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1. INTRODUCTION
These guidelines relating to the environmental improvement of products are divided into three
sections:
The first part presents examples of products in the furniture sector, which respond to certain
principles of Life Cycle Design
The second section illustrates data regarding Life Cycle Analysis (LCA) and references to literature
and products in the project Casa Toscana / Green Home and to materials traditionally used in the
implementation of product design. The product "upholstered furniture" has been taken as a case
study because its components (body/frame, filling, cover), are produced from the most commonlyused materials in the field (wood, metal, polyurethane, cloth). In the absence of systematic
research, this information is inevitably fragmentary but still offers useful data for design and
production choices.
In the last section, finally, guidelines are presented as streamlined support for designers.
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2. WHY DOING ECODESIGN ?
2.1. Products contruibutes to environnemental impacts
Like any industrial product, the furniture is source of environmental impacts.
He participated in the degradation of our environment to the extent that it:
•

requires materials and energy,

•

must be transported, sometimes wrapped

•

may be damaged, maintained and repair,

•

will one day become a waste ...

However by adopting a holistic eco-design, the manufacturer can produce a cabinet more
environmentally friendly.

2.2. Advantages and benefits of Ecodesign
The advantages and benefits expected by furniture manufacturers in the industry who engage in
eco-design are numerous and focused primarily on strategic and commercial.
The advantages and benefits expected to be retained and developed below, are:
•

reduction of certain costs of manufacturing and logistics
An eco-design approach can reduce costs by optimizing materials and energy quantities.

•

maintaining or expanding market share
The integration of environmental criteria in the design of furniture, can meet or anticipate
the market's expectations.

•

marketing differentiation and innovation
An eco-design approach is an opportunity to find new solutions to this new problematic and
create products unlike competiting companies.

•

integration of different stakeholders
For all stakeholders in society (citizens, financial, insurance, associations, communities,
national governments and European media and opinion) the affirmation of a commitment to
sustainable development is increasingly manifestede.

•

anticipation of regulatory changes
For example, the waste electrical electronic equipment directive (WEEE) requires
manufacturers a significant rate of recovery.
It is essential for manufacturers to anticipate these developments and, for exemple, prepare
managing furniture end of life or reduce organic solvents emissions during collage and
finishing activities. The new organic solvents emissions regulatory limits imposed (Volatile
Organic Compounds: VOC) are difficult to reach and alternatives should be anticipated.
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3. PRINCIPLES OF ECODESIGN
3.1. A new approach
Eco-design or design for sustainability, means that the design discipline structured over the last
thirty years, since the approach to environmental issues, is today shifting from policies to redress
the damage (end -of-pipe approach) to increasingly preventive interventions.
Initially, prevention was applied to industrial processes, for which there was talk of “cleaner
technologies”. Thereafter, for greater effectiveness, the application was extended to industrial
products (green products). However the approach to product innovation has evolved through
incremental efforts (improvement of existing products) to more radical action (new products).
In the second half of the '90s a discipline began to be defined that deals with the entire design of
products with low environmental impact and the concept of a life cycle of products (both for their
design and for their evaluation) was introduced. The methodology of Life Cycle Assessment
(LCA)8, which evaluates a number of environmental effects between the input and the output of all
processes at all stages of life in relation to the performance of product (functional units), was
established. This method of analysis had such strong implications for design that the expression of
Life Cycle Design (LCD) began to be adopted. This expression complements other terms such as
eco-design or design for the environment.
Regardless of the terminology used, a new approach to product design, involving a wider viewpoint
than that traditionally adopted, is now taking root. The product should be designed by taking into
account all stages of the life cycle. All activities necessary to produce the materials and then the
product, it’s distribution, use and final decommissioning are considered as a single unit.
This implies the transition from product design to design for the entire product-system, including all
the events that lead to and accompany the product during its life cycle.
A method of design is therefore being proposed which takes a systemic approach, allowing all the
consequences of a given product to be identified, even for those stages that traditionally were not
considered in the process.” 1
The concept of life cycle refers to the exchanges between the environment and the set of
processes involved in the birth, life and end of life of a product, linking the flows of matter, energy
and emissions of the activities that accompany the product throughout its life.
These processes are usually summarized in the following stages:
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•

Pre-production, which produces semi-finished materials for use in production

•

Production, meaning the transformation of materials, assembly and finishing

•

Distribution, including packaging, transport and storage

•

Use, which may also include maintenance

•

Disposal, which includes destination options such as reusing and recycling

C. Vezzoli, “Design e sostenibilità” (Design and sustainability) in E. Manzini, P. Bertola, Design Multiverso. Appunti di fenomenologia
del design, (Multiversal Design. Notes of the phenomenology of design) Poli.Design, Milano 2004
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3. PRINCIPLES OF ECODESIGN
3.2. Life Cycle Design Strategies
In identifying strategies and design options which are valid for all sectors including manufacturing
of furniture, although less complex than others, we refer to Carlo Vezzoli and Ezio Manzini2 who
offer the most comprehensive theory:
•

MINIMIZATION OF RESOURCES:
reduce the use of materials and energy.

•

RESOURCES AND PROCESSES WITH LOW ENVIRONMENTAL IMPACT:
select the most environmentally-friendly materials, processes and energy sources.

•

LIFETIME OPTIMISATION:
design artifacts that last a lifetime

•

LIFE EXTENSION OF MATERIALS:
design according to the value of the materials to be disposed of later.

•

FACILITATION OF DISASSEMBLY:
designing on the basis of the separation of parts and materials

LCD Strategies and influence of life cycle phases (Source: Vezzoli, Manzini)

Since the basic objective, at the environmental level of life cycle design, is to minimize the input
and output of materials and energy across the system, the first two points above are considered to
be the most important. In general terms, however, an assessment will always be needed of the
best environmental strategies for any particular type of product and the possibility of adopting a set
of interrelated and design options designed to meet the requirements of the project will have to be
considered.
An analysis of these strategies and examples follows.

2

C. Vezzoli, E. Manzini, Design per la sostenibilità ambientale, (Design for environmental sustainability) Zanichelli, Bologna 2007
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DESIGN GUIDELINES

MINIMIZATION OF RESOURCES
Minimise the consumption of materials

Minimise the material content of a product:
dematerialize the product or several of its parts > EXAMPLES 1, 2, 3, 4, 5, 6
miniaturize the product or several of its parts
avoid over-sizing
minimize the value of the thickness of the parts > EXAMPLE 7
use ribs to stiffen structures
avoid using components or parts that are not strictly functional
design products with integrated functions
design multi-functional products with serviceable parts
Minimise scrap and waste:
choose production processes that minimise scrap and waste > EXAMPLE 9, EXAMPLE 10
use simulation systems for the optimization of the parameters of transformation processes
Minimise packaging:
avoid packaging > EXAMPLE 11
design the packaging as part of the product > EXAMPLE 12, EXAMPLE 13, EXAMPLE 14
Minimise the consumption of materials during use:
design systems that give a timely delivery of materials
design for the efficient use of materials for maintenance
design systems with passive consumption of materials
design systems for the recovery of materials
facilitate users in material saving
Minimise the consumption of material in the development of products:
minimise consumption of paper products and packaging
use IT tools for design, modeling and prototyping
use IT tools for filing, written correspondence and presentations.
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EXAMPLES MINIMIZATION OF RESOURCES_MATERIALS
> EXAMPLE 1

> EXAMPLE 4

> EXAMPLE 7

The exclusive chair, Oto, produced by Karpf
from one single material, a single sheet of
laminated beech that has been cut and
curved without the addition of other
components. This process permits efficient
production and reduces the amount of
waste generated.

