. Modularity

While modularity typically uses more 
material in the initial build, it can save 
material long-term as the increased 
adaptability helps prevent the sofa from 
becoming obsolete. 

Other products successfully using 
modularity include Tom Dixon’s Jack Lamp 
and Vitra’s Algue decorative system. 

The Jack Lamp demonstrates the power 
of modularity for even simple products. 
Multiple units can stack to form a feature 
or totem of lamps. The nodal form allows 
it to locate and stack securely in a natural 
and obvious way, or alternatively serve as 
a stool or table. The distinctive nodal form 
of Jack, like USM’s Haller system, suggests 
growth, interlinking and nesting (Tom 
Dixon, n.d.).

Vitra’s Algue decorative system uses plant 
like elements which clip together to form 
wall coverings, curtains or dividers (Vitra, 
n.d.).

These systems are material efficient if 
they are kept in use for a long time, as 
their multi-functional qualities increase 
potential long-term ownership. By allowing 
the user to adapt these systems, a sense of 
collaboration grows between the user and 
designer, which can foster greater greater 
connection with the final product.

d. Repairability

Like modularity, repairability has to be 
designed into the system from the outset, 
and is a feature that is valued by consumers. 

A criticism of the Apple range is that 
key componentry, such as batteries and 
screens, are expensive and difficult if 
not impossible to replace and repair. 
Highlighting this issue is the estimation 
that as much as a third of phones in the UK 
have broken screens (Jenkins, 2018).

In contrast, the Fairphone 2 is designed 
with modular parts for easy replacement. 
Replacing the screen requires no tools, 
and repairability is aided by colour coding 
to highlight fixing points which can be 
disassembled with a standard screwdriver 
(Fairphone, n.d.). Fig. 49.

However, the Fairphone 2 has not become 
popular. This may be because repair is 
perceived as ardous or risky, or that brand 
preferences trump repairability.

Eugenia Morpurgo’s Repair-it-yourself 
shoe follows a similar repair system. 
The sole, fabric upper and insole can be 
easily separated with no tools for easy 
repair (Etherington, 2011). Breaking the 

shoe into layers supports both repair and 
customisation. 

On a larger scale, Renault refurbish 
recovered parts for resale. This benefits 
consumers as they can buy warrantied 
spares for significantly less cost, while 
the manufacturer can sell parts without 
the full material and manufacturing cost.  
Renault call this “Eco-conception” and 
say this as “reconciling prosperity and the 
preservation of finite natural resources.” 
(Renault, 2017).

In conclusion, it is important to focus on 
the most likely areas of wear and tear, and 
make these parts replaceable. In a sofa this 
would be upholstery, and the suspension 
system. For self-replacement the process 
should be visual and transparent to 
reduce perceived risk. Standard tools 
should be used (or none at all). Applying 
these principles fosters upgradability, 
which makes the prospect of repair more 
appealing.

e. Maintainability

To create a system which is easy and 
welcoming to maintain it is important to 
consider which processes of maintenance 
are within the ability of most users. 

Changing a lightbulb is a maintenance 
task almost everyone is comfortable 
undertaking. It involves less than five 
actions and no tools, it is also very unlikely 
to go wrong as the bulb and socket can 
only locate correctly. 

Fig.48, Vitra Algue modular system

Changing a wheel on a car involves around 
eight to ten steps and requires multiple 
tools which are usually provided and stored 
within the car. While this would have been 
commonly done by the owner, it is now 
more often done by on-call assistance 
crew. 

This shift may be due to a barrier of 
confidence and perceived risk, as if the 
process is done incorrectly and the tyre 
is not properly fitted the result could be 
disastrous. 

However it may not be just the number of 
steps or tools that impact willingness to 
undertaken maintenance tasks. 

Painting a fence is another simple task 
which most people would feel confident 
in tackling themselves. However, 
painting a house, which is technically 
as straightforward, is usually done by a 
professional team. This may be because is 
highly tedious and arduous, there are safety 
considerations, and if this done poorly it 
could affect the value of the house.

These examples suggest that a system 
for maintenance has to be simple, use 
common fixings methods or tools, be 
straightforward, and low risk.

Fig.49, (Clockwise from top); Eugenia 
Morpurgo’s ‘Repair-it-yourself’ shoe; 
Renault Choisy-le-Rois remanufacturing 
facility; Repairing a Fairphone model.
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15. Landmark sofas: the state of play
This sections considers key sofa designs which incorporate elements of Circular Economy (CE) design.

a. Changeable draped covers

Fitting covers without staples and fixings helps the user to easily remove covers for washing and update the aesthetic with new covers.

Magistretti drew his inspiration for the Sinbad sofa from a horse blanket display. (Luminaire, 
n.d.) This is simple, but quite radical, compared to many contemporary sofas. Grcic’s Cape 
Sofa is an evolution of this, with a more tailored cover.

A similar approach was taken by Ron Arad for the Transformer sofa, combining the cover and 
upholstery padding into a PVC sack, which is deflated to be ‘frozen’ into shape 

(Sudjic, 1999). This allows long-term adaptability, but requires a device to suck the air out. 
This may make it less likely to be done regularly.

A modern mass produced example of this is IKEA’s Klippan sofa, which also uses a one-piece 
cover but is much more closely and conventionally fitted to the shape of the sofa frame. The 
emphasis here is functionality, maintenance and customisation. 

Fig.50, Sinbad sofa by Vico Magistretti 

b. Sectional systems

Dividing the sofa into block sections allows growth and long-term co-creation. 
   

Designed in 1962, the Vitsoe system allows linear extension by removing the arm to uncover 
fixing points where additional units can be attached. Further adaptation is achieved by 
replacing the castors with a swivel base.
 
The design was updated for a 2013 re-release, and a new tool was developed to make 
adaptation easier.
   
In Mario Camaleonda’s Bellini sofa, cube bases join in four directions, using a series of 
clasps and clip points on the base cover to allow high versatility. Treating the base as a unit 
to build from gives high flexibility, and as parts are added to the side or top the sofa can 
take on traditional and non-traditional forms. 

Designing in this way relies on clever details to make the process easy, while adding flair 
and detail.
 
A similar format to the Bellini sofa, the Mah Jong sofa was re-released with a new range of 
covers from other designers. 

By reordering existing modules, the system can be presented in new colour configurations 
without additional cost or significant effort, giving users the option to mix and match fabrics.

Fig.53, Camoleonda by Mario BelliniFig.52, Vitsoe 620 System by Dieter Rams Fig.51, Transformer sofa by Ron Arad
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c. Collapsible sofas

Many designers have tried to improve transportability through design. In a CE this would assist repair, leasing or buy-back of parts for remanufacturing.
       

In a single action the Eames’ Sofa Compact can be unfolded into the final position and then 
locked in place. The legs are also detachable, creating a compact unit for transport. This 
shows that switching between two states can be simple.
 
The Can Sofa (Fig.55) uses technology resembling a tent frame to form the structure. This 
provides a familiar precedent for the user to reference, making assembly less daunting. The 
use of tubing makes the structure lightweight, an important factor for transport.

IKEAs Moment sofa embraces shopping trolley fabrication in its mesh seat and back. These 
are supported by a steel rod frame to hold the two in place, essentially reducing the structure 
to four parts; two panels (seat and back), and two combined leg and back supports, held 
with a standard bolt and dome-nut fixing. This allows easy flat-packing for transport and 
self-assembly (section 9).

These precedents all use steel,-a durable material that allows for repeated movement and 
disassembly.

Fig.54, Sofa Compact by Charles and Ray Eames

Fig.55, Can Sofa by Ronan and Erwan Bouroullec

d. Adaptable sofas

Adaptability allows sofas to fulfil greater functionality and has been investigated in multiple ways.
 

The BR02 Daybed allows quick switching between a reclined sofa, and a flat daybed. This 
is achieved by a chain in the back frame which lifts the seat to a level position as the back 
is flipped out of the way, and a moveable upholstered cube provides arm or head support.

The ‘Flexble Love’ or ‘slinky chair’ has a honeycomb paper or plastic structure, creating a 
deformable bench. The form can stretch and bend, allowing it to fit the space and need at 
any moment. This flexibility prevents the structure from being upholstered, and the chair 
may look shabby after heavy use over time. The potentially short lifespan is arguably offset 
by collapsing for efficient transport and easily recyclable.

The Delaktig sofa embraces adaptability through ‘hacking’. By reducing the frame to an 
extruded aluminium track, a range of official and third-party components can be fitted in 
many positions. This is a strong example of co-creation, and the success of the design relies 
on the user choosing a kit of parts and engaging in ongoing adaptation.

Fig.56, BR02 Sofa by Martin Visser Fig. 57, Delaktig Sofa by Tom Dixon for IKEA
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e. Discussion
Many of these landmark sofa designs express some elements of a circular economy, 
however with the exception of recent designs such as Delaktig, they have remained niche, 
high-end designer products. This is often despite the designers’ intention to democratise 
good design (e.g. Eames’ Sofa Compact). 

Delaktig extensively industrialises sofa production by using aluminium extrusion for the 
frame, removing much manual fabrication, and incorporating a track for fixing additional 
components to the sofa, providing the modularity of high-end systems at an affordable 
price. This also allows transparency of materials, reducing the need for added coverings to 
conceal cheaper, poor quality framing.

Newer design forms tend to be more geometric reflecting the pared down aesthetics of 
Visser’s BR02 daybed, Eames’ Sofa compact and Gammelgaard’s Moment Sofa. This suggests 
a shift back to purer designs and systems which celebrate materiality.

This overlaps somewhat with Slow Design, and it may be that this increased transparency 
communicates the durability, sense of minimalism and quality valued by these consumers.

Millenial consumers are growing out of being the ‘IKEA generation’, generally preferring 
an eclectic aesthetic combining flea market finds, vintage, retro, mass-produced, hand-me-
down pieces, and perhaps even hacked or self-built pieces (Petersen, 2017). 

Designs such as Delaktig and Can fit these mish-mash aesthetics, with enough flair to be a 
statement, but without the bravado typical of designer sofas. 

IKEA is responding to this shift and changing its design philosophy to reflect its maturing 
market, and is beginning to welcome their customers adapting their products, known as  
‘IKEA hacking’, by building this into their designs (IKEA Hackers, 2018).

Adaptability is investigated in these designs, and is an important feature of a CE model, as 
the environmental cost of any additional material required is offset by the ability of the 
item to have a longer lifespan.

With the exception of Slinky, they all rely on adding a new unit to extend the sofa.

The adaptability of classic systems such as sectional designs—which are essentially a sofa 
built from armchair units—tends to be simple and are one of the most common adaptability 
strategies used. However, they also tend to be bulky and therefore still difficult to move.
 
Delaktig and Sofa Compact are also adaptable, but designed to collapse for ease of transport. 

Vitsoe’s sofa is one of the most advanced—combining the benefits of a sectional system 
with the ability to customise features such as back height, colours, and swivel or leg base.
 
Replacement of upholstery and covers is celebrated in some designs, (Sinbad, Cape, 
Transformer, Klippan), but repair and replacement of components such as springs (which 
often fail) and frames is generally not possible. For a truly circular economy model it is 
important to address both adaptability and repair. 

16. Hypothesis
Products are becoming obsolete faster than ever before. For mass produced sofas this 
is mainly due to two aspects—fashion and repairability. Less durable materials and 
manufacturing techniques which aren’t designed for deconstruction or repair make 
refurbishment prohibitive, while fashion is rapidly changing, and so sofas date quickly. 

This results in sofas going to landfill with no materials being recycled.

Increasing transience of users has an impact on user needs, meaning sofas should be 
designed to be more transportable and adaptable.

There is a growing call from consumers to reverse this obsolescence. The right-to-repair 
movement calls for the ability to self-repair products to extend their life, and new legislation 
strives to make this mandatory (Radio New Zealand, 2019).

