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EXECUTIVE SUMMARY

Output 5.1 (Documented analysis in each subsector - manufacturing processes and
problems), Output 5.2 (Documented analysis in environmental legislation) and Output
5.3 (Documented analysis of entities specialized in textile) have been achieved at the
same time and with the same work done by all partners. Each couple of partners from
each country -Spain, Italy, Tunisia and Egypt- were committed to develop an accurate
analysis of the main technical/economic/social problems of its own textile sector, in
order to detect technological / economic / environmental / social gaps to be covered
along the value chain at local, regional and multi-country level.
The most useful method to reach these outputs was a whole analysis per country that
included all the issues to be considered. This analysis was structured as follows:
A.5.1. METHODOLOGIES FOR FURTHER DIAGNOSTICS IN SPINNING/WEAVING
PROCESSES.
A.5.2. METHODOLOGIES FOR FURTHER DIAGNOSTICS IN DYEING/PRINTING/FINISHING
PROCESSES.
A.5.3. METHODOLOGIES FOR FURTHER DIAGNOSTICS IN LOGISTIC AND DISTRIBUTION
NETWORKS
(These chapters generated O.5.1).
A5.4. STUDY OF ENVIRONMENTAL LEGISLATION IN EACH AREA AND ESTABLISHMENT
OF COMMON VALUES OF ENVIRONMENTAL IMPACT
(These chapter generated O.5.2).
A5.5. STUDY OF EDUCATION, TRAINING AND TECHNOLOGICAL ENTITIES SPECIALIZED IN
TEXTILE FIELDS IN EACH AREA, AND METHODOLOGIES FOR OPTIMIZING/INCREASE
WORKING FORCE RESOURCES
(These chapter generated O.5.3).

This document collects 4 country analysis which are considered O5.1, O.5.2. and O.5.3.
The collected and analyzed information and the 4 analysis (one per country) were also
the basis for the further O5.4 (1 Report of methodology: Protocol or guide about
methodology for diagnosis).
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1. The analysis of the main technical/economic/social problems in each
textile industry (SPAIN, ITALY, TUNISIA AND EGYPT)
Here is enclosed the analysis of the main technical/economic/social problems in the 4
countries involved. The content that is included here is referred to the last version
received of each analysis.

The structure of the analysis was as follows:

A.5.1. METHODOLOGIES FOR FURTHER DIAGNOSTICS IN SPINNING/WEAVING
PROCESSES.
Introduction

A.5.2. METHODOLOGIES FOR FURTHER DIAGNOSTICS IN DYEING/PRINTING/FINISHING
PROCESSES.
Introduction
The dyeing process.
The printing process.
The finishing process.

A.5.3. METHODOLOGIES FOR FURTHER DIAGNOSTICS IN LOGISTIC AND DISTRIBUTION
NETWORKS

A5.4. STUDY OF ENVIRONMENTAL LEGISLATION IN EACH AREA AND ESTABLISHMENT
OF COMMON VALUES OF ENVIRONMENTAL IMPACT

A5.5. STUDY OF EDUCATION, TRAINING AND TECHNOLOGICAL ENTITIES SPECIALIZED
IN TEXTILE FIELDS IN EACH AREA, AND METHODOLOGIES FOR OPTIMIZING/INCREASE
WORKING FORCE RESOURCES
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5.1.

1.

METHODOLOGY FOR FUTHER DIAGNOSIS
IN SPINNING and WEAVING PROCESSES
RAW MATERIALS.

The main raw materials in spinning / weaving sector in Spain are:
-

Cotton
Regenerated cotton
Wool
Rayon
Polyester
Polyamide
Acrylic
Elastane

Here are the main traits of all of them, emphasizing paragraphs concerning their
relationship with the environment (environmental impact, biodegradability, carbon
footprint).

NATURAL FIBERS

1.1. COTTON.
1.1.1. Properties.
Cotton is a natural vegetable fiber with huge economic importance as a raw material for
manufacturing textiles and clothing.
The widespread use is largely due to the ease which the fiber can be braided in
strands. The strength, absorbency and ease of washed and dyed also contribute to use
cotton in the manufacture of a wide variety of textiles.
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Figure 1.- Cotton plant.

1.1.2. Source.
Cotton is produced by a number of trees and shrubs belonging to the family of
Malvaceae, which also includes the Hibiscus plants. When de cocoon develops, it is
transformed into an oval ball which opens and discovers numerous black and brown
seeds covered in a mass of white hairs. When they fully mature and dry, each of the
hairs is a cell, flattened, with a sharp kink spiral and attached to a seed. The individual
fiber length is between 1.3 and 6 cm. In addition, other shorter fibers also born from
seeds.

1.1.3. Environmental impact.
Although cultivation occupies only 2.4 % of the world's arable land, it consumes 16 %
of insecticides. It is one of the most intensive crops where a large number of
herbicides, defoliants and chemical fertilizers are also used. The environmental impact
is huge and affects not only the communities that grow it but many neighboring areas
and even away from the production areas. This is increased by the fact that cotton is
mainly grown in poor countries or emerging economies where the situation in rural
areas is still of great poverty.
In Spain the situation is not much different although treatments are reduced and we
can find maximum of up to 7 insecticide applications, a few of growth regulators and a
couple of defoliants. And this is true regardless of herbicides treatments and chemical
fertilizers.
Moreover, insecticides such as parathion or adicarb, which are used very often, have
been declared particularly problematic to human health by the WHO. The U.S.
Environmental Protection Agency (EPA) considers seven of the 15 most widely used
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insecticides in cotton cultivation in this country as "possible", "probable" or "known"
carcinogens (acephate, dichloropropene, diuron, fluometuron, pendimentalin, tribufos
and trifuralin).
We also should highlight the effects of climate change and greenhouse effect of nitrous
oxide NO, 150 times more potent than famous CO2 (some scientists say up to 300
times more potent) because of its stability when it arrives at the troposphere.
Cotton is a plant that has a 1000 mm average water needs (ie 1000l/m2) throughout its
cycle. If it’s grown in an area where rainfall is less, it is necessary to resort to irrigation.
In addition, its behavior is very bad compared to the lack of water in certain periods of
its development, especially after flowering. So in the cotton growing areas, water is
essential to ensure good harvest. But, at the same time, cotton requires a dry climate
as sunny days promote flowering and fruiting. A rainfall after the opening of the
capsules can seriously affect their quality. As a result of all this, the cotton fields are
planted in dry areas with irrigation.

Biodegradability:
Cotton is a natural fiber and, therefore, is biodegradable and recyclable. The main
problem in terms of emissions, for instance, is not obtaining materials (20 %), and
manufacturing (9 %), and transport (2 %), but the daily use of textiles made of cotton
(energy used in washing and drying clothes).

1.2. REGENERATED COTTON.
1.2.1. Properties.
Regenerated Cotton is basically reuse cotton, mixed with two or more materials for
manufacturing fabrics, with the ultimate goal of obtaining low priced fabrics.
First of all, it’s important to know that although the material has already been spun and
woven, not for this reason it should be considered in all cases that the material has
very low quality. Actually there are regenerated almost as well as the raw materials.
The main advantage of the use of regenerated fibers is that the same fiber may be
used two or three times in order to be spun or woven. It is as if the natural production of
the country was twice or more than it actually is. In fact, there are countries that
consume more regenerated than they produce, as the case of Spain, and around 70 %
approximately consumed is imported.
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1.2.2. Environmental impact.
Regenerated cotton is based on a reuse process, so it is environmentally friendly.
Actually reuse is one of the 3 R famous Rules in the Greenpeace proposal on the
habits of consumption.
Some environmental benefits are detailed below:
-

Reduces incinerator and landfill use, by reprocessing pre-consumer textile
waste.
Cotton fibers require no new dyeing, saving water and adding no new
pollutants.
Cotton fibers require no land use, intensive water irrigation, and no new
fertilizers or pesticides.
Simplified manufacturing process reduces energy and resource use.

Saving:








19,500,000 liters of water
70,000 kg chemicals
950,000 kg greenhouse gases
8,000,000 kg fertilizer and pesticides
1,100 hectares
13,000 m2 landfill
4,036,336 kg regenerated cotton

1.3. WOOL.
1.3.1. Properties.
Being a natural fiber with elongated molecular structure (as a spring), wool has a great
facility to recover its original appearance after use. Its natural wave and elasticity
exercise as spring; that’s the reason why wool has great ability to twist without being
deformed, always recover its original shape.
Some of its more important properties are:
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-

-

-

-

Strength and durability: wool is one of the materials with durability and strength
over time.
Dirt Repellent: By its nature, wool is an anti-static material. It is highly resistant
to stains, bacteria, fungi and general dirt thanks to its composition. Cleaning
and maintenance is much easier than other fibers. To keep better the wool, you
only have to vacuum regularly and act immediately on the spot.
Fireproof Material: Contrary to what happens with synthetic fibers, wool does
not support combustion. This happens thanks to proteins and high moisture and
nitrogen content of the wool.
Thermal and acoustic insulation: On the one hand, the properties of natural
fibers absorb noise. On the other hand, is a good insulator because of the large
amount of air retained stationary in the interstices of the fibers, which hinder
thermal conduction.
Does not produce allergies.

Figure 2.- Wool

1.3.2. Sources.
It is obtained mainly from domestic sheep. There are also other animals from which
wool is manufactured such as: alpaca, camel, guanaco, cashmere goat, angora rabbit,
llama, vicuna, the mohair goat and yak.
The wool is obtained by a process called shearing and is used in the textile industry to
make products such as carpets, bags, blankets, blankets, gloves, socks or sweaters.

1.3.3. Environmental impact.
Wool is a natural, renewable, sustainable and environmentally friendly fiber.
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SYNTHETIC FIBERS

1.4. RAYON
1.4.1. Properties.
Rayon has a silk-like aesthetic with superb drape and feel and retains its rich brilliant
colors. Its cellulosic base contributes many properties similar to those of cotton or other
natural cellulosic fibers. Rayon is moisture absorbent (more so than cotton),
breathable, comfortable to wear, and easily dyed in vivid colors. It does not build up
static electricity, nor will it pill unless the fabric is made from short, low-twist yarns.
Moreover, Rayon is comfortable, soft to the skin, and has moderate dry strength and
abrasion resistance. Like other cellulosic fibers, it is not resilient, which means that it
will wrinkle. Rayon withstands ironing temperatures slightly less than those of cotton. It
may be attacked by silverfish and termites, but generally resist insects damage. It will
mildew, but that generally is not a problem.
In short, its properties are:
-

-

-

Absorbency: Rayon is the most absorbent of all cellulose fibers. Because of
this, it absorbs perspiration and allows it to evaporate away from the skin,
making it an excellent summer fabric. Its high absorbency applies equally to
dyes, allowing beautiful, deep, rich colors.
Strength: It loses a great deal of strength when wet. Because of this, it stretches
and shrinks more than cotton.
Abrasion resistance: Poor due to inelasticity of the fibers. It is easily damaged
by scraping and will pill on the surface of the cloth.
Flammability: Because of its excessive flammability, it inspired the FFA
(Flammable Fabrics Act.). This was enacted by the U.S. Department of
Commerce in 1953 in response to public concern over a number of serious burn
accidents involving brushed rayon high pile sweaters and children’s cowboy
chaps which could easily catch fire and flash burn.
Static: no static build-up.
Chemical reactions: because it is a cellulose fiber, it is damaged by even
relatively weak acids.

1.4.2. Sources.
Rayon was the first manufactured fiber. Unlike most man-made fibers, rayon is not
considered synthetic. It is made from wood pulp, a naturally-occurring, cellulose-based
raw material. As a result, rayon’s properties are more similar to those of natural
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cellulosic fibers, such as cotton or linen, than those of thermoplastics, petroleum-based
synthetic fibers as nylon or polyester.

1.4.3. Environmental impact.
Although rayon is made from wood pulp, a relatively inexpensive and renewable
resource, processing requires high water and energy use, and has contributed to air
and water pollution. Modernization of manufacturing plants and processes combined
with availability of raw materials has increased rayon’s competitiveness in the market.

1.5. POLYESTER.
1.5.1. Properties.
Polyester was one of the great man-made fiber discoveries of the forties and has been
manufactured on an industrial scale since 1947. Polyester fibers are the first choice for
apparel and are used in trousers, skirts, dresses, suits, jackets, blouses and outdoor
clothing. In the year 2012, 190,000 tons of polyester fibers were produced in Germany.
This makes them the synthetic man-made fibers with the highest production figure.
Amongst the most important properties:
-

Polyester fibers are particularly resistant to light and weather and can withstand
climatic effects.
They can be used where lightness and fineness are primary requirements.
Polyester fibers are very well suited to blends with natural fibers.
Fabrics in 100% polyester, or blends with an appropriately high proportion, are
very crease-resistant and retain shape even when affected by moisture.
Polyester fibers have good moisture transport and dry quickly.
They are easy care.
High tenacity ensures above-average wear qualities.

We can compare properties between cotton, rayon and polyester in the following table:

9
WP5 - IDENTIFICATION TECHNOLOGICAL/ECONOMIC/SOCIAL PROBLEMS

Comparative Rating
Parameters
Comfort
Moisture Regain
Thermal protection
Air permeability
Softness
Smoothness
Static dissipation
Aesthetic
Drape
Luster
Crease recovery
Uniformity
Utility Performance
Antipilling
Wash & wear

COTTON

RAYON

POLYESTER

Good
Good
Very good
Good
Poor
Good

Very good
Very good
Good
Very good
Good
Very good

Poor
Poor
Poor
Poor
Very good
Poor

Good
Poor
Poor
Poor

Very good
Very good
Poor
Very good

Poor
Very good
Very good
Good

Good
Good

Very good
Poor

Poor
Very good

1.5.2. Sources.
Polyester is a synthetic polymer made of purified terephthalic acid (PTA) or its dimethyl
ester dimethyl terephthalate (DMT) and monoethylene glycol (MEG). With 18 % market
share of all plastic materials produced, it ranges third after polyethylene (33.5 %) and
polypropylene (19.5 %).
The main raw materials are described as follows:
-

Purified terephthalic acid – PTA – CAS-No.: 100-21-0
Dimethylterephthalate – DMT – CAS-No: 120-61-6
Mono Ethylene Glycol – MEG – CAS No.: 107-21-1

To make a polymer of high molecular weight a catalyst is needed. The most common
catalyst is antimony trioxide.

1.5.3. Environmental impact.
Polyester requires petroleum and other chemicals to produce, as well as energy to heat
and power the process. It's not biodegradable, but can be recycled. A NY Times
article points out that synthetics require less hot water to wash and less energy to dry
than cottons do. The chart below (also from the article) gives an interesting
comparison:
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How “Green” Is Your T-Shirt?
Cotton is cheaper and takes less energy to manufacture than synthetic fibers.
But over its lifetime, a cotton T-shirt requires more than twice he energy than
necessary to manufacture and maintain a polyester blouse. The main difference
is that polyester garments can be washed at a lower temperature, can hang dry
and need no ironing.
Energy used over the lifetime of the garment, in kilowatt hours.

1.6. POLYAMIDE.
1.6.1. Properties.
Polyamides (PA) are semi-crystalline polymers. A distinction is made between two
types. Polyamides made of one basic material (e.g. PA 6) and polyamides, which are
made of 2 basic materials (e.g. PA 66). Polyamides have very good mechanical
properties, are particularly tough and have excellent sliding and wear characteristics.
Properties vary from the hard and tough PA 66 to the soft and flexible PA 12.
Depending on the type, polyamides absorb different amounts of moisture, which also
affect the mechanical characteristics as well as the dimensional accuracy.
Some of its properties are:
-

Medium - high mechanical strength, hardness, rigidity, tenacity.
High mechanical damping characteristics.
Good fatigue strength.
Very good wear resistance.
Good sliding properties.

1.6.2. Environmental impact.
Polyamide is a synthetic fiber derived from coal. Here there are some positive and
negative environmental impacts associated with this material:
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POSITIVE:
- Melt-spun fiber-melt spinning is relatively cleaner than dry and wet spinning.
NEGATIVE:
- Non-renewable source.
- No local sources available.
- Long-line of processing.
- Many carcinogenic chemicals such as benzene and hydrogen cyanide gas
(nylon 6,6) are added.
- Manufacture creates nitrous oxide, a greenhouse gas 296 times more potent
than carbon dioxide for producing global warming.
- High-embodied energy, compared to other synthetic fibers.
- Energy and water intensive.
- Non-degradable.
- No recycling infrastructure.

1.7. ACRYLIC FIBER.
1.7.1. Properties.
Acrylic fiber is a synthetic fiber made from acrylonitrile, which derives its generic name.
Acrylonitrile was obtained for the first time in Germany in 1893. It was one of the
chemicals used by Carothers and his team in the fundamental research about high
polymers which was carried out in the company Du Pont. Du Pont developed an acrylic
fiber in 1944 and started commercial production of them in 1950. In those days it was
called as Orlon.
Its properties include:
-

-

Durability: Acrylic fibers are not as durable as nylon, polyester, or olefin fibers,
but for clothing and household uses its strength is satisfactory. First Orlon was
made in a filament with a resistance almost as good as the nylon. Later success
was achieved using short fibers with lower strength.
Comfort: Acrylic fibers are soft and non-allergenic. Have a density of 1.14-1.15
g/cc, which makes it much lighter than wool.
Care and maintenance: Acrylic fibers have good resistance to most chemicals,
except strong alkalis and chlorine-based bleaches. These fibers are resistant to
moths and mildew. Moreover they have excellent resistance to sunlight.
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1.8. ELASTANE
1.8.1. Properties.
Elastane yarns (also called spandex or lycra) are characterized by their ability to
recover from stretch. BISFA (the International Bureau for Standardization of Man-made
Fibers) describes them as "a fiber composed of at least 85% by mass of a segmented
polyurethane which, if stretched to three times its unstretched length, rapidly reverts
substantially to the unstretched length when the tension is removed".
In addition to their remarkable stretch and recovery properties, elastanes resist
perspiration and cosmetic oils, are easily washable, are dyeable and have moderate
abrasion resistance. Elastane yarns are often covered with another fiber. This provides
more bulk and improves abrasion resistance. The main end-uses for the yarns are
garments and other products, where comfort and/or fit are important. Typical examples
are sports and leisure wear, swimwear, elastic corset fabrics and stockings.
However, for some people, it can cause allergic reactions and irritate sensitive skin due
to the presence of some harmful chemicals. If skin irritation occurs, wear should be
discontinued. Verifying that the garment does not also contain rubber or latex, which is
even more likely to irritate skin, can help prevent negative reactions to the fabric.

1.8.2. Sources.
Spandex was developed by Dupont® in 1959, long after many other synthetic fibers
were developed by the same company. Formerly, foundation garments and
compression garments were made with rubber, which was expensive, difficult to
manipulate, and often irritating to the skin. Spandex replaced rubber in most of these
applications, allowing people to wear garments that would adjust to their shapes but
still breathe, so that sweat and dirt didn't accumulate next to the skin. One of the most
well-known brands of spandex is Lycra®, which is very popular with athletes.

1.8.3. Environmental impact.
Also like polyester, the process of making elastane takes raw materials, toxic
chemicals, and a lot of energy. Elastane doesn't have a super long life, which means
you have to keep buying new clothes. This is the reason why a company called
Genomatica® is working on a more environmentally-friendly spandex made from
sugars instead of petroleum. While this is a step in the right direction, it won't even be
available until a few years. In the meantime, people can buy clothes with a lower
spandex content, preferably blended with organic fabrics, or buy used. Or they can try
to maximize the lifespan of spandex by air-drying clothes.
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2. SPINNING AND WEAVING/KNITTING PROCESSES IN
SPAIN.
In this section, the methods for further processes of spinning, weaving and sewing will
be described. A description of the general methods followed in Spain to carry out these
processes will be explained, followed by a few paragraphs relating to the environment
(environmental impact, emissions and liquid/solid waste).

2.1. SPINNING PROCESS.
Before detailing the steps that are part of the spinning process, we must differentiate
between spinning process of natural fibers and spinning process of synthetic fibers.
Natural fibers suffer a mechanical process of opening, cleaning, mixing, whereas the
spinning process of fibers involves the extrusion of a polymer using, in some cases,
solvents. Whereupon, the environmental impact of spinning process of chemical fibers
is slightly higher than spinning process of natural fibers.
NATURAL FIBERS SPINNING PROCESS:
Spinning process involves transforming fibers into yarn with a previous preparation of
the fibers, as we are going to explain now.
The obtained products are pure or mixtures intended primarily for the manufacture of
knitted or woven. We can find the following spinning systems:
-

Cotton system, basically for short staple lengths
Wool system oriented for long spinning fibers.

Both systems are primarily mechanical, as detailed below. Thanks to cylinders and
other mechanical pieces, we can carry out cleaning, orientation of the fibers, drafts and
twist, etc. And finally the yarn is obtained. This yarn should have some characteristics
of resistance, etc. determined so that it can withstand the subsequent processes of
weaving, knitting and finishing.

14
WP5 - IDENTIFICATION TECHNOLOGICAL/ECONOMIC/SOCIAL PROBLEMS

Short fiber spinning process:

OPENING,
CLEANING AND
BLENDING

•Open fibers
•Clean by blow system
•Mix if several fibers

PILLING

•Disaggregate
•Clean
•Condense: forming a tape

DRAWING
FRAME

•Stretch
•Regularize
•Remove impurities

COMBING
MACHINE

•Remove unwanted lengths
•Remove impurities

ROVING FRAME •Stretch and lighten twist

SPINNING
FRAME

Figure 3.- Short fiber spinning process.
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•Torque
application

Long fiber spinning process:

PILLING

•Separate
•Clean fibers

DRAWING
FRAME

•Mix
•Homogenize
•Stretch tape

WINDING,
BLENDING AND
PARAFFINING

•Convert to coil.
•Eliminate possible defects
•Apply softener - paraffin

STEAMING AND
SEARING

•Steaming:
torsion fixed
•Searing:
fuzziness
eliminated

Figure 4.- Long fiber spinning process.
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SYNTHETIC FIBERS SPINNING PROCESS:
Any process of development of a chemical fiber follows these steps:

Polymer preparation by syntesis or
extraction from a natural fiber

•Fusion
•Dissolution

Extrusion of material

Solidification

•Filament with a given
diameter

•Airflows

Structuring of solid filaments

•Draw

Finishing

•Washing

Conditioning

Figure 5.- Synthetic fibers spinning process.
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There are different systems for carrying out the spinning process: dry, wet or melt.
- You need a solvent to dissolve polymer and evaporate easily.
Dry
- After the extrusion, solvent is removed, usually with air streams, following a
Spinning closed circuit recovering the solvent used.
Process - Kind of fibers: chlorofibers, certain acrylic fibers, triacetate, acetate, spandex
and modacrylic.
- The material is a polymer mixed with an appropriate solvent.
- The dye is immersed in a tank filled with a substance, wherein the polymer is
Welt
not soluble and the solvent is soluble. Decreasing concentration of the solvent,
Spinning
polymer solidifies.
Process
- Kind of fibers: alginate, some acrylic fibers, spandex, modal, viscose and cupro
rayon.
- The polymer is melted and becomes viscous state, due to the action of
Melt
temperature. After the extrusion, the material is cooled by air flow.
Spinning - Advantage: you don’t need any solvent. Disadvantage: temperature does not
Process affect polymer.
- Kind of fibers: polyester, polyethylene, polypropylene, polyamide.
After the extrusion process, some yarns usually go through a further process of
texturing. With that we achieve increasing the volume and elasticity of a yarn using,
generally, their thermoplastic properties. This operation consists in deforming the yarn
and fixing the deformation thermally. There are several systems (compression, torsion,
traction, etc.) but all of them are basically processes that combine temperature, drawn,
curly etc. Here we have a material balance diagram with the products of the spinning
process:

Figure 6.- Material balance diagram in spinning process.
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2.2. WEAVING/KNITTING PROCESS.
The weaving or knitting process basically consists in transforming the yarn into fabric.
There are several technologies for tissue, such as:
-

-

-

Woven Technology (Jacquard): Preparation of this type of tissue requires the
orthogonal combination of lengthwise yarns forming the warp and, in the
transverse direction, the width of the fabric is called weave. Variants in woven
fabrics are many: special fabrics (terry, velvet ...), with and without effects
Jacquard, etc.
Technology warp knit (Ketten, Raschel ...): knits are produced by different
technologies such as knit weft or circular knitting machines, warp knitted
fabrics, etc.
Technology knit collection (cotton circular large diameter, small diameter
circular ...).

FABRIC

YARN
- Woven Technology
- Technology warp knit
- Technology knit
collection

Figure 7.- Weaving process.

In the case of obtaining knitted and woven fabrics, it is necessary an intermediate
process. To feed Jacquard machines, is not possible to do directly from a yarn
package. First it must perform the folding.
Warping process is a system by which a number of coils are arranged on a creel. The
meters of yarn will meter depending on the tissue to be obtained. This process will be
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used to perform the gluing process. Extra product was added to facilitate the process of
weaving.
Jacquard
machines, kettens
or raschels...

Sizing, dressing

Folding

Weaving

Figure 8.- Woven and warp system.

In the case of knits by collecting, all needles of the machine can be fed from a coil to
obtain a fabric.

Figure 9.- (1)Warp knit fabric (2)Knit collection fabric (3)Woven fabric.

Here we have a material balance diagram with the products of the weaving/knitting
processes:
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Figure 10.- Material balance diagram in weaving/knitting processes.

2.3. PROCESS FOR OBTAINING NONWOVENS.
In most cases the fibers/filaments are the main raw material of nonwoven. Its final ratio
varies from 30 % to 100 %.
The properties of the fibers/filaments in addition to the manufacturing, consolidation
and transformation processes define the final characteristics of nonwovens. Most used
raw materials:




FIBERS:
o

Artificial: viscose, glass, silicone, acetate.

o

Natural: wool, cotton, coconut, sisal, cashmere, asbestos, metal
(nickel-chrome, cesium-chrome), ceramics.

o

Syntethic: polyester, polypropylene, polyamide (Nylon),
polyacrylonitrile (acrylic), polyethylene, polycarbonate

RESINS:
o

Polymeric dispersions: synthetic latex (butadiene unsaturated
polymer), polymers of acrylic acid, vinyl polymer (vinyl acetate, vinyl
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chlorate) or copolymers thereof.
o

Solutions: polyurethane and silicone rubber.

o

Solids: thermoplastics (polyamides, polyethylene, EVA, PVC) and
thermoset (phenolic resin).