Puppy is an example of how a seemingly
unsustainable product can unexpectedly
follow the dictates of eco-design. Not only is
this dog stylized in a single material,
polypropylene,
but
it
is
also
a
multifunctional object, a game, a chair and
a piece of furniture.

Valcucine, has developed a micro-stratified
door and draw pannel composed of a
structural frame and an aesthetic facing.
The frame, made of extruded aluminum,
has been designed with a minimum section,
but still maintaining resistance
The aesthetic panel, made of 2 mm thick
wood or HPL, has been achieved by
adopting the pressing and deformation
technologies used in the automotive sector.
The work tops have been lightened by
combining structural aluminum profile with a
thin work top (which can be in laminate,
Cristalite or marble). The particular shape of
the profile allows a drastic reduction (85%)
in the amount of material used in the
top.The consumption of raw materials for
the production of the frame (in glass and
aluminum) can be reduced by 70% by using
a mounting system that eliminates the
doubling of the sides, through the
combination of the various modules and the
integration of feet of the frame (ie
eliminating the base unit).

Eero Aarnio, Puppy

> EXAMPLE 5
Karpf, Chair Oto

> EXAMPLE 2
The Chair and Ottoman Atfield, is a singlematerial chair, made from high density,
industrial felt panels , usually used for
soundproofing military vehicles. The
footrest has been obtained from the cut-out
of the chair, thus eliminating waste and
scrap

Net Chair is a
consisting of a
reticulated metal.
the ground are
stability.

seat made by Moroso,
single, curved sheet of
The points of contact with
strengthened to ensure

Moroso, Net Chair

> EXAMPLE 6
Chair and Ottoman Atfield

> EXAMPLE 3
From Ikea, the “Air” series of sofas,
armchairs and pouffes to assemble at home
were designed by Jan Danger and are
made of plastic with inflatable air cells in
polyolefin material and an outer jacket. The
cells are inflated using ordinary hair dryer
and do not need to be re-inflated for 3
years. The total amount of material used is
an average of 15% of that used for
conventional upholstery.

The inflatable chair, Airbag designed by
Suppanen and Kolhonen, consists of an
outer cover in nylon, a more durable
material than other polymers, and an inner
filling of spheres of EPS that make it easy
to deflate the chair. Substituting the filling
with air, there is a considerable reduction in
use of material compared to traditional
chairs.

Kitchen, Cucina Riciclantica, Valcucin

Suppanen and Kolhonen Airbag chair

Ikéa Jan Danger
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EXAMPLE
> EXAMPLE 9

> EXAMPLE 11

> EXAMPLE 13

Compwood Machine Ltd. has designed a
system of pre-compression of solid wood
for curving. The wood is wet and then
heated to 100 ° C, making it maleable. After
heating, the wood is compressed in the
longitudinal direction to 80% of its original
length.When the pressure is removed the
wood regains its size, but with a permanent
reduction of 5% of its length. All of the axial
fibers are bent, like an accordion. The wood
can then be bent in any direction and then
fixed during drying. The wood can be bent
to smaller radii than the traditional steam
system, and this can be done either hot or
cold. There is less waste and fewer
machining operations are required.

The chairs made by Segis are packed using
cardboard to protect the seat only and
without the use of boxes

Packaging is traditionally regarded as
"disposable." Coffee Table shows instead
how the redesign produces a dual function
of the packaging. A system of interlocking
elements that protect the EPP
Polypropylene glass during transportation,
are easily assembled and become the load
supporting table legs.

Segis, Breeze

>EXAMPLE 12
Tupa, beds made of bamboo and designed
by Paola Balderacchi and Massimo
Gregoricchio are sold unassembled in a
canvas bag that, when mounted, is used for
making the feet of the bed: the bag is cut
into four parts which are then filled with
gravel, rice, corn or stones and then
knotted.

Studio BoCa, Coffee Table

> EXAMPLE 14
> EXAMPLE 10
Chair and foot stool obtained from re-cycled
pannels with no waste

The chair, Viking, is made from a bentwood
frame and a cover sewn entirely by hand. It
is sold by Poltrona Frau disassembled into
eight parts in an elegant flat packaging.

Poltrona Frau, Viking
Daniele Sale, Bias
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DESIGN GUIDELINES

MINIMIZATION OF RESOURCES
Minimise energy consumption

Minimise energy consumption during pre-production and production:
choose materials with lower energy intensity
choose processing technologies to lower energy consumption> EXAMPLE 15
use efficient production equipment and appliances
use waste heat from processes to preheat other flows in other processes
use intelligent switch off systems for devices
optimise the size of motors
facilitate the maintenance of motors
optimise lot purchase volumes
optimise inventary control systems
optimise systems and minimize all forms of load during the transfer of materials and semifinished products
use efficient heating, ventilation and lighting systems in the workplace
Minimise energy consumption for transport and storage:
design high density, compact products for transport and storage > EXAMPLE 16
design concentrated products
design products that can be assembled in their place of use > EXAMPLES 17
lighten the product
lighten the packaging
Minimise the consumption of energy resources during use:
design (make attractive) products for collective use
design for the efficient use of energy resources during maintenance (eg self-cleaning
fabrics permit energy saving from washing).
design systems with passive consumption of resources
minimise the weight of products for handling or moving
help the user save energy
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EXAMPLES

MINIMIZATION OF RESOURCES_ENERGY

> EXAMPLE 15

> EXAMPLE 16

For the chair How Slow the Wind,
Yamanaka uses only a recyclable
polypropylene sheet, cut and shaped to slip
around the base. The simplicity of
construction thus leads to a saving of
material,
while
allowing
for
easy
disassembly and contributing to the
reduction of energy consumption during
processing.

The chair Eco, designed by Peter Karpf,
has been obtained from a single piece of
beech wood folded three times near the
corners and with a slit cut to generate the
thin back legs. The seat is designed for
stacking and transport and, therefore,
permits optimal storage.

Peter Karpf, sedia Eco

> EXAMPLE 17
In the chair Box by Enzo Mari each
component responds to its own structural,
economic, production and cost logic. The
seat, made from a single block of ABS and
lightened with circular holes equally spaced
along diagonal lines, has a network of ribs
that define structural cells where the legs
and back supports, made from steel tubes
with an anti-scratch PVC sheath, are
mounted.
The components of the chair are put into a
compact unit to facilitate transport: Box is in
fact sold disassembled in a kit made of
cardboard and a plastic bag. Even the
stages of storage and shipping were
studied in order to give focus to
sustainability still valid today.
The chair was designed in conjunction with
a system of sales and installation requires
the active participation of the user, who can
choose from the range of types of chair leg
available.