A study of precedents demonstrated that designers have solved some of these issues 
before, although these systems have typically been high-end and expensive, and therefore 
not available to many. IKEA’s Delaktig, released in 2018, shows that the industry may be 
changing. However, this is one product in a market of many sofas.

Self-repair of these systems is still typically done on an assembly level (i.e. a sectional 
seat base may be replaced due to damaged springs or upholstery, rather than replacing 
individual components as needed). Component level repair or refurbishment could be done 
professionally, but often isn’t due to cost.

While there are many models designed to solve sustainability issues, the Circular Economy 
(CE) model—which integrates aspects from other models into a holistic systematic 
approach—shows the most potential to solve the issue of product obsolescence. In 
particular, this model prioritises repair, maintenance and refurbishment over recycling, 
therefore keeping materials in use for longer and designing out waste with minimal virgin 
material and energy input.

This presents an opportunity to investigate sofa design in the emerging CE context. This 
would focus on the ability to adapt and self-repair a sofa to defy obsolescence. CE also 
ties these aspects into new user models, an area where there are further opportunities for 
research through design.

The next section of this research will investigate how the principles of CE can be more fully 
integrated into sofa design for sustainability.
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17. Inspiration

a. Systems in nature

Circular Economy thinking often takes inspiration from natural systems, which prompted 
me to consider the sofa as an ecosystem in which parts can break away and flow. 

The stages of mitosis in yeast cell division, wherein new cells ‘bud’ off from the parent cell 
to create new generations, provided design inspiration.
 
Bringing this thinking to the sofa system, unwanted add-ons or frame parts could also ‘bud’ 
off and merge into new or existing systems elsewhere. 

In existing linear manufacturing systems this could be seen as wasteful, as return logistics, 
refurbishment and redistribution are not well established, and so these parts would be 
waste. However, moving to a CE system encourages design of interchangeable parts which 
can be redistributed to other users. 

Fig.58, Yeast cell mitosis
Adapted from: Neiman (2011)

b. What would IKEA do?

IKEA offers customers a proposition; if you help with the assembly your reward is greater 
affordability and choice (Bengtsson, 2010).

Millennials have grown up familiar with IKEA designs and systems and have an expectation 
of furniture simplicity, therefore this concept needs to be as simple, as or simpler than, IKEA 
systems.

Ikea products require simple or common tools to assemble. The Billy bookcase requires 
the use of one hex key tool (Bengtsson, 2010); the Lisabo table leg joint uses only one 
screwdriver (Fairs, 2017).

This suggests that if the CE sofa is to successfully encourage users to maintain and self-
repair it must be possible to achieve this within the general capability and expectations 
of users, and that it is important to reduce the design to one fixing requiring a common 
household tool, or design and provide a special tool.

In order to change behaviour we need to reward the behaviour we want. In this case, we want 
to reward maintenance and longevity through the satisfaction of saving money, prolonging 
the comfort of your sofa, and providing the opportunity to be creative (option to customise 
the sofa).

c. What would Dieter do?

Much of Rams’ design philosophy predates the Circular Economy, but echoes its values. 

Working with Vitsoe, Rams implemented significant developments to the 620 chair design 
to foster “lifelong adaptability” including the addition of a bespoke tool (Vitsoe, n.d.).
 
This was developed to aid repair and make adaptation easier. Giving the customer the tool 
with their first purchase opens the dialogue to adaptability.

While magnets in the tool hold the bolt securely in place preventing accidental slipping 
which could scratch the panel, giving greater simplicity and making the process more 
satisfying. 

The design of the Vitsoe chair also celebrates the joining of these components and fixings, 
rather than hiding them, making them important details. 

This all comes together to aid functionality while being beautiful. 

“Less, but better—that’s the way.”                                                                                                                                       
- Dieter Rams (cited in Terstiege, 2009)
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18. Design experimentation and critical reflection

a. Circularity testing methodology

The report ‘Designing for a Circular Economy: The conceptual design of a mobile device’ 
by Flora Poppelaars and Ellen MacArthur Foundation (2014) established a set of criteria to 
measure the performance of products in a CE.

These criteria were adapted to measure the development of iterative sofa concepts and, 
based on observations unique to sofa obsolescence, a ‘reconfiguration’ score category was 
added. 

These are outlined below and in the table on the right hand page.

Reuse (Share)

A system which enables sharing or passing on of products and components means they can 
have a second or third life (or more). 

Repair

Repair allows worn or damaged parts to be replaced to reinstate functional performance, 
with the intention that overall performance is maintained at an acceptable level. Ideally 
users can be responsible for simple repairs.

Reconfigure

This allows adaptation of form and aesthetic to meet changing user needs, such as 
lengthening or shortening the sofa, changing firmness, shape to style of cushions, fabric 
type and pattern, and frame material. 

While this could be done by either the user or service provider, the ability to adapt the sofa 
yourself is more viable as it is more affordable.

Refurbish

This involves full disassembly, inspection and reassembly with new or repaired components, 
to address functional issues such as warped or damaged panels, corrosion, unevenly worn 
suspension, or tired foam padding. The desired outcome is a sofa which is very close to new 
sofa functional performance.

This level of maintenance would most likely be done by a service provider or manufacturer 
offsite, therefore a design which can break down into a compact unit for transport would be 
beneficial. 

Remanufacture

This involves full disassembly and reworking of components to reinstate the sofa to new 
aesthetic and functional performance. This would support resale or leasing.

This system requires full design for deconstruction allowing for separation to a material 
level, as different materials (e.g. timber and steel) require different skills to remanufacture.

Recycle (or waste)

After the above methods have been exhausted, some parts may be uneconomical to re-work, 
and therefore closed-loop recycling is preferred. For example steel springs and framing re-
smelted into metal stock.

‘Downcycling’ (also referred to as ‘cascading’ in CE models) is the next preferred method, 
for example chipping waste PU foam into gym mats.

If these strategies are unsuccessful, material goes to waste or incineration as in a linear 
economy.

b. Experimentation and critical reflection

The research through design process (section 7) began with ideation and sketching. Selected 
concepts were developed using Rhinoceros modelling software, and as these developed 
they were assessed against CE criteria (section 13a).

Where necessary, physical models were constructed to give more data for testing (see 
Appendix C). Empirical reflection was used to highlight strengths and weak points, and 
these designs were developed through iteration.

The design concepts presented in this section follow a chronological order to reflect the 
iterative design process that was followed.

Pleae refer to Appendix B for prototypes in iteration order.

Reuse (share)
Highest score (1) Average score (2) Lowest score (3)
A durable product which allows 
simple breaking down using 
common tools into sub-
assemblies (arm, back, base) to 
assist logistics.

A moderately durable product 
which requires some skill to 
break down into sub-assemblies.

A sofa of low durability which is 
difficult to transport as requires a 
high level of skill, or is impossible 
to knock down.

Repair
Highest score (1) Average score (2) Lowest score (3)
All parts expected to wear can be 
removed for replacement with 
common tooling and basic skills.

Some parts expected to wear can 
be removed. Some skill or 
specific tooling may be needed.

No removal of wearable parts is 
possible. Or requires specialist 
skills to repair.

Reconfigure
Highest score (1) Average score (2) Lowest score (3)
Covers can be changed for new 
colours and patterns. Sub-
assemblies can be changed to 
allow significant changes in form.
Overall size can be changed with 
minimal or no waste.
All of this can be done with 
simple tools and basic skills.

Covers can be changed for new 
colours and patterns.
Some elements and 
subassemblies can be changed.
Changing size or format is 
limited. 
These processes require more 
skill, some waste is generated.

High level of skill needed to 
change covers and sub-
assemblies.
Changing the sofa generates 
significant waste.

Refurbish
Highest score (1) Average score (2) Lowest score (3)
Extensive disassembly is simple. 
All parts can be easily replaced 
with new components. 

Moderate skill required to 
separate parts. Some parts are 
replaceable. 

Extensive skill needed to 
disassemble, or separation is 
impossible. Commonly failing 
parts cannot be individually 
replaced. 

Remanufacture
Highest score (1) Average score (2) Lowest score (3)
Entire structure can be 
disassembled to individual 
components. Processes to bring 
back to “as new” condition are 
widely available. Minimal labour 
required to refurbish parts.

Structure can be mostly broken 
down to individual components.
Some components cannot easily 
be remanufactured. Moderate 
labour required to refurbish parts.

Difficult to break down structure. 
Significant tools or skill required 
to disassemble. Processes to 
reinstate original quality are 
highly skilled. Extensive labour 
required to refinish parts.

Recycle (or waste)
Highest score (1) Average score (2) Lowest score (3)
Entire structure can be broken 
down to a material level. 
Materials used are “pure inputs” 
so have no contamination. No 
“monstrous hybrids”.

Some additional processing 
required to break down to pure 
materials level.

Difficult or impossible to break 
down to pure materials, for 
example composites.
Cannot be broken down to safe 
materials for the biosphere.

Table.2, CE measuring methodology
Adapted from: Poppelaars, 2014
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Fig.59, Iteration 1 sketch samples
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Fig.60, Iteration 1 isometric view

Iteration 1

• Laminated corrugated cardboard sheets, profile cut
• Heavy duty cardboard tubing, interlocked to form frame

In this concept, laminated slabs of corrugated cardboard sheets would be CNC cut to a seat 
profile to create modular sections. The lamination of these allows 3D contouring of the 
sofa. These sections slide onto a heavy-duty cardboard tube sub-frame. Installing a longer 
or shorter sub-frame allows the length to be reconfigured, alternatively, new seat profile 
sections can be installed. 

Reuse

The collapsibility of this helps reuse through sharing as it knocks down for efficient transport, 
and the modules are made from corrugated cardboard, so are lightweight. However, this 
concept has low durability so is unlikely to stand up to reuse.

Repair

Worn sections can be replaced easily, however outer sections would need to be removed to 
repair middle sections. Replacement parts are economical to make, but bulky, and therefore 
reasonably costly to transport. Repair of cardboard components would not be feasible as 
material value would be low.

Reconfigure

The frame can be maintained and a new outer form installed, but this is wasteful as old 
sections would not be viable to move on to other users so they would at best be recycled or 
composted. The frame can be extended or shortened to expand the system easily. While it 
is adaptable, changes are wasteful here as it relies on replacement. 

Refurbish

As it is not practical to repair such low cost parts, refurbishment would realistically mean 
replacing most of the parts. This defeats the point of refurbishment.

Remanufacture

Remanufacturing isn’t practical as material value is low.

Recycle

All parts can be 100 percent recycled, or returned to the biosphere to close the loop. This 
design excels in this area, however in a circular economy recycling is the least desirable 
loop.

Summary

This design is moderately adaptable due to being broken into sections over a sub frame 
and easily deconstructed. However, it is difficult to repair and refurbish to keep materials 
in use, and while it is highly recyclable due to a single material, a large amount of material 
is needed resulting in a wasteful design. It also has a short lifespan and is not suitable for 
extensive reuse.

This concept was not taken further as reuse is the most valuable loop in a circular economy.
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Fig.61, Iteration 2 sketch samples
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Fig.62, Iteration 2 isometric view
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Iteration 2

• CNC cut 12mm plywood seat profiles
• CNC cut 6mm plywood clip components

This concept involves profiles cut to the seat shape, as in concept no.01, however a more 
durable material is chosen—plywood. Clip features are cut into these sections, to allow 
fixing together with a bespoke clip system cut from thinner plywood. This would lend itself 
to digital customisation as the entire frame is CNC cut, and this would allow the size and 
style to be changed extensively.

Reuse

This design has high durability due to the plywood structure. It can be deconstructed 
compactly for transport, allowing efficient redistribution to new users. Disassembly requires 
no tools and a moderate to low skill level, but could be tedious.