The methods to obtain non wovens are:
Dry Laid.
In Dry Laid process, it is possible to include nonwovens obtained through carding and
air. In carding process, fibers are disposed parallel by cylinders. These cylinders have
a cover of “combing teeth” and they form anisotropic blankets. These blankets can be
crossed in layers.
In air process, fibers are suspended in the air steam and then they are collected on a
fabric forming the blanket.
In these dry laid processes, it is necessary to work with raw materials in fiber form.

Figure 11.- Manufacturing carded process, consolidation by needle (Carded)

Figure 12.- Manufacturing air process (Air Laid).

Wet Laid.
In Wet Laid process, fibers are suspended in an aqueous medium and then they are
collected using filters in blanket form.
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Figure 13.- Manufacturing wet laid process.

Melt Laid.
In melt Laid process, it is possible to include nonwovens obtained by extrusion, where
we can distinguish between continuous fixation ones (Spunweb/Spunbonded) and
blown laid (Meltblown). In all these processes, it is necessary to work with raw
materials in polymeric form.
In Spunweb/Spunbonded process, a thermoplastic polymer is melted by means of a
head, then cooled and stretched, and then deposited on a substrate as a fleece or
blanket.
In Meltblown process, a polymer is melted by an extruder and passed through a matrix
with very small holes, then a hot air flow solidified mass rapidly forming very fine fibers,
which are blown at high speeds on a collecting cloth forming the blanket.

Figure 14.- Manufacturing Spunweb/Spunbond, consolidation by needle.
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Figure 15.- Manufacturing Meltblown process.

2.4. GARMENT MAKING.
It is the union of parts (cloth or other material that make up a garment or other item) by
stitching. The material is cut to get the pieces in the garment, these pieces are cut
according to desired shape and dimensions with a pattern. Then pieces are joined by
hand or machine according to the type required by stitching garments.
Sewing process can be divided basically in 3 parts:

• Drawing
• Stretching
• Cutting
• Packaging

Garment
making
• Seams (sewing
machine)

• Smoothing (to
remove wrinkles)

Ironing and
finishing

Cutting

Figure 16.- Confection process.

Here we have a material balance diagram with the products of the sewing process:
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Figure 17.- Material balance diagram in the confection process.
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3. WASTE
Every yarn manufacturer in Spain generates a large quantity of waste textiles.
Depending on the type of company, a different waste will be produced:
-

Spinning companies generate a lot of dust.
Weaving/knitting companies produce, among others, yarn waste, dust,
remnants, etc.
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FIBER COLLECTION PROCESS

Energy
Energy comsuption
comsuption
CO2
CO2 emissions
emissions

VEGETAL

Crop

Ginning

Selection

ANIMAL

Shearing

Selection

Renewable

Chemical
process

Thermal
process

Non renewable

Chemical
process

MASTERBATCH

FIBER

POLYMER

Figure 18.- To obtain fibers
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Energy
Energy comsuption
comsuption

SPINNING
Natural fibers

CO2
CO2 emissions
emissions

Open, clean and
sizing

Mixing

Carded

Combing

Roving

Different
spinnig frame

YARN

Reject

Synthetic fibers

Figure 19.- Spinning process
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Energy
Energy comsuption
comsuption

NON WOVEN

Fibers

CO2
CO2 emissions
emissions

Dry Laid

Mixing

Carded

Consolidation

Wet Laid

Water mixing

Veil

Dry

NON WOVEN

Reject

Spunweb /
Spunbond

Melt

Extrusion

Veil

Consolidation

Figure 20.- Non woven process
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WEAVING
Warp

Winding

Energy
Energy comsuption
comsuption
CO2
CO2 emissions
emissions

Warping

Sizing

Reject

Knit
YARN

Weaving
Weave

Filling

Winding

GARMENT
MAKING

Reject

Figure 21.- Weaving/knitting process
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In the application of the assessment of the main environmental impacts related to the
stages of Spinning, Weaving/knitting and Finishing is important to note the following in
tabular form:
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ASPECT
Emissions

Liquid Waste

STAGE
Spinning
Weaving /
Knitting
Garment
making
Spinning

Weaving /
Knitting
Garment
making
Solid Waste

Spinning,
Weaving /
knitting and
Garment
making

DESCRIPTION





Emissions of particulate matter, especially in the carding and spinning stages and a lesser amount in tissue. This material is basically the remains of processed
textile fibers that usually accumulate in working areas.
Noise generation in spinning and weaving is inherent in the type of equipment used and the sound pressure levels regularly exceed 80 dB in the working areas.
Dust emissions from fibers and yarns.
Noise generation.




Emissions of particulate matter, lesser amount. This material is basically the remains of processed textile fibers that usually accumulate in working areas.
Noise generation.


Liquid effluents emulsified oils during processing yarns

Lubricating oils for machinery.

Waste water from the cleaning of the facilities.

Non-biodegradable detergents or with chlorine (cleaning products).

Liquids effluents with suspended particles, oils or grease.

Glued products.

Tissue dressings.

Lubricating oils spills

Waste water from the cleaning of the facilities.

Non-biodegradable detergents or with chlorine (cleaning products).

NO hazardous waste packaging: Mainly apply to the products resulting from the packing of textile raw materials (fibers, yarns, fabrics, parts ...):
· Waste paper packing: boxes, bags, carton ...
· Waste plastic packaging: bags, cones, containers, pallets.
· Waste wood packaging: pallets.
· Waste metal packaging: wire, nails, scrap.

Hazardous waste packaging: they are generated when packaging and outer packaging are used and consequently they are emptied.
· Waste plastic packaging: bags, containers, pallets.

Other NO hazardous wastes:
· Textile waste (retained in filter equipment, raw materials and fiber, yarn, fabric, loose fibers, cut and cables, etc..)

Hazardous wastes:
· Grease and oil impregnated rags.
· Waste oils
· Fluorescent tubes.
· Textile rags contaminated with chemicals.
· Waste solvents.
· Waste Electrical and Electronic Equipment (with metals).
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3.1. DUST EXTRACTION.
Spinning and weaving companies produce particularly large amounts of dust during
their processes. To avoid environmental and health problems, these companies use
large extractors to collect the dust in sacks.

3.2. CLASSIFICATION.
One on-site classification method is by material type: cotton, polyester, wool, etc. The
waste from one machine is collected and sorted into different bags. Another
classification is by color. Solid textile waste may be in a variety of formats:
- Fabrics.
- Long fiber.
- Short fiber.
- Dust particles.
In the case of waste fabrics and fibers, there are different procedures for their recycling
or reuse.
The first method is a classification of the different material by quality, especially cotton
for its absorbency and permeability, for use as cleaning rags in various industries
(previously cleaned and disinfected).
In the second procedure, material is subjected to a mechanical procedure through
which these wastes are ground, prior to a selection which is normally carried out by
quality, to produce a material known as reclaimed which can then be used in spinning
processes, obtaining nonwovens as fillers etc.
The first priority of waste management is prevention; once textile waste has been
generated it should be collected separately so any articles in a fit state can be reused.
If this is not possible, then they should be recycled in soundproofing materials etc, and
only that which cannot be used in any other way should go as landfill or be sent to the
incinerator plant.

3.3. PREVENTING THE GENERATION OF WASTE.
The 3 R Rule, also known as 3R, is a Greenpeace proposal on the habits of
consumption which aims to develop generally responsible habits, such as responsible
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consumption. The concept refers to strategies for waste handling that seek to be more
environmentally-friendly and specifically target the reduction in waste volumes.
The 3Rs in order are:
 Reduce
If we reduce the problem, we diminish environmental impact. The problems of
awareness will be solved by this R. Reduction can be achieved on two levels:
reductions in raw material or energy consumption. Currently, energy production
produces numerous waste products including nuclear and carbon dioxide: the aim
would be to:


Reduce or eliminate the quantity of material designed for a single use (e.g.
packaging).



Adapt apparatus according to needs (e.g. do not use half-full washing machines
or dishwashers).



Reduce energy or water resource loss by switching off appliances in standby,
efficient driving, switching off transformers etc.

 Reuse
The second most important R, as it also indirectly reduces environmental impact.
Based on the reuse of an object to give it a second useful life. Every object can have a
second life either by being repaired or with imagination, used differently.
 Recycle
One of the most popular Rs, as the current consumer system prefers to use recyclable
but non-biodegradable packaging, particularly plastics and bricks.
To put it another way:
A. Responsible consumption and use.
The first step to prevent textile waste is responsible consumption and use:


Reduce as far as possible the purchase of textiles, footwear and accessories



Buy good quality, long-lasting products that do not go out of fashion.



Replace the acquisition of products for special occasions (dresses or suits for
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parties, celebrations, etc.) by renting or borrowing from a friend or relative. Buy
second-hand products or use those which friends or relations no longer use.


Buy organic products, natural fabrics, recycled materials, fair trade or from local
producers and designers.



Extend the life of the product as directed by washing, ironing and drying
correctly. If necessary repair it. Create and develop your own clothes from fabric
or altering other garments that are no longer used.

B. Direct reuse.
Once textiles are no longer needed or wanted, if they are in good condition, you can
give them away or lend them to friends and family. Unusable textiles may also have
other uses such as tea towels, cleaning cloths, dust covers, etc.
C. Preparation for reuse.
If it is not feasible to give them a second direct use, put them into separate collection
systems so they can be reintroduced later as used clothing once they have been
reconditioned by sorting, washing, mending, etc.
The proper channels to put these items back into circulation are:
 Thrift Shops.
 Second-hand markets.
 Wholesalers.
 Export to other countries.
 Donations (through social services, foundations, etc.).
This not only helps reduce environmental impact, but at the same time encourages the
creation of jobs in social institutions or reinsertion programmes which often operate
collection and reconditioning activities and also distribute used clothing through
donations or sale at affordable prices to the local population or developing nations.

3.4. APPLICATION OF RECYCLED MATERIALS.
Clothes are destined as follows:
-

12 % in retail second-hand stores and reused by exporting to Africa.
45% recycling to produce rags for industry and tassels and yarns for textile
industry and other uses (49 % cotton, 34 % wool and 17 % synthetic fibres).
25 % is sent for final treatment, in many cases this has been previously rejected
from collection points.
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-

18 % destined for landfills.

Another form of recycling fabric is from the manufacturer. Textile waste generated in
weaving firms, pieces, off-cuts or any fabric pieces which have a defect and therefore
cannot be used as new are collected by waste management companies.
Below are some of the outlets for textile waste:
- The denim for jeans manufacturing is woven using a 60 % virgin and 40 %
recycled linen yarn (100 % recycled).
- Some waste management companies collect waste fabric and bale it.
Subsequently, it is colour-classified, shredded and spun as recycled yarn.

Figure 22.- The textile waste recycling process

3.4.1. Textile regeneration plant
Textile regeneration plants can produce lint and recycled textile materials such as
fabrics and natural fibres (cotton, jute, flax, hemp, hemp, sisal, wool), fabrics and
synthetic fibres (nylon, polyester, acrylic, kevlar) as well as non-wovens.
Regeneration plants can manufacture, process and recycle:
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-

Natural fibres (cotton, jute, flax, hemp, hemp, sisal, wool)
Synthetic fibres (nylon, polyester, acrylic, kevlar)
Wicks and Cables

Natural fabrics (cotton, jute, flax, hemp, hemp, sisal, wool)
- Synthetic fabrics (nylon, polyester, acrylic)
- Nonwovens (wadding, felt, needled, cured, etc..)
- Material used in processes:
- Spinning
- Non-woven
- Filling

Figure 23.- Textile regenerating plant

3.4.2 Textile recycling technology.
The technology used for textile recycling systems is designed for the treatment and
recycling of textiles, fibres, non-wovens or polymers. Processes include cutting, sizing,
pneumatic transport, metal detection and removal, storage and mixing, dosing, ripping,
fraying and baling.
Below is a summary of the functions of each of the systems involved in the textile
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regeneration plant in Figure 22.
The machines involved in the regeneration process in processing order are:
 CINTEX
 ROTATOR
 SIZING SYSTEM
 FAN TRANSPORT
 FIELD PASS Z-shaped permanent magnet
 NODRIX
 COMPACTOR
 PRESS
 SHREDDER

Below is a more detailed specification of each of these machines:
1. CINTEX: conveyors designed to transport all types of materials,
manufactured in various lengths and widths. CINTEX systems are transport
systems of various widths and lengths, for the transport of all types of materials.
Fully protected like all production equipment manufactured by LIDEM SL, the
CINTEX meets and exceeds international safety standards and is further
guaranteed by the strength and quality of its components.
2. ROTATOR: The Rotator, is a machine for cutting and shredding off-cuts and
the processing and recycling of fibres and fabrics, polymers, non-wovens, paper
and cardboard. Suitable for both natural fabrics, synthetic minerals, automotive
waste, MSW, fibreglass, cables and fuses, plastics, nonwovens, polymers, nets,
ropes, big bags, paper and cardboard.
3.SIZING SYSTEM: Equipped with a system for sizing the cut material before
transportation to the storage and mixing chambers.
4. BLOWER: Systems of varying capacities to transport material through pipes
to subsequent production processes.
5..MAGNETISED Z-SHAPED MATERIAL PASS: Systems for removing metallic
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elements installed in pipelines that avoid the introduction of objects and metal
particles in systems and subsequent production processes.
6. NODRIX: Machine for the storage, blending and feed for spinning, nonwovens, recycling lines, carding and filling lines.
7. COMPACTOR: Used for fibre storing, mixing and feeding on stripping lines
and recycling of synthetic (nylon, polyester, acrylic) and natural (cotton, jute,
flax, hemp, hemp, sisal, wool) fibres and nonwovens ( wadding, felt, needled
heatset).
8. BREAKTOR: Several shredders are available of various capacities for offcuts and recycling of textile materials such as fabrics and natural fibres,
synthetic fibres and fabrics, non-woven, etc..
Shredding allows the manufacture of off-cuts and the recycling of:
• Natural fibres (cotton, jute, flax, hemp, hemp, sisal, wool)
• Synthetic fibres (nylon, polyester, acrylic, kevlar)
• Wicks and Cables
• Natural fabrics (cotton, jute, flax, hemp, hemp, sisal, wool)
• Synthetic fabrics (nylon, polyester, acrylic)
• Nonwovens (wadding, felt, needled, curing, etc..)
A shredding machine can be loosely described as a system that can produce
fibre for different spinning processes or the production of non-woven textiles
from used or waste materials of different textile production processes.

Figure 24.- Shredding process

3.5. POSSIBILITIES FOR THE APPLICATION OF BIOTECHNOLOGIES IN
TEXTILE WASTE REVALORIZATION.
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There are references to the possible use of biotech techniques in the chemical
transformation processes of polymeric materials comprising natural and synthetic
waste such as those generated by today’s textile industry. Importantly, no research
results have been identified that specifically addressed this issue, although on the
basis of the experimental results means that enzyme technology could soon represent
a possible alternative for the revaluation of industrial waste after separation because of
the high specificity of the enzymes involved in performing biotransformations. Clearly
this strategy of the revaluation or transformation of textile waste is far removed from the
objectives of the project, although given the degree of innovation, it has been seen fit to
analyse this information in the present study.
3.5.1. Biodegradation.
Biodegradation is defined as the decomposition of substances by the action of
microorganisms. This process achieves the recycling of carbon, the mineralisation of
organic compounds (formation of CO2, H2O and salts) and the generation of new
biomass.
The biodegradation of polymeric materials is a complex process which comprises a
series of stages . The process can be stopped at any stage.

Figure 25.- The process of polymer biodegradation.
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1) Biodeterioration: The combined action of microorganisms, other agencies
and / or abiotic factors which fragment biodegradable materials into small
fractions.
2) Depolymerisation: The microorganisms secrete catalysts (eg enzymes and
free radicals) that can break down polymers progressively reducing their
molecular weight to form oligomers, dimers and monomers.
3) Assimilation: Some of these molecules are recognized by receptors of the
microbial cells and are able to cross the plasma membrane. Once in the
cytoplasm, the molecules are incorporated into the microbial metabolism to
produce energy, biomass, and different storage vesicles primary or
secondary metabolites. Those molecules which cannot access the interior
of the cells remain on the outside and can undergo various modifications.
4) Mineralisation: While some metabolites, simple or complex, can be
excreted (eg organic acids, aldehydes, terpenes, etc.) simpler molecules
like CO2, N2, CH4, H2O and salts of intracellular metabolites are
completely oxidized and released into the environment.
Importantly, the term biodegradation indicates that biological activity (microorganisms,
enzymes) are predominant in this process. However, in nature, these biotic factors act
synergistically with abiotic factors (mechanical degradation, temperature, radiation,
humidity) in the decomposition of organic matter. Several of the papers reviewed in this
study indicate that the biodegradation of the polymers of interest to the study is
favoured when it is preceded by the action of abiotic factors.

Biodegradation of natural fibres.
Cotton fibre (CO).
The degradation of the cellulose present in natural plant fibres, including cotton, is
widely documented.
During microbiological attack, three types of hydrolytic enzymes act synergistically to
release, from cellulose, glucose microorganisms used as a carbon source for growth
and development. The first are those that generate exoglucanases disaccharides
(cellobiose) from the non-reducing end of crystalline cellulose. The latter are the
endoglucanases which release oligo-cellulose from amorphous cellulose, and the third
is the β-D-glucosidase which hydrolyses cellobiose, cellotriose and other small
oligosaccharides to produce glucose.
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The main effect of these enzymes is to reduce the degree of polymerization of long
cellulose molecules making them less compact. The degree of impairment depends on
the degree of crystallisation, polymerisation and orientation or angle at which the fibres
are positioned in relation to the longitudinal axis of the fibres.
The biodegradation of cellulose also depends on the type of microorganisms and the
conditions under which the process is performed. The degradation is faster in those
areas where the fibres are in direct contact with the microorganism or close to it.
Studies on the biodegradation process of cotton fibres show that the cuticle is digested
first. In the case of bacteria, the attack is begins on the exterior and proceeds to the
interior, whereas in the case of fungi, after removal of the cuticle, they penetrate the
secondary wall to the lumen where they can develop.
Among the microorganisms involved in the degradation of these fibres are included
various species of fungi such as Chaetomium, Myrothecium, Memnoniella,
Stachybotrys, Verticillium, Alternaria, Trichoderma, Penicillium and Aspergillus. The
latter two being the most important because they are able to grow in dryer conditions
than the others. As for bacteria, there are some species which are able to degrade
cellulose belonging to the genera Cytophaga, Cellulomonas, Bacillus, Cellvibrio or
Clostridium.
Viscose fibre (VIS).
Only a few publications have been found detailing the effect of treatment of viscose
fibre with microorganisms. As cellulose is its basic composition, treatment with species
of fungi belonging to the genera Aspergillus, Trichoderma or Penicillium which can
produce cellulases (endo / exo glucanase and β-D-glucosidase), lead to a deterioration
of the fibre. The biodegradation process is assessed by measuring parameters such as
tensile strength or elongation percentage.

Biodegradation of synthetic polymers.
Natural degradation of most synthetic plastics is a very slow process, as discussed in
the previous section, which involves environmental factors (abiotic) and the action of
microorganisms (biotic).
Natural macromolecules such as proteins, starch and cellulose are generally degraded
by biological systems through a process of hydrolysis followed by an oxidative process.
Therefore, it is not surprising that most synthetic polymers described as biodegradable
are those which contain hydrolysable links along their polymer chains, for example the
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amides, esters, urea and urethane groups which may be degraded by microorganisms
and / or hydrolytic enzymes.
Species or groups of microorganisms and degradation pathways associated with the
degradation of these polymers are often determined by the prevailing environmental
conditions. When oxygen is present, aerobic microorganisms are mainly responsible
for causing degradation, giving rise to biomass, CO2 and H2O. By contrast, under
anoxic conditions, anaerobic consortia are responsible for damaging the polymer. In
this case the resulting products are also microbial biomass, CO2, CH4 and H2O. Table
shows some of the microorganisms described for their ability to degrade various types
of synthetic polymers.
Microorganisms capable of degrading synthetic polymers.

SYNTHETIC PLASTIC
Polyethylene

MICROORGANISM
Brevibacillus borstelensis
Rhodococcus ruber
Penicillium simplicissimum

Polyurethane

Comamonas acidovorans
Curvularia senegalensis
Fusarium solani
Aerobasidium pullulans
Cladosporium sp.
Pseudomonas chlororaphis

Poliviline chloride

Pseudomonas putida AJ
Ochobactrum TD
Pseudomonas flourescens B-22
Aspergillus niger F-1119

Poliviline chloride plasticized

Aerobasidium pullulans

BTA-Copolyester

Thermomonspora fusca

Because many proteolytic enzymes specifically catalyse peptide bonds adjacent to
substitute groups present in proteins, some synthetic polymers that contain in their
composition benzyl, hydroxyl, carboxyl, methyl or phenyl groups are apparently more
easily degraded.
Since enzyme reactions occur in aqueous media, the hydrophobic-hydrophilic
character of synthetic polymers significantly affects their biodegradability. Thus, the
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presence of segments or zones of a hydrophilic nature in a polymer causes it to
degrade more easily than those containing only hydrophilic or hydrophobic structures.
Another important aspect during the enzymatic degradation of these polymers is
flexibility. In order to achieve maximum enzymatic activity, the substrate (polymer) must
fit into the active centre of the enzyme. This fact has been revealed as something to be
considered as, for example, while flexible aliphatic polyesters (eg polyglycolic acid) are
degraded completely, rigid aromatic polyesters (eg polyethylene terephthalate, PET)
are considered bioinert.
As indicated previously, the molecular weight of the polymers affects the activity of
microorganisms and enzymes. In general, a plastic remains unchanged under
microbial attack while its molecular weight remains high. However, in the case of low
molecular weights, they are activated by the binding of acetyl coenzyme A and
converted into cellular metabolites.
The upper limits of molecular weight at which no absorption or intracellular degradation
occurs have not been established for all existing polymers.
Certain results indicate that in the case of paraffins, polyethylene glycols and alkyl
benzene sulphonates, degradation is very slow when the chain length is greater than
24-30 carbon atoms. From this data one can conclude generally that a plastics
composition based on alkanes and having molecular weights in excess of 400-500
daltons (i.e., greater than 30 carbon atoms) cannot be assimilated by the cells and
must be converted into smaller molecules.
Polyamides (PA6 and PA66).
Although the polyamides contain the same amide bond as proteins, the rate of
degradation is so low that they are not usually considered to be biodegradable. This
difference is due to the fact that while proteins lack repeating units, giving them a loose
structure, synthetic polyamides are formed by short units which are repeated regularly.
Thus, the latter are highly symmetrical and have strong hydrogen bonds between the
chains, giving them a crystalline structure that hinders the accessibility of an enzymatic
attack.
Early studies on the degradation of nylon 6 and nylon 66 with microorganisms showed
that degradation diminished as molecular size increased. Thus, while a monomer of
nylon 6 (such as the cyclic ε-caprolactam or its linear form from 6-aminohexanoic acid)
was metabolised by numerous microorganisms such as bacteria (Pseudomonas,
Corynebacterium) and fungi (Absidia, Aspergillus, Penicillium, Rhodotorula) Oligomers
formed by 10-30 of the monomer units were degraded by only a very small number of
species of the genera Pseudomonas and Flavobacterium. However, recent studies
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have shown the existence of microorganisms capable of degrading whole fibres of both
polymers, such as marine bacteria (Bacillus cereus, Bacillus spericus, Vibrio and
Brevundimonas
fursinii
vesicularis),
thermophilic
bacteria
(Geobacillus
thermocatenulatus) and fungi (Phanerochaete chrysosporium, grim Bjerkandera ). In all
these examples cited a decrease of the molecular mass of 40-50% was observed after
three months of cultivation.
In most cases the results were better with nylon 66 than with nylon 6. This may be due
to the following two reasons:
 The nylon 66 monomer contains a greater amount (double) of CN bonds than
the monomer of nylon 6 and, moreover, this link is more labile than the CC link.
 The presence of greater amounts of nitrogen in the unit 66 causes the nylon
polymer to be more hydrophilic and, therefore, may interact better with the
microorganisms.
Polyesters (PET).
The aliphatic polyesters are almost the only biodegradable compounds of high
molecular weight. This is because the basic structure of these polymers is readily
hydrolysable. Polyesters derived from diacids or monomers of medium size (C6-C12)
are more easily degraded by fungi (eg Aspergillus niger, Aspergillus flavus) than those
derived from longer or shorter monomers.
The polyglycolic acid (PGA) is the simplest aliphatic polyester. This polymer and its
lactic acid copolymer (poly glycolic-co-lactic acid) (PGA / PL) are used as easilyabsorbed, biodegradable suture material: this property is due to the hydrolysis of the
ester bonds in aqueous media such as body fluids. Polycaprolactone (PCL) is another
biodegradable polyester that also has a wide range of applications such as sutures,
resins, synthetic leathers and material, adhesives, etc..
The flexibility of these aliphatic polyester structures helps greatly in their interaction
with the active centres of enzymes leading to a complete degradation, unlike what
happens with the aromatic polyesters such as polyethylene terephthalate (PET) or
polybutylene terephthalate (PBT ), which are considered inert to biological degradation.
The reason for the low or absent biological degradation of PET and PBT appears to be
due not only to their structure but also to the difference between the degradation
temperature and the melting temperature. The greater the difference between both, the
lower the flexibility and this leads to reduced interaction with enzymes. Considering the
melting temperature of PET and PBT, over 200 ° C, biodegradation within a relatively
reasonable time span seems unlikely. However, a recent article reported the existence
of a hydrolase produced by Thermobifida fusca capable of degrading PET used in the
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manufacture of beverage bottles.
Acrylic fibre (ACR).
The degradation of acrylic polymers, composed mainly of acrylonitrile, has been
described in a relatively small number of microbial species. Two types of enzymes are
involved in the hydrolysis of these polymers; the nitrilases that directly catalyse the
hydrolysis of a nitrile to its corresponding acid, and the nitrile hidratases / amidases
which catalyse the same reaction but in two stages.
These enzymes have been isolated from bacterial species as Rhodococcus
rhodochrous, Brevibacterium imperiale, Corynebacterium nitrilophilus or Micrococcus
luteus. Because these enzymes are very important for the synthesis of chiral
compounds, or even for the industrial production of acrylamide, several patents have
been taken out on their isolation, cloning, production and immobilisation.
Polyacrylonitrile fibre containing 5-10% of vinyl acetate is added in order to modify the
crystalline structure of the polyacrylonitrile and increase elasticity (this is necessary for
their use as a textile). Polyvinyl acetate is also biodegradable, although the process is
slow: the loss of polymer molecular weight is only observed after several months of
treatment.
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5.2. METHODOLOGIES
FOR
FURTHER
DIAGNOSTICS IN DYEING / PRINTING and
FINISHING PROCESSES.
Dyeing, printing and finishing subsector in the Spanish textile industry is characterized
by a medium/high technical level regarding type of processes, innovation and
technological level or respect of the environment and waste management. On the other
hand, this subsector (also with the spinning subsector) is still one of the great energy
consumer.
In the last 10 years, the Spanish textile finishing subsector has experienced a strong
restructuration of the facilities, companies and the specialized working force. In general
terms, companies have trend to be a bit smaller but specialized. In Spain, the main
companies are located on the Mediterranean regions, Catalonia and Valencia. Dyeing,
printing and finishing processes are the usual in the European textile industry and more
advanced companies have advanced technologies like digital printing, wide formats of
knife coating machinery or even hotmelt technology for lamination/bonding of several
textile materials. Also the development of specific machinery for finishing has an
important weight on this subsector.