Yamanaka, How Slow the Wind

Sedia Box, Enzo Mari per Castelli, 1971

11

DESIGN GUIDELINES

LOW IMPACT RESOURCES

> Choose materials with zero or minimal toxic or harmful impact:
avoid or minimise the use of toxic or harmful materials
avoid materials releasing toxic or harmful emissions during the pre-production phase
avoid additives which cause toxic or harmful emissions
avoid toxic or harmful finishings
> Choose energy sources with minimum toxic or harmful effects:
choose energy sources that minimize harmful emissions during pre-production, production,
distribution and use
> Choose renewable and bio-compatible materials:
use renewable materials
avoid using scarce materials
use of waste materials from production processes or decommissioned products
> EXAMPLE 18
use recycled materials, alone or paired with virgin materials > EXAMPLE 18, 19
use biodegradabile materials
> Choosing renewable and bio-compatible energy resources:
choose renewable energy sources whose production has a low environmental impact
choose local energy sources
choose sources of energy whose distribution, use and disposal have a low impact
adopt the cascade approach
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EXAMPLES

LOW IMPACT RESOURCES

Useful advice on sustainable materials for the furniture sector, without clear distinction as to the
type of industry, comes from a Canadian online research magazine "Value + Created Review.
Contemporary furniture design and Sustainable manufacturing”. Here, the issues related to the
production each type of material are highlighted and solutions offered.

source : http://www.valuecreatedreview.com/greenoptions.htm
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EXAMPLES

LOW IMPACT RESOURCES

> EXAMPLE 18

> EXAMPLE 19

> EXAMPLE 20

In Spain a material, Maderon, obtained from
a mixture of ground almond shells with a
synthetic resin, has been developed. The
shells are a natural product and therefore
highly renewable. Similarly, the flow of
waste in that sector of the food industry is
reduced. This material can be injection
molded, worked and painted like a
thermopolymer, combining the qualities of
wood with the processability of polymers.

The line of furniture by Bär + Knell respects
the renewability of resources. The shelving
system is entirely produced in panels of
recycled
HDPE,
thermoplastic
resin
belonging to the family of polyolefins
obtained by the polymerization of ethylene.
HDPE is a more easily recycled polymer
and is one of the more frequently found
plastics recovered post-consumer from
urban recycling.

The company Sawaya & Moroni, in
collaboration with Corepla, has created
"Bella Rifatta”, a single moulding chair
made from 77% recycled PP and 23% glass
fiber and elastomer.

Bär + Knell line of furniture
Alberto Lievore, Rotchko, Indartu
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DESIGN GUIDELINES OPTIMISATION OF PRODUCTS LIFE

> Design for appropriate durations of use:
design for the same life spans for all the various components
design the useful life of components to be replaced during use
enable and facilitate the separation of parts with different useful lives
choose durable materials as required by the performance and lifetime of the product
avoid permanent materials for temporary functions
> Design reliability:
minimize the number of parts
simplify products
avoid weak links
> Facilitating upgradeability:
design for and facilitate the removal and replacement of hardware and software parts
design modular re-configurable and/or multi-functional products appropriate to different
environments and to the physical and cultural development of individuals
> EXAMPLES 21, 22, 23, 24, 25, 26
design for easy upgradeability and adaptability in the place of use > EXAMPLE 27
provide a product with equipment and guides for upgradeability and adaptability
> Facilitate maintenance:
facilitate the replacement of parts, simplifying accessibility and removal
facilitate access for cleaning to parts, avoiding narrow slots and holes
design for and facilitate the replacement of more rapidly wearing parts
design for the use of readily available equipment
establish systems for the diagnosis and/or 'self-diagnosis of components for maintenance
design for easy on site maintenance
design to supply the equipment and guides needed for maintenance > 28 EXAMPLE
design to reduce maintenance
> Facilitate repair:
design for and facilitate the removal and replacement of those parts that are more prone to
being damaged > EXAMPLE 29
design standardised parts and components
design automatic damage identification systems in case of breakage
design to facilitate on site repair
design to provide repair materials and guides with the product
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DESIGN GUIDELINES OPTIMISATION OF PRODUCTS LIFE

> Facilitate re-use:
increase the strength of the parts most subject to wear or damage
facilitate the accessibility and the removal of parts and components that can be reused
design interchangeable and modular parts and components > EXAMPLE 30
design standardised parts and components
design for the reuse of auxiliary parts > EXAMPLE 31
design for the re-charging and / or reuse of packaging
design for a second use
> Facilitate remanufacturing:
design for and facilitate the removal and replacement of easily worn parts
design structural parts that can be separated from visible parts
facilitate access to the parts to be reworked
foresee adequate tolerances for the points most subject to wear
design a general use of material for the finishing of certain surfaces prone to deterioration
> Intensify use:
design products and services for a shared use
design multi-functional products and easily-replaceable components
design products with integrated functions
design products or parts of products on demand
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EXAMPLES
> EXAMPLE 21

OPTIMISATION OF PRODUCTS LIFE
> EXAMPLE 23

cover of which is easily removable. When a
change look is called for, a new cover, or
paper patterns and fabrics to make up at
home, are available.

Table-into-chest-of-drawers

Klippan Sofa, IKEA

> EXAMPLE 24

> EXAMPLE 27

The company Sorin produces (like other
businesses) a range of mobile solutions for
the division of spaces and work spaces.
These partitions have been designed to
offer highly flexible environments for offices
and can be moved to adapt to changing
business needs (and to be more easily
inspected.) The dividing wall is in fact
designed to accommodate electrical cables,
telephone cables and EPD, with space in
the skirting board, wall,ceiling and corner
joining pieces. Vertical panels also create
cavitied walls.

Ori.Tami is a multifunctional and versatile
object. By a simple movement of the
structure it is possible to turn the seat into a
chaise lougue or an armchair, as required.
In addition, the flat packing of the mattress
allows for easy transport and storage.

Mobile partitioning Sorin Group

> EXAMPLE 22
Leo is a cot-bed designed by Irene Puorto
which can be extended by lowering the
sides of the cot no longer needed by virtue
of the growth and development of the child

Erika was designed by a group of students
from the University der Künste Berlin.
The kitchen consists of colored panels
divided into functional modules that make
items and accessories easily accessible.
Each panel is fixed to the wall by means of
a track structure to facilitate assembly and
disassembly according to momentary needs
and contingencies. The measures of each
module are designed to assure optimum
configuration. The breakdown of the kitchen
into its components generates new formal
solutions, with beneficial environmental
impact, both in the transport, and in the
upgradeability of components and also in
the ever greater functionality of the
complex: the possibility of change in an
intuitive and simple composition prolongs
the kitchen’s life, where parts are reusable
and can be inserted in different spatial
contexts, or replaced in the event of
damage.

Giulio Manzoni, Ori.Tami

> EXAMPLE 25
Anna Chaise is a multifunctional chair.
Thanks to the blocking joints of the frame
you can turn the seat into a chaise longe or
a daybed.

Erika Kitchen, Storno design 2007
Leo Cot-Bed, Gallimobili
Gioia Meller Marcovicz, Anna Chaise

> EXAMPLE 26
IKEA has introduced the Klippan sofa, the
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EXAMPLES

OPTIMISATION OF PRODUCTS LIFE

> EXAMPLE 28

> EXAMPLE 29

> EXAMPLE 31

The bookshelf Piano is an example of a
product designed to last. The quality of the
wood used (plywood, veneer and strips of
wood) and the structure of the bookshelf
are also designed to extend the life of the
product over time. The various components
are in fact designed to allow easy assembly
and disassembly: This offers the possibility
to change, exchange and update the
components and thus ensures its longevity.
Moreover, to ensure easy maintenance, it is
sold together with a maintenance kit: a set
of small tools which allow the user to
restore the finish (made from natural oils
and waxes) of the bookshelf in the case of
wear and / or accidental scratches.