Repair

Repairing individual frame parts would be difficult, and so replacement is more practical—
replacement parts can be shipped efficiently. No tools are required to disassemble, but 
specific clips are needed. These can only be replaced via the manufacturer or service 
provider, standard and locally available fixings would be preferred. 

Reconfigure

Reconfiguring the piece could be difficult and wasteful. For example, changing to a day bed 
style, or increasing back height would require exchanging the plywood sections for new 
profiles. Longitudinal beam profiles can be replaced to extend or shorten the sofa, but new 
friction joints must be toleranced to fit existing plywood components. This could be difficult 
due to board tolerance variation (plus sealer finish), humidity and joint wear over time.
As this is CNC manufactured, parts can be digitally produced for mass customisation (see 
section 13.i). This would make the piece more customisable, which may increase the 
likelihood of the user maintaining the sofa (emotional design). However, it could make this 
bespoke sofa less successful in a leasing model as ongoing adaptation could be problematic.

Refurbish

Refurbishing this system would be labour-intensive due to the number of ply components 
to refinish. It would likely be more economical to replace them.

Remanufacture

Where plywood parts are worn or even lightly damaged it can be difficult or even impossible 

to remanufacture these. Stress can damage the plywood around the joints, and would be 
labour intensive to repair. Remanufacturing would require re-machining and patching. 
Again, this is probably uneconomical and replacement would likely be more likely.

Recycle

Plywood cannot be closed-loop recycled. It can cascade into engineered timber board, 
however this requires adhesives and finishing which may prevent the material from being 
successfully returned to the biosphere at end-of-life. Waste plywood is most likely landfilled 
or incinerated for energy. 

Summary

This shows the benefit of breaking the sofa into standard sections as this aids repairability 
through replacement. Plywood was chosen for its durability and suitability for mass-
customisation, allowing design to be produced in short (even one-off) runs. However, this 
creates issues for refurbishment and recyclability as these processes are labour-intensive. 
Using clips, rather than standard fixings, helps disassembly, but could be a problem for 
repair as it is a non-standard part so has to be sourced from the retailer. Though the clips are 
standardised, there are many of them making disassembly arduous.
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Fig.63, Iteration 3 sketch samples
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Iteration 3

• Re-purposed steel racking
• Repurposed vinyl advertising banner
• Pine construction lumber
• Standard coach bolts
• 18mm plywood arm cappings

This concept investigates using an existing system to create an adaptable and deconstructable 
sofa, aspects proven to be effective in earlier concepts. A steel racking system means this 
is durable, suitable for refurbishment, and can be truly recycled with no performance loss. 
Continuing the theme of repurposing, construction timber is used for cross beams, and vinyl 
advertising banner is tensioned between these beams to create a seat and back sling.

Reuse

This system is very suitable for reuse due to durability of materials and collapsibility. The 
system is already reused as it was formerly storage racking, and can go on to be another 
sofa, bench, or back to racking.

Repair

As it is an assembled system using standard tools and simple processes it lends itself well to 
repair. As the sling is stretched into place, this tension must be released before disassembly, 
the beams can then be removed and the sling slid from the crossbeams. The sling can then 
be replaced or repaired. Arm rests, feet and frame components can be removed easily as 
they are fixed with standard bolts. 

Reconfigure

As the base racking system is modular by nature, with a range of standard heavy-duty beam 
lengths, it is easy for the sofa to grow from a small two seater to a large three or four seater. 
In a leasing model, sets of beams, slings and cushions could be supplied to adapt existing 
sofas. It is easy for ‘new’ sofas to be built up from a combination of new, used, and possibly 
remanufactured, parts.

Refurbish

The PVC is durable and can be resewn or patched. Manufacturing PVC is highly toxic, but in 
this case is a waste product which is being delayed from going to landfill, so these impacts 
could be considered neutral. Frames can be completely rebuilt using approved parts, which 
can be replaced easily.

Remanufacture

Damaged steel frame parts can be re-welded easily. Paint finishes can be removed by 
blasting and reapplied by wet spraying or powder coating—both are common processes.

Recycle

PVC is problematic to recycle, arguably this is offset by its durability. Steel is 100 percent 
recyclable with no performance loss so is ideal for a circular economy model. However 
polyurethane foam is likely to be downcycled into matting and therefore doesn’t exist in a 
closed loop.

Summary

Though unrefined, this concept performs well in most aspects of a circular economy, due 
to ease of deconstruction and separable materials (pure inputs). This makes it simple to 
separate material streams and refurbish or recycle parts. 

As this shelving system is widely available, new and used parts are easy to source for repairs, 
and this design lends itself to a DIY open source design, it encourages self-repair. However, 
the aesthetic may not appeal widely, and this would limit its ability to have a significant 
impact.

Fig.64, Iteration 3 isometric view
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Fig.65, Iteration 4 sketch samples
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Fig.66, Iteration 4 isometric view
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Iteration no.04

• 1.5mm rolled mild steel panels
• 22.2mm OD ERW mild steel tube

Steel is brought from the previous iteration due to high durability and ability to be 
refurbished. The seat and back are formed from two overlapping custom rolled panels and 
fixed at the chosen frame length. This allows the system to extend or shrink without the 
need to source new frame parts.

See Appendix B for a 1:6 scale mockup of this iteration.

Reuse

This collapses well for transport which supports reuse, and the steel frame is durable, 
extending the sofas potential lifespan.

Repair

The seat and back sections are assembled from two overlapping steel panels. This makes it 
simple to replace large parts of the structure at once. Using the CNC steel cutting process 
to include fixing points to attach covers reduces componentry which reduces potential 
breaking points. This means failure of a small feature in a large part can render the whole 
part obsolete. 

This shows there needs to be balance between isolating potential breakage points to be 
replaceable and simplifying the design to require less components.

Reconfigure

This sofa excels at extending and contracting the seat base. However, the form could be 
difficult to adapt as the back is integral and therefore cannot be permanently removed. The 
seat and back positions can be adjusted by changing the back support and leg component, 
but this requires disassembling the whole sofa and could be perceived as laborious. If the 
sofa is never extended, much of the overlapping steel panel is wasted.

The angled seat base reduces the need for deep spring suspension, but makes it harder to 
adapt into a corner sofa or add an ottoman, as units will not meet on a level plane. In this 
instance reducing material in one aspect increases potential overall material usage.

Refurbish

As the system is fully deconstructable and uses durable materials it can be fully refurbished.

Remanufacture

As the structure is entirely mild steel it reduces the number of skills and tools needed for 
remanufacture. In this case readjusting, stripping, welding and recoating. The waste from 
stripping old coatings is problematic for disposal.

Recycle

As the frame is a single material it is simple to recycle, even with minimal deconstruction.

Summary

By increasing the adaptability of the sofa it has become more wasteful due to extra material 
needed. As the extending panels are fully covered the whole system must be deconstructed 
to adjust height, length, angles and so on. It is also hard to change the style and form, for 
example a chaise, daybed or corner sofa would be difficult to integrate in this system. 

Wastes creating during remanufacturing should be considered alongside the total impact of 
manufacturing, remanufacturing and recycling over the full life-cycle. These impacts should 
also be compared to a regular non-repairable or recyclable sofa design.
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Fig.67, Iteration 5 sketch samples
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Fig.68, Iteration 5 isometric view
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Iteration 5

• 16mm mild steel rod or 20mm tube
• Flat sided oval mild steel furniture tube cross beams
• Mild steel corrugated panel
• Toyobo “Breathair” polyester cushioning base panel

The use of a rod base has been brought forward from iteration 4, and the form of the seat 
is maintained but is made from an open rod structure to reduce material use. This structure 
cannot extend as incrementally, but new units can be added. Standardising the units can 
help with reuse and repair. The individual units are bridged with steel supports. 

Reuse

The highly durable steel frame and corrugated panel support reuse by increasing product 
durability. As the system can be broken into units, like many other sectional sofa systems, it 
is easy to transport to new homes, or the next user.

Repair

All parts are removable and easily replaceable. In particular, having suspension sections as 
single slabs allows easy replacement of this high wear area.

Reconfigure

Using a beam substructure onto which modules are added makes this system both very 
adaptable and low waste. Unwanted sub-assemblies can be passed to other users, longer or 
shorter beams can be installed, and new sub-assemblies mounted to these. An angled seat 
reduces the need for padding and suspension, but makes it difficult to add a corner section.

Refurbish

All frame parts can be removed and refurbished. Breathair—a woven polyester cushioning 
panel—was considered for the suspension, though this is not currently widely available, and 
is supplied exclusively by Toyobo in Japan. Therefore replacement part could be difficult to 
source, however, installing the ‘springs’ as a panel makes it easy to replace the whole unit.

Remanufacture

All frame parts can be dismantled and fully remanufactured. This may involve removing and 
replacing integrated fixings press-fitted into panels, and re-coating.

Recycle

The single material steel frame is very recyclable and polyester cushioning could 
theoretically be recycled. However, recycled materials would need to be shipped back to 
the Japanese supplier to close the recycling loop. Breathair may become more viable in the 
future to replace polyurethane and suspension as distribution spreads.

Summary

This design allows lengthening and shortening, relying on two cross beams to support each 
section. Combining the sub-frame beam and section beams may reduce material, and this is 
investigated in the next concepts.

More flexible adaptation, such as adding tables, footstool, and corner sections, is difficult as 
it only allows extension in a linear way.

Greater scope for customisation would be needed for this concept to meet high-level 
customisation standards. This limitation may negatively impact emotional connection 
(reflective design), and future utility. The use of a single material means this design excels 
in durability, refurbishment, and recycling.
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Fig.69, Iteration 6 sketch samples
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Fig.70, Iteration 6 isometric view

Refurbish

Recycle

Remanufacture

Reconfigure

Repair

Reuse

Lowest impact Moderate impact Largest impact

Iteration 6

• 70x45 solid timber beam sections in 300, 600, 900 units creates 1.2-1.8m sofas
• Folded mild steel brackets
• 12mm plywood panels
• Rod base, arm and back supports

Various lengths of units give greater flexibility as they can be combined into multiple 
configurations. This design extends in a linear fashion, and replaces steel rod subframes 
used in earlier iterations with plywood panels held by linear timber beams. Back support 
can be exchanged between systems to change the back angle, and the seat base can be 
fixed in multiple positions to adjust the seat depth to user preferences. 

See Appendix B for a 1:6 scale mockup of this iteration.

Reuse

Compact and deconstructable, this design is easy to transport and reuse. The system 
is durable as it uses timber beams and steel legs, however plywood panels for the seat 
base may warp and need replacement. The deck format, with attached components, allows 
repurposing into a daybed, bench or chaise. Removed elements can be passed to other 
users for reuse before the system reaches end-of-life.

Repair

If part of the frame was damaged, the whole cover, frame and panels would need to be 
disassembled, and may deter users from self-repairing. This is due to the design requiring 
more bracketing and fixing than earlier iterations to allow for additional adaptability.

Standard sized covers where slack could be rolled under when not need are used. This 
simplifies repair as one size of cover is needed, but is wasteful as material may be unused or 
faded over time meaning that if the longer length is needed the fabric no longer matches.

Reconfigure

The added assemblies (back and arm) fix to the base panel. The back can be adjusted to 
increase the seat depth, and a new bracket can be used to change the angle of the seat. 
Other than these small functional adjustments, changing the general aesthetic is difficult as 
whole sections of the structure would need to be replaced to significantly change the form.

Refurbish

The steel and solid timber structure is fully deconstructable and so can be refurbished 
easily. The plywood seat panels may warp and would likely need to be replaced.

Remanufacture

Inserts and fixing points in timber are difficult to remanufacture as the timber fibres can 
be stripped. This could be addressed by using sleeves and inserts, but this makes recycling 
more difficult due to combined materials. Refinishing timber is also labour intensive. 