1. MACHINERY DEVELOPMENT
This side of the finishing subsector was formed by around 80 companies with a
turnover of 250 M€ (2010). 85% of the companies were small companies with less than
30 employees. Working force of these companies was around 2.250 people.
Catalonia concentrates the main economic activity because this region has 84% of the
companies and gives 56% of the total turnover. Valencia has the 12% of companies
with a turnover of 9% of the total. Madrid represents a high turnover force as this region
has a 33% of machinery sold (Source: ICEX. España: sector de maquinaria textil y de
confección. Notas sectoriales. 2011).
Special machinery for finishing that is designed and manufactured in Spain is mainly
focused in the dyeing processes. For coloring and dyeing, digitalization and inkjet
printing has been developed in Spain -not only buying foreign technology but also
including national machinery sometimes tailored-made for the companies-; other
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designs of dyeing machines are focused on technological advances for water saving
and less consumption of chemicals.
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2. ADVANCED FINISHING PROCESSES
The Spanish textile industry has easy access to technological advances that occurs at
global level in terms of processes and products, and only economic considerations stop
companies for the implementation of theses advanced treatments.
In general terms, Spanish finishing subsector respects strictly environmental and health
legislation related to textile products and hazardous chemicals to be used. Oekotex
100 and REACH are in most of cases present in technical datasheets, packages and
labels of finished textile goods for giving safety information to end-users.
This chapter summarizes the current trends on chemicals that are used for textile
finishing by Spanish companies (O. Calvo. “Current trends on chemicals for functional
textile finishing by wet processes”. http://textile-future.com ; 2014):
Fluorocarbons. Fluorocarbon-based chemical products are in a continuous review due
to the halogen content. Some years ago PFOA-based products were common in some
industries (included plastic, toys and also textile resins and finishing products).
Currently, PFOA resins are being rejected in the textile industry and C6-based (even
C4) fluorocarbons are growing as the most common chemical products for liquid
repellency finishing.
Other important trend in this field is the synthesis of finishing products with a
drying/curing low temperature (120-130ºC instead of 150-160ºC) in order to be capable
to process thermosensitive textile materials like PP or elasthane, and also trying to
reduce energy consumption of the oven.
Flame retardants (FR). Main current trends of FRs finishes are focused in the use of
halogen-free flame retardants (HFFRs) like nitrogen- and phosphorus-based
compounds including organophospored chemicals. Use of chemical products based on
aluminium trihydroxide is growing, too. Chlorinated short chain FR compounds are
PBTs (persistent, bioaccumulative and toxic) and endocrine disruptors (cause sex
changes in aquatic animals) and are already restricted in the EU. Antimony oxide, like
the halogen FRs, it is being restricted in the EU.
Phosphorus (P) and/or nitrogen (N)-based flame retardants: N-P are increasingly used
as replacements for halogen flame retardants and can be equally effective in some
types of end applications when a high class of flame resistance is required. In general
they are less persistent in the environment than brominated flame retardants but more
testing is required to determine whether they pose a risk to health or the environment.
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They are the main compounds currently used in the textile finishing industry.
Other types of FRs. There are several other types of flame retardant used as solid
powders and additives in smaller quantities, which are suitable to obtain good FR
properties on textiles (mainly for fiber extrusion purposes; less options due to
processing problems in the field of textile finishing). These could include melamine
based compounds, borates and special nanoadditives like carbon nanotubes (CNTs) or
nanoclays which FR properties and toxicity must be carefully tested.
Safety and health issues are also important in current trends for using FRs.
Development and application of FRs with a very low content of formaldehyde is being
reported in the textile industry to avoid skin injuries (e.g. allergies) caused by finished
textiles; formaldehyde content must be taken into account as it is a compound
considered as pre-carcinogen. Presence of free formaldehyde is common on finished
textiles when the curing/polymerizing step is shorter than optimal conditions (less
curing time or less temperature than recommended). Its content on textiles is assessed
by Oekotex Standard-100 with some classes depending the end-use of the fabric (in
general terms, formaldehyde content must be less than 20 ppm).
Antimicrobials. Current trends for using antimicrobial chemicals on textile finishing are
still mainly silver-based compounds (they are specially recommended for treating
textiles against bacteria). Other compounds like quaternary ammonium with modified
organo-silane groups are also widely used.
An alternative to Triclosan could be chitosan-based compounds; on the other hand, an
alternative to silver-based compounds could be chemicals with zinc (Zn) or copper
(Cu). In any case, antimicrobial textile finishing should reach specific requirements due
to their contact with living cells/organisms:
 Wide range of action.
 Easy application.
 Durability.
 Excellent skin compatibility.
UV protection. Products being used as UV-barriers are chemicals containing
chromophores that absorb radiation or are particles with capabilities to disperse the
electromagnetic
radiation.
Compounds
like
benzotriazoles,
feniltrazines,
benzophenones… are very effective for this purpose (even for other industrial endapplications like protection for plastics, cosmetics or sun-protectors for the skin).
Current trends in this field are referred to use micro/nanocompounds based on TiO2
and/or ZnO as UV-protectors; however, chemicals named above are mainly used in
this moment.
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Better touch/handle and softeners. Current trends on textile finishing to modify and to
improve touch/handle are focused on nanosilicones, development and application of
polyurethanes (PU) with a wide range of hardness and self-crosslinking behaviour,
resins with lower drying/curing temperature than usual and resins with a very low
emission level of free formaldehyde.
Wrinkle-free and easy care. A crosslinker which has been most frequently used until
now in the industrial durable press finishing of cotton fabrics is dimethyloldihydroxyethyl
urea (DMDHDU) which forms ether-type crosslinkages with the hydroxyl group of the
cellulose. However, this crosslinker generates high levels of formaldehyde harmful to
the human body, and thus, is currently used in a limited manner. Currently, there are
actively progressed studies on polycarboxylic acids, which form ester-type
crosslinkages with the hydroxyl group of the cellulose and do not generate
formaldehyde.
Meanwhile, although glyoxal is used in the synthesis of DMDHEU, it may also give
excellent wrinkle-free performance by itself. Moreover, glyoxal has various advantages
as compared to other crosslinkers. First, it has low costs and thus allows the finishing
costs of fabrics to be reduced. Also, it is supplied in a highly stable aqueous solution,
and thus, considerably easily handled. In addition, it has little or no poisonous
character, and thus, can be used as a crosslinker having no harmful effect on the
human body. However, when aluminium salt is used as a catalyst in durable press
finishing using glyoxal as a crosslinker, fabrics can give excellent wrinkle-free
performance but could be disadvantageous as serious reductions in the strength and
whiteness of fabrics can be caused.
Safety and health issues on wrinkle-free finishing compounds are mainly referred to the
formaldehyde content on textiles finished with these compounds. Presence of free
formaldehyde is common on finished textiles when the curing/polymerizing step is
shorter than optimal conditions (less curing time or less temperature than
recommended). Formaldehyde causes skin injuries (e.g. allergies) and is also
considered as pre-carcinogen. Its content is assessed on textiles by Oekotex Standard100 with some classes depending the end-use of the fabric (in general terms,
formaldehyde content must be less than 20 ppm).
Electrical conductivity on textiles. Electrical conductivity on fabrics through finishing
processes could be obtained by coating processes being the basis for the development
of new and technical applications for textiles. To achieve this special functionality, 3
main pathways can be followed:
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Inclusion of micro/nanoadditives intrinsically electroconductive on a waterbased polymeric resin. A current trend is the research and use of particles like
carbon nanotubes (CNTs) for several textiles applications including finishing
processes. CNTs coatings can be developed if nanoparticles are properly
dispersed in order to avoid aggregates through knife coating and transfer
processes. Metallic micro/nanoparticles like copper could be also used for this
purpose.



Use of conductive polymers. Formulation and application of special polymers
with conductive properties like polypyrrole (PPy), polyaniline (PANI) or
polythiophene (PEDOT or poly-3,4-ethylenedioxythiophene) using finishing
techniques like knife coating, printing o padding is also a current trend in the
textile industry.



Use of electroconductive inks. The field of the “printed electronics” on flexible
substrates is one of the most innovative markets for technological
developments where the textile industry is currently involved. Through the
application and use of electroconductive inks (silver-based but also conductive
polymer-based) with special composition that are also applied under special
processing conditions for drying/curing, some electroconductive textiles could
be developed (e.g. from heatable elements to electroluminescent textiles).
These inks can be applied with conventional printing techniques like screen
printing but advanced technologies like inkjet printing are starting to be used
with specially formulated inks.

Other chemicals and processes that are used by Spanish companies are:
 Microencapsulated finishes. In last years, some textile developments have been
achieved by Spanish companies using microcapsules. Use of Phase Change
Materials
for
thermoregulation
purposes
(PCMs),
fragrances,
photochromic/thermochromics pigments for colour change or mineral fillers for
well-being are some examples of it.


Hotmelt technology for coating and lamination. Use of hotmelt resins -solid
polymers that are applied on textiles under melted state- is growing strongly in
Europe but also in the Spanish textile industry. Thermoplastic hotmelts are used
for coating/bonding textiles for footwear, interlinings or home-textiles; on the
other hand, reactive polyurethanes (HMPUR) are widely used in hotmelt
lamination processes to develop multilayered fabrics for automotive, medical,
home-textile, sport/leisure applications… Hotmelts adhesive systems are
replacing water-based and solvent-based adhesive systems in the Spanish
textile finishing subsector.
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Enzyme technology. Enzymes are currently used for desizing/degumming of
cotton (amylases and pectinases), for substitution of H2O2 processes
(catalases), for biopolishing of cotton (cellulases) and wool (proteases) and for
washing processes of wool fibers (lipases). Especially for treatment of organic
cotton the implementation of enzyme technology is giving a whole ‘green’
process. Bleaching of wool for a further printing process is also being
successfully implemented. And, in addition, for denim treatment and elimination
of indigo lacasa-based enzymes are being used.

53
WP5 - IDENTIFICATION TECHNOLOGICAL/ECONOMIC/SOCIAL PROBLEMS

3. ADVANCED DYEING AND PRINTING PROCESSES
Dyeing and printing processes in Spain are widely used on knitted and weaved fabrics;
e.g. knitted textiles are no longer used solely for basic apparel items such as T-shirts,
and high-tech fibres allow designers to create more sophisticated product ranges. New
manufacturing technologies also give companies the opportunity to be more flexible
and produce smaller quantities at lower prices.
The market for leisurewear places high demands on colour, form, and design, and the
consumer is willing to pay higher prices than for similar underwear fabrics for quality in
these areas. Specifications for knitted outerwear have required quality standards of the
fabric appearance and its properties to be raised.
Dimensional stability of outerwear fabrics for leisurewear and sportswear must be
better than for underwear, and to satisfy the requirements of the highly developed
markets of Western Europe and USA this means stability in machine washing and
tumble drying. One of the most attractive properties of knitted fabrics is their adaptation
to the shape of the wearer. Unfortunately this characteristic also creates problems for
the knitter and the dyer and finisher in that the fabrics may be subjected to tension
and/or distortion in every stage of manufacture and processing, and yet the garments
made from these fabrics are expected to retain their intended shape in subsequent
laundering. This is a common problem for Spanish dye-houses.
From a bibliography review (R. Gordon. The preparation, dyeing and finishing of cotton
knit goods. Nearchimica S.p.A., 2006) in a comparison of 20 gauge cotton interlock
fabrics and 14 gauge 1X1 rib fabrics dyed on winch machines and jet machines, it was
observed that:
 The relaxed weights of the winch and jet dyed fabrics were similar, both lighter
than the corresponding unfinished fabrics by approximately 7%. The reason lies
in a reduction in the number of courses per unit length, and consequently in a
permanent elongation of the fabric. The elongation is greater in all winch dyed
fabrics.
 The jet dyed fabrics were about 5 to 7% wider than the corresponding winch
dyed fabrics. If a winch dyed fabric were therefore finished to a width that
results in a 10% residual shrinkage, a corresponding jet dyed fabric, finished to
the same width, and would shrink only 3 to 5%.
The improvement in stability, combined with the greater facility for automation and
microprocessor control afforded by modern jet and overflow dyeing machines, has
resulted in the change in appearance of the average knit goods dye house we have
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seen in the last 25 years.
A similar comparison of 100% cotton 28 gauge single jersey fabrics dyed to various
shades from white to very dark shades on winch and jet machines showed that weight
per square metre, and courses per 3 cm increase somewhat with increasing depth of
shade, although width shrinkage decreases after scouring. This reveals higher length
shrinkage with darker shades, where the length of the dyeing cycle is markedly longer
than with white or pastel shades.
The conclusion, as every dyer realises without need for too much science, is that a
higher quality fabric will result if the wet processing time can be minimised, whilst at the
same time ensuring that the fabric is well prepared, levelly and reproducibly dyed, and
efficiently washed-off.
Preparation of knitted cotton fabrics. Of course, the production of a top quality fabric
starts with knitting a high quality yarn, but the influence that the dyer can exert on the
quality of the finished fabric begins as soon as the fabric enters the dye house.
Ensuring that the fabric is well prepared involves removal of the natural and man-made
impurities present in the greige fabric. In the case of cotton knitted fabrics, the soil to be
removed comprises only those lubricants used in spinning the yarn, and on the knitting
machine, in addition to the natural impurities of the cotton.

As spinning speeds have increased over the years, and speed and complexity of
knitting machines has increased, so the lubricants used have changed, and every
customer has experience of knitting oils which have been very difficult to remove in
scouring and bleaching.
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Yarn spinning and knitted fabric manufacture has increasingly been resourced from
countries offering lower labour costs, and, in general, these countries have more
tropical climates than the traditional European manufacturing countries. Paraffin waxes
with higher melting points have therefore been used on cotton yarns, making them
more difficult to remove.
The natural fats and waxes found in raw cotton are saturated and unsaturated fatty
acids with carbon chain length C15 to C33, glycerol, and fatty alcohols with carbon
chain length C24 to C34.
Achieving good absorbency necessitates the thorough removal of cotton wax, which is
located mainly in the fibre surface, forming a very thin layer that prevents adequate
wetting of the fibre surface. Finer cottons contain a higher proportion of wax by weight,
the thickness of the wax layer not varying significantly among different cotton types.
The most common method of removing cotton wax uses hot aqueous alkali. It can be
seen from the table above that the melting point of the constituent components of the
wax is up to 92ºC, and therefore aqueous scouring is preferably carried out at a
temperature higher than 90ºC.
It appears, therefore, that although aqueous cotton scouring cannot remove all the
wax, it must remove most of it, leaving a discontinuous film. When caustic soda is used
as the alkali, it is believed that the primary cell wall of the cotton fibre is broken to some
extent, which also assists in the wetting process. When used at concentrations of about
0.7% to 1.5% w/v, at temperatures above the melting point of the cotton wax, some of
the fatty acid part of the wax forms soap with the caustic soda, the esters are
saponified, and the products of the reactions emulsify the remaining constituents of the
wax and help to suspend any impurities.
Caustic soda therefore plays a very important role in cotton preparation. 50 - 63% of
the cotton wax is nonsaponifiable, and therefore the preparation treatment must
employ substances that assist in wetting the textile, emulsification of the fatty
substances removed from the cotton, and in dispersion of other substances, in other
words: a detergent.
After preparation, there are some technical advances in dyeing and printing processes
in textile Spanish industries; some of them are referred below:


Use of non-phthalate textile screen printing inks. These inks print and handle
like conventional high-performance plastisol inks, but are formulated with nonphthalate plasticizers (that contain no orthophthalates). These inks meet major
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U.S. and international regulatory standards for phthalates, metals and other
restricted substances. With many retailers and sportswear companies
demanding more eco-friendly solutions for their garments, this solution is an
ideal, proven solution.


Development and application of the overflow dyeing machine with extremely
low liquor ratio. Some companies are investing in energy-saving and
environmentally-friendly high-temperature dyeing machines, featuring a wellproven application technology and advanced design, helps customers achieve
ecological and economic benefits.



Digital printing for interior design. Trends in decor are constantly changing,
creating a moveable feast for producers of printed graphics and textiles for
decorative applications. Whether for commercial interiors such as offices and
retail spaces, or for individual consumers, constant movements in design call
for interiors to be more adaptable, personal and dynamic than ever before, as
work and living spaces need to change to reflect evolving needs and tastes.
With the economic climate putting pressure on budgets for more structural
improvements, commercial and domestic customers are both looking for cost
effective ways to ensure that interiors reflect their occupants.



Use of “biosynthetic” dyes for cotton and cellulose-based fabrics. E.g.
Earthcolors from Archcroma which are derived from almond shells, saw
palmetto, rosemary leaves, and other natural products. They make use of
agriculture waste products that would otherwise be sent to landfill. They can be
used to provide rich red, brown and green colors to denim and casualwear.



In dyeing, to integrate the different steps to see them as a whole is essential if
we want to optimize results. Development of the IOR process (from Adrasa): 1)
don’t work in any step at temperatures higher than 75ºC; 2) in any case, don’t
go over pH 10 in the bleaching process; 3) Use of special auxiliaries; 4) Apply
the finishing in the dyeing machine. With this procedure it could be obtained:
- Levelled and brilliant dyeing.
- Handle must be natural and soft as much as possible.
- Null pilling formation.
- Minimal weight loss.
- Minimal energy consumption.
- Minimal water consumption.
- Maximal equipment time reduction.
- Maximal indirect costs reduction.
- Minimal environmental impact (Life Cycle Assessment).
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Eco-Friendly Indigo, Sulfur Dyeing processes. There are possibilities for
implementation of new dyeing technologies that improves upon traditional rope
dyeing machinery with the addition of some dyeing vat module (it consists in an
inert environment in which dyestuff diffusion and fixation take place under leuco
conditions using adjustable heat activation and variable timing). The module
also immerses the yarn in the dyestuff and squeezes the yarn to eliminate
excess dyestuff.



Implementation of new dyeing machines. The new developments that are
implemented are said to consolidate highest ecological standards with
technological intelligence to achieve great savings in water and electricity
consumption. For an increased efficiency there are newly designed pump block
system that is said to allow dyeing with an ultra short liquor ratio. Depending on
the carry-over of the material, liquor ratios of 1:3.6 in partially flooded vessels
are performable in practice. Improved rinsing functions allow the reduction of
the after-treatment time by almost one hour.
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5.3. METHODOLOGIES
FOR
FURTHER
DIAGNOSTICS
IN
LOGISTIC
and
DISTRIBUTION NETWORKS.
The following section studies the commercial relationships between Spanish textile
industry and suppliers/customers mainly in EU countries.
General data.
Exports: As the following graph shows, Spain has much closer commercial ties with
France (105,336 M €) its biggest export market, followed by Portugal (49,130 M €).
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Figure 26.- Ranking of the main sectors exported by SPAIN. Source: ICEX (Last data published in 2010,
Million €).
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Países

Imports: Main countries from which Spain imports can be observed: in first place is
China, (207,418 million €), Portugal second (67,647 million €) and France is in ninth
place with imports of 23,512 million €.
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Figure 27.- Ranking of the main sectors exported by SPAIN. Source: ICEX (Last data published in 2010,
Million €).
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1. ANALYSIS OF ROAD FREIGHT.
A deeper look at these countries in terms of the transport of textile products reveals
that in Spain 3,823 million tons of textile products were transported out of a total of
1,711,314 million tons of goods transported, (representing 0.22%), in France 6,697
million tons of textiles were transported from a total of 1,939,465 million tons
(representing 0.35%) and in Portugal 1,169 million tons were transported from a total of
258,976 million tons (data from 2009).
The following table shows the ranking of European textile goods with France being the
country which transports more textiles compared to the other two and all three among
the top 12 European textile-transporting countries.

Figure 28.- Million tons transported. Source: Eurostat (data updated on 27-01-2011)

Analysing each country separately, textile goods transported can be divided into two
branches, defined in the following way: Group 5 (includes hand-made textile articles
and fibres) and Group 23 (includes leather, textile article and apparel). From this point
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on, the two groups will be studied to include the whole range of textile goods. This
reveals that Spain displays negative evolution in terms of the transport of Group 5
textile products by road to France, while the evolution is positive in terms of road
transport to Portugal, which has increased considerably in recent years. By contrast,
there is an increase in the volume of Group 23 goods from Spain to both France and
Portugal, and the trend has remained positive since 1996.
The flow of textile freight on the road network in Spain is between France or Portugal.
In the case of France, the roads which support the greatest traffic flow are the coastal
motorways: the Atlantic motorways A-63/AP8 and the Mediterranean A-9/AP7. Data
also shows that flow along these networks is greater from France to Spain than from
Spain to France. In the case of the following roads; La Seu d’Urgell N.145 and the R.N.
22 La Croisade, data recorded on the French side are lower than those recorded on
the Spanish side.

Irun vers la N.1+A119 R.D. 912 Hendaye
Irun N.1 R.N. 10 Béhobie
Irun A.8 A63 Biriatou pont frontalier
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Somport N.330-a R.N. 134 col du Somport
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Figure 29.- Millions of tons of textile goods transported by road in Spain and France (2007).

In the case of Portugal the most important crossings are Vilar Formoso/Fuentes de
Oñoro, Valença/Tui y Caia/Badajoz. Evolution differs, however: at the frontier between
Valença/Tui particularly from Portugal to Spain.
The following graph from the IMD shows the intensity of tons of goods transported at
the main border crossings between Spain and Portugal, in terms of the exchange of
textile goods, which reaches an annual total of 800 million tons.
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Monte Francisco - Ayamonte
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Figure 30.- Millions of tons of textile goods transported by road between Spain and Portugal (2007).
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2. ANALYSIS OF RAILWAY FREIGHT.
A closer look at these countries in terms of the transport of textile products reveals that
in 2009, between Spain and Portugal there was no rail freight of textiles, while in
France, 6 million tons were transported in the same year. Going back a year to 2008, it
can be seen that in Spain there was a rail freight flow of 2 million tons) but not in
Portugal and Spain.

Figure 31.- Ranking of rail transport of textile goods in main European countries (million tons). Source:
Eurostat (2011).

Given that the flow of textile products transported by rail is not particularly relevant, a
study by Group will not be undertaken and neither will a more in-depth study of freight
by country.
European rail network – Rail Corridors
The European rail network developed independently within each country and only met
national needs and concerns, falling far short of the concept of an integrated network
throughout continental Europe. This aspect has made the development of European or
international rail transport much more complicated owing to the lack of integration and
interoperability within the network. In particular, European rail transport must overcome
the problem of the different gauges, bridge heights, signalling systems and line voltage
in use, among many other aspects.
However, the problems of European rail freight do not end with interoperability, but are
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compounded by other infrastructural limitations such as the length of trains and their
load capacity, which represent a considerable impediment to transport efficiency.
In addition, conventional lines normally operate with mixed traffic – both freight and
passengers – which reduces capacity owing to different train speeds and the fact that,
where conflict arises, precedence is given to passenger traffic, seriously reducing the
levels of service and quality provided for freight.

Gauge

Heights and
clearances

Signalling and
safety systems
Electrical
installation

Slope, turn
radius, length of
lay-bys, etc.
Axle load

The international gauge (1435 mm) predominates throughout
Europe, while in the Iberian Peninsula, the majority of the network
is Iberian gauge (1668 mm) requiring axle changes (or transfer of
goods) at frontier crossings
There is a wide range of heights in use throughout European lines
which conditions the possibilities for freight, directly affecting
efficiency. EU Directive 2006/861/EC defines the different loadings
applied to rolling stock
There is a wide range of signalling and safety systems in use
throughout Europe (up to 24) which complicates uninterrupted
travel and makes rolling stock and staff incompatible between
networks
There are different electricity supplies used throughout Europe,
with the use of DC or AC lines and different voltages making
engines incompatible
In addition to the problems encountered by gauges, there are the
complications represented by different design criteria such as
slopes and turn radius which condition freight transport and
impede uninterrupted travel throughout the European network. The
length of lay-bys for example sets the maximum length for a train
Different axle loadings within Europe range from 16 to 25 t/axle
and hugely affect the possibility and efficiency of rail freigh

Figure 32.- The main characteristics of the rail network which complicate interoperability between
countries Source: European Commission – DG TREN. 2014.

To overcome this situation, an integrated vision of the main European rail freight
corridors is needed which includes a view of its treatment as a single entity in aspects
ranging from the coordination of investment to safety, management and assigning
capacities. One of the main European projects in this regard is the implementation of a
standardised European system of signalling known as the ERTMS (European Rail
Traffic & Management System) in six of the main rail freight corridors.
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Figure 33.- The main European rail freight corridors. Source: European Commission – DG TREN.

Europe has over 20 different signalling systems for rail networks, which are
incompatible with each other and often obsolete. The implementation of a single
standard will be a determining factor for a more competitive rail network. The EC has
designated a coordinator for the implementation of the ERTMS and improvements in
six major freight corridors will be conducted in a programme lasting from 2012-2015.
The six corridors are:
A - Rotterdam-Geneva.
B - Stockholm-Naples.
C - Antwerp-Basel-Lyon.
D - Valencia-Lyon-Ljubljana-Budapest.
E - Dresden-Prague-Budapest.
F - Duisburg-Berlin-Warsaw.
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3. ANALYSIS OF MARITIME/SEA FREIGHT.
As can be seen in the following figure, and in contrast to the modes of transport studied
previously, the volume of goods transported by sea in Spain is the largest of the three
countries.
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Figure 34.- The evolution of maritime transport in Spain, France and Portugal.