The Mirra chair was designed so that
broken parts can be easily replaced. The
result has been achieved according to the
requirements of the Herman Miller Design
for Environment (DfE) protocols, which
focus on creating economic value while at
the same time respecting the environment
and involving the DfE team right from the
early stages of design.
The chemical structure of the materials and
packaging of the chair are designed to
ensure their recycling, making MIRRA a
product of environmental-awareness. Mirra
is 96% recyclable and contains 42%
recycled material.
For its production only renewable energy
sources (geothermal and wind) are used
and it has been designed to be
disassembled at the end of its cycle of use.
The life cycle is more than twice that of
many competing products (12 years
warranty on all structural parts).

The Chest of Drawers by Droog Design, is
an almost artistic approach to the issue of
reuse through the recovery of materials and
objects in disuse and their reassembly in
response to functions other than those for
which they were originally designed.
Chest of drawers makes use of reused
drawers held together with safety belts. The
product, as a unique object, aims to
persuade the owner to rethink his
furnishings. The user purchases a modular
product made up of drawers of different
forms, which he can arrange as he wishes.
The product, in addition to reusing old items
removed from the refuse tip, reduces the
use of components and adhesives, being
devoid of permanent fixing.

Chest of drawers, Droog Design

Mirra office chair, Hermann Miller

> EXAMPLE 30
In 1993, Grammar AG, a German
manufacturer of chairs, introduced a line of
office chairs, Nature. The goal of this line
was the extension of the life of the parts
and materials.
They were designed to last 30 years, and at
the end of their useful life, products should
be returned to Grammar, who guarantees
that parts and materials will be reused.
Returned products are dismantled and the
parts separated and examined and after a
series of repairing processes, used for the
production of new chairs. Expected reuse
rates are 90%.

PianoDesign Bookshelf with maintenance
kit, Azienda Riva
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DESIGN GUIDELINES

EXTENDED MATERIALS LIFE

> Adopt a cascade approach
facilitate the recycling of materials into components with lower mechanical requirements
facilitate the recycling of materials in components with lower aesthetic requirements
facilitate recovery for the combustion of the energy content
> Choose materials with efficient recycling technologies
avoid composites or choose those with the most efficient technology for recycling
adopt ribs and geometric devices to increase the rigidity, instead using reinforcing fibre
choose thermoplastic polymers rather than thermosetters
avoid flame retardant additives, use temperature resistant thermoplastic
design in relation to the type of intended use of the material
> Facilitate post-use collection and transport
design in relation to the system planned for the recovery of waste products
minimise weight
minimise the use of space and facilitate the stacking of waste products
design for the compressibility of waste products
provide users with information about the type of disposal of the product
> Identify materials
code materials to define each type
provide additional information on the age of materials, number of recyclings and additives
indicate the presence of contaminants or toxic or harmful materials
use standard systems of identification
locate the coding in very visible locations
avoid coding after the production of components
> Minimise the number of incompatible materials
integrate the functions by minimizing the number of components
use a single material: mono-material strategy
use compatible materials within a product
use joining systems and elements identical to or compatible with the materials of the
components to be joined
> Facilitate cleaning
avoid unnecessary surface treatments
use surface treatments that are compatible with the underlying material
avoid adhesives
opt for coloring, rather than painting, polymers
encode components directly from the mold
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DESIGN GUIDELINES

FACILITATE DISASSEMBLY

Minimise and facilitate operations for disassembly and separation:
make toxic or harmful parts or materials easily disassembled
adopt modular structures
minimise the size of the product and its components
strive for maximum uniformity and linearity in the directions for disassembly
minimise the number of fasteners
minimize the number of fasteners that require different tools for their removal
design accessible and recognisable ways to dismantle> EXAMPLE 32
Use removable joint systems
use screws which are compatible with the materials and tightened to avoid removal when
recycling the material
use self-tapping screws in polymeric components, avoiding the addition of metal
components

20

EXAMPLES

FACILITATE DISASSEMBLY

> EXAMPLE 32
Anthropometric data issued by CAESAR
(Civilian American and European surface
anthropometry resource) and other sources
was used to obtain a chair that can adapt to
different body shapes and sizes.
Celle has been developed in strict
accordance with the cradle-to-cradle
protocol of Herman Miller, establishing
rigorous standards regarding recyclability,
safe content, easy disassembly, minimal
use of packaging materials and waste
reduction.
It is 99 percent recyclable. (The fabric
LatitudeTM is 100% recyclable). It
disassembles in less than 5 minutes: an
essential feature for a real economic
feasibility in recycling. The product has ISO
14001 certification.
Sturdy and durable. Celle is long lasting
and all its parts can be replaced on site.

Celle Chair, Jerome Caruso, Herman Miller
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4. UPHOLSTERED FURNITURE IMPACTS
The analysis of materials used in upholstered
furniture has been conducted by means of the
analysis of a case study of upholstered furniture
produced from the most commonly used
materials in the field: wood and derivatives,
metal, polyurethane and coating materials.
Upholstered furniture was divided into its main
components:
•

structure (wood and metal)

•

padding

•

cover

4.1. Life cycle approach
Life Cycle Assessment (LCA) is a method developed to evaluate the mass balance of inputs and
outputs of systems and to organize and convert those inputs and outputs into environmental
categories relative to resource use, human health and ecological areas.
The quantification of inputs and outputs of a system is called Life Cycle Inventory (LCI). At this
stage, all emissions are reported on a volume or mass basis (e.g., kg of CO2, Kg of cadmium,
cubic meter of solid waste). Life Cycle Impact Assessment (LCIA) converts these flows into simpler
indicators.
Energy and raw materials consumption as well as associated environmental emissions are
calculated on the basis of a functional unit.

LCA illustration from www.wikipedia.org
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4. UPHOLSTERED FURNITURE IMPACTS
The phases of greatest impact of upholstered furniture are as follows:
•

use of semi-finished non-wooden materials (53%)

•

production phase (37%)

•

use of semi-finished wood (5%)

•

packaging (4%)

•

and other phases (1%)

Non wooden materials

4 1

Semi-finished wood
Production phase
Packaging

37
53

Other phases

5

Products such as sofas and chairs (upholstered category) are conditioned by the environmental
load regarding semi-finished, non-wood materials, which consist mainly of the material par
excellence for upholstery, polyurethane foam, at 45%, and to a lesser extent by steel frames (8%).
The production of upholstery still constitutes a fundamental phase in that it accounts for more than
a third (37%) of the entire life cycle, with significant variations in products such as armchairs.
Energy costs of the production phase account for 60% of the total (about 40% electricity and 20%
thermal energy from fuels).
The load of semi-finished wood products, even those generally used for the structure of upholstery,
is of the order of 5%.
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4.2. Life cycle assessment example on wood materials
The following chart quantifies the environmental contribution of 1 kg of wooden material, calculated
in the life cycle from cradle to the site of production of furniture (from cradle to gate) .3

The comparison is made with the same weight of the semi-finished material, while the purely
technical considerations (high mechanical endurance, wear, etc..) should be evaluated specifically
by the designer in relation to the intended use and type of furniture.