Recycle

Steel parts are widely and easily recycled. Solid timber beams can be composted (depending 
on suitable coatings). Replacing the plywood panel with a solid slat would increase potential 
to return to biosphere, but increase assembly and work needed for repair and refurbishment.

Summary

Using the same beam and bracket structure for the back as the base is somewhat wasteful 
as these are over engineered for the backrest function. Standardised components 
and assemblies are usually more desirable, but there needs to be balance between 
standardisation and waste.

As timber is a carbon sink it can be used sustainably, but to achieve this it needs to be in use 
for a long time. In this system, solid timber can be refurbished but plywood would need to 
be high-quality to last and is unlikely to be biodegraded.

The ladder/bracket/panel system adds adaptability, but decreases potential refurbishing 
due to the use of mixed materials and processes required.
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Fig.71, Iteration 7 sketch samples
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Fig.72, Iteration 7 isometric view

Refurbish

Recycle

Remanufacture

Reconfigure

Repair

Reuse

Lowest impact Moderate impact Largest impact

Iteration 7

• Square tube frame similar to previous iterations
• Seat and back rails are made from steel channel and joined with steel brackets
• Plywood base panels

This variant retains plywood base panels, incorporating some built in cover clip features 
of iteration four. Adjustment options are similar to iteration six, however Sections come in 
increments of 200, 400, 600 and 800mm allowing multiple combinations and giving the 
user greater options.

See Appendix B for a 1:1 scale mockup of this iteration.

Reuse

Breaking the steel beams into smaller sections, rather than long beams increases reusability. 
While the system has a functional aesthetic to suit more interior styles and tastes, the 
aesthetic requires further development to have wide appeal. The leg and back supports 
attach to the seat panels leaving a gap for the cover to be wrapped under the steel channels 
and clipped to the plywood.

Repair

Adding extra bracketing to join beam sections increases the fixing and assembly required, 
and may discourage repair if the perception is that it is laborious. A mockup was made to 
test a steel folded channel with built in groove for fabric to grip onto, see Appendix B.

Reconfigure

Length is very adaptable, as the beams are designed in 200-800mm sections giving users a 
great deal of flexibility.

Refurbish

Steel lends itself well to refurbishing, and as this system can be packed into an 
800x800x800mm volume it is easy to return to the service provider.

Remanufacture

Rolled steel beams and brackets perform well. Refurbishing involving inspection, stripping, 
and repairing (welds, fixings, dents) before repainting would essentially result in a ‘new’ 
part.

Summary

Steel is shown to be a suitable material for a CE approach due to durability and ability 
to refurbish. This should be maximised in the next concepts. Though this systems shows 
promise it needs many fixings, and therefore simplification is needed. Assembling the 
structure from two materials is acceptable, however a single material would improve ease 
of refurbishment and recycling.
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Fig.73, Iteration 8 sketch samples
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Fig.74, Iteration 8 isometric view
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Iteration 8

• Steel channel support and end beams
• Steel corner brackets
• Rolled steel roofing sheet seat and back panels
• Steel bar frame

Steel channels are retained from previous iteration, however this design aims to use just 
one material for the frame, and plywood is replaced with sheet metal which is lightweight 
and durable. The roofing sheet profile could be revealed by the upholstery to highlight 
unusual materiality if desired by user. A range of beam lengths allow extension, and a flat 
seat base has been selected for simplicity and increased adaptability as it allows for corner 
sections to be added. 

See Appendix B for a 1:6 scale mockup of this iteration.

Reuse

Highly durable steel has a long-life supporting reuse. The design is also deconstructable so 
can be collapsed easily for transport. 

Repair

As all parts are steel, standard fixings can be used throughout, simplifying repair. Individual 
parts can be easily isolated for replacement where repair is not possible. Self-repair 
of damaged steel parts is difficult. Cushions can be easily removed and replaced, and 
replacement suspension parts can be easily plugged into the frame

Reconfigure

A new section can be added to extend the system, however a special bracket would be 
needed to ensure all seat cushions are a standard size. This adds complexity to the system. 

Refurbish

Cushions are easily removed from the frame and no glue or stapling is used making 
reupholstering straightforward. All other parts are similarly simple to replace. 

Remanufacture

Steel lends itself well to remanufacturing and as the frame is one material, processing is 
simple.

Recycle

As discussed in earlier sections, steel can be recycled with no performance loss. Foam 
cushioning can be cascaded into foam matting, and as covers are easy to remove recycling 
may be possible with future technology and infrastructure. Alternatively, latex foam and 
natural fabrics could be returned to the biosphere through composting.

Summary

Using roofing sheet avoids the problems of plywood, and means the entire frame is made 
from a single material. This means end of life recycling is much simpler and the system 
can be recycled with minimal disassembly. This version also repurposes seat channels as 
back top, bottom and arm channels meaning less pieces are required, simplifying the whole 
system.

Using steel rolled channels allows a lip on the bottom for fabric to clip onto, and the angled 
profile makes the seat more comfortable as the occupants legs can be in a natural position 
(angled slightly back from the knee), without hitting the frame. 

This system relies on external corner components to join the steel channels, this interrupts 
the sectional pattern as a spacer is needed between two parallel channels to compensate. 
This is an issue as covers will only fit specific section lengths, meaning they are less 
transferable between users.

This could be resolved with a flat end cap, which makes the linear extension simpler, though 
it is aesthetically ‘clunky’ to end the section with a flat, opposed to an angle as at the front 
and back.
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Fig.75, Iteration 9 sketch samples
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Fig.76, Iteration 9 isometric view
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Iteration 9

• Steel outer channel frame
• Slatted or plywood base panel considered
• Add on assemblies formed from steel rod or tube with attached steel panel
• Tubular steel legs
• Elastic or serpentine spring suspension and loose box cushions

This design aims to resolve the grid spacing issue in the previous iteration. The add-on parts 
are simplified as they are formed from a panel rather than a panel and channels. A selection 
of beam lengths allows the sofa to be configured easily. 

See Appendix B for a 1:6 and 1:1 scale mockups of this iteration.

Reuse

This system replaces beams rather than joining shorter ones to extend. This is effective in 
a leasing system, or one where users can easily exchange parts, as it simplifies the product. 
This is a key difference in designing for a circular economy, as parts would otherwise only 
be considered for one system. 

Repair

The frame is joined by corner legs, rather than additional brackets. This simplifies isolation 
of frame parts for repair. As in iteration 8, box cushions are straightforward to reupholster, 
and are easily removed from the frame. Panel and leg fixings are exposed as details to 
simplify deconstruction and replacement. Tensioning spring systems was found to be 
difficult for users to repair. 

Reconfigure

Add-on parts fix to the beams rather than a base panel meaning they can be attached to all 
four sides. This, along with the flat base, aids reconfiguration and increased flexibility, for 
example back cushions can now be attached to ends, and a corner system can be added. 

Refurbish

This system deconstructs into individual materials so it well suited to remanufacturing.

Remanufacture

The corner of the steel sections are folded leaving a detail gap, making refurbishment 
easier as there is no visible welding on the outside of the frame. Having this hidden means 
welds can be repaired on the hidden back, without affecting the form on the outside, 

which would need ‘dressing’– grinding back to finish. Steel is durable and highly suited to 
remanufacturing. 

This system uses springs or slats for a seat base, which makes the system simpler for assembly 
and disassembly, but complicates remanufacturing as more processes are needed. This is 
acceptable because designing when designing for a CE repair and reuse are prioritised over 
remanufacturing and recycling. 

Recycle

As discussed for previous iterations, steel is highly recyclable. However neither plywood 
nor elastic webbing can be closed recycled due to being combined materials.  Coil spring 
seat base aids recycling, but were found to be difficult for users to install for repair or 
reassembly, due to the high tension needed. 

Summary

This iteration was able to be easily reconfigured, supporting changing user needs and 
preferences. Use of a slatted base simplified the system. 

The interchangeable single length beam made assembly simpler benefitting all aspects of 
a CE, and is taken forward to the final iteration. However, use of springs was dismissed due 
to difficulty of installation. 

Steel panel for add-on parts are highly durable and protect fabric for wear and UV damage. 
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Fig.77, Iteration 10 sketch samples
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Fig.78, Iteration 10 isometric view
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Iteration 10

• Steel outer channel frame
• Plywood perforated base panel for add-on connections
• Add-on assemblies formed from steel tube with plywood panel
• Tubular steel legs
• Coir suspension and loose box cushions

The final iterations incorporates many learnings from previous iterations. Specifically, the 
use of steel, interchangeable beam lengths, legs used as beam connectors, add-ons fixed to 
base panel, box cushions loosely installed, and flat base are all brought together. The use of 
coir suspension is introduced. 

See Appendix B for a 1:6 scale mockup of this iteration.

Reuse

This system again uses interchangeable steel beams, which are highly durable and can be 
exchanged between users. It is easily disassembled and can be made compact for easy 
transport. 

Repair

The frame is joined by corner legs, rather than additional brackets as in iteration 9. This 
simplifies isolation of frame parts for repair. Box cushions can be easily removed to be 
reupholstered. While coir cannot be repaired, using a simple slab means whole sections of 
the suspension system can be easily replaced. Only two tools are required to deconstruct 
the sofa for repair – a 4mm and 8mm hex key.

Reconfigure

Perforated plywood panels give an increased range of reconfiguration options, which can 
include arms, tables, seats, and so on. The retained flat base continues to allow increased 
flexibility for add-ons to be attached to all four sides, and corner systems added. As the 
suspension is one piece, different densities can be chosen based on user preference and 
alternative material options for cushioning and upholstery can be exchanged or replaced to 
give further options. 

Refurbish

All materials can be separated easily for refurbishment and replacement. As previously 
discussed, steel is again used to aid refurbishment. Birch plywood is chosen as it is durable, 
allowing refurbishment. This has a higher impact than softwood, but this is offset by the 
material having a longer-life. 

Remanufacture

Steel is durable and highly suited to remanufacturing, however coir suspension and plywood 
base would likely have to be replaced to return the system to an ‘as new’ condition. However 
they fit the preferred criteria of a CE. 

Recycle

As discussed for previous iterations, steel is highly recyclable with no loss of performance. 
Birch plywood can be cascaded into engineered panels, and the use of emerging bio 
adhesives could also allow it to be returned to the biosphere. Following CE principle, 
where the processes used in cascading would prevent this, direct return to the biosphere is 
preferred.  Coir is a natural product which can easily be returned to the biosphere through 
composting. Polyurethane foam can only be cascaded, but is widely available so supports 
repair and refurbishment. 

Summary

This iteration brings together the strengths of the previous iterations and comes close to 
fully meeting the criteria for CE. The outstanding drawback is the use of polyurethane foam. 
Alternatives were considered in earlier iterations but proved to have similar disadvantages. 
In the end, the widespread access to polyurethane, and standard upholstery lead to this 
material being favoured as it better supported the inner loops of reuse, repair and refurbish.
 
In section 19, a full walkthrough of the system explains this iteration in more detail. 
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Fig.79, Design iteration CE performance

c. Discussion

The design iteration process has further highlighted how sustainable design is a ‘wicked 
problem’—showing there is no single ‘right’ solution, and trade-offs are needed to balance 
priorities. Fig.79 illustrates that performance in one criteria can affect other areas.

As the Circular Economy framework prioritises modes such as sharing and maintenance 
over recycling, this helped guide the design process and where trade-offs were made. Some 
of these trade-off and reasoning for, are discussed below: 

Plywood base over steel or slatted base

This is less ideal for recycling or returning to the biosphere, but gives greater durability 
and adaptability. Compostable adhesives are being developed which should allow full 
biodegrading of plywood in the future, and can be phased into the system as they become 
available. 