As can be seen in the following figures, the greatest volume of freight originates in
Spain, followed by the UK and Holland, with France in fifth place. Most freight leaving
Spanish ports is destined for Italy, the UK and France.
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Figure 35.- Tons transported in Spanish ports for countries with origin or destination in the EU-27 (2008)
(thousands of tons). Source: Puertos del Estado.

In terms of percentages, Spain accounts for 83% and Portugal for 17% of the total
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maritime freight entering the Iberian Peninsula and the rest of Europe. The following
map shows the distribution of traffic in the Iberian Peninsula ports:

Figure 36.- International maritime freight with countries of the EU-27, with origin or destination in the
ports of the Iberian Peninsula (2008). Sources: Portos Nacionais/SIMOPTC and Puertos del Estado.
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4. ANALYSIS OF AIRWAY FREIGHT.
It is important to point out the evolution of air freight over the years. As can be seen,
the volume in tons is lower than that of road freight. France displays a marked
difference in the volume of freight transported, just as in the case of rail and road
freight. Since 2011 Spanish and Portuguese air freight has remained practically
constant while in France it increased gradually until 2007, when a decrease began to
be observed.
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Figure 37.- The evolution of air freight in Spain, France and Portugal
Source: Eurostat (data updated on 27-01-2011).

Summary of the logistic analysis.
France occupies the first place on the leader board of origin/destination countries for its
textile goods and Portugal is second.
The predominant mode of transport is by road with 80% between Portugal and Spain
and 84% between France and Spain. 15% of exchanges between France and Spain
are by sea and 16% between Portugal and Spain. In terms of rail freight, 4% of the total
represents the exchange between Portugal and Spain and 1% between France and
Spain with respect to road and sea freight.
The transport of textile goods was marked by a positive trend until 2007 since when it
has diminished. One possible explanation for this resides in a greater presence of
imports and/or exports of manufactured goods - low-weight goods are expensive –
another could be the increase of imports from countries with lower labour costs.

69
WP5 - IDENTIFICATION TECHNOLOGICAL/ECONOMIC/SOCIAL PROBLEMS

The most worrying data is revealed by rail freight, which was already in decline and this
downward trend has continued over the years.
These conclusions and the trends that can be derived from them invite careful
consideration as to how an attractive proposal can be made for rail transport; a
proposal which is in fact being promoted now through the high-speed rail links under
construction. It would also be of interest to broaden the role of maritime transport in
those cases where circumstances would appear favourable to its efficient integration
into the transport network. This recovery in freight growth is also reflected in overseas
trade figures.
Significant advances have been achieved in the creation of efficient alternatives to road
freight, while rail has seen a freeing-up of the market and rail freight services have
been included within the framework of the Marco Polo Programme, whose principal
objective is to transfer road freight to modes of transport which are more efficient in
terms of associated external costs. With respect to short sea shipping, there are now
more lines, the number of ports connected by short sea shipping routes has increased,
the level of service and its frequency have increased and the speed of container ships
and fleet maintenance have all been improved.
However, despite the efforts made and the goals achieved in terms of regulations and
increased competitiveness in alternatives to road freight, the growth in tonnage
transported by road has not slowed and the progressive transfer of road freight to
alternative modes of transport is not taking place.
The current crisis may alleviate the saturation being experienced in certain
infrastructures and help promote the use of alternatives which may have the effect of
reducing transport costs and as a result, the emission of atmospheric pollution. Once
the phase of changes to market regulation and awareness and publicity campaigns has
advanced sufficiently, the way forward would be to undertake serious and widespread
investment in alternative modes of freight transport which would create a transport
network, linking the main centres of manufacturing and consumerism with ports and
intermodal transport hubs where freight can be loaded onto dedicated freight rail links
to ensure the interoperability of rail corridors.
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5.4. ENVIRONMENTAL ISSUES AND POLICIES.
1. GENERAL ISSUES RELATED TO WATER and AIR
QUALITY IN THE SPANISH TEXTILE INDUSTRY.
Water quality.
Textile industry in Spain is very well-controlled regarding environmental policies and
establishment of discharge limits. Table below shows discharge limits for textile
companies (dyeing/printing/finishing).

Figure 38.- Limit discharge values for textile finishing companies (Source: Ministry of Environment, 2007.
Manual para la gestión de vertidos, pg. 240).

The level of treatment to be applied to waste water depends on the effluent discharge
limits, that is to say – the treated water quality required.


Primary treatment is used to eliminate solids in suspension and floating
material, imposed by the discharge limits, into the receiving medium as well as
to the delivery of the effluent to secondary treatment either directly or by
passing it through a process of homogenisation or neutralisation.



Secondary treatment includes conventional biological treatment. These types of
processes use reactions associated with living organisms. The organic material
is eliminated from the water through the action of microorganisms which use it
as a source of nutrients to produce cellular material as well as to obtain the
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energy necessary for respiration.


Tertiary treatment, the main objective is the elimination of contaminants which
have not been processed or eliminated through biological or conventional
chemical treatments. Other additional techniques are required to reduce
concentrations of:
- Electrolytes.
- Metals.
- Material in suspension.
- Colour.
- Toxicity

The application of tertiary refining treatments means that good-quality water can only
be obtained efficiently when the biological treatment is functioning correctly and most of
the contaminants have already been eliminated.
Air quality.
Regulations on atmospheric emissions were based, until 2007, on Spanish Law
38/1972, dated the 22nd of December, on atmospheric environmental protection and
which included a general framework for the control of air quality and for the regulation
of sources of emissions. While it was designed for a different administrative
organisation than that which currently exists, the main measurements for the control
and prevention of atmospheric pollution are contained within it and the regulations
which it formed (Royal Decree 833/1975, dated the 6th of February and the Ordinance
dated the 18th of October 1976). After 2007, Spanish Law 34/2007, dated 15th of
November, on Air Quality and Atmospheric Protection completely revised the regulation
as regards facilities subject to the IPPC.
In respect of air quality, the task of updating the regulations can be considered to be
practically completed with the publication of Royal Decree 102/2011, dated the 28th of
January which completely replaces all the previous related European Directives. While
a European-wide revision of air quality policies has been initiated, which is expected to
end in 2013, the framework of standards covered by Spanish Law 34/2007 and Royal
Decree 102/2011 can be considered to be fully updated and renewed.
ROYAL DECREE 117/2003 dated the 31st of January 2003, relates to the limitation of
emissions of volatile organic compounds owing to the use of solvents in particular
activities. Among the obligations contained in the Decree, the following are of particular
interest:
 Check compliance with limits with Administration annually by presenting a
Solvent Management Plan.
 Communicate directly to Administration any case of exceeded limits and
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suspend immediately the operation of the offending installation if there is an
imminent risk to public health.
Comply with the specific emission values for VOCs listed as R45, R46, R49,
R60, R61 and those listed as R40 (halogenates).
Reduce VOC emissions by complying with the limits per confined source and
the limits for escaping emissions stated in annex IIA, or by a reduction system
as stated in annex III.
Perform continuous and/or periodic monitoring of emissions except in exempt
cases.
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2. INDUSTRIAL WASTER WATER TREATMENT.
In Spain, the strategic lines of water policy are based on the fundamental objective of
having a high quality water supply with sufficient quantity within the entire national
territory, taking into account the entire water cycle that contributes to ecosystem
maintenance.
In order to achieve these goals a number of actions are deemed necessary, including
investment in supply, sewerage and purification infrastructure, as well as the approval
of the National Water Reuse Plan.
The implementation of EU legislation has been made through:
ROYAL DECREE-LAW 17/2012, of 4 May, on Urgent Environmental Measures,
modifies the consolidated text of the Water Law and introduces a series of measures in
order to achieve more appropriate water use through efficient, coordinated
management in which the guiding principle is unified water basin management. Among
other aspects, it regulates groundwater bodies and their good condition.
On this basis, during 2012, river basin management plans for river basin districts, have
continued to be drawn up, being the basic instruments for a National Water plan that
guarantees both high quality and quantity of supply. As of now, 10 river basin
management plans have been approved by Royal Decrees (four in 2012 and six in
2013).
ROYAL LEGISLATIVE DECREE 1/2001 which approves the rewritten text of the Water
Law and its subsequent amendments govern. This directive entrusted the Goverment
the establishment through royal decree, heared the autonomous communities, the
territorial field of river basin districts adding, moreover, that this one will be the same in
the master water plan. Its main aim is the regulation and protection of the water uses in
the public hidraulic domain preventing deterioration and water pollution. It is
established that surface fresh water and renewable groundwater are a unitary resource
wich is part of the state public domain as public water.
The Royal Decree 1/2001 of 20 July, approving the revised text of the Water Law and
ROYAL DECREE 849/1986 of 11 april, (amenmed by RD 606/2003 of May 23 and RD
9/2008 of January 11), which approves the Regulation of the Public Water, dictate that
inland water channels and natural streams, lakes, ponds belong to the public water.
Permits for discharge into state-owned hydrological resources will establish, among
other aspects, quantitative and qualitative discharge limits which must not exceed the
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values shown in Column 1 of the (State-Owned Hydrological Resources) reproduced in
Table below, although normally, values in column 2 or column 3 are authorised, as well
as even more rigorous levels.

Parametres (Units)

Limit Values
Table 1

pH

Table 2 Table 3
Between 5,5 to 9,5

M.O.M

Suspension solids (mg/l)

300

150

80

500

Settleable matter (ml/l)

2

1

0,5

15

Thick solids

none

none

none

none

B.O.D.5 (mg/l)

300

60

40

500

C.O.D. (mg/l)

500

200

160

1000

Temperature (° C)
Colour

3°
3°
3°
Inappreciable in solution:

40

1/40

1/30

1/20

1/40

Aluminium (mg/l)

2

1

1

10

Arsenic (mg/l)
Barium (mg/l)

1,0
20

0,5
20

0,5
20

1
20

Boron (mg/l)

10

5

2

3

Cadmium (mg/l)

0,5

0,2

0,1

0,5

Chrome III ((mg/l)

4

3

2

2

Chrome VI (mg/l)

0,5

0,2

0,2

0,5

Iron (mg/i)

10

3

2

5

Manganese (mg/l)

10

3

2

5

Níckel (mg/l)

10

3

2

5

Mercury (mg/l)

0,1

0,05

0,05

0,1

Lead (mg/l)

0,5

0,2

0,2

1

Selenium (mg/l)

0,1

0,03

0,03

0,5

Tin (mg/l)
Copper (mg/l)

10
10

10
0,5

10
0,2

5
1

Zinc (mg/l)

20

10

3

5

Cianures (mg/l)

1

0,5

0,5

0,5

Chlorides (mg/l)

2.000

2.000

2.000

800

Sulphides (mg/l)

2

1

1

2

Sulfites (mg/l)

2

1

1

2

Sulfates (mg/l)

2.000

2.000

2.000

1000

Fluorides (mg/l)

12

8

6

12

Total phosphorous (mg/l)

20

20

10

15
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Idem

0,5

0,5

0,5

---

Ammonia (mg/l)

50

50

15

25

Nítric Nitrogen (mg/l)

20

12

10

20

Oils and fats (mg/l)

40

25

20

100

Phenols (mg/l)

1

0,5

0,5

2

Aldehídes (mg/l) .

2

1

1

2

Detergents(mg/l)

6

3

2

6

Pesticides (mg/l)

0,05

0,05

0,05

0,1

Figure 39.- Table showing the minimum typical parameters which must be considered when estimating
treatment to discharges to state-owned hydraulic resources. M.O.M: Municipal Ordinance Model.

In Chapter II of Royal Decree 849/1986, the Dumping Tax with which aggravate
authorized discharges and is intended for the protection and improvement of the
receiver is also set.
MAIN POLLUANTS IN WASTE WATERS FROM SPANISH TEXTILE INDUSTRY
The Spanish textile industry is composed of a wide number of subsectors, covering the
entire production cycle from the production of raw materials (man-made fibres) to semiprocessed (yarn, woven and knitted fabrics with their finishing processes) and final
products (carpets, home textiles, clothing and industrial use textiles). However, the
main sub-sector to be considered in this section will be the finishing (which includes
pretreatment, printing, dyeing, coating, washing and drying processes). This is the
textile sub-sector that generates the wastewater.
The “finishing processes” represents the core of the applied techniques. They can take
place at different stages of the production process; the sequence of treatments is very
variable and depends on the requirements of the final user. Textile finishing cannot be
defined as a standard sequence of treatments. The aim of textile finishing is giving
visual, physical and aesthetic properties to fabrics which is what consumers demand.
Nowadays, between 100 and 200 liters of water are necessary to dye and finish 1 Kg of
textile material, depending of the process equipment and facilities. On the other hand,
for printing, a lot of water is necessary to wash and rinse the cylinders and tools. This
kind of water can be up to 80% of total consumes in textile processes.
The wastewater generated by the textile industry, characterized by its versatility in
features and composition relates:
 Great variability of flow and pollutant load
 Pollution mainly organic
 They does not contain toxic chemicals
 They are colored.
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Pollution in soluble form
Double the urban wastewater organic load
They are deficient in nutrients.

The most common treatments in textile industry in Spain are the following:
 Bar screens for thick wastes
 Bar screens for thin wastes,
 Homogenizer Tank and pH regulation,
 Biological treatment in suspended growth processes,
 Decantation phase,
 Sludge treatment.
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3. PREVENTION OF
INSTALLATIONS.

LEGIONELLA

IN

HIGH

RISK

GENERAL ISSUES
Legionella bacteria are found in natural aquatic environments in general, and more
frequently in these environments in warm countries, as is the case in the
Mediterranean. Some of these waters are used as a source for drinking water in cities,
which means that the bacteria is removed from its natural habitat and forms part of the
water in pipes and distribution systems. It is frequently found in public water supplies
as well as irrigation water and even, if not eliminated beforehand, in hospital water
supplies and any systems reliant on water that can produce aerosols or transfer a
mass of water within an air current (equipment catalogued as at-risk for the Legionella
bacteria). Apart from all of this, the bacteria reproduces easily, if given the right
conditions which obviates the difficulties in its control and the reason why it has been
elevated to the category of public health risk of an environmental origin.
The best way of combating legionelosis is by avoiding the proliferation of the bacteria in
warm water reserves and also of avoiding conditions in which the adequate
mechanisms of producing aerosols which favour the spread of the bacteria can
become established. However, there are large installations whose very purpose is to
do just that. They are vital in certain parts of the textile process where humidity must be
maintained and controlled:
 Cooling Towers
 Conditioning Systems
LAWS AND REGULATIONS
The World Health Organization (WHO) currently provides guidance on Legionella risk
assessment and management in three principal documents (Source: World Health
Organisation. Epidemiology, Prevention and Control of Legionellosis; Memorandum
from a WHO meeting. Bulletin of the World Health Organisation, 1990; 68: 155-64):
 Guidelines for Drinking-water Quality (WHO, 2008)
 Guidelines for Safe Recreational Water Environments (WHO, 2006)
 Guide to Ship Sanitation (WHO, 2007).
Regarding this issue and according to the World Health Organization (WHO), many
countries have developed guidelines or regulations for the control of Legionella in water
systems and for the prevention of legionellosis. Guidelines are advisory, whereas
regulations and codes of practice have a more formal standing and are supported by
legislative enforcement (including, in the case of regulations, specific information on
managerial responsibility and operator competency).
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In this sense, the WHO recommends that regulations for control of Legionella should
be framed within a preventive risk management approach based on the premise that it
is far better to prevent hazardous situations occurring than to wait until they occur and
then take remedial action.
The specific law in Spain.
Up until now, Public Administration has imposed hypochloration of the water used in atrisk installations as the chosen method of combating the appearance of an outbreak of
Legionelosis (adding bleach to the water in the refrigerators and humidifiers in an
attempt to disinfect the water).
The social, technical and health concerns that the continued outbreaks of Legionella
have raised in Spain during recent years has forced a rethink on the health and
technical requirements that at-risk installations must meet and the preventative
measures that must be in force.
Spain has had increasingly stringent Legionella legislation since 2001. National
legislation was issued by the Ministry of the Public Health as of 2001 and amended in
2003. This regulation is focused on the prevention and control of Legionellosis. The
current legislation issued in July 2003:
ROYAL DECREE 865/2003, dated 4th of July which establishes the criteria for the
prevention and control of legionelosis. [BOE no.171]. This decree revokes 909/2001
and calls for:
 Mandatory training for all contractors and operators. There are no official
inspections and the owner should have a maintenance programme in place.
 Regional registration and penalties exist for non-registration. The owners are
responsible for informing the authority.
 Limits on permissible Legionella concentrations. Microbiological monitoring is
monthly for colony counts and every three months for Legionella.
 Bi-Annual Cooling Tower Cleans.
 Analytical techniques for measuring biocide in the system.
 Registered biocides for use in Cooling tower
 Operation and disinfection.
 Domestic water system operation.
DECREE 173/2000 dated 5th of December, from the Valencian Regional Government,
which establishes the criteria that must be met by equipment that produces aerosols of
water droplets, to prevent legionelosis (Source: DOGV – no. 3.893).
COMBINED ORDER dated the 22nd of February 2001, from the Environmental and
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Health Ministries which approves the protocols on cleaning and disinfection of
equipment that produces aerosols of water droplets, to prevent legionelosis. (DOGV
no. 3.948 dated 27.02.2001).
DECREE 201/2002, dated 10 December, from the Generalitat, which establishes
special measures to deal with outbreaks of environmental legionelosis within the
Valencia region. (2002/Q13869).
The preventative measures are aimed at reducing considerable the risk factors and
avoiding at source the conditions which favour colonisation, multiplication and
dispersion of the Legionella bacteria; factors such as temperature, standing water, the
accumulation of material that leads to the formation of a bio mass and the lack of a
biocide in the environment. However, it must be pointed out that there are
fundamentally two reasons why it is difficult to have effective prevention and control
measures in place:
 Legionella is ubiquitous in the environment making its eradication an illusion to
all intents and purposes.
 The bacteria are more resistant than other types of microorganisms to the
habitual chemical and physical control methods used.
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4. ATMOSPHERE POLLUTANTS AND POLICIES.
Regulations on atmospheric emissions were based, until 2007, on Spanish Law
38/1972, dated the 22nd of December, on atmospheric environmental protection and
which included a general framework for the control of air quality and for the regulation
of sources of emissions. While it was designed for a different administrative
organisation than that which currently exists, the main measurements for the control
and prevention of atmospheric pollution are contained within it and the regulations
which it formed (Royal Decree 833/1975, dated the 6th of February and the Ordinance
dated the 18th of October 1976). After 2007, Spanish Law 34/2007, dated 15th of
November, on Air Quality and Atmospheric Protection completely revised the regulation
as regards facilities subject to the IPPC.
In respect of air quality, the task of updating the regulations can be considered to be
practically completed with the publication of Royal Decree 102/2011, dated the 28th of
January which completely replaces all the previous related European Directives. While
a European-wide revision of air quality policies has been initiated, which is expected to
end in 2013, the framework of standards covered by Spanish Law 34/2007 and Royal
Decree 102/2011 can be considered to be fully updated and renewed.
ROYAL DECREE 117/2003 dated the 31st of January 2003, relates to the limitation of
emissions of volatile organic compounds owing to the use of solvents in particular
activities. Among the obligations contained in the Decree, the following are of particular
interest:
 Check compliance with limits with Administration annually by presenting a
Solvent Management Plan.
 Communicate directly to Administration any case of exceeded limits and
suspend immediately the operation of the offending installation if there is an
imminent risk to public health.
 Comply with the specific emission values for VOCs listed as R45, R46, R49,
R60, R61 and those listed as R40 (halogenates).
 Reduce VOC emissions by complying with the limits per confined source and
the limits for escaping emissions stated in annex IIA, or by a reduction system
as stated in annex III.
 Perform continuous and/or periodic monitoring of emissions except in exempt
cases.
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5. SOLID WASTES AND CLASSIFICATION/MANAGEMENT.
GENERAL ISSUES
The textile industry is composed of a wide number of subsectors, covering the entire
production cycle from the production of raw materials (man-made fibres) to semiprocessed (yarn, woven and knitted fabrics with their finishing processes) and final
products (carpets, home textiles, clothing and industrial use textiles). The main subsector to be considered will be the finishing (includes pretreatment, printing, dyeing,
coating, washing and drying). It is the sub-sector that generates most wastes in
quantity and in diversity compared with the other sub-sectors; spinning and weaving
(usually includes clothing).
This textile sector presents following characteristics:
 Raw material comes from different companies and it is very difficult to know
what kind of chemical products have been used in previous treatments.
 Large assortment of materials and processes.
 Manipulation of large assortment of dyes and auxiliary products.
 The processes are changing very quickly along the time.
 The production batches are lower and lower.
 Most of the processes need high quality water and sometimes the water has to
be treated.
WASTES CLASSIFICATION ACCORDING TO LEGISLATION
A classification is established with main wastes that come from textile processes:
Dangerous nature packaging wastes: coming from the exhaustion of the chemical
auxiliaries having dyes, laboratory chemical products, etc. (Law 10/98 of wastes, Law
11/97 of packaging and their wastes and Law 833/88 regarding dangerous wastes.).
 Paper packaging wastes (boxes, bags, cardboard)
 Plastic packaging wastes (bags, cones, containers, pallets, fabrics)
 Metallic (wires, needles, scrap, packaging)
Non dangerous packaging wastes: coming from the packaging of raw textile material of
different nature. (Law 10/98 of wastes, Law 11/97 of packaging and their wastes).
 Paper packaging wastes (boxes, bags, cardboard).
 Plastic packaging wastes (bags, cones, containers, pallets, fabrics)
 Metallic (wires, needles, scrap, packaging)
 Wooden packaging (pallets)
Non dangerous wastes: (Law 10/98 of wastes).
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Textile wastes (retained on equipment filters, raw material and fibres, yarn,
woven, knitted, cut-offs, fly fibre and threads, selvages, defective items).
Sludge for water treatment.
Printing toners.

Dangerous wastes: (Law 10/98 of wastes and Law 833/88 regarding dangerous
wastes)
 Grease and oil impregnated rags
 Used oils
 Fluorescent tubes
 Accidental leaks over sepiolite substratums
 Contaminated textile wastes with chemicals
 Solvent wastes
 Waste of electric and electronic equipment (with metals)
 Batteries (equipment and transport vehicles).
 Chemical wastes, dyes, print pastes.
Otherwise, it is included in table below, the European Waste Code from the European
Waste List (EWC).
Classification

Waste
European waste code (EWC)
Paper packaging wastes.
15 01 01
Plastic
packaging
wastes.
15 01 02
Non dangerous packaging
wastes
Wooden packaging wastes.
15 01 03
Metallic packaging wastes.
15 01 04
Paper packaging wastes.
15 01 10
Dangerous
nature Plastic packaging wastes.
15 01 10
packaging wastes
Metallic packaging wastes.
15 01 11
Textile wastes.
04 02 22
Sludge for water treatment.
Non dangerous wastes
04 02 20
Printing toners.
08 03 18
Grease and oil impregnated
15 02 02
rags.
Used oils.
13 02 00
Fluorescent tubes.
20 01 21
Accidental leaks over sepiolite
15 02 02
substratums.
Dangerous wastes
Contaminated textile wastes
15 02 02
with chemicals.
Solvent wastes.
04 02 14
Waste
of
electric
and
electronic equipment (with
16 02 13
metals).
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Batteries.
Chemical wastes, dyes, print
pastes.

16 06 01-03
04 02 16

Figure 40.- Table with classification according to the European waste codes (EWC).
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6. ALTERNATIVE AND INNOVATIVE SYSTEMS FOR
TREATMENT OF WATER, MINIMIZATION OF WASTES AND
REDUCTION OF POLLUTION
WATER
Firstly, the most important question is the water itself which must be regarded as a
scarce resource which must be consumed in the most efficient manner possible,
avoiding as far as possible, inefficient or wasteful consumption practices.
Social and economic trends indicate that the demand for high-quality water increases
as a direct consequence of social growth in ever more-industrialised countries with
greater environmental awareness. Growth in demand, coupled with the foreseeable
scarcity of the resource and imbalance in supply due to climatic change,
overpopulation or massive migration will lead governments to demand that industry
becomes more deeply involved in the battle for sustainable water use: one weapon in
the armoury could be a progressive rise in water prices.
According to the EU (Source: Water Saving Potential, Part 1–Report,
ENV.D.2/ETU/2007/0001r), textile industry has a potential for water savings which vary
between 30-70%, depending on the sector being considered, the process being studied
and savings measures applied, and Spain has the greatest potential for savings (IWA
Publishing, Hochstrat et al. 2005). It is predicted that water consumption in
manufacturing will remain at around 24 % until 2030, even factoring-in increased
efficiency in water consumption.
There are some textile-based industrial estates which reuse purified water from urban
waste water treatment plants in their productive processes. The treatment plants
include a tertiary treatment which purifies part of the water which is then pumped back
into the system for recycling in textile manufacturing processes. Storage tanks for this
recycled water are built on land which has been granted by the factory owners
occupying premises on the industrial estate.
Tertiary treatment comprises the following treatment stages:
 Decolouration/Flocculation: the elimination of dye by flocculation.
 Multi-layer filtration: filters of sand and anthracite which are cleaned every 12
hours. The resulting sludge is pumped into the first stage of the purification
process.
 Oxygenation: this is performed by diffusors to help the microorganisms present
perform bio filtration.
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Carbon filters: activated carbon filters act as a support for the biomass. They
must be changed every five years, although ours have not been changed for
nine because the water quality obtained from the installation is of sufficient
quality for 95% of its users: filters are cleaned on a weekly basis.
Chlorination: eliminates small bacterial load which may be present.