4.2.1. Timber exploitation and transportation impacts
The impact of each phase is shown in the table below, where a life cycle of timber from Europe is
compared with timber from South America.
Phase of the cycle

Ecoimpacts
European timber

Ecoimpacts South
American timber

Ecoimpact detail

Transport

23,49%

51,03%

Both from forest to sawmill (19,99%-48,69%) and
4
from sawmill to manufacturer (3,5%-2,34%)

Sawmilling

73,83%

47,35%

Essentially energy (both electric 17,11%-10,97%
and thermal 47,33%-30,36%)

Tree felling

2,53%

1,62%

Essentially fuels used for felling trees and
transporting them out of the forest

Ecoimpact in absolute terms

0,035

0,055

3

The assessment of the impacts below relates to the LCA (life cycle analysis) carried out during research conducted by the Centro Sperimentale del
Mobile in 2001 on a sample of more than 30 companies in the furniture industry in Tuscany using data obtained directly from the manufacturers.

4

Either directly of the furniture or of the semi-finished material in general
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The life cycle of wood is certainly characterized by energy consumption related to the phase of
working at the sawmill. But the work of transporting timber definitely affects the cycle. In fact in a
European context, transport accounts for approximately 24% of the impact; this value rises to
about 51% for non-European origins, doubling the ecoimpact calculated in absolute terms.
A comparison of timber transport on a continental and global scale is shown in the chart below.
Ecoimpacts for 1 kg timber from different geographical areas
0,0160

R consumption of mineral and fossil resources

0,0140

EQ Ecosistem Quality
HH Human Health

0,0120

0,0100
Ecoimpacts
0,0080

0,0060

0,0040

0,0020

0,0000
African Timber

North American
Timber

South American
Timber

Asian Timber

Europian Timber

Italian Timber

The environmental impact of timber is mainly determined by its origin. The wood may have been
planted or can come from natural forests. Plantations can be managed in a sustainable manner,
thus avoiding any serious damage, but they can also be badly managed and as a consequence,
forests can no longer be replanted.
Timber from sustainable forests has the least environmental impact. The Forest Stewardship
Council (FSC) is an international network that promotes responsible forest management
worldwide. The FSC logo on a product guarantees that the wood comes from sustainable forests.
In this way, a company producing furniture with the FSC label gives a clear message to customers
about their environmental commitment.

4.2.2. Pannels transformation and transportation impacts
Transport for pannels has a lower impact, as shown in the table below.
The following table also gives a breakdown of the phases in the life cycle for various types of
pannel and the total impact for each type of semi-finished material.
The environmental impact (expressed in %) of the life cycle of each type of panel.
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Use of glues
Electric
energy
Use of woody
raw materials
Thermal
energy
Transport and
other cycles

Plywood

MDF

Chipboard

Laminates

28,0
18,6

22,9
44,6

31,1
27,8

8,3
58,2

34,1

7,3

6,1

18,9

15,8

18,5

30,6

7,6

3,5

6,7

4,4

7,0

Veneered
Chipboard
22,3

Honeycomb
21,1

Melanine
chipboard
16,4

77,7

78,9

83,6

By way of comparison, the table below shows furniture industry research data for solid wood,
pannels and finishings. 5
The panels are mostly produced using thin sheets of wood or wood from industrial waste. A range
of formaldehyde resins are used as binders: urea-formaldehyde, melamine-formaldehyde, phenolformaldehyde.
These resins are especially used in MDF, less in plywood panels and even less in chipboard.
These resins are produced by a polymerisation process, which always produces a residue, in this
case formaldehyde, not a toxic gas in itself, but it can cause respiratory problems and irritate the
eyes. During the manufacturing process especially, very irritating toxic fumes are emitted and
during hardening the panels continue to release gas.
However, the environmental load is mainly determined by the production of formaldehyde from
natural gas and the energy required for the production of glue.

4.2.3. General advice for wood selection
In selecting raw materials, wood working companies and those working semi-finished products
should, wherever possible, ensure the sustainability of the areas of origin and timing of growth,
requesting certification of the origin of wood from suppliers.
Certificates of environmental compatibility of wood are released by the FSC (Forest Stewadship
Council), an internationally recognized body that defines a set of principles and criteria for good
forest management, ranging from sustainable cutting to forest plantations and from environmental
impact to the rights of indigenous peoples.
In general, we do not recommend the use of tropical timber (although in this regard some
exceptions, as shown in FSC lists, are emerging).
A recommended alternative to tropical timber is the use of wood from temperate forests, which at
present offers more environmental guarantees.
Whenever possibile, use little known and rarely-used timbers or used wood, always choosing the
essence appropriate to the physical and mechanical properties of the raw material. In Europe, 40%
of the market is covered by the following species: Red Oak, Wood Tulipier, Yellow Poplar,
Cottonwood, Soft Maple and Hard Maple
Species such as Birch, American Adler, American Linden "Basswood, Satin Walnut Sap Gum,
Canaletto Walnut are almost completely ignored.

5

Data from research paper Eco Design. Sectoral Manual fo furniture conducted under the Leonardo da Vinci Programme 2006 Transfer of
knowledge in the field of eco-design, The data shown refers especially to Eco-Indicator95 figures.
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WOOD

27

CASE HISTORY

WOOD

> EXAMPLE 1
Re-form Furniture www.re-formruniture.co.uk
Alt-chair
Aaron Moore
Made with locally sourced ash and bent while still green to save energy, Alt Chair has a
high impact polystyrene seat, obtained from recycled coffee cups and the insulation from
refrigerators.

>EXAMPLE 2
Moooi www.moooi.com
Corks
Jasper Morrison
Stool in Portuguese agglomerated cork worked on a lathe, for use as a coffee table, stool or
ottoman.
Cork oak is a recyclable, waterproof and sustainable material.

> EXAMPLE 3
Pano
Studio Lo www.studiolodesign.fr
Cut, using Waterjet technology, from a single piece of wood and using the least amount of
material, the chair is delivered flat packed to save energy. The chair is assembled without
glue, with simple mortise and tenon joints.

> EXAMPLE 4
Lammhults www.lammhults.se
Imprint
Johannes Foersom, Peter Hiort-Lorenzen
Chair in Cellupress developed by Lammhults, an innovative, light and thin material made
from layers of compressed, recycled fibres of spruce bark and coconut.

> EXAMPLE 5
Plexwood www.plexwood.nl
Frenck Heerema
The table top is made of plexwood, a material with a characteristic linear structure obtained
by gluing layers of wood together vertically.

> EXAMPLE 6
Godoylab www.godoylab.com
Weidmann
Erika Hanson + Emiliano Godoy
Made from Maplex, an innovative material made without the use of binders from 100%
wood fiber. The material easily takes various kinds of paints and adhesives and, moreover,
is 100% biodegradable and recyclable.
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METAL

The metals are derived from raw ores. The extraction of these minerals causes damage to nature
and the landscape and also has a high cost in terms of energy. However, metals are much easier
to separate than plastic, which is why they are often recycled.
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PADDING
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CASE HISTORY

PADDING

> EXAMPLE 7
Manufacturer_Natuzzi
Product_Ecoflex
Polyurethane Ecoflex is an ecological polyurethane foam, patented and
manufactured exclusively by Natuzzi in the utmost respect for the
environment. In particular Ecoflex does not contain Freon or other inflating
agents. The unique presence of open cells, visible to the naked eye, helps to
ensure good comfort over time. Natuzzi engineers study the characteristics of
polyurethane, in terms of density and hardness, for the technical
specifications of each model.