Interchangeable full-length frame beams over connected sections

Emphasising sharing encourages the creation of swappable components. This has the added 
benefit of simplifying the system for users to adapt themselves, as joiners to brace shorter 
parts together aren’t needed. If reverse logistics are effective, a full-length returnable beam 
is the most material efficient method to extend the base.

The precedent used here was industrial racking, which can be configured with any length 
of shelf beam. Surplus parts can be used in other systems, and it is the simplest method to 
grow the system.
 
Coir (Coco fibre) over springs

The coir spring slab can be plugged into the frame without tools or difficult tensioning. For 
this reason it was chosen over steel, plastic or webbing springs. The fibre is a waste product 
and is bonded with natural latex, so at end-of-life it can be returned to the biosphere.

Integrated beam leg connection over corner joiner

Integrating bracket details into the beams adds complexity to these parts, and could make 
manufacturing more complicated than for a standard corner joiner and leg connector. 

However, this is easier for the user to assemble and may encourage repair.

Further, as the leg uses a taper inside a collar the joint is strong and cannot be assembled 
incorrectly, minimising perceived risk. Being made of aluminium, nylon and steel this 
assembly is highly durable so suitable for remanufacture, and can be recycled in a closed-
loop.

“We prefer objects that are self-explaining. If they are not, we prefer to get along by reading 
labels... Finally, if absolutely necessary, we read the user instructions.” Per Mollerup, 2015

Traditional upholstery box cushions

Box cushions are an established upholstery method, meaning repairing and replacing covers 
should be straightforward. 

No fixings are used, so seat and back cushions can separate easily. The back support locates 
the back cushion in a fabric sleeve, while the texture of the coir suspension grips the seat 
cushion in position. This also increases ease of recycling as materials can be instantly 
identified.

The frame is left exposed to add transparency and minimise upholstery materials. 

Added grid holes in base

Grid holes increase ventilation, keeping the coir and foam in good condition for longer.  
They also future proof the system, allowing for ease of adaptability.

While not all users will modify the system extensively, the grid holes convey openness.

Summary

When designing to strengthen one CE criteria, others were inevitably impacted. The CE 
model priorities allowed for these trade-offs to be managed (e.g repair over refurbishment).

However, it also became clear that CE criteria are not the only ones that must be met, and 
the functional and emotional needs of the user must also be prioritised. There is little point 
designing a CE product, if it is not appealing. This may mean aspects which are the ‘most 
circular’ (e.g. least material, most recyclable or most adaptable) are not chosen over less 
efficient, but ultimately more user-friendly designs.

“Reduction should be used with care. It can both simplify and complicate elsewhere.” - Per Mollerup (2015)
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d. The power of loops

In section 20 - Validation, the impacts of different user models and materials are compared 
and it was found that exchanging materials shifted, rather than solved, negative impacts. 

Therefore, the decision was made to choose materials based on their performance and 
ability to flow effectively in a CE system, reducing the need for—and impacts of—virgin 
material input over time.

Different materials can flow differently, potentially cascading multiple times or existing in 
a closed-loop. This can make comparisons difficult when considering a range of options and 
systems. Material flows were mapped in terms of performance (i.e. frame, suspension and 
upholstery materials) to support decision making.

Fig.80, Loops in a CE
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Fig.81, Potential frame material loops

Frame materials

Technical loops

This diagram highlights how aluminium, plastic and steel can flow in all closed loops of 
refurbishment, repair, sharing and lastly, recycling. This is dependent on them being kept 
as pure inputs.

Plastics, although less suited to refurbishment, can flow in a closed loop with the emphasis 
more on recycling.  

Biological loops

While using renewable materials may seem the best way to move to a circular economy, 
they often cannot flow in as many loops as synthetics. This is due to the loss of material 
performance when recycling, compared to less renewable materials such as aluminium and 
steel which maintain performance after being recycled.

“It is out of the question that food should be sacrificed to make a chair for example. 
Even for alternatives such as linseed or hemp, these take up land that could be used for 
growing food,” - Philippe Starck (2018).

Cascade flows

The flow of plywood and timber is highly impacted by surface treatment or adhesive. An 
untreated solid timber part finished with a biodegradable sealer, could flow in the technical, 
share and repair loops, and also the return to biosphere loop. 

Extensive refurbishment is less viable as it is labour intensive. A plywood part, (timber 
veneers laminated with synthetic resin) could flow in the share and repair loops, but not 
be returned to the biosphere. This would be cascaded (chipped and bonded into panels) or 
incinerated for energy—these are linear pathways.

As it is more desirable to close the loop than cascade, the best path may be to fully 
biodegrade after one loop rather than cascade, if cascading leads to waste. This may seem 
counterintuitive as using waste plywood to create new panels feels resourceful, however 
the toxicity of this material makes it a ‘monstrous hybrid’ that is problematic to return to 
the biosphere at end-of-life.
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Fig.82, Potential suspension material loops

Suspension materials

Technical loops

Many suspension materials can flow in a closed loop, including coir, latex foam, nylon and 
spring steel. 

Although nylon flowed effectively due to its durability, repairability and recyclability, 
because of its high carbon footprint it was only chosen for the leg connectors (where these 
qualities were critical) and not the larger spring base. 

Biological loops

Depending on processing and toxicity, both coir and latex foam can be returned to the 
biosphere. 

Cascade flows

Polyurethane foam can only be cascaded or landfilled. The poorest performer was elastic 
webbing, which due to being a hybrid of rubber and textile would most likely be landfilled 
as it is not efficient to separate.
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Fig.83, Potential upholstery material loops

Upholstery materials

Technical loops

Durable textiles such as wool and polyester, can flow in share, and repair loops.

Polyester flows the most easily in a closed-loop as it can be re-polymerised into a raw 
material and processed with no loss of performance.

Emerging technology may be needed to separate blended fabrics into pure inputs. This is 
currently not widely available, resulting in mixed fibres (impure inputs) going to landfill.

Biological loops

Natural fibres can be returned to the biosphere (depending on treatment i.e. chlorine, dye). 
This may be preferable to some forms of cascading to avoid contaminating these materials.

Cascade flows

Natural fibres (e.g. bamboo, cotton, and wool) can cascade into upholstery wadding or 
insulation. If toxic materials are avoided in these processes they may still be returned to 
the biosphere, this demonstrates the power of cascaded use, and circling longer.
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Fig.84, Final working prototype
Note: for fabrication process see Appendix D

e. Final working prototype
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Fig.85, System single base unit

19. System walkthrough 
System base unit - see G.A. Drawing, Appendix D.

The system is based around a 750 x 750 unit.  This size was chosen as it is shallower than 
many armchairs or sofas so is more compact, benefitting transport and is more fitting to 
modern dwellings.

This system maintains a typical 450mm seat height and 550mm seat depth, although height 
can be changed with alternative legs.

The steel folded channels are chamfered to convey lightness and increase comfort, as the 
users calves will not clash with the frame. Folding the channel with a double bend adds 
strength and therefore saves material.

The square format allows seat cushions and coir suspension panel to be flipped or rotated 
to spread wear evenly, and potential add-on parts to be fitted on four sides. 

The base can be used alone, as a seat or footstool, and have optional components (e.g. arm, 
back, table) added—similar to the Delaktig system.

The seat base is not reclined, research showed this was acceptable from a comfort aspect as 
suspension is provided by a 60mm coir panel.

A 365mm back height is compact, and fits current fashion for sleek low sofas, however if 
trends change, this can be easily exchanged for a higher back.

This means a system of leasing or refurbishment and redistribution is more viable as parts 
can go into more potential systems or scenarios, widening the potential pool of users. 
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Fig.86, System exploded view

System adaptability

The frame is formed from steel tube uprights in four corners bridged by folded or rolled 
steel channels. This supports a perforated 18mm plywood base panel, which is key to 
adaptability.

While Delaktig allows add-ons to fix to the outer frame in a track, perforating the panel in 
this way allows components to be fixed on the edges, the bottom, or both. The perforated 
panel was also chosen to aid ventilation, and convey openness.

Added components are formed from steel tube, with welded and internally threaded lugs 
allowing fixing to the panel with an M6 connector bolt.

Finally cushions are placed, the coir panel grips the seat cushion in place, while the back 
cushion has a pocket to locate onto the back panel, allowing it to be quickly removed to 
change the system into a day bed.
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Fig.87, System exploded view

System extension

The frame is held together and supported by corner legs which are standard to all 
configurations.

All four legs and end beams are identical, allowing scuffed parts to be moved to less visible 
positions if necessary.

The leg-beam connector uses a nylon tapered locking clamp, compressed by an M10 fixing 
bolt to solidly clamp the three parts (beam, beam and leg) together. Refer to Appendix B for 
test modelling of this connector.

To extend or shrink this system, the legs are first removed, allowing the front and back 
beams to be separated for replacement. Unwanted beams can be returned to the provider 
for refurbishment and integration into other existing or new systems. 

Additional base panels can then be added together with new beams.

The base panels are are ‘half’ panels—this allows the end panels to remain in place, while 
middle panels are added or removed. Importantly, this also allows half sofa sizes (e.g. a 2.5 
seater) to be configured.

Finally, the legs are refitted.

This is a key feature of this system as extension is typically done by adding a whole unit 
(sectional system), rather than extending the existing system.
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Fig.88, System maintenance

System maintenance

This design allows individual parts, and to a large extent materials, to be isolated for repair, 
adaptability or, or recycling.

For the user this has many advantages:

• covers can be easily updated or replaced, as they are not stapled or glued in place
• worn or damaged parts can be individually replaced
• unwanted parts do not need to be stored, these can be sold or returned to the provider
• new technology can be phased into the existing system.
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Fig.89, System configurator
Icons and configurator adapted from: https://www.jori.com/en/configurator

Configuration

In addition to seating, this system allows for numerous potential add-ons such as side tables, 
platform tables or even playhouses. This allows the system to be tailored to suit a range of 
settings, from a student’s bedroom to an airport departure lounge.

This widens the potential pool of users and parts.
 
An online configurator could be used to foster co-creation. This could automatically generate 
a parts list, and cost estimate for a design. Kits can then be shipped to the user.

This portal could also track your current configuration over multiple iterations, email users 
to prompt them to rotate and flip their cushions and spring panel and suggest potential 
add-ons available in your area.
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Fig.90, System configurations, innovations can be phased in over time Fig.91, Tailored versions

Tailored versions

As this system can be assembled from a menu of materials, 
tailored versions can be offered, allowing users greater 
control of the materials they prefer, such as organic or 
locally-sourced. 

Potential versions offered could include:
• pet and child-proof version with washable polyester 

covers
• low carbon emission version
• organic version with organic cotton, latex and coir
• recycled version with reconstituted foam recycled 

polyester covers.
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User interaction (storyboarding)

Storyboarding investigated potential user interactions with this system.

Fig.92, Start your 30 year sofa Fig.93, Maintain your 30 year sofa Fig.94, Modify your 30 year sofa Fig.95, Move your 30 year sofa
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20. Validation: eco-cost indicators
To confirm these design decisions are building towards long-term sustainability the new 
system was compared over a 30-year period with two traditional sofa ownership models. 

Where possible all three models assumed the use of identical materials and format—a two 
seater sofa with two arms, using cotton upholstery and polyurethane foam.

The repair pattern assumed is based on typical sofa warranties and reported lifespans 
(section 10).

Note: working out for this section in Appendix A.2 - A.6.

The three models compared are: 

1. A mass-produced sofa with replaceable covers, based on the IKEA Klippan sofa and 10-
year warranty—this comparison assumes the cover is replaced every five years and the 
sofa disposed of at 10 years.  
 
Frame: particle board 
Suspension: steel springs 
Foam: polyurethane foam 
Upholstery: cotton 

2. A mid-range sofa with reasonable repair undertaken—this comparison assumes 
professional re-upholstery is required after 10 years, and the sofa is disposed of at 20 
years.  
 