The uses which the textile industry puts recycled water to depend on its quality,
balancing the percentage of recycled water used in combination with virgin water from
the water supply:
 Water quality 1: best quality water for dyeing processes.
 Water quality 2: lower quality water for preparation processes particularly:
scouring, desizing (except with polyacrylates), mercerising, carbonising and
whitening, and water for initial washing.
 Water quality 3: water used to wash machines and molds.
Parameters
Water quality 1
Water quality 2
Water quality 3
TSS (mg/L)
1–2
1–2
< 10
Hardness (ºF)
< 6 ºF
< 6 ºF
6ºF
2,000 – 2,500
2,000 – 2,500
2,500-3,000
Conductivity (S/cm)
COD (mgO2/L)
< 50
< 100
< 300
Turbidity (NTU)
<1
<1
<1
Colour (mg Pt-Co/L)
< 15
< 100
< 100
Tensioactive agents
Not detected
No influence
No influence
Oils and grease
Not detected
No influence
No influence
Iron (mg/L)
< 0,3
< 0,3
No influence
Manganese (mg/L)
< 0,3
< 0,3
No influence
Figure 41.- Table with quality of treated waste water, for re-introduction into textile processes.

The quality of output water after the above treatments varies depending on the
company but below is a table showing average values:
Parameters
TSS (mg/L)
pH (u pH)
Hardness (ºF)
Conductivity (S/cm)
COD (mg/L)
Turbidity (NTU)
Colour (mg Pt-Co/L)

Water leaving the textile
WWTP
120
8.02
38
3500
350
35
200

Figure 42.- Table with average values for the contaminant load of wastewater discharge after treatment
by manufacturers (WWTP: wastewater treatment plant).

Water quality from the municipal wastewater treatment plant is of much higher quality
so it can be recycled directly into the textile manufacturing chain (having been
decalcified) and into the firefighting system. The following table shows water quality
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supplied by the municipal WWTP with tertiary treatment:
Parameters
pH
Material in suspension (mg/L)
Conductivity (S/cm)
Turbidity (f.t.u.)
COD5 (mg/L)
Total hardness (ºF)
Chloride (mg/L)
Ammonia nitrogen (mg/L)
Nitrates (mg/L)
COD (mg/L)

Average values
7.6
8-10
1,200-2,000
3
15-20
27.8
249
3.14
2.4
50

Figure 43.- Table with average values for the contaminant load of wastewater discharged into public
watercourses after treatment by the municipal WWTP (Source: OPTIMIZACIÓN DE LOS NIVELES DE
CONTAMINACIÓN DEL AGUA PROCEDENTE DE LOS PROCESOS TEXTILES. Programa de
Fomento de la Investigación Técnica. AITEX Project, 2002).

MINIMIZATION OF WASTES AND REDUCTION OF POLLUTION
Spanish textile industry, sometimes supported by researching institutes and entities like
AITEX, has adopted some good practices, some actions focused to reduction of the
environmental pollution and substitution of chemicals or new/emerging technologies.
Here are some of them:
Good Management Environmental Practices
 Staff education and training. Creating an environmental chain, based on the
appropriate education and environmental awareness of all of the employees,
supported by existing practices and procedures.
 Improving the quality and quantity of chemicals used, including regular revision
and maintenance of recipes, equipment and systems for automated control of
process parameters.
 Optimising and reducing water consumption: reusing and recycling water.
 Optimising and reducing energy consumption.
 Reducing packaging. Using higher volume and reusable packaging, whenever
possible. This kind of specifications should be implemented and checked before
the acquisition of consumable products and/or machinery.
 Evaluation of the work flow with flowcharts and mass balances.
 Implementation of efficient stock management, avoiding old chemical waste
products, which are difficult and expensive to treat, or other consumable
products. Reduction of the variability of used products could also contribute for
less wastes production.
 "Zero wastes" concept. Introduction of waste minimisation in the conception and
development of new products. Looking to the life-cycle of the product and using
the friendliest environmental substances and materials.
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Production management by colour. Good production management during the
day or week, starting from light colours to darker ones. For instance in dyeing
process by this procedure, less washing machine requirements are necessary
between different batch processes, allowing water saving.
Monitorization and control of wastes. Implementation of internal procedures for
wastes monitorization and control. Records of produced wastes origin process
and quantity could be created, allowing data analysis and the implementation of
minimisation actions.

Selection and Substitution of Chemicals used
 Substitution of conventional surfactants with high toxicity (e.g. Polyaromatic
hydrocarbons APEO, NPE) by biodegradable or bioeliminable surfactants.
 Substitution of complexing agents by biodegradable or bioeliminable
compounds that do not contain Nitrogen or Phosphor in their molecules.
 Replaced conventional printing paste with less harmful compounds, based in
polyacrylic ácid or polyethilenglycol.
 Substitution of conventional antifoaming agents by mineral-oil free products, like
more bioeliminable silicones.
 Substitution of sodium hypochlorite by Hydrogen peroxide in bleaching
processes, in order to reduce AOX.
 Substitution of carriers. Conventional active substances based on chlorinated
aromatic compounds can be replaced with less harmful compounds such as
benzylbenzoato and N-alkylphthalimide.
 Substitution of conventional dispersing agents by optimised products based on
fatty acid esters or mixtures of modified aromatic sulphonic acids, which are
more bioeliminable agents.
 Substitution of conventional sulphur dyestuffs by new dyestuffs that are free of
sulphurs and polysulphurs.
 Used peroxides to oxide sulphur dyestuffs in order to reduce AOX.
 Selection new reactive dyestuffs, that can provide very good levels of fastness.
 Substitution of conventional rinsing by enzimatic treatment, dying with reactive
dyes.
 Substitution of chrome salts in wool dyeing by other agents: bromeacrylamide
or pre-methalised dyes.
 Avoid the use of detergents and complexing agents in the rinsing with hot
rinsing.
 Selection of textile dyes according to their wastewater relevance.
 Substitution of mineral oils, lubricants and knitting oils by alternative compounds
with high level of biodegradability or at least bioeliminability and hydrosoluble.
 Using organic coagulants instead of inorganic ones like aluminium sulphate,
usually reduces the amount of sludge produced in wastewater treatment plants.
The sludge’s characteristics usually enable its agricultural value.
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Pigment printing pastes with optimised environmental performance.

Minimisation of Resources and Subproducts Recycling
 Minimising the printing’s volume paste supply system (e.g. Diameters of pipes
and squeegees), has major effects in reducing printing paste losses in rotaryscreen printing.
 Recovering and recycling residual printing pastes.
 Recoving and re-using residual printing pastes. (e.g. Making isolation panels for
building materials)
 Covering scoured bath in order to avoid heat leaking.
 Recovering and re-using anhydrous grease from raw wool scour with
decantation equipments and hydro-extractors.
 Reusing rinse water for the next dyeing or reconstitution and reusing the dye
bath when allowed by technical considerations.
 Waste water neutralisation pH treatment with fumes gases from co-generation
boiler.
 Glycol re-used in the production of polyester and polyamide.
 Recovering and reusing bath desizing with enzymes.
 Reducing water consumption in cleaning operations of printing equipments
(e.g.: "start/stop control of cleaning of the print belt", "reusing of the cleanest
part of the rinsing water from the squeegees, screens and buckets", "reusing
the rinsing water from cleaning of the printing belt").
 Reducing energy consumption (e.g.: "heat-insulation of pipes, valves, tanks and
machines", "segregation of hot and cold wastewater streams and recovery of
heat from the hot stream").
 Disposal of biological textile sludge to agricultural land.
 Combining tertiary treatments with membrane techniques for recycling
wastewater.
 Energetic value of cotton waste. Burning of cotton waste mixed with wood in
boiling equipment, taking advantage of high calorific value of cotton (18 - 21
KJ/g). Reduction of energy consumption and the amount of waste to be stored
on landfills. Increase on air emissions. Constraint: the existence of boilers that
burn wood.
 Short fibres value. Reuse of short fibres wastes to produce thicker yarns where
the length of the fibre is not an important issue.
 NaOH recuperation from washing stages. Effluents from washing steps after
mercerization, with 5% of NaOH content, could be evaporated up to
concentrations of about 25-45%. Multi-effect evaporators could be used,
increasing process efficiency and decreasing energy consumption when
compared to normal evaporating systems. Micro filters for NaOH cleaning and
store tanks should be introduced as auxiliary equipment.
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Equipment and New Technologies
 Installing automated dosing and dispensing systems which measure the exact
amount of chemicals and auxiliaries required.
 Combine desizing, scouring and bleaching in one single step for cotton woven
fabrics and its blends with synthetic fibres. New auxiliaries, formulations,
automatic dosing and steamers allow the "Flash Steam", procedure with
telescopes desizing, alkaline cracking and pad-steam peroxide bleaching into a
single step.
 Introduce enzymatic catalysed processes. Pectinases have shown promise in
replacing the traditional alkaline scouring treatment. Enzymes make the
substrate more hydrophilic, which could explain more bleachability. Amylases
and amyglucosilases for desizing treatments. Enzyme washing, using of
enzyme in textile washing steps instead of conventional processes with other
chemical products, reducing the number of process washing steps.
 Using "easy care" treatment, formaldehyde-free or formaldehyde-poor (< 0,1%
formaldehyde content in the formulation) cross-linking agents in the textile
industry.
 Substituting overflow-flood rinsing method in favour of drain and fill.
 Printing with digital techniques. In digital printing the selected dyes are dosed
on-demand, based on computed requirements. This avoids printing paste
wastes.
 Use of liposomes as auxiliaries in wool dyeing with acid dystuffs which would
allow good dye bath exhaustion at 80ºC and 40 minutes. Advantages: lower
superficial damage of wool fibre, energy saving, no electrolyte use and lower
COD load in the wastewater.
 Dyeing processes using equipments fitted with automatic controllers of volume
filling, temperature and other dyeing cycle parameters, indirect heating and
cooling systems, hoods and doors to diminishing vapour losses.
 Introduce wastewater treatments to reduce the contaminated load, using mainly
biological treatment.
 Simultaneous twist and cord formation. Specific equipment for cord production
that allows two operations at the same time, using a tension regulator. Fewer
operations are needed to obtain the cord, reducing textile wastes from the
intermediate processes. Reduction of waste production, energy consumption
and production time. Usually used for technical textiles.
 Biological denim washing for reducing stone wastes. Using biological systems
(enzymes) instead of stones to produce special finishing effects on fabrics. The
enzymes destroy fibre-dye bonds and allow fibre white colour to become visible,
conferring numerous special effects.
 Use CAD/CAM system on clothing, allowing plan cut optimisation and textile
wastes reduction. Reduction of textile wastes and production time. Increasing of
energy consumption.
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Using ozone systems for waste water colour removal instead of coagulation
/floculation in waste water plants, reduces the amount of produced sludge.
Increasing oxygen consumption and energy. Constraint: some dyes are ozone
resistant.
Plasma technology: Change of fibre wettability (hydrophilic, hydrophobic,
increase in dyestuff affinity properties); anti-felt finishing in wool.

Some AITEX Projects in these fields were (or are being currently developed):
 Fototex
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dsp
Page&n_proj_id=2294&docType=pdf
 Aquatex
http://www.emwis.org/initiatives/fol060732/proj859599
 Resitex
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dsp
Page&n_proj_id=2893
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dsp
Page&n_proj_id=2893&docType=pdf
 Noisefreetex
http://noisefreetex.aitex.net/
 INPAT
http://inpat.aitex.net/overview
http://ec.europa.eu/environment/eco-innovation/projects/sites/eco-innovationprojects/files/projects/documents/fl_-_inpat.pdf
 Seamatter
http://www.seamatter.com/
 Wool4build
http://ec.europa.eu/environment/eco-innovation/projects/sites/eco-innovationprojects/files/projects/documents/vb_-_wool4build_project_information_sheet.pdf
http://ec.europa.eu/environment/eco-innovation/projects/en/projects/wool4build
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5.5. STUDY OF EDUCATION, TRAINING AND
TECHNOLOGICAL ENTITIES SPECIALIZED IN
TEXTILE FIELD.
Table below summarizes the main entities, R&D and educational centres in Spain in
relation with textiles:

UNIVERSITIES

INFORMATION

Department of Textile and
Paper Engineering
(DITEXPA).
UPV

Main data

http://www.upv.es/entidades/DITP/

Department of Textile and
Paper Engineering
(DETIP).
UPC

http://www.detip.upc.edu/ Obre en
finestra nova

R&D Groups: 4 (2014)
R&D projects: 8
(2009/2014)

Department of Textile and
Chemistry Engineering.
USAL

http://www.usal.es/~ingquimica/

n/a

INFORMATION

CENTERS

Researchers: 22 (2014)
R&D Groups: 3 (2014)
R&D lines: 8 (2008)

Main data
R&D projects: 121 (2013)
R&D EU projects: 19 (2013)
Researchers: +40 (2014)

Textile Technological
Center

http://www.aitex.es/

Leitat Technological
Center

http://leitat.org/

R&D projects: 172 (2013)
Flagged projects: 7 (2013)

Gaiker Technological
center

http://www.gaiker.es/

R&D projects: 115 (2014)
R&D EU projects: 11 (2014)
R&D lines: 10 (2014)

92
WP5 - IDENTIFICATION TECHNOLOGICAL/ECONOMIC/SOCIAL PROBLEMS

CENTRE D'INNOVACIÓ
TECNOLÒGICA CTF

CETEMMSA

www.ctf.upc.edu

n/a

cetemmsa.com

R&D lines: 7 (2014)

These are the most important stakeholders on textile field in Spain taking into account
specific issues like textile technology, technical textiles, innovation services, quality
control services or training for companies and textile workers.
Cooperation programmes are usual in most of them, mainly at EU-28 level. For
example, AITEX applied for no less than 10 Joint R+D programmes (regional: IVACE,
GAITEK; national: INNOEMPRESA, CDTI, CDTI/CENIT, CDTI/EEA Grants,
INNPACTO; European: FP7, CIP-ECOINNOVATION, ENPI CBC MED, LIFE+…).
A list of R&D large projects (in national and international programmes) developed -or
being developed by AITEX- is shown below:
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Movement of researchers across EU-countries is generally promoted by the Spanish
textile entities (e.g. ERASMUS programme, or signed agreements between specific
partners for interchanging researchers). Not so common is the possibility of movement
to mid-east countries or EU/Mediterranean countries (northern/southern basin), but
opportunities like SUSTEXNET and creation of new linkages and partnerships with
entities and countries like Tunisia, Egypt, Jordanian, Greece, Italy, Spain, Croatia…
can encourage this issue.
Talking about AITEX specifically, collaboration and exchange with Latin American
countries is very important. Colombia is the most important country in relation with it,
with some training actions developed by AITEX researchers in this country (2014) and
some Colombian researchers doing some training actions in Spain/AITEX (2013 2014). To share the same language pushes the promotion of this kind of actions.
In fact, also the close collaboration between the Polytechnic University of Valencia
(UPV) and AITEX has promoted this kind of actions: In 2013 AITEX worked closely
with the UPV - Alcoi to launch an own degree. The diploma opened on the 27th of
September 2013 and was based on a mix of attendance and distance learning. The online content was presented by the University on Friday and Saturday through video
conferencing and was designed to engage the student fully. The attendance portion
was completed at AITEX's facilities where the student got hands-on experience with
the latest advances in textiles. Strong demand in Latin America led AITEX and the UPV
to organise a similar course there too, where students can work and study at the same
time.
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A.5.1.
METHODOLOGIES
FOR
FURTHER
SPINNING/WEAVING/knitting PROCESSES.

DIAGNOSTICS

IN

Introduction
Sustainable supply chains for a sustainable fashion
The analysis conducted on textile fibres and the main textile production processes (spinning, weaving,
dyeing/finishing) shows that the Italian industries, too, are more and more paying attention to the
environment and are searching for better solutions. The GreenItaly annual report realized by
Symbola/Unioncamere concerning the initiatives implemented by the Italian industries to improve the
environmental impact of their production shows an interesting framework of textile industry and national
fashion by highlighting single initiatives and good practices.1 Moreover, since 2013, during the two annual
editions of Milano Unica, a Catalogue of sustainable fabrics and accessories has been introduced to
promote all the industries producing fabrics, buttons, labels and zips by following sustainable criteria to
buyers and visitors.2
New important information will be gathered from the quality research conducted in the context of the
Sustexnet Project by means of questionnaires that will be submitted.
These tools allow fashion industries to examine the supply of materials for their collections not just in
terms of aesthetics and quality performances but considering also the sustainable content that they can
bring to the garment.
A recent study3 on the criteria used by the brands to select their suppliers shows, indeed, a growing
interest for the materials having an ecological feature (first of all, they look for toxic chemical-free
products) and realized by supply chains that can be traced back and verified. This approach has encouraged
many brands to create green lists of the most reliable suppliers.
This report has, therefore, two goals:
1. In line with the demands of the Sustexnet project, one is providing an analysis of all the steps of the
textile process which highlights the main research projects implemented by the Italian upstream
industrial system as far as the sustainability of process and products is concerned;

1

http://www.symbola.net/html/press/pressrelease/GreenItaly2014
http://www.sustainability-lab.net/it/groups/catalogo-tessuti-e-accessori.aspx
3
Sustainability-lab, October 2014, Fashion Brands Sustainable Procurement Survey
2
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2. The second one is providing fashion industries, namely downstream producers, with the knowledge
able to guide them in selecting the eco-sustainable materials and production processes so that they
can opt for these ones to create their collections.
Knowing the materials, the technical features characterizing them and the environmental issues they
arise is fundamental to adopt eco-design approaches, which are the basis of the strategies to get a
sustainable fashion.

The product characterization of the Italian textile supply chain
General data
The Italian textile manufacture has been affected by the crisis started in 2008 and, most generally, by the
new economic geography determined by the globalization as significant stages of the industrial production
have been shifting outside Europe.
According to the data coming from Movimprese/Unioncamere concerning the first semester of 2014, if
compared to the data of the period before the crisis, there has been a significant reshaping of the
industries of the ‘upstream’ supply chain which has partly been compensated by the growing of
downstream industries, that is to say, those belonging to the packaging segment of textile items.
As shown by the following table, during the ongoing year 16.918 are the active industries of the BtoB
segment (spinning mills4, weaving mills and textile ennobling industries) reporting a loss of 11.208
production units compared to 2008. Packages, on the contrary, increased by 1.560 production units. The
total loss of this sector is about 9.648 industries.

2^quarter 2014

2013

2012

2008

Textile industries

16.918

17.149

17.660

28.126

Packages

47.516

47.920

49.108

45.956

Total Assets (TA)

64.434

65.069

66.768

74.082

Table 1: Operating industries of the sector - TA (Source: Movimprese)
4

This evaluation does not include man made spinning mills as they are considered chemical industries.
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From the economic point of view, we can refer to the data provided by Camera della Moda (‘Chamber of
Fashion’) including, so, the figures concerning the shoe industry. In 2013, the turnover of Italian fashion
was about 59.422 million Euros showing a decrease of 1,6% compared to 2012 when there have already
been a drop of 5,4% compared to 2011, continuing the downtrend of the worst period of time of the last
decades.
In this worrying scenario, the data concerning the production of Italian fabrics provided by Sistema Moda
Italia in September 2014 have shown a countertrend recording +7,6% compared to the previous year. This
is a significant figure stopping the downtrend of the previous recorded data (in 2013, the Italian textile
production had lost 3.2% in terms of turnover compared to 2012). Moreover, importantly, this industrial
segment represents 15% of the global turnover of the textile and fashion system.

The product characterization of the Italian textile manufacturing
Certainly, in the manufacturing process the Italian fashion industry employs any kind of textile (and not just
that) material in order to make the cloth collections aesthetically interesting and functional. Analysing the
main classes of textile fibres (cotton, line, wool, fine animal hairs, silk and man made fibres) and using the
imported materials5 as indicator, we can obtain the following data.
On the whole, in 2013 about 750.000 tons of textile fibres and yarns have been imported in Italy
representing almost 3 billion Euros and they were to be used in the upstream manufacturing process of the
supply chain. To these ones, yarns produced inside the country by using autochthonous fibres not intended
to be exported (about 70.000 tons) need to be added.
Fibres

Cotton
Line
Yolky, scoured and
carbonised wool

IMPORTS

EXPORTS

Tons

Var. %

Thousand
Euros

Var. %

Tons

Var. %

Thousand
Euros

Var.%

64.330

-1,01

98.163

-11,19

18.164

26,96

30.016

9,9

1.574

19,82

4.634

-1,63

437

-19,78

2.434

17,6

35.245

9,84

192.106

-6,79

9.905

4,11

15.892

5

Except for a limited production of autochthonous wool (mainly intended to be used in the building industry) and a
share of the man made fibre production, Italy is not a producer of textile raw materials.
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2,6

Fine animal hairs

3.496

14,59

222.471

8,78

320

20,53

14.037

22,8

676

-2,44

31.827

5,44

346

13,09

15.509

18,9

Chemical raw
materials

251.728

6,58

439.917

0,81

27.595

1,49

52.635

Total Amount

357.049

Raw silk

989.118

56.765

3,1

128.323

Table 1: Fibre Imports and Exports of 2013 – Source: Sistema Moda Italia Research Office based on Istat
data
Yarns

IMPORTS

EXPORTS
Var.
%

Tons

Var. %

5,90

109.231 11,54

650

-21,30

31.557

2,94

49.123

7,88

442.758

-2,48

41.135

-5,29

662.300

-3,12

Cotton/line spinning

90.066

3,97

400.287

-1,73

36.775

-4,48

249.920

-3,89

Man made spinning

250.974

7,04

974.999

1,39

208.890

-4,30 1.044.194

-2,06

Total Amount of
Yarns

392.505

287.450

1.987.971

Tons

Var. %

2.341

Wool spinning

Silk spinning

Thousand
Euros

1.927.275

Thousand Var.%
Euros

Table 2: Fibre Import and Export of 2013 – Source: Sistema Moda Italia Research Office on Istat data
More specifically, analysing the fibre characterization of the materials, we can notice the significant
presence of man made fibres. In 2013, Italy imported 251.728 tons of chemical fibres, +6,58% compared to
2012, when there had been a drop of yarn imports of 10,4% compared to 2011. Thanks to the presence of
some important brands of the textile chemistry (Radici Group, Sinterama, Aquafil), there had also been an
increase of the exports whose total amount was 27.595 tons (+1,5% compared to 2012).
Synthetic and artificial fibres represent 70,6% of the purchase of fibres confirming the role these materials
have gained in the fashion system as well as the home products, in addition to technical textiles, of course.

fibre man made
cotone
lana
peli fini
lino
seta
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Graph n. 1: Fibres imported in Italy in 2013 (source: our elaboration considering the data from Sistema Moda Italia)

The highlighted scenario showing the supremacy of man made fibres inevitably reshape the role of the
natural ones in the Italian production supply chain.
The second fibre in terms of volumes is cotton that, with its 64.330 tons of compact cotton (slightly
decreasing compared to 2012), covers 18% of fibres imported in Italy.
Then, yolky, scoured and carbonized wool (35.245 tons compared to 9,9%) and noble fibres intended for
high quality products (cashmere, vicuna, angora…) are growing compared to 4,6% of the previous year
registering 3.496 tons. Line, too, is increasing (+19,8%) with 1.574 tons and, at last, silk that, with its 676
tons, confirms the downtrend that had already been recorded in 2012 (-2,5%).
Generally, the Italian spinning industry exports 287,450 tons of yarns, mainly man made (72,7%), cotton
(14,3%) and wool (12,8%) ones and with a set purpose in 2013 only for man made yarns and wool ones.
The product characterization of the Italian textile manufacturing can be estimated considering also the
imports of yarns to be used in the production of orthogonal fabrics and knitwear.
In particular:


Man made fibres: with almost 251 tons of imported yarns, they represent 64% of imports;



Cotton/line: vegetal fibres cover 23% of imported yarns;



Wool: almost 50.000 have been the tons of the imported woollen yarns;



Silk: silk yarns represent about 2.300 tons.

Sistema Moda Italia6 provides a summary about the composition of the yarns processed in Italy that, based
on the turnover achieved in 2013, describes the following situation about natural fibres:

6



Wool fabrics: 36,5%



Cotton fabrics: 23,1%



Silk fabrics: 17,7%



Line fabrics: 3,4%

http://www.sistemamodaitalia.com/public/Doc/mu%20sett.%202014.pdf0
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Knitwear fabrics represent the remaining share (19,3%) whose fibre characterization is not specified
(cotton, nylon, elastomeric yarns are expected to be mostly involved).
The framework about the typology of the Italian manufacturing in terms of products emerging from these
data allows developing the analysis concerning the main environmental issues linked to the specific
production supply chain.
1. Man made fibres
The consumption of synthetic fibres is growing in Italy, too, and data confirm the world trend showing man
made materials wearing market shares away from natural fibres. They are mostly synthetic fibres
(polyester, most specifically polyamide) employed in clothing, underwear/hosiery, sport and outdoor items,
home lines and, of course, in industries (automotive, filtration etc.). Quantifying the volumes of the
artificial ones, that are being more and more called ‘biopolymers’, is difficult to do. Starting from quality
evaluations, we can still suppose that they don’t exceed the share of 10 % of the total amount of man made
fabrics. Moreover, we should also consider that the main Italian producers of man made fibres have
recently introduced synthetic fibres with a bio component into their array of products. The evolution (also
referring to the amounts introduced on the market) could be interesting during the next years. If on one
hand cellulose biopolymers are now consolidated/mature products and biopolymers like PE, PTT, PET, PA11
and PLA are industrially produced, on the other hand there are many of them realized in pilot plants still
being at the pre-industrial stage (biobased PUR, PBS, Heat resistant PLA, PBT, biobased PA6, biobased PP,
biobased PVC, PHA) whose developments are interesting.
Italian producers of synthetic fibres are so open towards biopolymers because of some issues such as the
growing worrying about the after life management of man made materials, especially when they are not
biodegradable, the increase of the price of fossil fuel derivatives as well as incentive policies in order to
push the research on renewable raw materials (EU call for tenders, Green Procurement).
The man made fibre manufacturing is mostly concentrated in the regions of Northern Italy and in Tuscany.
2. Cotton
Despite the reshaping, cotton is still the main natural fibre employed in the upstream supply chain (mostly
in Lombardy, Veneto, Piedmont). The decrease of consumption is mainly due to causes that are not related
to the fashion system but linked to global market dynamics7.
3. Wool
Wool is still a strength in the Italian supply chain also thanks to the presence of different product cores, all
of them being equally important. The manufacturing of brushed wool and noble fibres is at the basis of the
7

http://www.sustainability-lab.net/it/forum/group-forum/fondazione-industrie-cotone-e-lino/statistiche-da-itmf.aspx
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results concerning the Made in Italy exports and they are concentrated in the area around Biella
(Piedmont), in Umbria and Veneto. The carded wool manufacturing, mostly characterizing the area of
Prato, has gained an important role in the sustainable textile supply chain for being able to recover fibres
after the production and after the consumption by means of recycle procedures that have also revamped
the image of the territory8.
4. Silk
The loss of the Italian spinning mills, having characterized the Italian districts from Lombardy to the area
around Caserta for centuries, has not restrained the ability of realizing printed fabrics that are leaders in
the world in terms of aesthetic contents and quality. Even if limited to the weaving and ennobling stages,
the district of Como still has, indeed, this important technological characterization. The environmental
issues concerning the treatments are at the basis of the updating of the Se.rico9 brand gathering many
industries of the area.