> EXAMPLE 8
Manufacturer_Metzler Schaum, distr Orsa Foam
Product_Waterlily – www.waterlily.it
Waterlily is manufactured by a German company (Metzler Schaum GmbH)
from sunflower seed oil and is produced by a process using water instead of
traditional additives, which produce ozone. Porous and lightweight, there are a
range of different densities.
The special formulation of these foams is a development in the field of
environmental respect: only water-based and / or carbon dioxide expansion is
used, no CFCs other harmful expanding agents are used nor are halogenated
substances or substances containing phosphorus; compliance with the
requirements of Oeko Tex Standard 100, Class IV.
During the manufacturing of Waterlily, Metzler has sought to reduce negative
impacts on human health and the environment. Waterlily ™ is also designed
to be recycled either mechanically or chemically.

> EXAMPLE 9
Manufacturer_Noughtone - www.noughtone.com.
Product_Pinch stool
Solid structure in hard wood (untreated beech or maple) from renewable
forests and fragments of recycled foam rubber padding. The upholstery in
100% wool, colored with natural dyes is produced by Bute Fabric.

> EXAMPLE 10
Product_Corky lips
Designer_Neo design - www.neo-studios.de
Consisting of a base of foam coated with an innovatively recycled cork, a truly
renewable material whose manufacture generates little waste and does not
emit toxins.

> EXAMPLE 11
Product_Cushionized
Designer_Chrisitane Hoegner
Consisting of a structure in solid ash, metal tubing and 40 pillows, the couch
can be re-created in infinite combinations. The cushions are filled with
biodegradable millet chaff and natural rubber
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COVER

Textiles and leather are used as cover materials by upholstery manufacturers.
Textile products may be of natural origin (cotton, wool, hemp, flax, ...), or artificial and synthetic.
With regard to leather, in very rare cases artificial leather is used but generally the large variety of
natural hides and tanning are preferred.
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COVER

> EXAMPLE 12
Manufacturer_Gubi - www.gubi.dk
Product_Gubi II chair
Designer_Komplot
Made of polyester felt produced from recycled plastic bottles, Gubi
II is durable and easy to maintain. In one single process, two
sheets of recycled felt are pressed around the frame and cut by
water-jet.

> EXAMPLE 13
Manufacturer_Camira - www.camirafabrics.com
Product_Lucia, tessuto
Entirely produced from industrial waste, this fabric is dyed with
environmentally friendly, non-metallic dyes and is recyclable.

> EXAMPLE 14
Manufacturer_Designtex - www.designtex.com
Product_Climatex Lifecycle, tessuto
Designtex was the first company to create a closed-loop fabric.
Climatex Lifecycle is a compostable biological textile, which is
designed to revert to earth at the end of its useful life. The dyestuffs used are non-toxic, the water from processing is drinkable
and fabric scraps are felted and sold to farmers as mulch.

> EXAMPLE 15
Manufacturer_Designtex - www.designtex.com
Product_Sonic, tessuto
Designer_Alice Santoro
Fabric made of cassette tapes. Sonic, created by designer Alyce
Santoro and manufactured by Designtex, a company specializing
in the recovery and recycling of upholstery fabrics, is made of
100% polyester. Fabric of considerable strength thanks to the
thickness of the tape also allows you to listen to the sounds
included in the tape on the surface through a reconfigured Sony
Walkman tapehead.

> EXAMPLE 16
Manufacturer_Kvadrat - www.kvadrat.dk
Product_Molly, Hallingdal, Pure, Hacker.
The fabrics have been awarded the EU Ecolabel, by virtue of an
evaluation of the entire lifecycle of the product (from the type of
fibers used in the production process and the use of chemicals to
quality control)

> EXAMPLE 17
Manufacturer_Kvadrat - www.kvadrat.dk
Product_Flora, Kosmos, Helix
Designer_Fanny Aronsen
The fabrics have been awarded the Bra Milijoval (Good
environmental choice) trademark by the Swedish Society for
Nature Conservation.

> EXAMPLE 18
Manufacturer_Kvadrat - www.kvadrat.dk
Product_Waterborn
Designer_Jean Nouvel
The objective of this new material developed by Kvadrat in
collaboration with major Japanese fiber producers, was to obtain a
product consisting of synthetic fibers by means of a process that
did not include the use of organic solvents, as commonly used in
composite materials. This was achieved by impregnating nonwoven polyester and nylon with polyurethane dissolved in water
only. Heating the fabric, the polyurethane solidifies between the
fibers and gives the composite fabric.

> EXAMPLE 19
Manufacturer_O Ecotextiles - www.oecotextiles.com
Product Ultimate Floppy Linen
Designer_Emily Todhunter
Manufactured from flax grown in northern Italy without the use of
pesticides, herbicides or chemical fertilizers, Ultimate Floppy is a
certified organic tissue. The long fiber flax is spun and dyed by
master weavers with low-impact non-toxic colors. The water used
is purified to prevent contamination of the environment.
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5.

DESIGN AND CONCEPTION GUIDELINES

Having examined the environmental impact factors upon which this assessment for ecosustainable
design has been based, the following brief suggestions of a technical and management nature are
intended to help businesses improve their environmental performance and thus any indicator being
evaluated.
These suggestions derive from what has been shown in the previous pages as well as some of the
suggestions above (especially those regarding management). They are not directly related to a
potential quantitative improvement, but respond best to correct principles of environmental
management and have been included for completeness.
We recommend that you use this list as a source of inspiration. Then you can analyze your
company and make an inventory of the more viable options in the various cases.
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MANAGEMENT

Integrate environmental aspects into the quality control system.
Use an environmental management system like ISO 14001 or EMAS.
Track usage of raw materials ad energy on a regular basis, say monthly, and relate it back
to the product produced:
o Look at energy bills and purchase receipts for different material types, and keep a tight
inventory of materials. Items that are particularly worth tracking include thinners and
cleaning solvent. Packaging used on raw materials and on finished products should also
be tracked.
o These usage figures should be related back to production throughput, e.g. number of
units processed, or if possible, estimated square metres of work- surface covered.
In addition to this, tracking of waste production in terms of amount (say number of skips)
and costs should also regularly be undertaken. Again, these should be related back to
production throughput. In the furniture industry, the cost of waste is typically 12% of a
company’s turnover. Studies and experience have shown that this can already be reduced
by 1% through no-cost or low-cost measures:
o If possible, breaking down material usage and waste generation according to individual
processes/areas will provide even more information on the efficiency of resource use.
Use a damaged returns monitoring system. Identify for each damaged piece what the
cause of the damage was and how it occurred. This can allow improvements to be
identified to reduce damages.
Create a product take-back system, to reuse valuable materials and components.
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PRODUCT DEVELOPMENT

General
Integrate environmental aspects into the whole product design.
Try using the eco-label criteria as a guide in the design.
The type and amount of material that is used for each product should be looked at. It may
be that an alternative material could be used to either partially or completely replace a
particular material. A complete material guide for furniture is at the end of this sector guide.
Also a smaller amount may be able to achieve the same functionality, e.g. thinner board for
the backs of cupboards. Such replacements can be made while maintaining product
functionality and quality.