Frame: radiata plywood 
Suspension: steel springs 
Foam: polyurethane foam 
Upholstery: cotton 

3. The circular economy sofa model with reasonable repair undertaken—this comparison 
assumes the covers are replaced every five years, and foam every ten years 
 
Frame: mild steel 
Suspension: coir panel 
Foam: polyurethane foam 
Upholstery: cotton

Datasets

The Delft University of Technology Idemat 2018 dataset of material eco-costs was used for 
assessing the sustainability impact. Although EU based, this dataset gives in-depth detail 
across multiple measures on almost all of the materials being considered.

Coir was not included in this dataset, and so alternative CABi figures were used. However 
this dataset only covers Co2 footprint.

Transport emission factors used: Guidelines for Measuring and Managing CO2 Emission 
from Freight Transport Operations, European Chemical Industry Council (2011).

Material data for the budget model: Fire-LCA Model: Furniture Study, Anderson et al (2003).
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Fig.96, Assumed sofa repair and disposal

a. Assumptions

• The budget sofa model has replaceable covers and it is assumed these would be 
replaced after five years to address visual and functional wear and tear, increasing the 
life to 10 years—higher than the average 7.8 year lifespan (Ikea, n.d.a., n.d.b.). 

• When both the budget and mid-range sofa models are disposed of they are replaced 
with an equivalent model. 

• The mid-range model is based on the budget model, however plywood is used in place 
of particle board. 

• For this comparison, all sofa models are calculated as if made from virgin materials. 
Cascaded materials could be phased into the circular economy model over time, 
however this is not considered for fairness. 

• The mid-range sofa model would require less regular repair and maintenance 
compared to the budget sofa model. It is assumed this would be reupholstered at 10 
years due to wear and fashion changes, and replaced at 20 years. 

• For the purpose of calculating transport differences consistently the following ports 
are assumed for origin and destination: 

• Shanghai, China as the port of origin for imported sofas.
• Rotterdam, Netherlands as the European destination port (the dataset used is 

from Delft, which is headquarted in this city). 
• Wellington as the destination port in New Zealand. 

• Local manufacture is assumed to be viable for the mid-range and circular economy sofa 
models, but not for the budget sofa. 

• For locally manufactured sofas, a distance of 1000km was assumed as the distance 
from origin to destination. This is equivalent to Christchurch to Auckland, or Milan to 
Rotterdam.

b. Boundaries

• Volume to landfill is calculated based on post-consumer waste only. Pre-consumer 
waste is not known. 

• Due to different waste management practices in the EU and NZ only volume (kg) 
to landfill and no other impacts (water pollution, groundwater contamination) are 
considered. 

• This is an indicative test to validate design decisions, and not a full LCA report as this 
would require too many assumptions of processes, sources and waste processing to be 
of value and would be out of research scope. 

• Transport emissions are considered separately to material emissions. 

• The functional unit for all three sofa models are consistent in size and function; a two 
seater with two arms. 

• Idemat provides costs in euros, these were converted to NZD for conclusions based on 
exchange rate as at January 2019. 1 Euro: 1.7065NZD
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c. Carbon footprint

In total, 198kg Co2 is created by producing and repairing the CE sofa model over this period. 
This is equivalent to driving an average car for almost 8 hours (YouSustain, n.d.)

Compared to the budget sofa model, the CE sofa model immediately reduces the carbon 
footprint of the sofa by 57 percent, growing to a 69 percent gap over the 30 year period. The 
initial gap is largely due to removing high-impact particle board, unnecessary upholstery 
and other materials, such as the dust cover sheet, and later gains can be attributed to the 
ability to maintain the base frame of the sofa over a longer period.

The mid-range sofa produces 257kg Co2 over 30 years, similar to the CE sofa model. However, 
the CE model is updated twice as frequently, having the covers replaced every five years.

Eco-cost of Co2 over 30 years (NZD)

Linear model = $123

Mid-range model = $53

Circular model = $36

d. Embodied energy

In the budget sofa model, the frame (particle board, sawn timber, springs, and fixings) 
accounts for 1789 megajoules (MJ), of which 93% is due to particle board. The CE sofa 
model’s design and use of steel reduces the frame embodied energy by 80 percent to 
363MJ. Using recycled steel would reduce this even further to 230MJ.

Budget model total embodied energy (year one) = 10870MJ

Circular model = 981MJ

Over 30 years the circular model has a 71 percent reduction in embodied energy compared 
to the budget model.

Embodied energy over 30 years (MJ)

Linear model = 10870MJ

Mid-range model = 4114MJ

Circular model = 3151MJ

e. Human health

With this design, the majority of toxicity to human health is caused by the polyurethane 
foam used in the upholstery. This is due to the vapours and gases from production of foam 
components (Europur, n.d.). Foam is also one of the key areas which wears out on a sofa 
resulting in the object losing performance.

This can be reduced by a significant 80 percent by replacing polyurethane foam with natural 
latex rubber foam. 

However, this replacement increases resource depletion significantly as natural latex foam 
requires rubber from plantations, which can lead to other issues such as destruction of 
carbon sequestrating native forest, loss of land that could be used for food production, and 
habitat loss. 

This highlights a challenge in designing sustainable products. The most renewable option 
(that which exists in the biosphere) can be a bad choice for the environment, while the 
synthetic alternative (exists in the technical sphere) could be bad for worker and user health. 
A CE design approach, with interchangeable parts, can allow individual users to tailor their 
system to address their environmental priorities—such as health, habitat protection, or Co2 
footprint. However, arguably the best way to improve performance on all measures is to 
decrease virgin material input.

f. Resource depletion

The largest contributor to resource depletion across all sofa models is cotton. Multiple 
reports show rapid production of cotton exhausts land resources, consumes huge volumes of 
water and pollutes waterways (WWF, 2017; n.d.). Replacing cotton with wool would reduce 
some issues associated with cotton, but may increase harmful greenhouse gas emissions.

Reducing the amount of upholstery significantly reduces this impact—highlighting the 
value of reducing material rather than replacing it with ‘less bad’ alternatives.

Despite the negative environmental impacts, allowing customers choice between cotton, 
wool or polyester upholstery, latex or polyurethane foam, or a new frame instead of a used 
frame is acceptable as the long-term impact reduction is achieved by keeping the product 
in use for a longer period of time.

In terms of resource depletion, the CE model costs 52 percent less over the 30 year period 
than the budget sofa model. With a used steel frame, this increases to a 54 percent reduction.

Eco-costs of resource depletion over 30 years (NZD)

Linear model = $245

Mid-range model = $187

Circular model = $119
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g. Transport

A key benefit of using less material is the reduction in freight emissions.

Even when maintaining centralised manufacturing in China, the CE sofa model saves 63 
percent Co2 from transport, due to shipping less material over 30 years. This includes 
shipping repair materials and parts over that time.

Purchasing a mid-range sofa produced in China with double the lifespan saves 38 percent 
of transport Co2 compared to the budget sofa model.

These comparisons highlight the importance of quality, repairability and manufacturing 
location considerations in designing and manufacturing sofas.

Steel was chosen primarily for its durability and ability to be refurbished and recycled, as 
well as its comparative lightness, benefitting transport related Co2.

h.Waste to landfill (kgs)

This is where the largest difference between the sofa and ownership models can be seen. 
The budget sofa model is not designed to be recycled, and so, with a lifetime of just ten 
years, three units go to landfill over thirty years, with no materials being recovered.

Material to landfill over 30 years

Linear model = 184kg

Mid-range model = 68kg

Circular model with current metal recycling and coir composting = 38kg

Circular model rwith steel recycling, foam downcycling foam and coir composting = 22kg

Circular model with additional plywood biodegrading, textile recycling and LDPE / nylon 
recycling  = 2kg

With current recycling abilities, we can expect the steel to be recycled, and the coir removed 
and composted. This results in 146kg less waste to landfill over 30 years in the CE sofa 
model.

Textile recycling is becoming more available and in the near future we can expect the 
textile fibres to be recycled or at least composted. This results in a further 9.6kg of material 
diverted from landfill.

Nylon 66 and LDPE can be recycled, but are typically not due to the value and small amount—
in an established CE these would be recycled. Advances in plywood adhesive are bringing 
biodegradable adhesives to the industry meaning the only remaining material not recycled 
will be the polyurethane foam, which can be cascade recycled into gym matting, or similar. 
These steps reduce material to landfill by 88-99%.

The abilty to recycle or reuse polyester wadding would bring this to 100% diversion from 
landfill.

i. Discussion

CE strategies show promise to reduce the amount—and associated impacts—of material 
and transport required to manufacture and deliver a sofa.

A key insight from these comparisons is that the ability to keep a material in a closed loop 
for a significantly longer time frame can surpass any gains from ‘eco’ choices. 

Savings by shifting to a circular economy model (compared to budget sofa model)

Eco-costs to human health: 20%, increasing to 39% with recycled steel

Cost of resource depletion: 52%, increasing to 54% with recycled steel

Embodied energy: 71%, increasing to 74% with recycled steel

Waste to landfill: 79% with moderate recycling, increasing to 99% with extensive 
recycling

Transport emissions: 63%

Total eco-costs: 56%, increasing to 60% with recycled steel

With greater societal emphasis and attention on waste minimisation and pro-environmental 
behaviours, recycling infrastructure is expected to improve in the near future. 

Combined with efficient reverse logistics systems and incentives this should encourage an 
increasing shift to refurbishing and recycling. Over time, these materials can be phased 
into the existing system, either through repair and replacement, or new kits being partially 
or wholly made from refurbished and recycled parts. This would have the impact of further 
reducing the eco-costs of a CE sofa.

“Continuous improvement is better than delayed perfection.” 
- Mark Twain
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21. Validation—Industry feedback

The proposed CE sofa system as outlined in section 19 was presented to key figures in the 
New Zealand sustainable business network. 

And the question posed: “How does this academic design research relate to the industry 
and how might it be applied commercially or conceptually within your company or the field 
in general?”

These interviews are approved by the Victoria University of Wellington Human Ethics 
Committee: Application ID: 0000024294

Direct quotes from the interviews are reproduced here: 

Peter Thomson—CEO, The Formary

The Formary is a global leader in fibre redesign that works with businesses and organisations 
worldwide, transforming fibre waste into valuable, marketable products. 

“This research shows the need to be pragmatic and practical as there is no ideal solution. 
And designing well means you can bring in new solutions and innovations incrementally, and 
potentially manufacture locally.”

“This design-led thinking is what we know needs to happen for a sustainable future.”

“Most think the Circular Economy is just better recycling, this research shows that repair and 
reuse are also important.”

“As there is no ideal material choice, designing in a modular way such as this allows you to 
offer multiple material choices to customers, and they can choose based on their priorities and 
budget. It is important that people are enabled to have choices.”

“This research shows there is actually nothing easy about solving these issues, and designing 
in this way allows incremental improvement in sustainability.”

Richard Latham—Design Director, Wishbone Design Studio

Wishbone Design Studio won the Going Circular category of the 2017 NZI Sustainable 
Business Network Awards for their Recycled Edition 3-in-1 bike.

“Using a single material for most of the product helps with recycling.”

“Environmental solutions need to be practical. It’s one thing to be idealistic, but it’s better to 
implement small changes and incorporate new technology over time.”

“Designing in this way allows you to have a mk.1 and a mk.2. The mk.1 can have all the ideal 
design choices, and be the most sustainable. The mk.2 could be a more affordable model with 
some different materials. At Wishbone we call it a “mix and match” system, you could provide 
a “build-your-own” sofa.”

“If each component has one or two options, it creates a much more versatile product.”

James Griffin—General Manager, Circular Economy Accelerator

Part of the Sustainable Business Network, the Circular Economy Accelerator is leading the 
effort to accelerate NZ to a circular economy.