The main environmental issues in the spinning, weaving and ennobling
process
In this chapter, we will analyse the main environmental issues involved in the spinning process of the
above-mentioned fibres related to the following factors:
a. Environmental characterization of the input raw material;
b. Energy consumption of the process10;
c. Hydric consumption;
d. The use of chemicals;
e. Emissions;
f.

Remedial actions;

g. Possible characterizations in terms of sustainability of the obtained semi-finished products.
Moreover, we will indicate the main precautionary and remedial actions introduced in the different
production stages concerning spinning, weaving and basic treatments of the ennobling process of:

8

See the ‘cardato regenerated CO2 neutral’ project promoted in Prato by the local Chamber of Commerce (CCIAA):
http://www.cardato.it/it/prato-distretto-verde.asp
9
http://www.seri.co.it/
10
According to GRTN (www.terna.it), in 2013 the Italian Textile clothing and hosiery sector has consumed 5.343,4
Gwh (-0,9% compared to 2012) to whom we need to add 298,9 Gwh consumed by the man made fibre supply chain
(increased compared to 2012). This figure partly depends on the drop of the production activity but it is also due to the
investments realized by the sector in order to increase the efficiency of plants.
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Cotton



Wool



Polyester



Polyamide

COTTON
Cotton: environmental properties
1.1 RAW MATERIAL

COTTON

FIBRE PROPERTIES

Vegetal fibre obtained from the fluff of the weed. Spinning fibres
measure more than 16mm (they can be up to 50mm) whereas
their fineness is calculated in dtex (from 1 to 4 dtex).
Moisture absorption degree: up to 65% of its weight with no
dripping, low elasticity, stretch property <10%

ENVIRONMENTAL PROPERTIES
OF THE FIBRE
(sources: many, including WFP
and ICAC)

Cotton is cultivated according to different technology levels in 80
different countries.
The environmental impact is significant because of the hydric
consumption and the soil contamination due to the heavy use of
chemicals.
Moreover, social issues linked to the work conditions of the
farmers involved in the cultivation process and the exploitation
of child labour cannot be underestimated.

Hydric consumption

The life cycle of the plant lasts from 175 to 225 days during
which it needs significant amounts of water almost always
provided by precipitations. For example, in the USA only 35% of
cotton cultivated fields need irrigation. The water used to irrigate
is about 2,1 cubic meters for each kg of fibres. Considering also
the quantity absorbed through the rains, the total amount of
hydric consumption is 4,3 cubic meters.

Chemicals employed during
the cultivation process

Generally, soil and cotton plants receive chemicals like:
fertilizers, weed killers, insecticides and fungicides, chemical
defoliants to facilitate the harvest. The plant is sprayed with
chemicals even 20 times during its life cycle. Many pesticides
sprayed on cotton belong to the toxic class II and I defined by the
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WHO as, respectively, most hazardous and moderately
hazardous. These products, banned in Europe, are still traced
and used in many Asian countries. Those who have a low
income, marginal farmers and landless people mostly employ
pesticides.
It is estimated that in a cotton item of 2 kg, there are about 0.09
kg of fertilizers and 0.05 kg of pesticides used in the cultivated
soil and on the plant during its growing process11.
One of the strategies to reduce polluting chemicals is the
integrated protection: this technique is run by monitoring the
fields and carefully identifying the insects in the area so that the
right managing decisions can be taken in order to avoid the
employment of pesticides if they are not needed or the use of
the wrong product causing worthless damages. In the first
experimentation in India, there has been a reduction of active
chemicals from 1000 to 250 hectares per season. Another
method (Bt cotton), that has been introduced in China and India
more than 10 years ago in order to restrain the use of pesticides,
is that of placing a Bacillus thuringiensis gene into the cotton
plant genome coding to produce a toxin which is very hazardous
for Lepidoptera. Since some cases of resilience development to
insects have been recorded, it has to be intended as a
disinfestation agent and not as the final result (Source: WFP).
Importantly, in compliance with the Decision of the European
Commission (July 2009) establishing the ecologic criteria to get
the award of the Community eco-label of ecologic quality for
textile products, “Cotton and other natural cellulosic seed fibres
(hereinafter referred to as ‘cotton’) shall not contain more than
0,05 ppm (sensibility of the test method permitting) of each of
the following substances: aldrin, captafol, chlordane, DDT,
dieldrin,
endrin,
heptachlor,
hexachlorobenzene,
hexachlorocyclohexane (total isomers), 2,4,5-T, chlordime- form,
chlorobenzilate, dinoseb and its salts, monocrotophos,
pentachlorophenol,
toxaphene,
methamidophos,
methylparathion, parathion, phosphamidon. The test should be
made on raw cotton, before it comes through any wet
treatment, for each lot of cotton or two times a year if more
than two lots of cotton per year are received.”
GMO Cotton

11

About 60% of the fibre cultivated in the world is GMO. Genetic
manipulation of weeds is run to improve the plant resiliency
properties to dryness and insect attacks reducing, thus, hydric
consumption and chemicals.

http://www.usatobene.org/files/2012/01/impatto-ambientale-cotone-e-tessile.pdf
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Organic cotton

In intensive cultivations cotton is often one-crop.
The only exception is organic cotton cultivated in compliance
with the following requirements: GMO weeds are not allowed;
crops must be rotational; the removal of wild weeds must
exclusively be mechanical; only organic fertilizers are allowed;
insecticides are prohibited; only pest management is permitted
(by using competing insects). 0.04% is estimated to be the world
cotton volume coming from organic cultivation.

Cotton environmental
contribution

Like any other plant, cotton, too, produces C02: the world cotton
cultivation is estimated to contribute to remove about 36 million
tons of CO2 per year.

GER (in Mj: primary energy
resources consumption)

Crop 55,39, ginning plant 51,52, spinning process 122,36. Thread:
180, 78

GWP (kg CO2 eq)

Crop 3,07, ginning 3,52, spinning 10,58, Thread 14,512

OUTPUT

COTONE SODO

FOLLOWING STAGES

HARVESTING, STOCKING AND TRANSPORTATION FROM THE
FIELDS TO THE PLANTS

Harvesting techniques

They are different according to the social condition of the crop
area.
In the technological advanced plantations (USA) the harvest is
run by means of mechanical machinery whereas in the poor
countries it is run by hand and, in many cases, children are
involved in this activity.

12

Source: ICA, Chemical Engineering for the Environment Institute, 2012
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1.2 COTTON SPINNING
Production Stages/

Environmental issues

Remedial actions

Energy consumption:

Maximizing energy saving

The spinning process is
estimated to require from 3,6
to 5 MWh/t of energy (electric
and thermal one)13

Machinery producers are
focusing the innovative
research on increasing the
efficiency of machinery
(performance of the
production) restraining
consumption. For example,
they are reducing the time
machinery is on but put on
stand by.

Description

Fibre mixing, opening,
cleaning
After placing the lot of boiled
cottons (amounts selected
according to the specific mixing
recipes), the fibres disposed in
laps pass through the willow to
get rid of impurities (dust,
leaves, stitches, soil)

Primary energy 2,18 TEP/T14
where:

Carding

0,45 TEP/T is thermal energy
1,73 TEP/T is electric energy15

The fibre cloth that has been
obtained is sent to the card
cylinders that will clean it more
and line up the fibres
(parallelization)

Drawing

Process of regularization of
the fibre parallelization (from
1 to 3 steps are needed)

Other interventions may be
maximizing the compressed
air systems.

Research demonstrates that a
significant share (up to 90%)
of the consumed electricity is
converted into non valued
heat which is, then, removed
instead of being reused by
means of heat exchangers
(room heating, combustion air
pre-heating)
Simplifying lines, designing
tailor-made plants and more
compact lines to reduce
obstacles.

13

Source: Enea – Artisan Project

14

TEP= Equivalent ton of oil
Source: Dep. Of Electricity of Pavia, 2011
http://www.pv.infn.it/media/Segreteria/ProblemaEnergetico/petrecca.pdf
15
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Board winder

Any possible mixing of straps
coming from the previous
drawing stage

Combing

Removing short fibres in
order to obtain a higher
quality yarn

Spindle bench

Emissions:
Dust production, particulates,
fumes

During the process stages of
cotton, a significant amount of
micro slivers of fibres and dusts
is produced. This is a dangerous
particulate, highly flammable
and not healthy if inhaled. In
addition to it, there are fumes
generated by the flames of the
singeing process.

This issue is not considered
relevant except for energy
consumption connected to the
functioning of vacuum and
air-conditioning systems.

Contaminated air is sucked by
mobile plants working in
addition to the other machinery,
and it is filtered. The solid
residues are treated like wastes.

Drawing, refining and early
slight twisting of fibres to
obtain the rove

Ring frame

Drawing and refining the
thread to obtain the desired
count, twisting and spindle
winding
Air jet spinning (Vortex)

Carbonization

The thread passes over a gas
flame to remove hairs and
Italy- Confindustria Bari-BAT.
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Enzyme treatments in the
Mercerizing, as for now, involves
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become smoother and
homogenous
Mercerizing

This treatment is run to
remove imperfections and
hairs ant to make the yarn
smoother and homogeneous

the use of caustic soda in the
form of hydroxide as well as
wetting agents helping the
soda to penetrate into the
fibre composing the yarn.

carbonization and mercerizing
process (example: Pectin lyase
as bio-preparation of raw
cotton allows the reduction of
sewages into the process
water)

Process chemicals, together with
traces of machinery oils used to
facilitate the process and
lubricate the yarns, create
polluting emissions.

Twisting

Threads are twisted the
needed times to get the count
and tenacity required

Winding

Winding yarns on a cone
whose shape depends on the
following manufacturing
stages

Moistening and cone air
conditioning

General plants:

Air sucking and filtering and air
conditioning system

Hydric consumption
Cotton spinning is a mostly
This issue is not considered
mechanical process. Except for
significant from the
the water vaporized and sprayed environmental point of view.
in conditioned rooms where
cotton is stocked and in the
production departments in
order to give it the right
moisture level to be processed,
water is not used during this
stage of the process.

Handling cylinders and
automatically lifting tubes and
cones
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Criteria to choose sustainable cotton
Choosing raw materials is one of the key elements of eco-design, that is to say, designing a product with a
sustainable property.
What kind of tools does a fashion brand or a manufacturer have to estimate the environmental and social
impact of the cotton chosen for their collection?
The following table summarizes the certifications and the marks now on the market and distinguishing
cotton materials according to their own production and social history.

1.3 CERTIFICATIONS /MARKS

PROPERTIES

Organic cotton

As far as crop is concerned:






Forbidden use of: GMO seeds,
Organic fertilizers,
Crop rotation.
Exclusively mechanical or hand removal of weeds is allowed;
Only competent insects or other pets management procedure
is allowed;
 No use of chemical defoliants is allowed.
The ICEA certification assures cotton products processed by following
the criteria described by the GOTS law also concerning the production
stages (with a specific reference to dyeing and finishing).
In June 2014, 29 Italian companies producing yarns were certified by
Icea (Source: Icea)

BCI Cotton

This is a multi-stakeholder initiative launched in 2005 by a no-profit
organization whose members are both manufacturers and
distributers. The goal is increasing the income and the life conditions
of farmers. Those participating to the initiative have to follow the
criteria considering the rational use of pesticides, the use of water,
environmental care as well as no use of child labour and other
‘ethical’ requirements. BCI is not a labelling scheme, in fact it involves
audits run by independent third parts.

Fair Trade Cotton
This is one of the most known marks all over the world. It aims to
support the poor jobs by acknowledging a fair price to producers so
that it can cover the costs of a sustainable production. In addition to
this, it recognizes the Fair Trade Premium to set up social and
development investments (for example, building schools and
Italy- Confindustria Bari-BAT.
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hospitals)

Cotton Made in Africa

This Plan was set up in 2005 by an American foundation together with
a group of industrial operators, academics, research centres and
NGO. It aims to help the small African producers establishing three
goals:




Cotton Usa

1.

Improving the outlook of their fields in a sustainable way;
Increasing the use of African cotton;
Adding social responsibility features along the textile supply
chain (child labour is forbidden; parameters are established
to define remunerations and work conditions).

Cotton Council International (CCI) is the promotion and export
division of the American industry of cotton. Recently, its production
standards have undergone the LCA (Life Cycle Assessment) procedure
by analysing the five main elements (the use of soil, soil erosion,
additional irrigation systems and energy consumption). This is how
the plan called “field to market” was born: it is composed of a
consortium of farmers, brand, retailer and social organizations aiming
to make agriculture and crops more and more sustainable. The Cotton
Leads plan, launched in 2013, refers to the Australian cotton production,
too. Thanks to the continuous improvements of the production
techniques, according to the recorded data, water consumption was
reduced by 75% and soil erosion by 68%. (Source: Cotton Council
International).
The use of recycled cotton is increasing also thanks to the initiative of
important global brands. This procedure, already spread in the
verticalized companies having a production waste treatment system,
is now improving in the post-use recycle field. The Global Recycle
Standard (released by Icea in Italy) certifies the products realized by
means of recycle materials in compliance with the Global Recycle
Standard.

Wool
Wool plays an important role in the value chain of the textile and the Italian fashion industry sector: the
success of the Made in Italy as luxury brand is widely due to the manufacturing of high quality fine and
superfine wool (as well as Cashmere, alpaca, mohair, yak, angora) above all in the area around Biella
(Piedmont) and in central part of Italy (Umbria).
Wool of medium fineness and regenerated wool are mainly produced in the area of Prato.
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In addition to this, there is a third kind of product: autochthonous wool that is mostly used in the Italian
handcraft manufacturing or in the production of building materials.

2.1 WOOL: environmental properties
RAW MATERIAL

WOOL

FIBRE PROPERTIES

Wool is obtained from the sheep fleece and it is composed by the
molecules of a protein, namely Keratin. It’s a hygroscopic fibre. It can
absorb water vapour up to one-third of its weight by slowly releasing
moisture whereas its surface is water-repellent.
Wool can be fine, medium and chunky.
The qualitative and commercial value of the fibre is determined by its
fineness: the most valuable fibres have a diameter less than 19,5
microns but some superfine types have a diameter of 13 microns.
The fine wool, obtained from different sheep breeds, have a diameter of
24 to 30 µm whereas the chunkiest wool (coming from Cheviot sheep)
has a diameter of more than 30 µm.
Further quality parameters are its length (in case of fine wools, they are
under 120 mm) and the grade of crimping of the curl.
Wool has several qualities such as: resistance, stretch property,
elasticity, thermal insulation and flame resistance.

Commercial properties16

The finest wool - merino – is produced in Australia (the Australian wool
production was around 350 mkg in 2012-13).
Italy is one of the first world importers of Australian wool.
Other wool supplier countries for the Italian industry are: Argentina,
Uruguay, New Zealand, UK and South Africa.
Italian wool is considered of low value and even though it is produced in
large quantity, being a by-product of the food industry, it has no
production and commercial value except inside specific production
subsectors. Although it is difficult to estimate the yearly amount, from a
minimum of 15 million kilos up to a maximum of 20 million kilos are
estimated to be the sheared wool quantity.

Noble fibres17
16
17

The area around Biella (Piedmont) has earned an international

Source: International Association of Wool Commerce
Source: International Association of Wool Commerce
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reputation over the centuries thanks to its ability of washing, spinning,
weaving and ennobling high quality fibres like cashmere18, alpaca, yak
and vicuna.
Italy still is one the major importers of noble fibres registering a doubledigit increase of the imports in 2013 although the market is increasingly
dependent on the demand of Chinese producers whose products (above
all knitwear) are aimed to the U.S.A. market.
Italy is the first world importer of mohair, whereas as far as the Alpaca is
concerned Italy is the second importer after China, although having
significant figures (about 900 tons of yolky wool in 2012).

Environmental impact of
ovine farming19

First of all, shearing animals farming is hard to be separated from the
food supply chain (meat and dairy products).
Ovine farming has a very important impact on the environment, which
involves vegetables consumption (weeds, buds, shrubs) and emissions.
Indeed, the animal manure produces carbon dioxide deriving from the
metabolic process of the animals (CH4 emissions) after digestion,
contributing, thus, to the greenhouse effect.
‘Acidifying’ compounds of the air: they are generated in the stable
during stocking, treatment and distribution of manure (effect: acid rains)
whereas channelling sewages into the water causes the eutrophication
of water, decreasing the oxygen concentration and threatening aerobic
life forms; moreover, there are indirect pollution effects: the presence in
the soil of heavy metals deriving from nutritional supplements.

Animalistic issues

The farming practice mostly questioned by the environmentalists
concerning shearing sheep breeding is the mulesing, a procedure
developed in Australia to prevent flystrike caused by infesting insects
lying among the back folds of the fleece. This practice involves the
removal of strips of wool-bearing skin from around the breech of a
sheep. Recently, the Australian Government has passed a law to make
pre-operation anaesthetics compulsory. Some fashion brands have
launched “non mulesing” campaigns (among the others, Armani, Zegna).
The effects of the campaign launched by Peta against the cruel practices
angora rabbits undergo above all in the Chinese farming have been
recorded in Italy, too.

Farming quality and
environmental impact of
production processes

A part from the animalist reasons to guarantee the best possible living
conditions to the animals (spaces, food quality, health monitoring,
cleaning grade of housings, etc.), there is a relationship between the

18

Brunello Cuccinelli is a master in cashmere manufacturing. His industry is located in Solomeo in Umbria.
ARA: Zoo-technical farming and environment: environmental impact and sustainability of the ovine and goat
farming, www.sardegnaagricoltura.it
19
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conditions of the fleece and the collecting modality (shear or polishing)
and the resources dedicated to its pre-spinning preparation. Less dust
and dirt in the fleece correspond to a good health and clean condition of
the animal, which involves less water and cleanser consumption in the
washing process as well as less sewages. Some Italian industries
(Lanificio Reda) employ special criteria inspired to ‘animal welfare’ logics
to select raw materials (http://www.zqmerino.com/home/zq-merino/)

Transporting raw material to
Italy and exporting semifinished and finished
products

Although being hard to estimate, there is the global environmental
impact of the flow of materials, for example from New Zealand or
Mongolia to the industries in Umbria or Piedmont.

Regenerated wool

During the last years, virgin fibres have been replaced by regenerated
fibres both for economic reasons and the new targets of consumption,
creating even more differentiated and high quality yarns made with
inimitable patterns. The excellence centre for the manufacturing of
second life wools is the area around Prato (Tuscany) that has launched
the mark "Cardato Regenerated C02 neutral" given to those industries
that use regenerated raw material (in 2013, there were more than 20
industries). This process also refers to noble fibres like cashmere,
angora, alpaca, mohair or the different types of high quality wool mixed
with silk and viscose. Moreover, the emissions from the production
process of the certified industries are quantified and compensated.

Autochthonous wool

In Italy, there are about 8 million sheep breaded for the production of
diary products and meat.
The Italian wool deriving from the seasonal shear of the animals is poor
quality and represents a treatment cost more than a resource for
farmers. During the last years, artisanal and industrial supply chains
were born in order to recover and revamp autochthonous wool
intended for the production of felt accessories, blankets and insulating
panels for the building sector as well as clothing in the case of best
quality yarns.20

2.2 Wool spinning
Production stages/description

Environmental issues

Remedial actions

20

Biella Wool Company (Biella), Ibinet/Next Technology Tecnotessile with the Tecril project and the Edilana company
from Sardinia have conducted interesting experiences in this sense. The ‘Lanificio Bottoli’ industry from Treviso also
uses autochthonous wools.
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Opening yolky wool bales coming
from animal farmers
Washing

Waste production (organic and
inorganic) and significant dust
emissions.

Wool passes through water, then, it
undergoes a bath of water with
detergents and Na2CO3; the
temperature is always around 60°C
whereas the rinsing tanks’ temperature
is about 25°C

Use of high biodegradable
agents (no use of mineral
oils)
Chemicals/average production:
0,071
Replacing toxic and little
biodegradable detergents like
21
APEO (or alkylphenol
ethoxylates) and, in particular,
nonylphenol ethoxylates

Air drying (about 90°C)

Powder removal
The beater, in handling the fibre,
raises dusts and the biggest dusty
fragments lay down. The whole
procedure is run under aspiration
hoods collecting dust and wastes.
Opening and mixing fibres follow this
procedure.

Oil emulsion involves wetting and
oiling the mixing helping the
cohesion of the voile and the mix,
and distributing the fibres in the
horizontal sense creating a voile to
be sent to the wool-card by a belt
that is slightly oblique (milling cutter)

Improvements in the
shearing and stocking of
yolky wools to be spin.

(NPE) with biodegradable
surfactants like ethoxylated
fatty alcohols.

Traces of oils and chemicals
deriving from the process
(lubricants, antistatic agents,
emulsifying agents) in the waters
even after the purification.

Implementing measures to
prevent accidental dispersion
of chemicals in soil or water
when handling and stocking
(for example, using automatic
mixing and dosage systems)

Surfactants, soda and detergents in
the washing waters. Eutrophication
of the waters.

Carding

Purification systems of
waters through ozonization
process and/or sewage
membrane filtration
process (nanofiltration).

The role of the card is to open the
wool, parallelize the fibres, remove
the impurities reducing the mixing to
thin voile that is then divided into
roves to be sent to the spinning
process.

21

This request has been made by Greenpeace in line with the Detox campaign.
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Spinning
It gives resistance to the rove that is
then turned into yarn, by twisting
and drawing.

Energy consumption22: 188
Mj per 1kg of yarn (including
the preparation stage)

Technologies characterized by the
green label acknowledged by
Acimit and certified by Rina
stating the reduction of energy
consumption of the spinning
plants (for example, the self
acting technology allows a
greater versatility of the plant
and a restrain of energy
consumption)

Hydric consumption23:

Having a better quality fleece
contributes to reduce hydric
consumption.

In carded spinning the use of selfacting spinning mule is common; the
use of ring spinning machines or ringframes borrowed by the worsted
spinning is less spread.

Combing
Drawing is determined by the
passage of the roving between two
couples of cylinders where the
second one goes faster than the first
one; twisting is given by the rotation
of a ring around the spindle.

0,292m3/kg of the yarn
(including the preparation)

Other interventions are the
The preparation and the
recycling of process waters which
Winding
spinning impact on the hydric
is here related to the whole
consumption is ≥ 10%24 of
manufacturing process: reuse of
It is the process in which the yarns
the whole process.
cooling waters, dyeing baths for
pass from the little tubes to the
the next ones; reuse of air
cones, by winding the yarn with
conditioning water or the same
crossed coils on a rigid tube that can
cooling water at the first stages
be cylindrical, conic or hyper-conic.
of the production cycle or the use
The shape of the cone depends on
of the same one in the
the machine they are destined to. For
solubilization of the reagents in
knitwear yarns, during winding the
the purification plant of sewages;
lubrication of the thread is run to
reuse of condensations coming
make it pass more easily among the
from the steam treatment of the
needles of the knitwear machinery.
dyeing tanks; recovery of
This process is called paraffining.
condensations from the thermal
plant directly going back to heat

22

Source: Next Technology Tecnotessile. Data of 2014 concerning the LCA of the manufacturing process of wool.
Source: Next Technology Tecnotessile. Data of 2014 concerning the LCA of the manufacturing process of wool.
24
Source: http://www.isprambiente.gov.it/public_files/cicli_produttivi/Tessile/Tessile_lana.pdf. According to this
study, weaving impact is around 5% whereas ennobling is about 85%.
23
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Steam treatment

generators.

After spinning, the yarn tends to be
tangled because of the twisting of
the fibres.
Thanks to the steam treatment, the
twisted fibres are stabilized through
the combined action of moisture and
heat. The yarn spindles are placed in
metal boxes with holes and located
into a kier.

Regenerated wool25

Regenerated wool:

It is created by using postproduction
and post consumption fabric wastes.
The first stage is sorting which
involves separating the fabrics
according to the fibre composition
and color (it is still hand made; some
trials have been made to make this
process automatic by means of
optical character reader but the
results were different than the
expected ones).

Energy consumption for
regeneration: Mj 39 per kg of
wool

Then, the wool undergoes
carbonization whose aim is to
remove the vegetal fibres by means
of hydrochloric acid.
Wool then undergoes the combing or
rag grinding process aimed to bring
the fibres composing the rags back to
the state of wad. This procedure is
run thanks to the metallic points
(seals) covering the surface of the
grinding drum and acting on the
material as this is kept by a couple of
power cylinders.

25

In the study stage: analysis of the
environmental impact of carded
wool – ‘Recycled Carded
Program. Practical issues to
measure the impacts27’.

Process chemicals
(hydrochloric acid and
antifoaming surfactants
15,5 litres/ton of the
processed material)

Hydric consumption/average
production is around 14,9
(more than 51.000 m3 per
about 4.000 tons of
processed raw material)

Pollutants in the
COD26 dumping/kg: 30,29. In
particular, phosphorus traces
are detected in the sewages.

Water purification systems by
means of ozonization processes
and/or sewage membrane
filtering (nanofilterig) processes.

Source: http://www.ui.prato.it/UnioneDigitale/duplicatinovita/IMAGINE/Settoriale%20prato_180112.pdf
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Washing (also run by using the wash
and tear machine providing a further
fraying of the material) removes the
carbonization wastes. In the process
detergents and antifoaming
surfactants are used.
Overwater is eliminated by means of
the extractor; then, the material goes
to the drier to complete the drying
process.

Other pre-spinning processes:
Wad dyeing
The material is placed and
compressed in differently sized
cylindrical metal baskets having holes;
then, it undergoes the dyeing bath
followed by drying (centrifuge and
drying tunnel)

Hydric and energy
consumption, sewages in
the air and water.

See the notes in the chapter on
ennobling.

Tops dyeing
The combed strap in bobbins is
loaded on dyeing canes made of
empty pierced tubes; it undergoes
baths of colorants, rinsing and then
drying.