Design
Reduce the weight by optimising the design. Especially when furniture is moved often or
over a large distance, lightening the product will produce a large environmental gain.
Extend the products life, by making the product durable. This can be done by:
o Identifying and eliminating the potential weak points in the design.
o Ensuring that the product is designed to withstand likely misuse as well as intended use.
o Designing for economically viable service and repair.
Design for easy upgrading. Upgrading can also lead to a commercial advantage as the
customer is locked into buying upgrades from the company, rather than a new chair from a
competitor.
 esign for easy (dis)assembly. This can be by
D
o Minimising the number of components.
o Minimising the number of fasteners.
o Avoiding glues, metal clamps and screws in favour of push, hook and click assembly
methods (e.g. snap fits).
o Making fasteners from a material compatible with the parts connected.
o Ensuring that fixings and fasteners are easily accessible.
o Minimising the number of different materials used.
o Ensuring that (dis)assembly can be done with simple tools, using as little different tools
as possible.
o Design the product as a series of easily accessible blocks/modules. This also makes the
product easier to transport.
Design for easy recycling. This can be done by:
o Locating parts with a high value in easy accessible places
o Marking all plastic materials with in-mould identification symbols.
o Locating non-recyclable parts in one area that can be quickly removed and discarded.
o Ensure contamination of plastics can be conducted quickly, safely and without any
cross-contamination.
o Metal contamination of plastics on separation should be avoided (i.e. it is better to have
plastic contamination of recovered metal and alloy components)
o Avoid adhesives dissimilar to the materials being bonded to as a means of further
avoiding contamination.
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PRODUCT DEVELOPMENT

Wood
Minimise the use of MDF, or replace it by MDF light
o Another alternative to MDF is ecowheat made from wheat straw or ecosunflower made
from sunflower husk (used by Baltix furniture company)
Replace tropical wood by European (FSC) wood if this is possible from a quality point of
view. If it is necessary to use tropical wood, use FSC wood.
Buy HPL and other board materials with a low level of formaldehyde.
Make sure that the board material has a good surface finish so it cannot emit
formaldehyde.
Look at the possibility of replacing HPL with other materials, for example with linoleum.
Linoleum is made from renewable recourses.

Fabric and Stuffing
In general the cover causes about 40% of the environmental impact of covered furniture. So
changes in this area have a large impact on the total environmental load.
Minimise the amount of fabric or/and production waste that is used in the product.
For example by cutting off the bad parts of a piece of leather before it is tanned.
Use environmentally certified fabrics (low impact resources examples)
Synthetic materials or eco-cotton instead of cotton can reduce the environmental impact.
Look for alternatives to chrome tanned leather, like natural tanned leather, Alcantara, or
other synthetic fabrics.
Look into the possibility of using natural or easily re-cyclable/biodegradable stuffings.
When using polyether stuffing, try using recycled PUR as much as possible.

Metals
Use less aluminium, for example by replacing aluminium profiles with roll moulded steel.
Avoid metals like nickel, chrome, zinc, zamac, etc. These materials severely increase the
environmental load.

Lacquers
 Look for alternatives for lacquers.
o Wherever possible, use natural finishings
o Replace nitrocellulose lacquer for by high solid lacquer, or water based lacquers.
o Or replace lacquers by green soap, wax or oil.
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PRODUCTION

Wood
Waste wood with large dimensions, can often be reused for smaller parts. Good
management of the inventory can make it easy to check if useful leftover wood is available
before a new order is placed for new wood. This can be done by ordering the leftover wood
by size in different containers.
Use computer software to optimise the use of your board material. The programme can
calculate quickly the best way to divide a board into several pieces. This is based on the
lowest cost per square meter, looking at sawing costs, materials costs and setup costs.
There are also cross-cut saws that can optimise the cutting of timber. Before cutting, an
operator marks defects with fluorescent chalk and a camera scans the timber, measuring
the length of the required piece and the distance between defects. The most economical
cutting pattern is then calculated based on the week’s timber requirements.
In addition you can use a finger jointing line. By passing unavoidable off-cuts through a
finger jointing line a much more usable length of timber is created. Careful choice of timber
colours can make the join virtually invisible, though this is not a problem for components
that will be coated. Jointed material can be used in much the same way as the virgin
timber.
Do not use excessive sanding pressure, as this will result in increased nibbing or raising of
the wood grain, which will require increased denibbing (sanding) between coats.
Sand wood to a matt surface. Sanding until a gloss surface appears will increase nibbing
during finishing. Use the correct grit sequence during sanding.
Only use sanding belts that are unworn and unclogged. This will not compromise the
coating finish. Regularly clean sanding belts using steam or commercial sanding belt
cleaners.
Earth machines. If machines are earthed and anti-static sanding belts are used, apart from
the obvious safety benefits, the amount of dust remaining on the product will be reduced.
This will reduce the need for cleaning and improve finishing, leading to cost and
environmental savings in reduced use of cleaners and reduced need for rework.

Lacquers
Use water based coatings
Use a measuring/mixing system for mixing of 2-component lacquer. When using 2component lacquer, a solvent and a hardener are mixed together. After they are mixed they
can only be used for 1 day. A measuring/mixing system can measure and mix the lacquer
in exactly the right amount, right before use. This means that there is hardly any waste.
There are also colour-mixing machines to add a colour to the lacquer.
Chose powder coating or spray painting over chroming of steel. Chrome has a high
environmental load.
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PRODUCTION

Lacquers
Look at new spraying techniques:
o For example High Volume Low Pressure (HVLP) spay painting. Because of the low
pressure (5 to 10 times as low) there is less overspray. Which makes the transfer
efficiency (55%-80%) higher than then conventional pneumatic spray painting (30%60%).
o HVLP also offers improved finish quality and reduced coating costs due to less
overspray. Spray booth cleaning is also reduced.
Use techniques to reduce the amount of overspray:
o For example an electrostatic system. This technique involves applying a charge, usually
negative, to the coating as it is atomised and earthing the service to be coated (thus
making it positive). The negatively charged spray droplets are attracted to the earthed
surface. The effect is so powerful that, with some objects, coating spray can be
observed to ‘wrap around’ the object. This system can improve the spraying by 5-15%.
There are also several ways of retrieving the overspray:
o Recovery screen; this is a screen that is placed behind the product to collect all the
overspray. The lacquer is scraped of the screen collected in a can. So after filtering it
can be used again.
o Cooled-lacquer-wall; the overspray is collected on a cooled wall. By continuous cooling
this wall, condense is formed which makes the lacquer drip down into a drain. In some
cases the lacquer can be reused straight away in other cases it has to be sent to the
manufacturer to be upgraded.
o Lacquer curtain; the overspray is collected on a curtain and automatically reused.
Look at different techniques for coating:
o Curtain coating; a system where the workpiece is passed through a curtain of coating
material created from a reservoir of coating stored above a workpiece. Excess coating is
collected and recirculated.
o Roller coating; a system that uses a combination of rollers to apply coating to flat panels.
o Vacuum coating; a system where workpieces are passed through a small vacuum unit in
which the coating is suspended. Transfer efficiencies of up to 98% can be achieved.
Reduce the use of thinners. This can provide savings a well as a reduction in VOC
emissions:
o Keep lids on coating tins.
o Try to maintain a relatively consistent coating shop temperature throughout the year so
the viscosity of the coatings is at the recommended levels. This will also improve the
coating finish. Alternatively you can use an in-line heater that heats up the coating just
before it is sprayed.
Reduce the use of cleaning solvents.
o Clean spray equipment as soon as possible
o Use enclosed gun wash stations. This also reduces the release of solvent.
o If not using an enclosed gun wash station, avoid the practice of cleaning by spraying the
solvent into the booth. Instead, use enclosed units or else spray solvent directly into a
container for reuse. Solvents can usually be reused for cleaning equipment up to three
times. The first wash-through could be carried out using ‘dirty’ solvent, with clean solvent
being used for the final wash.
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PRODUCTION

Adhesives
Use a spreader after application of the glue to give a consistent layer thickness.
Look for alternatives for glue with solvents like glue that is biodegradable or based on
water.
o Replace these glues by dry glue, wood glue, hot melts or dispersion glue,
o Or use natural glues based on dextrin or gum Arabic.