“This research tackles a fundamental issue with the linear economy, obsolescence, via a 
relatable everyday item.”

“Addressing this issue at scale is an absolute requirement for a move towards a circular 
economy.”

“Overall the process, considerations, design and ultimate conclusions of the thesis clearly 
present not only a compelling and inspiring approach to defying obsolescence in sofa design, 
but in multiple products and sectors.”

“The thesis demonstrates an excellent understanding and practical application of core circular 
economy principles.”

“The concept goes beyond a simple incorporation of circular design elements to crucially 
demonstrating how such principles can enhance both the functionality and overall appeal of 
a product, providing tangible competitive advantages versus incumbent offerings.”

“I would love to see such a design commercialised and certainly believe it has the potential to 
do so.”
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22. Conclusions
CE design strategies significantly reduce 
impacts on the whole, even with current 
materials and technology

CE is an effective model to reduce impact 
and waste from manufacturing and 
consumerism, and can be adopted with 
current materials and infrastructure.

By designing a circular system, virgin 
material input is minimised. This is critical 
because whichever material choices are to 
be made, the most effective way to reduce 
long-term impact is to keep those materials 
in use for as long as possible. 

A system which prioritises repair and 
adaptability appeals to users’ growing 
desire for longer lasting products 
which cause less environmental harm. 
This adaptability also supports easy 
reconfiguration allowing the unit to adjust 
changing user needs over time. While 
reconfiguration is not explicitly part of a CE 
model, it supports and furthers its goals.

There are few barriers to designing for CE

CE is an accessible concept, encouraging 
designers to work to reduce material 
input from the outset without having to 
do extensive research and calculations. CE 
is also an effective framework for guiding 
design decisions as it prioritises the most 
effective strategies, favouring repair 
and refurbishment over recycling. This 
is positive as recycling is a problematic 
system, and should be applied as a last 
resort. 
 

A CE helps us build towards a future of 
abundance

The motivation for moving to a CE model 
should be for a future of abundance; 
more choice, more creativity, more 
customisation, and more financial stability. 

This contrasts many ecological movements 
which just ask us to consume less. In a CE 
model we ultimately need less material 
inputs to the system, as through sharing, 
adaptability and refurbishing, users can 
change their sofa design more frequently 
than in a current linear model.

Designing a good system is more effective 
than choosing ‘good’ materials

It is important to first design an effective 
circular system, then choose materials to 
fit this. The reduced impacts in a CE model 
are largely achieved from a holistic and 
long-term systems approach. 

Materials chosen have to perform 
comparatively with (or better than) 
standard existing materials, otherwise the 
system is less acceptable (e.g. comfort, 
function, durability). As such, when 
choosing materials priority was given to 
those with long term durability and high 
performance. 

This research found that materials typically 
perceived to be lower impact, often had 
similar or worse environmental footprint 
by some measures.

Biological materials are typically 
less durable, and when recycled lose 
performance, needing virgin material 
input. This means technical materials, 
which are durable and able to be recycled 
with no loss of performance, can be better 
choices for a CE.

Material choices should be thoroughly 
researched early to avoid moving the 
problem

Care is needed when choosing materials to 
avoid reducing impacts in one aspect, only 
to amplify them in another. Problematically, 
this may result in none of the materials 
being particularly ‘good’. 

In this research, material impact validation 
was investigated as the design solidified. 
On reflection, conducting preliminary 
material impact testing on a range of 
typical and alternative materials could 
have improved the research case study 
sofa outcome.

For example, knowing the impacts of foam 
options (synthetic and natural) earlier, 
would have encouraged designing a 
system which required no foam at all and 
could have brought new design solutions, 
reducing impacts further.

Design for deconstruction is key to a CE

Aside from the obvious advantages 
of deconstruction (refurbishment and 
recycling), this approach opens the system 
up to new user models. This means 
service models for furniture are more 
viable, allowing leasing to businesses and 
domestic users.

Design for deconstruction allows the system 
to be tailored to different user needs and 
preferences. Some users may emphasise 
repair, others may emphasise natural 
materials. Deconstruction democratises 
the design process by allowing the user to 
choose through co-creation.

New material technology is emerging, 
and in a system of deconstruction and 
refurbishment, new materials can be 
phased in as they are introduced.

Beyond a Circular Economy

Although the CE has many advantages and 
strengths, it only buys us time and should 
be considered a step towards a cradle to 
cradle model.

Current materials tie us into eco-efficiency, 
but do not move us to a system where 
material impacts are positive (referred to 
as eco-effectiveness in C2C). Designers 
and manufacturers have to demand and 
support material developments to move to 
a truly sustainable circular, cradle to cradle 
model.

“We really should consider very carefully whether 
we constantly need new things, I have been 
arguing for a long time for less, but better things.”                                                                                                                                         
- Dieter Rams, 2017 (as cited in Dezeen)



142 143

Appendices

Appendix A.1 Potential negative impacts from sofa manufacturing

Material Application Source Extraction impacts Harvesting impacts Manufacturing impacts Distribution impacts Disposal impacts End-of-life potential

Steel
frame
fixings
springs

mining

habitat loss
deforestation

resource depletion
sulphuric acid drainage - 

water pollution
solid mining waste

n/a

toxic by-products (sludge, dust)
combustable gases

water pollution
climate change

climate change
leaching into soils / groundwater

water pollution
climate change

closed loop
no loss of performance

Aluminium frame mining

habitat loss
deforestation

water pollution
resource depletion

n/a

toxic by-products
gases

water pollution
climate change

closed loop
no loss of performance

Polyurethane Foam cushioning
drilling

fracking

oil spill
contamination of ground 

water
resource depletion

n/a
volatile organic compounds

spill
waste offcuts

cascade
gym / play mats

Polyester upholstery
drilling

fracking

oil spill
contamination of ground 

water
resource depletion

n/a leakage
water pollution

closed loop
no loss of performance

Polyethylene
wadding

packaging wrapping
drilling

fracking

oil spill
contamination of ground 

water
resource depletion

n/a volatile organic 
compoundsocean pollution

closed loop
no loss of performance

Timber framing structure
managed forest or native 

forest
n/a

deforestation
habitat loss

erosion

waste offcuts
climate change

cascade
engineered timber boards

incineration for energy

Particle board framing structure
managed forest or native 

forest n/a
deforestation
habitat loss

erosion

waste offcuts
climate change

formaldehyde off gassing
cancer

incineration for energy

Natural latex cushioning plantation n/a habitat loss waste offcuts
water pollution

closed loop
biodegraded

Bamboo framing structure crop n/a habitat loss waste offcuts
cascade

engineered timber boards

incineration for energy

Cotton upholstery crop n/a

habitat loss
drought

eutrophication
erosion

water consumption
water pollution

cascade
insulation

closed loop
biodegraded

Wool upholstery livestock crop n/a
climate change
animal welfare
eutrophication

water consumption
water pollution

cascade
insulation

closed loop
biodegraded
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Appendix A.2 Material validation table

Material Total eco-
costs

eco-costs of 
human health

eco-costs of 
eco-toxicity

eco-costs of 
resource 
depletion

eco-costs of 
carbon 
footprint

Carbon 
footprint

Cumulative 
Energy 

Demand 
(Total)

Part Material Material category (Idemat 2018)
note: Coir data from CABi

Volume
mm3

Volume
M3

Area
mm2

Area
m2

Weight 
Kg euro euro euro euro euro kg CO2 equiv. MJ

Prototype circular economy sofa

Steel frame and legs 1.2mm Mild steel Idematapp2018 Steel (21% sec = 
market mix average)* 1088482 0.001088 8.5 3.11 0.33 0.36 0.38 2.04 17.55 191.65

Steel back and arm support 19.1mm OD mild steel tube Idematapp2018 Steel 
(secondary) 119015 0.000119 0.9 0.34 0.04 0.04 0.04 0.22 1.92 20.95

Fixings Steel Idematapp2018 Steel (21% sec = 
market mix average)* 63899 0.000064 0.6 0.21 0.02 0.02 0.03 0.14 1.18 12.87

Seat panels 18mm Radiata Plywood Idematapp2018 Plywood, indoor 
use (softwood 600 kg/m3) 17539384 0.017539 8.3 1.14 0.01 0.14 0.59 0.39 3.37 98.52

Back panels 12mm Radiata Plywood Idematapp2018 Plywood, indoor 
use (softwood 600 kg/m3) 4044294 0.004044 1.9 0.26 0.00 0.03 0.14 0.09 0.78 22.72

Seat suspension 60mm Coir External - Centre for Agriculture 
and Bioscience International 52768500 0.052769 3.0 1.11

Seat / back foam Polyurethane foam Idematapp2018 PUR flex. block 
foam TDI 151132989 0.151133 5.4 9.51 1.88 1.34 4.12 2.18 18.76 459.04

Fibre Wadding 100% Polyester Polyester Idematapp2018 PET polymer 
pellet production 0.004332 4331700 4.3 0.6 0.73 0.03 0.09 0.38 0.24 2.05 43.39

Upholstery Cotton
Idematapp2018 Cotton fibre 
market mix (without global 
seatransport)

0.004332 4331700 4.3 1.6 8.99 0.00 0.43 7.17 1.39 11.97 110.46

Nylon Nylon 66 Idematapp2018 PA 66 (Nylon 66, 
Polyamide 6-6)* 113775 0.000114 0.1 0.27 0.01 0.04 0.10 0.13 1.08 16.12

Plastic skids LDPE Idematapp2018 PE (LDPE, Low 
density Polyethylene)* 0 0.000000 0.1 0.09 0.00 0.01 0.06 0.02 0.17 5.37

Total: 31.2 24.6 2.3 2.5 13.0 6.8 59.9 981.1
Prototype circular economy sofa with recycled steel

Frame 1.2mm Mild steel Idematapp2018 Steel (21% sec = 
market mix average)* 1271396 0.001271 10.0 1.16 0.04 0.25 0.09 0.78 6.74 92.83

Total: 31.1 16.3 0.5 1.4 9.0 5.4 47.9 614.9
Prototype circular economy sofa with natural latex rubber foam

Seat / back foam Natural latex foam Idematapp2018 Natural rubber 151132989 0.151133 11.3 16.11 0.04 0.51 12.68 2.89 24.90 404.06
Total: 36.2 30.9 0.4 1.6 21.5 7.3 64.2 905.2

Mass produced sofa (IKEA Klippan)

Particle board Particle board Idematapp2018 Particle board 
indoor use 600kg/m3 38.4 12.34 0.80 2.54 0.50 8.50 73.29 1666.82

Steel Mild steel Idematapp2018 Steel (21% sec = 
market mix average)* 4.8 1.74 0.19 0.20 0.21 1.14 9.86 107.66

Sawn timber Softwood pine solid timber Idematapp2018 Radiata Pine 
FSC/PEFC 450 (kg/m3) 4.7 0.51 0.00 0.22 0.25 0.04 0.36 14.69

Foam polyurethane Polyurethane foam Idematapp2018 PUR flex. block 
foam TDI 4.2 7.34 1.45 1.03 3.18 1.68 14.48 354.35

Alme Black Fabric 100% cotton Cotton
Idematapp2018 Cotton fibre 
market mix (without global 
seatransport)

2.6 14.58 0.01 0.69 11.63 2.25 19.43 179.19

White Base Fabric 80% cotton 
20% polyester 80% cotton / 20% polyester mix 80% Cotton / 20% Polyester 

Fabric mix 2.2 10.39 0.02 0.53 8.14 1.70 14.63 152.78

Felt liner Polycotton mix, 50% 
Cotton / 50% Polyester 50% cotton / 50% polyester mix 50% Cotton / 50% Polyester 