Man made fibres
The important figures recorded in 2013 concerning the imports of man made fibres and yarns (increase of
more than 500.000 tons compared to the previous year) show the importance these materials have in the
26

COD: Chemical Oxygen Demand. Its value, expressed in milligrams of oxygen per litre (mgO2/l), represents the
amount of oxygen needed for the complete chemical oxidation of the organic and inorganic compounds of a water
sample.
24 http://www.po.camcom.it/doc/news/comunica/2014/20140718_PrimaQ.pdf

27 27

http://www.po.camcom.it/doc/news/comunica/2014/20140718_PrimaQ.pdf
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supply chain of the Italian textile BtoB. In 2013, the Italian manufacturing industries of man made fibres
realized an income of about 1,3 billion Euros and they are very keen to exports (export share is 70% of the
total amount of production)28.
Man made increased thanks to some factors like the particular technical and performance features of
materials making them perfect not only for clothing and home products, but also for the automotive field,
building, filtrations, geo-textiles, individual protection devices, sport items,29 but also thanks to price
dynamics caused by the increase of the natural fibres recorded during the last years.
As far as the sustainability of man made fibres is concerned, the issue is in the middle of a debate between
producers and users focused on strength and weaknesses of the same fibres compared to natural ones, as
shown by the following tab concerning the before spinning life cycle.

3.1 Man made fibres vs natural ones: environmental issues
Properties

Man made fibres

Natural fibres

Originated from Renewable
source

+ (Just for biopolymers)

+++

Originated from after use/after
production recycle

++

++

Biodegradability

-

+++

Dependence on fossil resources

+++

-

Recyclability

++

++

Hydric consumption

-

+++

Energy consumption of the fibre
production

+++

+ (Related to the transport from
the field to the industry)

Process chemicals

+++

++

Emissions

+

++

Soil exploitation

+

+++

Legend: +++ heavy presence of this feature, ++ partial presence of this feature, + marginal feature, - absence
of this feature.

28

Federchimica: the chemical industry in Italy in 2013-2014
In Italy, the technical textile field, which is in a positive trend, is estimated to realize a turnover of 3.500 million
Euros (source: ACIMIT)
29
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The following analyses concern the most produced and employed man made fibres in the Italian textile
supply chain: polyamide30 e polyester31.

Polyamide

This is a continuous thread very appreciated in the underwear, hosiery and sport clothing but also in
technical textiles.
The fibre is obtained from macro-molecular compounds whose carbon chain contains amide groups at
regular intervals (-CO-NH-). According to the number of carbon atoms located in the macromolecules of
the initial material, Nylon 6 (6 carbon atoms) or Nylon 6.6 (two series of carbon atoms) is generated.
It has very good mechanical properties: high level of elasticity, hardness and resistance to abrasion. The
melting pot is rather high (262/264 °C). Amide groups are polar so they make molecules rather
hygroscopic and they also make the material more shockproof as the water molecules that have been
absorbed act as plasticizer improving the toughness.
Nylon 6,6 is synthesized by polycondensation of adip acidic and hexamethylenediamine so it has the
amide group “–CO-NH-”; it is called 6,6 because the repetitive unity is composed of two chains, each of
them containing 6 carbon atoms.

Polyamide
Production stages /description

Environmental issues32

Remedial actions

From the production of caprolactam,
polymer chips are obtained: usually,
polymer already contains additives in
order to get a shiny, matte or hyper
matte yarn; then it is stocked in silos
and next stage is drying.

As caprolactam is obtained from
a fossil source, polyamide is a
heavily oil depending product.

Introducing a raw material
coming from a renewable
source into the process33

Use of second life34
polymers. Since the

30

The main Italian producers of nylon are Radici Group, Fulgar and Aquafil
The main Italian producers of polyester are Radici Group and Sinterama.
32
Sustainability balances of polyamide spinning (Aquafil, Radici Group, Fulgar)
33
Radici group produces polyamide yarns and more than 60% of it is realized by using sebacic acid obtained from
castor seeds.
31
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environmental charge is
mainly linked to the
caprolactam production
stage, the use of recycling
material strongly reduce
the impact (although
needing high energy
consumption)

Fuel supply: dried chips are put inside
the extruder to be melted and the
liquid is sent to the spinnerets by
passing through some metering pumps
and filtering devices able to retain any
possible foreign material that could
block the holes of the spinneret.

Energy consumption:
Polymer is melted at a
temperature of about
300°C. Cooling is obtained thanks
to warm air stream in a
conditioned environment.
Drawing and texturizing stages
need great energy consumption.
Such consumption is estimated to
be around

Self-production/purchase of
energy coming from a
renewable source.
Maximizing production
processes, for example by
operating on the
compressed air line,
recovery and recycle of the
water used for cooling
compressor oils.

1800 Mwh/tons.

Passing through the spinneret: the
liquid that is under pressure passes
through the spinnerets made of special
iron or noble metal alloys able to resist
both to pressure and chemical wear.
They have as many holes as the number
of the flosses of the thread to be
realized.
Collecting: after passing through an
environment having an air cooling
conditioned atmosphere, the thread s
collected on spools and impregnated
with antistatic oil.

Drawing:
It is needed to stretch and thin the

Wastes: from 60/80 kg per ton of
product

Waste water > 30 m3/Tons.

Production waste recycle,
packaging recycling

Filtering waters before they
get to the purifier.

Traces of caprolactam and oils in
the sewage

Emissions:
In the atmosphere: from 450 to
500 grams per ton of the end
product
Greenhouse gas (direct
production) from 300 to 400 kg

34

The most popular experience is that of the Econyl yarn by Aquafil obtained from the recycle of fishing nets recovered
from the sea bottom.
Italy- Confindustria Bari-BAT.

27/123

thread by parallelizing the molecular
chains.

per ton of end product.
Greenhouse gas (indirect
production): from 700 to 800 kg
per ton of end product.

CO2 total indicator per ton of the
yarn ≥ 1.000 kg.
The charge of CO2 is mostly
attributable to the production of
caprolactam.

Texturizing (or false twisting): through
a mechanical friction action together
with an increase of temperature, it
allows modifying the linear structure of
the flosses by giving them a wavy
shape. The yarn treated in this way is
voluminous and smooth.

Hydric consumption >8 m3 of
water per ton of end product

Interlacing: this procedure is realized
by unifying many different threads that
undergo compressed air jets coming
from a specific machine which creates
some ‘knots’ at a regular distance
giving the item a particular aesthetic
look.

Process water recycling

Solution dyeing of fibres
(before the spinning
process) involves significant
water saving compared to
the yarn dyeing.

Nylon: Sustainability trend

Polyamide is an oil product and it is not compostable.
It is harder to be recycled then polyester is even though the process is not impossible. Integrating virgin
polyamide with a second life component contributes to lower its environmental impact by enlarging
the life of the material and decreasing the volumes of wastes destined to dumps or incinerator.
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The most interesting experience as far as polyamide recycle is concerned is run by Aquafil that recovers
fishing nets from the sea bottoms and recycle them in its own plants obtaining, in this way, yarns that
are gaining a good commercial success (Econyl).
The results concerning the production of polyamide having a bio component are interesting, too (Radici
Group) which, by decreasing the dependence on oil, increases the biodegradable grade of the material.

Polyester

Patented by DuPont in the 40s, in the following years it has become the mostly produced and
consumed fibre all over the world thanks to the low costs of production and versatility which make it
suitable for clothing, automotive field, furniture and technical textiles.
It is formed by a chain of esters, that is to say organic compounds obtained from the reaction of an
organic acid with an ethylene glycol. Under high temperature and being vacuum-packed, there is a
policondensation reaction in which Polyethylene terephthalate – polyester - is generated as
masterbatch Chips.
Polyester is water-repellent but the hollow spaces between the fibres can help the passing of moisture,
which makes the fabric transpiring. The yarn, after being texturized, can be very voluminous and
provide, so, a good thermal isolation.
Fibre properties: resistance to laceration and attrition, good elasticity, resistance to chemicals, heat,
light, moulds and fungi. It doesn’t decompose.

Polyester35
Production stages/description

Environmental issues

Remedial actions

Stocking polymer Chips

Non renewable source, oil
dependence

Production of recycling yarns of
PET36

Polymer with bio component
additives like, for example, PLA
35

Our elaboration from the data coming from Lca Radici Group and Newlife
The main Italian manufacturers have developed yarn lines derived from Pet: Radici Group (R-Radyarn and RStarlight), Sinterama (Newlife).
36
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(dextrose derived from corn)

Fuel supply of the polymer Chips
Drying to avoid depolarization
phenomena.

Extrusion: run under
temperatures from 280°C and
300°C grades. The regularity of
yarns depends on the uniformity
of their viscosity and
temperature.

Energy consumption:
Ger > 130 Mj per kg/yarn from
virgin raw material Ger < 79 Mj
kg/yarn from recycled Pet

The LCA of a yarn obtained from a
recycled Pet does not include
energy consumption from the
upstream process and it’s, thus,
more sustainable from an
ecological point of view. In the
case of solution dyed recycling
yarn (instead of being cone dyed
at the end of the cycle) an
additional energy saving is
guaranteed.
Ger < 79 Mj kg/yarn

Transport of polymer extruded
from the spinning heads. The
yarn gets consolidated by means
of air jets.

Yarn drawing

Spool winding

Hydric consumption > 60
liters/kg of yarn
Also considering yarn dyeing > 78

In case of recycling pet yarn,
hydric consumption goes under 5
litres per kg of yarn and under 2
litres/kg if solution dyeing is run.

Texturizing by means of warm
compressed air jets or vapour
having a rapid cooling.
Twisting, interlacing and winding

Flock polyester spinning
Threads obtained from different
spinnerets can be gathered in a
tow to be, then, cut to obtain
similar discontinuous fibres
having different lengths to be
processed mixed with natural
Italy- Confindustria Bari-BAT.

Emissions: GWP - Global
Warming Potential (Kg C02 q) > 5

The potential CO2 charge of a
yarn made by recycled Pet is < 4;
in the case of solution dyed, it is <
2.
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fibres.
After undergoing LCA, polyester shows large improvement potential if the basic raw material is obtained
from recycling Pet (post production, that is to say, process wastes and post consumption, originated from
plastic bottles and food packages). Another environmental advantage comes from the master batch dyeing
technique before being extruded: in this case, the hydric saving is about 90%.
Recycling polyester is able to significantly (at least by 50%) reduce greenhouse gas emissions compared to
virgin polyester and to reduce the consumption of fossil material by at least 70% compared to standard
polyester.

Weaving
The aim of weaving is to obtain fabrics characterized by two features: warp (longitudinal threads)
and weft (horizontal threads) interlaced with each other to create a planned pattern.
This procedure is anticipated by the stage where beam is prepared with warp threads and they are
drawn-in the heddles of the loom and reeds. In case of weak fibres, using sizes to avoid tears when
introducing the weft makes the warp yarns more resistant.
When ready, the beam is secured on the loom where warp threads are tied with the previous
ones, in case of continuing the same kind of fabric, or put inside the dents of the reed in case of a
new weave of the fabric. Weft insertion is run in different ways made available thanks to the
technology research of the last decades (shuttle, rapier, projectile, air jet, water jet). While in the
past the research run by mechanical industries was concentrated above all on the performance of
machinery and the quality of it, today the attention is most focused on energy efficiency and the
reduction of noise pollution.
The project named Sustainable Technologies by Acimit (the Association of Italian Builders of textile
Machinery) gives an important contribution in this sense. The associated industries participating to
this initiative have stated the environmental performances of the machinery by means of a green
label that synthesizes, in volumes, the CO2 produced allowing transparency and comparisons.
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The environmental cost of weaving (loom room) is, indeed, mostly identifiable with energy
consumption.
In natural fibres manufacturing, more consistence has to be given to the warp yarns before sizing
followed, at the end of the cycle, by a treatment aimed to remove sizing agents from the threads.
So, in addition to energy consumption, there is water and process substances consumption, as
well as emissions into water and air.
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4.1 SETTING UP AND WEAVING

Stage/description

Environmental issues

Remedial actions

Beaming

A precise number of threads are
twisted on the beam from the cones
placed on the creels.

Sizing
Warp beams passes through a bath
of sizing agents. The cylinders of the
sizing machine both immerge and
squeeze the beams regulating the
quantity of size absorbed by the
yarn.

Sizing is usually run with
polyvinyl chloride, vinyl acetate
or polyvinyl alcohols in water
solution and softeners and
antifoaming agents are added to
them.
Natural sizes are realized by
using amid or starch stabilized
with salicylic acid or zinc
chloride.

Biodegradable sizes (like
natural modified
polysaccharides) are preferable
to synthetic ones as they allow:




being soluble at low
temperatures
(thus
reducing
energy
consumption) and less
quantity of chemicals used
in the desizing procedure
when desizing, sewages
have fewer pollutants and
they are easier to be
managed in the purification
process.

At the end of the process, drying is
run by making the threads pass
around a series of heated cylinders
and/or by means of warm water
inside a specific room. Temperature
can be from 110 to 150°.

Another way of ensuring resistance
to warp yarns is doubling with a
yarn that is water-soluble in
polymer (internal sizing)

The synthetic polymer which
makes the reinforce thread is
not used after dissolution and
the bath is dumped at a high
temperature. When this
temperature decreases,
polymer solidifies again by
making the sewage works
difficult; moreover, it clogs the
ducts increasing the hydric
consumption.

Sizing by chitosan38
(biodegradable substance
obtained by food wastes crustaceans):

Hydric consumption37:
300 kg H20 per 1 kg of treated
fibre
Energy consumption:

Hydric consumption:

37

Source: http://www.canepaevolution.it/wp-content/uploads/Certificato-prove-CNR.pdf
CanepaEvolution Patent, data elaborated by the CNR Ismac of Biella: http://www.canepaevolution.it/wpcontent/uploads/Certificato-prove-CNR.pdf
38
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22.500 kcal x 1 kg of fibre

20 kg H2O per kg of fibre

CO2 Emissions:
13,9 kg per 1 kg of fibre

Energy consumption:
600 kcal per 1 kg of fibre
CO2 Emissions:
0,37 kg per 1 kg of fibre
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Drawing-in or looming
This is the process of inserting the

The environmental impact of
the process is identified with
energy consumption:

warp threads inside the heddles
and the dents of the reed. This

Energy consumption:

procedure is needed when the
beam, ready to be put on the loom,
has technical features that are
different from the one that is
ending the procedure.

Weft insertion and weaving
The weft thread is inserted (by
means of different techniques like
projectiles, shuttles, air jets, water
jets) among the warp threads lifted
at alternative numbers in order to
obtain the planned pattern of the
fabric. The beater puts the yarn
close to the beam where the
created cloth rolls up.

Energy (electric and thermal) for
weaving 2,80 MWh/t (source:
Enea - EMS-Textile Project,
elaboration of the data from
SMI – ITALIAN FASHION SYSTEM
05/06/2014)
Hydric consumption in weaving
(air-conditioning systems):
0,003 m3 per kg of fibre
(Source: Next Technology
Tecnotessile)
Emissions: dust produced by the
friction of fibres, fumes due to
mineral oils used for handling
mechanical parts

Reduction of stand-by time of
machinery and maximizing airconditioning system (a possible
saving of 20% of electric
energy)
Maximizing compress air
systems (up to 35%)
(Source: Enea)
Recycling/regenerating textile
wastes
Aspirating and filtering
particulate, maintenance and
hygiene of vacuum systems
where bacteria and
microorganisms usually
accumulate.

Process wastes:
threads, selvages, packaging
Loom room

Noise:

The beating movement of the loom
produces noise in addition to the
noise produced by the other
machinery located in the same
room.

The noise exposure of the
operators working in the loom
room is, generally, always more
than 90 dBs.

There could be an external
noise pollution when the factory
is close to residential zones.

Desizing
This is a chemical treatment
involving the use of oxidant and/or
Italy- Confindustria Bari-BAT.

Hydric consumption of standard
process:

Adoption of noise individual
protection devises.
Looms located on antivibration
bases.
Replacing metal parts of the
loom with polymer-made
structures.

Creation of soundproof or
insulating systems on the
perimeter walls and/or on the
openings towards the outside

Enzymatic removal of sizes is
run through α-Amylase
followed by washing the
35/123

acid agents. Recently, the use of
enzymatic treatments has been
spread.

300 kg of H2O per 1 kg of fibre

Energy:
18.000 kcal per 1 kg of fibre for
the purification stage at 70°C
150 kcal per 1 kg of fibre for
washing at 40°C
(Source: CCNR ISMAC)

products coming from amid
degradation; the α-Amylase
hydrolyses the amid producing
dextrins that are soluble in
water and easy to remove by
washing.
The enzymes act in weak
condition of pH, at low
temperature; moreover:
• they act on the substrate in a
specific and selective way;
• they are biodegradable (BAT);
• they can replace chemicals
that are dangerous for the
human health and the
environment.

They are good for the
environment as they don’t need
process water and plasma
treatments are little used, too.
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Circular knitwear
As we know, knitwear textile manufacturing can be done by using different types of technology according
to the function of the structure of the fabric we want to realize:


Circular



Rectilinear



Looms (cotton rectilinear, circular, intended for stitch bonding)



Crochet machine.

We will focus on the processes realized through circular machines, as they are the most used in the field.
The types of circular machine are different according to the function of the dimension of the diameter and
the number of knits and, consequently, to the type of weave they can realize (single knit: smooth knit,
jersey; double knit: ribbing, English style snitch, jacquard, interlock, etc.).

Circular knitwear
Technology/process description

Environmental impact

Remedial actions

Placing yarn cones on specific
bases (on the upper or side part
of the machine). Placing the
threads into the power systems
and into the thread-guide to be
hooked by the needles that, by
moving, create the knitting
process that generates the yarn.

Energy consumption > 0,4 kwh
per end product

The most significant innovation in
the field of knitwear
manufacturing is the Seamless39
technology that allows the
realization of very stretchable
fabrics whose creation does not
need cutting the cloth in different
sizes and it is used in tubular
shape. The only seams needed
are those of the sleeves or the
crotch in case of pants.

Opening and cutting the tubular
yarn producing wastes.
Garment manufacturing by
assembling different parts (front,
back, sleeves, necks, cuffs).

Dust produced by fibre attrition

Chemicals: yarns are treated with
paraffin in order to make more
fluid the working process

Production wastes (threads, cuts)

Thanks to the reduction of the
process energy and wastes, the
company obtained the green
label by Acimit.

Packaging

39

www.santoni.it
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A.5.2.
METHODOLOGIES
FOR
FURTHER
DYEING/PRINTING/FINISHING PROCESSES.

DIAGNOSTICS

IN

Introduction
These important production stages include all the treatments performed on textile materials, which aim to
give them aesthetic or chemical and mechanical properties enabling them to meet the requirements of the
market.
The aesthetic properties include:
-

Colour

-

Printing with decorative patterns

-

Particular effects like délavé (faded), corrosion, crease, etc.

-

Tact, the consistency of the fabric (that can be soft, smooth, compact, etc.).

The chemical and mechanical properties include:
-

The ability to keep dimensional stability

-

Crease-resistance, which is the resistance to have permanent folds

-

Non-flammability

-

Dirt-resistance

-

Water-repellent property

-

A general improvement of the resistance to atmospheric (sunlight, rain) or biological (sweat,
moths, moulds) agents.

-

The controlled release of chemicals and so on.

The production supply chain is particularly complex since there are variable technologies and procedures
according to:


The fibre characterization of the material to be processed;



The shape of the material (flock, cone yarn or skeins, woven fabric, garment, etc.)



The purposes of the process.

The environmental impact of production treatments is determined by:



Water use (in the industries covering the complete production cycle the use of water is estimated
to be up to 200 l/kg of treated fabric whereas the overall Italian TA industry use would be from 400
to 500 million cubic meters per year)40



Energy consumption



Significant consumption of chemicals, some of them being toxic



Emissions in the atmosphere and water.

Italian industries have to follow strict rules in terms of environmental impact of the production and they
undergo the EU REACH regulation foreseeing the prohibition of placing on the market and using certain
harmful chemicals or strictly restraining their use. This condition alone should be enough to guarantee the
commitment to restrain the polluting effects of the production stages of the Italian textile industries;
nevertheless, there is also a growing commitment on behalf of the industries involved in the field to
develop voluntary initiatives in terms of:
-

Alternative energy sources (mainly solar energy)

-

Adoption of technologies having a lower environmental impact41

-

Paying attention to the campaigns of environmental movements (in particular, the Detox initiative)

-

Adoption of voluntary certifications.

Brands strongly encourage this process by imposing technical documents to their suppliers in order to
prove that there are no harmful chemicals in their products. Indeed, in the textile ennobling industries
more than 10.000 commercial formulations with more than 3000 different chemicals (colorants,
sequestering agents, pH regulators, reducing agents, thickeners and so on) are estimated to be use. As a
result, fibre fragments, emulsion oils, sizes, colorants, biocides etc. are detected in the wastewater. Their
values can be summarized as follows:
Composition of wastes coming from textile-dyeing industry (average)
Pollution parameter

Average value

Regulatory limit Table 3 – Legislative decree
152 /2006

40

Source: Franco Ferrero, Giorgio Rovero and Carlo Beltramo from the Department of Science of Materials and

Chemical Engeneering of the University of Turin, “Analysis of the issues concerning the water saving of the textile
industry: feasibility and costs”
41

The Sustainable Technologies initiative promoted by ACIMIT (the trade organization for local manufacturers of
textile machinery in Italy) shows the increase of the supply of green technologies in this field (www.acimit.it)
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Sewages

Discharge on
superficial water

pH

7,0 – 8,5

5,5 – 9,5

5,5 – 9,5

COD (mg/L)

450-1500

500

160

BOD5 (mg/L)

150 -450

250

40

Suspended Solids – SS (mg/L)

150-350

200

80

Chlorides (mg/L)

650-1400

1200

1200

Sulphates (mg/L)

130-450

1000

1000

Colour

Non detectable
after 1:30 – 1:
100 dilution

Non detectable with

Non detectable with

1:40 dilution

1:20 dilution

Surfactants (mg/L)

3,0-20

4

2

Sulphurs (mg/L come H2S)

0,4-5

2

1

Source: Massimo Raboni, lecture notes from the course named Competitiveness and Sustainability, LIUC
(Carlo Cattaneo University of Castellanza, Italy) 2014/15

A part from the actions that the sector can develop, Italy is still worried about the contamination of semifinished products coming from those countries that do not undergo the Reach regulation where toxic
substances have been often detected42. In 2014, the total amount of the import of flock, yarns and woven
fabrics has been about 3.924 million Euros with an increase of 6,3% compared to 2013.43 Considering that,
the Italian industries are more and more aware that, in order to obtain eco-friendly products and
processes, there is the need to act on two fronts: on one hand, the production activity of the single
industry, on the second hand, the traceability of the supply chain, above all if the producer is using foreign
suppliers. In the latter case, having a sustainable production and maximising the logistic perfectly work
together.

42

The presence of harmful substances on imported textiles is one of the reasons explaining the request Italy made at the
Trade Committee of the EU for mandatory ‘made in’ labelling on the products circulating in Europe.
43
Source: Sistema Moda Italia (‘Italy Fashion System’):
http://www.sistemamodaitalia.com/public/Doc/notaec_nov14_def.pdf
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Technological processes
The purpose of this chapter is to identify the main critical issues of the production stages, such as
preparation, dyeing and finishing of cotton, wool and man made materials, and the remedial solutions
gathered from the experience of Italian industries and research centres. The following notes are not meant
to offer a comprehensive documentation of what has been done in Italy and they are based on data
extracted by articles, company reports, university researches and conference speeches.
For each stage of production, critical issues and the corresponding remedial solution have been indicated.

Cotton yarns/woven fabrics cycle (preparation)
Technology/Process Description

Environmental Impact

Remedial actions

Carbonization

Energy consumption, emissions

Smoke extractor fans

The thread undergoes
combustion in order to remove
hairs. The yarn gets lustrous and
reaches a pure geometrical
structure allowing any kind of
subsequent process.

of smokes from combustion and

Singeing

Energy consumption, emissions

This process is carried out to
remove the protruding hairs and
to highlight the weave of the
fabric. It involves passing the
fabric over an oxidizing flame.

of smokes from combustion

Mercerizing

Energy consumption

In this process the yarn is
subjected to a cold treatment
using caustic soda (plus wetting
agents), which causes the fibre
to swell becoming, thus,
translucent and stronger. The
treatment also aims to increase
the tangibleness grade of the
yarn. At the end of the process,
alkaline property must be

Water use

Italy- Confindustria Bari-BAT.

flowing oils

Caustic soda in the wastewater

It can be replaced by cellulase
enzyme treatments

Ammonia instead of soda
(Sanforization)

Continuous mercerizing cycles
and machinery for mercerizing
and bleaching in order to reduce
energy consumption and water
use. A closed loop of warm padsteam process allows the
reduction of the amount of
caustic soda that is used.
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Hot cycle with heat saving44.

neutralised by means of dilute
acid solutions.

Technologies able to reduce the
water use in the process have
been tested by G. adopting
Tenatex technologies in 2012
(‘Be Green’ project)

Lye saving through ultrafiltration
of wastewater: reuse of soda
with fewer new polluting
substances

Scouring

Energy consumption

It aims to remove fat and pectic
substances when preparing the
fibre to the following
treatments. It is carried out in
hot water in addition to
auxiliaries like wetting agents,
detergents, emulsifiers, caustic
soda/Solvay

Water use

Bleaching

Energy consumption

It aims to remove any possible
impurity, to obtain pure whites,
to prepare backgrounds for
dyeing or printing, for undesired
dyes to be run.

Water use

The brighteners used for
cellulosic fibres are mainly
sodium hypochlorite and
hydrogen peroxide
(temperature: 80-90°C). In the
bleaching bath they both require
sodium hydroxide to be added,
which alkalizes them allowing
the generation of the bleaching
ion, that is hypochlorite ion in
the first case and perhydroxyl

Replacing soda with enzymes
(cellulase, pectinase, xylanase,
lipase), reduction of critical issues
and costs related to water
treatment process.

Low foaming and biodegradable
detergents and wetting agents

Hydrogen peroxide is preferred
over hypochlorite as it impacts
less and it’s easer to be managed
in the water treatment process.