Operation
The importance of operator training in the techniques and proper use of equipment cannot be
emphasised enough. Operators should be trained in factors such as:
General
o Regularly lubricating all moving parts so as to extend their life and increase
performance.
o Keeping the lids on all containers.
o Measuring the right amount of coating sufficient for a job.
o Mixing two component coatings at the correct mixing rates.
o The frequency and method of cleaning spray guns.
o Using the right amount of thinner
Spray painting technique
o Holding the spray gun perpendicular to the workpiece surface
o Holding the spray gun 15 to 20 cm (6 to 8 inches) from the workpiece
o Ensuring each stroke overlaps the previous stroke by 50%
o Triggering the gun at the beginning and ending of each pass (i.e. release the trigger just
before the stroke ends while the gun is directly over the product)
o Maintaining a consistent gun speed — general recommendation is 1.3 m/s (250 ft/min)
o Maintaining a coating level of 70 – 80 g/m2
o Maintaining the correct air pressure for spraying and use of the air-cap pressure tester to
check this
o Adjusting the spray pattern to suit the item being coated
Proper training will obviously also improve the product quality and reduce reject rates.
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ENERGY CONSUMPTION

Heating system
Take appropriate measures to insulate heated areas and reduce heat losses.
Replace polluting fuels (fuel oil, naphtha, gas oil) with other less polluting gas (methane).
If burning wood chips, check that they are not impregnated with pollutants.
If using wood chips into the boiler, make frequent checks for the efficiency of combustion to
prevent the formation of unburnt fuel or the emission of pollutants (carbon, oxides of
nitrogen).
Provide for the implementation of thermoregulatory systems (thermostat) and install
circulation pumps to better performance if used for hot water.
Evaluate the application of more efficient heating systems (radiating panels, under-floor
heating, differentiated dust extraction) or that use renewable energy sources (solar panels
for hot water).
The boiler used must be subject to periodic reviews of the performance (measuring flue gas
temperature, content of oxygen, carbon dioxide, carbon monoxide and unburnt particles). If
the performance measures are not in compliance with those prescribed by law (italian law
dpr 412/93), maintenance must be carried out or the boiler replaced.

Lighting and machinery
An appropriate choice must be made of the power being installed, because any excess
decreases the electrical efficiency at low loads.
Replace incandescent bulbs with fluorescent lighting.
Install power factor correction capacitor banks in order to avoid requests for reactive energy
due to distortions of the current and its phase shift with respect to the voltage.

Power factor correction of electrical appliances
Various electrical appliances have inductive loads that produce phase shift and/or distortion of
the input current in the system compared to the voltage provided by the national grid. This
brings about the failure to exploit the power rating and the need for so-called reactive power
and thereby the "pollution" of the power provided by the national grid. As a result, the
company is charged a penalty for reactive energy and a higher cost. Check your most recent
electricity bill to see whether this is your case. Power factor correction can be carried out on a
single machine or the entire plant (provided the main loads are not placed at distances over 70
meters from the transformer substation/distribution boards), with the use of a properly sized
capacitor according to the power absorbed by the user and the value of power factor.

41

DESIGN GUIDELINES

ATMOSPHERIC EMISSIONS

A reduction in particle emissions can be achieved with the installation and regular
maintenance of a break-down system with bag filters.
Reduction of spray emissions from paint can be ensured by efficient maintenance of wet
and dry equipment.
Reduction in emissions of organic substances (expressed as total carbon) from cabins and
drying systems can only be achieved by using high solid water-based products or the
application of alternative treatment products (finishing with wax or oil)
The use of paint systems that reduce overspray and waste for the same quantity of paint
required for any one article is recommended.
Request the technical and health and safety specifications of paints from suppliers in order
to determine their composition. Do not use paint with Class I and II (Italian Minesterial
Decree 12/07/1990) volatile organic compounds.
Obtain a declaration from the manufacturer of the efficiency of the filtration system and the
maximum amount of paint that can be held in the filter (in kg / m) before there is a loss of
efficiency due to the accumulation of overspray in the filter system.
Carry out an analysis of emissions to ensure consistency with those declared by the
manufacturer;
Select thinners that contain no primary alcohols, a water content less than 0.05% and
6
which have a constant formulation according to precise specifications .
Select paints that are completely free of carcinogenic and teratogenic substances.

6

The requirements are based on self-regulatory system “Diluente Certo” – Professione verniciatore del legno (“Thinner Sure" - Professional
wood painting) (MI)
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PRODUCTION OF REFUSE

Make the maximum differentiation of different types of waste in order to determine their
different final destination
The replacement of spent solvents should be done in order to prevent risks to the
environment (thus avoiding any spillage), and providing a storage of hazardous waste
appropriate for the type of waste.
Separate wood shavings contaminated by hazardous substances from the "clean” wood.
Empty containers should be handed over to specialized companies that take care of
recycling. Choose suppliers who remove empty containers (usually plastic).
When washing of tools used for the applications of glues, decant the solids through a
cascade system, in order to recover the water and reduce the amount of waste for disposal
(as solid).
Packaging waste (plastic, paper, cardboard) must be delivered to recycling companies.
Consider the adoption of systems to recover overspray from the painting phase.
For the application of paint in spray booths, we recommend the use of systems that reduce
overspray and therefore reduce the amount of sludge as waste, saving both in paint costs
and in waste disposal.
Good maintenance and cleaning of drying booth filters extends their life and a reduction in
the amount of waste produced.
Prepare confined areas for the storage of waste separate from work areas.
Perform a periodic inventory of waste stored.
Storage locations or containers must be equipped to avoid spillage on the ground and
ideally located under cover
Adequate space for the movement of vehicles in the process of waste disposal must be
assigned.
All workplace health and safety standards (odours, fire) must be complied with.
Waste must be marked in such a way as to trace the substances they contain and must not
be mixed.
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It is easier to show customers your environmental efforts if you have an eco-label, like the
European eco-label or the Nordic swan.
By giving the customer some hints on how to use the furniture, the lifespan of the furniture
can be lengthened.
Advise customers on the environmental impact of materials. For example by showing the
different types of wood on your internet site.
Offer a take back service in which old furniture is collected while dropping of the new
furniture. The old furniture can be disassembled and reused or recycled.
Lengthen the lifespan of a product by making it easy to maintain, clean and repair.
Use fabric that is washable and covers that are replaceable.
Offer the possibility of refurbishing.
Furniture manufacturers that don’t design furniture themselves can push their client to
focus more on these environmental aspects, by showing them environmental data or
cooperating to look at possibilities.
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