Fabric mix 1.1 3.74 0.02 0.23 2.80 0.69 5.97 77.26

Fibre Wadding 100% Polyester Polyester Idematapp2018 PET polymer 
pellet production 0.7 0.84 0.03 0.10 0.44 0.27 2.36 50.08

Total: 58.7 51.5 2.5 5.5 27.1 16.3 140.4 2602.8
Mid range sofa (as Klippan with particle board exchanged for plywood)

Plywood Radiata plywood Idematapp2018 Plywood, indoor 
use (softwood 600 kg/m3) 26.0 3.55 0.04 0.45 1.84 1.22 10.53 307.46

Steel Mild steel Idematapp2018 Steel (21% sec = 
market mix average)* 4.8 1.74 0.19 0.20 0.21 1.14 9.86 107.66

Sawn timber Softwood pine solid timber Idematapp2018 Radiata Pine 
FSC/PEFC 450 (kg/m3) 4.7 0.51 0.00 0.22 0.25 0.04 0.36 14.69

Foam polyurethane Polyurethane foam Idematapp2018 PUR flex. block 
foam TDI 4.2 7.34 1.45 1.03 3.18 1.68 14.48 354.35

Alme Black Fabric 100% cotton Cotton
Idematapp2018 Cotton fibre 
market mix (without global 
seatransport)

2.6 14.58 0.01 0.69 11.63 2.25 19.43 179.19

White Base Fabric 80% cotton 
20% polyester 80% cotton / 20% polyester mix 80% Cotton / 20% Polyester 

Fabric mix 2.2 10.39 0.02 0.53 8.14 1.70 14.63 152.78

Felt liner Polycotton mix, 50% 
Cotton / 50% Polyester 50% cotton / 50% polyester mix 50% Cotton / 50% Polyester 

Fabric mix 1.1 3.74 0.02 0.23 2.80 0.69 5.97 77.26

Fibre Wadding 100% Polyester Polyester Idematapp2018 PET polymer 
pellet production 0.7 0.84 0.03 0.10 0.44 0.27 2.36 50.08

Total: 46.3 42.7 1.8 3.4 28.5 9.0 77.6 1243.5

Appendix A.3 Eco-costs table
Kg CO2 equiv.

Version Year 0 Year 5 Year 10 Year 15 Year 20 Year 25 Year 30 Total kg equiv. 
Co2 Saving kg Co2 Difference

Linear sofa (budget) 140.4 159.8 300.2 319.6 460.0 479.4 619.8 619.8 0 0%
Linear sofa (mid-range) 77.6 77.6 128.5 128.5 206.1 206.1 257.0 257.0 362.7 59%

Circular sofa 59.9 71.9 105.8 117.8 151.7 163.6 197.5 197.5 422.2 68%
Circular sofa - recycled steel 47.9 59.9 93.8 105.8 139.7 151.6 185.5 185.5 434.2 70%

Eco-costs of carbon footprint
Version Year 0 Year 5 Year 10 Year 15 Year 20 Year 25 Year 30 Total - Euros Saving - Euros Saving %

Linear sofa (budget) 16.3 18.5 34.8 37.1 53.4 55.6 71.9 71.9 0 0%
Linear sofa (mid-range) 9.0 9.0 15.6 15.6 24.6 24.6 31.2 31.2 40.7 57%

Circular sofa 6.8 8.2 12.0 13.4 17.2 18.6 22.4 22.4 49.5 69%
Circular sofa - recycled steel 5.4 6.8 10.6 12.0 15.8 17.2 21.0 21.0 50.9 71%

Eco-costs of human health
Version Year 0 Year 5 Year 10 Year 15 Year 20 Year 25 Year 30 Total - Euros Saving - Euros Saving %

Linear sofa (budget) 2.5 2.5 5.0 5.0 7.6 7.6 10.1 10.1 0 0%
Linear sofa (mid-range) 1.8 1.8 3.3 3.3 5.1 5.1 6.6 6.6 3.5 35%

Circular sofa 2.3 2.3 4.2 4.2 6.1 6.1 8.0 8.0 2.1 20%
Circular sofa - recycled steel 0.5 0.5 2.4 2.4 4.3 4.3 6.2 6.2 3.9 39%

Eco-costs of eco-toxicity
Version Year 0 Year 5 Year 10 Year 15 Year 20 Year 25 Year 30 Total - Euros Saving - Euros Saving %

Linear sofa (budget) 5.5 6.2 11.8 12.5 18.0 18.7 24.2 24.2 0 0%
Linear sofa (mid-range) 3.4 3.4 6.0 6.0 9.5 9.5 12.1 12.1 12.2 50%

Circular sofa 2.5 2.9 4.8 5.2 7.0 7.5 9.3 9.3 14.9 62%
Circular sofa - recycled steel 1.4 1.8 3.7 4.1 6.0 6.4 8.2 8.2 16.0 66%

Eco-costs of resource depletion
Version Year 0 Year 5 Year 10 Year 15 Year 20 Year 25 Year 30 Total - Euros Saving - Euros Saving %

Linear sofa (budget) 27.1 38.8 65.9 77.5 104.7 116.3 143.5 143.5 0 0%
Linear sofa (mid-range) 28.5 28.5 54.7 54.7 83.2 83.2 109.4 109.4 34.1 24%

Circular sofa 13.0 20.2 31.8 39.0 50.7 57.8 69.5 69.5 74.0 52%
Circular sofa - recycled steel 9.0 16.1 27.8 35.0 46.6 53.8 65.5 65.5 78.0 54%

Total eco-costs
Version Year 0 Year 5 Year 10 Year 15 Year 20 Year 25 Year 30 Total Saving kg Saving %

Linear sofa (budget) 51.5 66.1 117.6 132.1 183.6 198.2 249.7 249.7 0 0%
Linear sofa (mid-range) 42.7 42.7 79.6 79.6 122.3 122.3 159.2 159.2 90.5 36%

Circular sofa 24.6 33.6 52.8 61.8 81.1 90.0 109.3 109.3 140.4 56%
Circular sofa - recycled steel 16.3 25.3 44.5 53.5 72.7 81.7 100.9 100.9 148.8 60%

Volume to landfill
Version Year 0 Year 5 Year 10 Year 15 Year 20 Year 25 Year 30 Total Saving kg Saving %

Linear sofa (budget) 0 2.6 61.3 63.9 122.6 125.2 183.9 183.9 0 0%
Linear sofa (mid-range) 0 0 10.8 10.8 57.1 57.1 67.9 67.9 116.0 63%

Circular System with minimal 
recycling and composting 0 1.6 9.3 10.9 18.5 20.1 38.2 38.2 145.7 79%

Circular system plus foam 
downcycling 0 1.6 3.8 5.4 7.6 9.2 21.9 21.9 162.0 88%

Circular system plus textile 
recycling 0 0 0.6 0.6 1.2 1.2 12.3 12.3 171.6 93%

Circular system plus plywood 
biodegrading 0 0 0.6 0.6 1.2 1.2 2.0 2.0 181.9 99%

Circular system plus plastics 
recycling (nylon / LDPE) 0 0 0.6 0.6 1.2 1.2 1.8 1.8 182.1 99%

Embodied energy MJ
Version Year 0 Year 5 Year 10 Year 15 Year 20 Year 25 Year 30 Total Saving MJ Saving %

Linear sofa (budget) 2602.8 2755.6 5358.4 5511.2 8114.1 8266.8 10869.7 10869.7 0 0%
Linear sofa (mid-range) 1243.5 1243.5 2057.1 2057.1 3300.6 3300.6 4114.3 4114.3 6755.4 62%

Circular System 981.1 1091.5 1704.4 1814.9 2427.8 2538.2 3151.1 3151.1 7718.5 71%
Circular System 614.9 725.3 1338.2 1448.7 2061.6 2172.0 2784.9 2784.9 8084.7 74%

Transport Co2

Scenario
Manufacture 

location Origin location Mode nms kms
Unit weight 

(tonnes)
No. units over 

30 years
Additional 

weight - repair 
parts (tonnes)

Total weight 
(tonnes)

kgCO2-tonne-
km

Budget sofa - China to Rotterdam Shanghai Rotterdam
Deep-sea 
container 11999 22222 0.059 3 0.008 0.18 33

Budget sofa - China to NZ Shanghai Wellington
Deep-sea 
container 6553 12136 0.059 3 0.008 0.18 18

Mid-range sofa - China to 
Rotterdam Shanghai Rotterdam

Deep-sea 
container 11999 22222 0.046 2 0.022 0.11 20

Circular Economy Sofa - China to 
Rotterdam Shanghai Rotterdam

Deep-sea 
container 11999 22222 0.031 1 0.037 0.07 12

Mid-range sofa - China to NZ Shanghai Wellington
Deep-sea 
container 6553 12136 0.046 2 0.022 0.11 11

Mid-range sofa - EU / NZ made
Milan 

(Christchurch)
Rotterdam 
(Auckland) Road transport 1044 0.046 2 0.022 0.11 7

Circular Economy Sofa - China to 
NZ Shanghai Wellington

Deep-sea 
container 6553 12136 0.031 1 0.037 0.07 7

Circular Economy Sofa - EU / NZ 
made

Milan 
(Christchurch)

Rotterdam 
(Auckland) Road transport 1044 0.031 1 0.037 0.07 4



146 147

Actions
Start total Year 5 Year 10 Year 15 Year 20 Year 25 Year 30 Total

Version kg CO2 equiv. Action kg CO2 equiv. Action kg CO2 equiv. Action kg CO2 equiv. Action kg CO2 equiv. Action kg CO2 equiv. Action kg CO2 equiv. kg CO2 equiv.

Linear model (budget) 140.4 Replace covers 159.8 Replace unit 1 300.2 Replace covers 
on unit 2 319.6 Replace unit 2 460.0 Replace covers 

on unit 2 479.4 Replace unit 3 619.8 619.8

Linear sofa (mid-range) 77.6 No action 77.6
Replace covers 

and foam on 
unit 1

134.5 No action 134.5 Replace unit 1 212.1 No action 212.1
Replace covers 

and foam on 
unit 2

269.0 269.0

Circular sofa 59.9 Replace covers 71.9
Replace covers, 
spring base and 

foam
103.8 Replace covers 115.7

Replace covers, 
spring base and 

foam
147.6 Replace covers 159.6

Replace covers, 
spring base and 

foam
191.4 191.4

Circular sofa - recycled steel 47.9 Replace covers 59.9
Replace covers, 
spring base and 

foam
91.7 Replace covers 103.7

Replace covers, 
spring base and 

foam
135.6 Replace covers 147.5

Replace covers, 
spring base and 

foam
179.4 179.4

Appendix A.4 Impacts of repair and replacement materials Appendix A.5 Charts: Linear model sofa vs Circular economy sofa, impacts over 30 years
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Appendix A.6 Transport impacts

Transport Co2

Scenario kgCO2-tonne-km

Budget sofa - China to Rotterdam 32.69

Budget sofa - China to NZ 17.85

Mid-range sofa - China to Rotterdam 20.30

Circular Economy Sofa - China to Rotterdam 12.10

Mid-range sofa - China to NZ 11.09

Mid-range sofa - EU / NZ made 7.39

Circular Economy Sofa - China to NZ 6.61

Circular Economy Sofa - EU / NZ made 4.41

Scenario
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Transport Co2
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Appendix B-Prototpying - refer to prototypes in iteration order in section 18

Iteration 6 sketch model at scale 1:6

Iteration 4 sketch model at scale 1:6

Iteration 6 sketch model at scale 1:6

Detail of iteration 7 variant at scale 1:1

Iteration 7 sketch model at scale 1:1
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Test rig at 1:1 scale

Iteration 9 leg connector at 1:1 scale

Iteration 8 sketch model at scale 1:6 Iteration 9-10 at 1:1 scale

Iteration 10 at 1:6 scale
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Appendix C-Working prototype production
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Appendix D-Two seater GA drawing
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