Production of wastes containing pollutants like
formaldehyde, organic chlorides and dioxins

Use of complexing agents like
polycarbonates, poly-acrylates,
gluconates, citrates and some
copolymers of acrylic acid
glucose.45

Wastewater saving through
ultrafiltration process

44

This innovation has been introduced in the Albini Cotton Mill of Brebbia in 2012 (they gained the Environmental
Innovation Award released by the Italian environmental association Legambiente in 2012)
45
Source: Ervet www.tecnologiepulite.it
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ion in the second one.
After the bleaching with
hypochlorite, a treatment with
hydrogen peroxide is needed to
completely remove chlorine, in
order to avoid the creation of
chloramines that, in the dryers,
would give birth to HCL, which is
dangerous for the cellulose. In
many cases, optical brighteners
are also used.

Desizing

Traces of polyvinyl alcohol in the
wastewater

Treatments with amylolytic
enzymes

Washing

Energy consumption

Washing procedures are
frequent in the textile cycle and
their function is to remove
impurities, oils and chemical
residues derived from the
previous treatments. Washings
can be performed on woven
fabrics in rope form, in openwidth or in continuous plants.

Water use

Process reengineering: by
reducing the causes of
contamination of the material,
fewer and less intense washings
are needed.

PREPARATION SYNTHESIS

Preparing 420 kg of cotton
materials involves the use of:
4200 litres of water, 1043 MJ of
energy, 18 kg of NaOH, 2 kg of
H2O2 and 5 kg of soap47

This treatment aims to remove
the chemicals used in the size46
from the fabric by means of
alkali and oxidants (in case of
non starch size or starch size,
they are used together with
polyvinyl alcohol).

46
47

Chemical residues in the
wastewater

In addition to the remedial
actions that have been adopted
and above indicated,
conventional preparation steps
can be replaced with atmospheric
plasma treatments.

See what has been said about this issue in the 4.1 paragraph on weaving
Source: http://www.envipark.com/progetto/envitextile/
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Wool yarns/woven fabrics cycle (preparation)

Technology/Process Description

Environmental impact

Remedial actions

Scouring/washing

Energy consumption and water
use

Fats can be separated from the
wastewater through extraction by
using solvents or surfactants, to
be used in the production of
lubricants for mills, ropes and
leather goods. Moreover, they
represent the material needed to
produce lanoline.

It aims to remove oils and dirt
accumulated during the
production steps. It is carried out
by means of solutions of sodium
carbonate with soap or ammonia
or with anionic and non-ionic
surfactants not to damage the
fibre.

Chemicals in the post-production
water (ethoxylate alcohols, alkyl
phenol ethoxylates – APEOs - 48,
alkyl sulfates, fatty acid alcohols,
detergents, carbonate and
sodium, lubricants and spinning
oils).

Low foaming and biodegradable
detergents and wetting agents
should be used.

The removal of APEOs needs a
monitoring of the supply chain in
order to identify the causes. An
interesting example is synthesized
by the Benetton research of
2013.49
Carbonization

Energy consumption and water

Regenerated wool needs this
process in order to remove the
vegetal parts from the
fabrics/knits.

use

The fibre is soaked with H2SO4
(2.5-4° C
or 4-6%), squeezed by a couple
of rollers and, then, dried in a
rameuse fed (stenter-frame) at
85-90° C for 30-60 minutes. Hot
air concentrates the acid by
evaporation, dehydrating and
hydrolysing the cellulosic part.

Use of formulates based on
natural oils51
Dry burling

Pollutants found in the
wastewater coming from the
washing baths following the
carbonizing step (average values)

Commitment to remove
perchloroethylene by the end of
2020 (Detox)

pH 7.6
Conductibility [µs/cm] 2600
Hardness [°F] 25
COD: 1250

48

Greenpeace has placed the APEOs among the 11 classes of the highly harmful chemicals whose removal from the
textile production steps has been required. (Detox campaign)
49
http://www.benettongroup.com/sites/all/temp/apeos_investigation_report_july.pdf
51
Biovit Project of the Region of Tuscany, 2005
Italy- Confindustria Bari-BAT.
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Then, a series of washings
follows the procedure in order to
completely remove the
remaining acidity.
Perchloroethylene combined
with water is also used.

Calcium [mg/l] 90
Magnesium [mg/l] 52
Chlorides [mg/l] 445
Sulphates [mg/l] 1230
Turbidity [NTU] 110
SST [mg/l] 200
Anionic Surfactants (MBAS)
[mg/l] 2.0
Non-Ionic Surfactants (BIAS)
[mg/l] 45.050

Milling
Through mechanical devices
called ‘fulling mills’, fabrics
soaked with water and specific
auxiliary substances undergo
compression, hit and rubbing in
order for the wool to become
matted. At the end of this
procedure, a washing is needed
to remove spinning oils, dusts
and chemical residues from the
fabric.

Polluting agents found in the
wastewater deriving from milling
are mainly surfactants and
suspended solids, together with
variable pH due to the decision to
use alkaline or acid products.

Use of formulates based on
vegetal oils
Process water saving
Plasma treatments52

Water use: around 0.5 cubic
meters of water for a piece of 2030 kg.

The new generation machinery is
often able to perform both
milling and washing procedures.
Bleaching

Enzyme treatments (protease)

Bath of peroxide at 45-50° C or
formic acid
Chlorination
It aims to make the fabric shrink
proof; it can be performed by
using NaClO, Cl2 (gaseous),
inorganic chlorine salts or by
placing specific resins
determining the increase of the
anti-felting effect (‘additive’).

50
52

Water use and energy
consumption

Atmospheric plasma treatments

Emissions of substances in the
atmosphere and water.

Source: “Wastewater Treatment of the textile industry: state of the art and perspectives”, 2002, Tecnotessile
http://www.benettongroup.com/it/innovazione-ecologica

Italy- Confindustria Bari-BAT.
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This procedure involves the use
of polymers made of polyethers,
polyurethanes, in the form of
water dispersion and solutions in
organic solvent to be applied for
padding and for exhausting.
Then, an anti-chlorine treatment
is performed to remove the
residues from the fibre.
Machinery involved in the
process: autoclaves for the cone
yarns, overflows for woven
fabrics.

Washing53
Washing procedures are
frequent in the textile cycle and
their function is to remove
impurities, oils and chemical
residues derived from the
previous treatments. Washing
can be performed on fabrics in
rope form, in open-width or in
continuous plants.

Energy consumption and water
use
COV in the atmosphere
Polluting residues harmful to the
human health into the
wastewater

Process reengineering:
by reducing the causes of
contamination of the material,
fewer and less intense washings
are needed.

Biodegradable detergents in the
water
Replacing antifoaming agents
based on minerals with wetting
agents based on surfactants.

Upstream washings (from the
bath in water coming from the
previous processes to non
polluted water)
Transporting the fabric by water
(with no reel)54

Removing chlorinated solvents.
Ozone washings (Tonello s.p.a.)55

53

The notes about the washing procedure are the same for the different kinds of treated fibre.
This is the case of the technologies applied by Noseda
55
http://youtu.be/72W-8pxUm44
54
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Drying 56

Energy consumption

Heat recovery systems

Extracting process water from
the textile substrates is
performed by means of different
technologies:

Water use

Joining drying process to thermal
fixation procedure (stenterframe) or printing preparation








Squeezing (the fabric gets Emissions in the atmosphere
pressed by two rollers)
Centrifugation (mostly used
for yarns and very strong
woven fabrics)
Vapour pressure
Suction (the fabric passes
over a vacuum system)
Convection
dryers
(air
chamber where the fabric
passes through layers)

Microwave dryers (energy
saving)

IR dryers57

Man made yarns and woven fabrics
Technology/Process Description

Environmental impact

Remedial actions

Scouring

Energy consumption and water
use

Closed-loop systems, wastewater
vacuum and filtrating systems

Dangerous chemicals

Enzymatic treatment (Catalase)
to remove peroxide (H2O2) after
bleaching instead of washings
with water and reducing agents
(Na2S2O3) or metal catalysts
Mn2+ salts). The main
advantages of the enzymatic
process are:

Synthetic fibres do not need
specific scouring treatments, as
they don’t contain primary
impurities a part from some
products used in the spinning
and weaving procedure
(lubricants, oils, antistatic agents
and dust). It is carried out by
means of detergents and
emulsifiers on the thread and/or
woven fabrics.
Bleaching
It is carried out by means of
sodium chlorite that uses the
oxidant property of chlorine
dioxide developed thanks to

56
57

Emissions in the atmosphere and
wastewater (COV)

When spinning oils undergo
thermal fixation treatment, they
create serious problems for the
environment.
Subjected to a temperature over
180° C, they volatilize producing






Decrease of the duration
time of the treatment (-33%)
Water saving (-50%),
Energy saving (-24%)
Reduction of chemicals (83%),

The notes on the drying stage are the same for the different kinds of treated fibres.
This is the same technology applied, for example, by the Monnalisa inkjet printer owned by Robustelli S.p.a.
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warm acidification.

polluting smokes.



Vapour consumption: 3,34 l/kg

Avoiding the use of carriers such
as dyeing accelerators used to
increase the spreading of dyes.

Heatsetting
Knitted fabrics require a thermal
treatment, which is usually
performed before dyeing, to fix
the fibre and give fabric
dimensional stability.

The possibility of recycling
bleaching water to use it in
the dyeing process (after
modifying the pH)58.

It can be performed by using
different sources of heat (from
190 to 210°C):
- Hot air in stenter-frame
- Under pressure heat, in a
vaporizer
- Hot water in HT devices.
Barking
It is needed to give polyester
fabrics a silky handle; it is run in
a bath of NaOH at 90-95°C
followed by washing.

Dyeing of man made fibres
Given the growing spreading of
man made fibres (polyester
alone represents 50% of the
world production of fibres), the
role of dyeing of these materials
is relevant to determine the
environmental impact of textile
procedures.

Water use: 3,68 l/kg
Energy consumption: 0,30
kwh/kg59

Super Critical Carbon Dioxide
Dyeing
No wastes:
Carbon dioxide is used in a closed
loop with a recovery of excess
dye.
Chemicals are not needed (no
dispersants, no swelling agents).
No wastewater to be treated.
No water use (traditional process

58

Giuliano Freddi: ‘Biotechnologies applied to the textile industry’ http://exallievi.itispaleocapa.it/esperia-2011/lebiotecnologie-applicate-al-tessile
59
Source: Noseda s.p.a.
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involves 100 – 150 l/kg).
Removal of drying step and the
deriving energy consumption.
At present, this cannot be applied
to natural fibres60.

Dope dyeing
The LCA conducted by Radici
Group on package dyed polyester
and dope dyed polyester shows
that the latter dyeing treatment
allows a saving of water
resources equal to 90%.

Shade intensification by using the
polarized light process61

Acqua0 (Zero Water) system by
Noseda (cones and beams)

Dyeing processes
Dyeing can be performed at different stages while processing the fibre: it can be stock dyeing, yarn dyeing,
woven dyeing (in rope form or in open-width) and garment dyeing. The different technologies, procedures,
dyes and auxiliaries are applied according to the fibre composition and the nature of the material (tops,
cone, hank, woven fabric, garment).

60

Enea Trials, University of Torino (Politecnico), University of Camerino
http://utagri.enea.it/sites/default/files/20110712_presentazione_leone.pdf - supercritical CO2 dyeing systems have been
realized by Fedegari S.p.a.
61
Technology developed by Huntsman
Italy- Confindustria Bari-BAT.
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Dyeing procedures
Technology/Process Description

Environmental impact

Remedial actions

Dyes and auxiliaries

Presence of toxic substances on
products and in wastewater due
to the lack of control on imported
materials.

Removal of toxic chemicals (Detox
campaign - Greenpeace62)

The Italian productions are
subject to the prohibitions and
limitations imposed by the
Reach Regulation

Certain toxic substances that
have no alternatives available at
the moment are allowed with
limiting regulations.

Biodyes obtained from enzymes63

Metal-free dyes
Release of azoic dyes: the REACH
Regulation prohibits the use of 22
aromatic amines related to
cancer risk in the textile
production. Other dyes belonging
to this group have been classified
as harmful for the human being.
More than 20 disperse dyes have
been considered allergenic and 9
have been classified as
carcinogenic if absorbed by the
skin after a long-lasting contact.

Traces of chlorobenzenes,
persistent and bioaccumulating
chemicals used as solvents and
biocides in the production of dyes
and as chemical intermediates.
Hexachlorobenzene (HCB), the
most toxic and persistent
chemical belonging to this group,
is an hormone destroyer, too.

Maximizing, recovery and reuse of
dyes

Use of sulphur free dyes

Auxiliaries: alkyl ethoxylates with a
low molecular charge (ethoxylated
amines and Pyrrolidone
derivatives) still in experimental
stage; they can increase the
efficiency of the dyeing process by
reducing the amount of
compounds needed to obtain the
same process performance.
Indeed, in the case of dying with
acid and reactive dyes, it has been
proved that the amount of
surfactants needed can be reduced
up to 70% by working at lower
temperatures with a consequent
20% energy saving compared to
the standard conditions of work

62

Among the chemicals to be removed, a part from dyes (in the specific case, azoic ones), there are 11 classes acting at
different levels of the textile process such as biocides, functionalizers or chemical reactive agents.
63
Eco Innovation BISCOL (Bioprocessing for sustainable production of coloured textiles) Project, www.biscol.unisi.it/
Italy- Confindustria Bari-BAT.
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involved in the traditional
process64.
Traces of heavy metals (e.g.
chromium to dye wool with the
black colour)

Yarn dyeing
Dyeing bath in autoclave
(vertical or horizontal) in
stainless steel to gather baskets
to hold cones, hanks and warp
beams.

Cotton: energy consumption of
8,41 MWh/t65

Wool: water use ratio is 1:8
(cones)
Wool: water use ratio is 1:24
(beams)
Energy consumption: 1900

Isothermal dyeing and controlled
pH process

Automatic dosing systems
(reduction of exceeding quantities
and human mistakes)

Air Pad System for the
pressurization: it allows the
reduction of bath ratio and energy
consumption (the space once
occupied by the autoclave is filled
with compressed air). Bath is
heated by heat exchangers.

kcal/kg fibre (water heating 1100
kcal/kg, drying 800 kcal/kg
fibre)66

Low dyeing ratio machinery:
Noseda “Acqua0”: 1:3 ratio
(polyester), Cotton 1:467
(consequent reduction of energy
consumption)

Woven fabrics dyeing

Water use

Jigger open-width process
systems (the fabric is open)

Energy consumption: 5,54
MWh/t68

The research conducted by the
Italian textile mechanic industries
allowed the reduction of the bath
ratio (e.g. MCS: 4 l/kg), an
intervention on the versatility of
the machinery (ex. Jigger Brazzoli)
and on energy consumption69

Wool: water use ratio is 1:20
Jet and Overflow rope process
systems (the woven fabric is
pushed in a longitudinal sense)

Emissions (air and water)
Consumption of chemicals

Air-flow technologies (reduction of
the bath ratio)
The fabric is trailed thanks to the

64

Maria Laura Parisi, Daniele Spinelli, Rebecca Pogni, Riccardo Basosi, University of Siena, LCA comparing dyeing
procedures of textile fibres.
65
Source: www.energiepulite.it
66
Source: University (Politecnico) of Torino, 2005
http://www.noseda1893.it/documenti/pdf2005_4_21_10_7_1_943095102.PDF 67
68
EMS-Textile Project (Source: Sistema Moda Italia).
69
www.acimit.it
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inclination of the machinery and
the water stream (no reel is
needed).70
Garment dyeing

Water use

It is performed by means of
rotating machinery able to
process limited quantities of
garments.

Energy consumption
Emissions of chemicals

Garment dyeing in closed loop
instead of the common reaction
solvent, water, with a non-polar
organic solvent like
perchloroethylene (PEC). Being its
specific heat almost five times
lower and its evaporation latent
heat more than 10 times lower,
PEC allows a significant energy
saving during heating and while
keeping the temperature of the
dyeing bath as well as during the
final drying process. (Otir 2020
Project – Next Technology
Tecnotessile)71

Garment dyeing with natural
indigo72.
Examples of sustainable
technology research: Flainox, an
industry in the area of Biella, in
Italy, has run an LCA study on its
production proving the decrease
of water use and energy
consumption73.

Textile printing
The aim of textile printing is to enrich the fabric with designs and decorative patterns that need a localized
dye, usually realized by using printing paste composed of pigments having a specific viscosity to prevent the
colour from spreading beyond the limits of the design or pattern and reaching other areas. The main
innovation is related to ink jet printing that, being first used to make samples and test colour variations
70

Noseda s.p.a.
http://www.sustainability-lab.net/it/blogs/sustainability-lab-news/nuovo-processo-di-tintura-a-basso-impattoambientale.aspx
72
http://www.sandroni.it/nodi/view/240/tinture_con_indaco/inbreve
73
www.flainox.it
71
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restraining the costs of production of the fabric sample books, it is gaining a more and more significant role
in the industrial textile production. Although covering only 10% of the production, ink jet printing is
considered to be growing74. In the silk production district of Como (in the North of Italy), digital textile
printing increased from 2% of the total production to 58% at the present day (it is expected to reach 81%
by 2017)75. The advantage compared to the traditional printing is the removal of colour boxes or rollers
resulting in a significant increase of flexibility.
Besides, this process involves the use of the precise quantity of dye, thickener and auxiliaries which is a
relevant issue both from the ecological point of view as well as for costs; as a result, this will avoid
exceeding residues of printing pastes, normally used in the traditional methods, and the treatment issue
related to them.
Steaming process, needed to fix the dye, and washing follow the printing process.

Textile printing
Technology/Process Description

Environmental impact

Remedial actions

Direct printing

Water consumption: 50 litres for
linear meter

Digital printing76

(the dyeing paste is directly
applied on the pre-treated cloth)

• Water consumption: up to - 90%

Energy consumption

• Reduction of CO2: up to - 25%
• Energy saving: up to - 37%

Discharge printing
On a cloth that had been
previously dyed (dark tones) the
colour is removed through
specific reducing agents in
addition to pigments, if needed.

Savings:

Noise pollution: 85-90 dB from
the traditional cloth printing.

50% reduction in noise77

Traces of harmful chemicals on
the product and in the
wastewater

Transfer printing (man made
fibres)
Disperse dyes previously printed
on paper get transferred onto

Printing procedures not implying

74

Source: AICTC, The Italian Association of Chemists and Colourists
http://www.economyup.it/made-in-italy/1052_come-la-stampa-digitale-puo-far-rinascere-il-tessile-made-in-italy.htm
76
E-Volution LCA by Miroglio S.p.a., realized by ICEA, Environmental and Ethical Certification Institute
77
Data referred to the Monna Lisa printer owned by Robustelli S.p.a.
75
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the fabric by pairing; then, they
go through metal rollers at 190210°C.

Devoré printing – also known as
burnout - (a mix of artificial and
cellulose fibres)
It involves the use of acid pastes
(potassium acid salt, chloride or
aluminium sulphate) that
carbonize cellulose fibres.

wastewater
Water dyes

Benetton Group has replaced
acrylic resins with bio-polymers
based on casein. The use of acrylic
resins is problematic since these
are sensitizers and they also
require the use of further additives
that may also be problematic such
as alkyl phenols, phthalates and
organotins.
Grafco Srl has developed an
alternative polymer based on milkprotein that could replace the
acrylic resins along with the
required additives.

Finishing
This term is referred to all the mechanically performed treatments and/or wet finishing by chemicals
aiming to modify the surface, the aesthetic and tactile effect and/or the behaviour of a textile material (by
attributing new performances).

Dry treatments
Calendering: performed to obtain a polished, smooth and compact effect by means of friction, pressure
and heat. It can also be a wet process.
Polishing is a particular calendering process performed by means of special calenders using heat, friction
and, sometimes, polishing auxiliaries.
Embossing is a particular kind of calendering used to engrave a simple pattern on the cloth.
Grinding process is used to obtain a fabric with a softer handle and a better insulating effect as the surface
hairs of the fabric are lifted. In order to reach this effect, a roller covered by an abrasive material is needed.
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Raising is performed to lift surface hairs resulting in a thermal insulation. This is carried out by means of
revolving cylinders with metal needles provided with hooks, differently moving according to the fabric.
Shearing aims to cut the surface hairs of the fabric by means of specific cutting units.
Sieging removes the surface hairs of the fabric by burning it with a flame.

Wet treatments
Fulling is performed to modify the texture and the compactness of the wool and to tighten the weave of
the fabric thanks to the combination of heat with mechanical friction and pressure.
Sanforization process gives the fabric dimensional stability by applying mechanical forces and water steam.
Decatizing removes the lustrous effect from the fabric and brings dimensional stability thanks to the action
of dry or ‘super’ heated saturated steam.
These treatments involve significant energy consumption (water heating, steam production, drying process,
handling material), water use, emissions in the air and water, the use of chemicals - many of them
belonging to the list of harmful substances indicated by the Reach Regulation whose application is,
therefore, strongly restricted. These chemicals are mostly used in the functionalization of textile materials
(e.g. waterproofing, flame resistance, anti-bacterial property, etc.).
The chemicals used in the process can be natural (glue, fats, oils, starches), artificial (modified starches,
modified cellulose) and products obtained from chemical synthesis like N-methylol derivatives
(thermosetting agents, reactants), linear reactants (carbamates, epoxides), thermoplastic polymers (vinyl,
acrylic and polyethylene ones), polyurethanes and silicones.

The Plasma treatment
This is a process of surface modification where a gas (air, oxygen, nitrogen, argon, carbon dioxide, etc.)
injected inside the reactor with a pressure of about 0,5 mbar gets ionized thanks to two electrodes that
realize a high-frequency electric field.
The surfaces of the fabric exposed to the action of the plasma are both physically (roughness) and
chemically modified to remove the organic residues located still on the cloth and to introduce, then, free
radicals and new chemical groups inside the surface molecular chain of the fabric.
Italy- Confindustria Bari-BAT.
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The increase of the surface energy of the fabrics allows the complete removal of chemical products
containing solvent and deriving from the conventional process. In the fabrics made of natural and artificial
fibres, the plasma treatment improves the dyeing features and the strength of the colour; in particular, in
animal fibres, it gives high anti-felting properties preventing the use of those procedures based on chlorine.

Treatments on denim garments
The environmental impact of a pair of jeans is well-known for being rather high, as this garment involves
both ecological issues of the fibre and many production steps, some of them (dyeing and washings)
generating a high consumption of hydric resources. The production of a pair of jeans is estimated to cost
32,3 kg of CO278 to the environment.
A particularly critical issue in terms of sustainability is related to stonewashing, that is to say the process
used to give a newly manufactured cloth garment a worn-out appearance, which is very appreciated in the
fashion world.
These treatments are mostly performed in third-word countries (above all in Bangladesh) in very dangerous
conditions for workers (silica dust particles are sprayed over the cloth by using compressors). The Italian
industries that realize denim fabrics mainly use enzymatic treatments allowing to safely perform the
process and to reduce the problems linked to the waste treatment since enzymes are biodegradable.
Fimatex, an Italian company, has patented the eco-aging method replacing the rock with a vegetal mix
composed of wastes from the food cycle to create the “worn-out” effect on the fabric79.
Tonello s.r.l.80 has developed new technologies to reduce CO2 in the denim garment production by using
the Jet system allowing the decrease of the bath ratio from 1:10 to 1:3 resulting in water, energy and
chemical savings. Italdenim s.p.a., too, has implemented comprehensive strategies to remove the critical
issues in the denim production; indeed, this company from Lombardy is participating to the Detox initiative
to

remove

chemicals.81

toxic
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Source: Goretex 2013
http://www.fimatex.it/?p=437. The company has also implemented the ZeroWaterJeans system allowing the 90%
reduction of water use.
80
http://www.tonello.com/ricerca/
81
www.itadenim.it
79
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A.5.3. METHODOLOGIES FOR FURTHER DIAGNOSTICS IN Make Up
& LOGISTIC AND DISTRIBUTION NETWORKS
Introduction and reference model
A shared definition of sustainable logistics is ‘the set of technologies, procedures and activities
aiming to reduce the environmental impact of the different links in the logistic chain, without
penalising the quality of the service and the economic profitability. According to its promoters,
having a more efficient logistics in terms of productivity as well as a lower environmental
impact is possible. The concept derives from the more comprehensive idea of ‘sustainable
development’, which seems to have pacified some areas of the environmental world and some
of the production one. First of all, sustainable logistics refers to the whole transport, from the
long distance to the local distribution, the warehouses of goods and, lastly, the management
of the packages to be used.
The sustainability of logistics essentially depends on the decisions made by three stakeholders:
the regulatory authorities, the users and logistics service providers.
The regulatory authorities (state, regions, municipalities) define the rules of the game, which
are the set of different duties to be followed to realize logistics operations. For instance, a
regulatory duty is the time and conditions to enter city centres where the businesses of the
fashion and clothing system are usually located.
The users of logistics services are those companies that need to handle their goods from the
production systems to the places where consumers can purchase them.
Lastly, logistics service providers are those ones focusing on the logistic activity and, so, they
should be able to provide efficient and effective services.
Of course, the activities that the logistics service providers are able to carry out can be directly,
totally or partly, realized by the same users. The decision to make or buy (I directly make or I
buy from others) depends on many factors given by the specific situation to consider.
Generally, the logistics service providers should be able to carry out more effective services
with more efficiency since they could reach more scale economies compared to the single
users. Indeed, the possibility to simultaneously combine the demand for services of many
users allows better performances of a logistics service than those realized by a single one. The
more and more fragmented demand made by the customers of the fashion sector has further
increased this potential advantage.

Infrastructures and, above all, warehouses can be the starting point of the analysis. In this
field, multinational corporations are the quickest ones moving towards the sustainable
logistics; indeed, they build and rent logistics areas and consider environmental sustainability a
huge added value. This also happens because their customers, which are big companies in
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Europe, are interested in environmental quality certifications; thus, from this perspective,
using structures with a low impact is a good ‘score’.
The latest creations by companies like ProLogis and Gazeley have employed solar panels and
photovoltaic generators, recycling systems, water saving and intensive planting to decrease
the impact on landscape of the logistics structures becoming bigger and bigger. Location is
important, too, which has to be far from inhabited centres and close to big transport arterial
roads.
In Italy, since 2007 financial laws have been establishing different incentives to build or
rebuild facilities that give energy saving and have power energy systems based on renewable
sources. This could be a good chance for the world of logistics, too, that can take advantage of
the delay of the Italian infrastructure system to realize eco-friendly plants. Thanks to regional
incentives, much has been already done: for instance, photovoltaic panels have been installed
on the roof of some buildings in the Fright Village of Bologna and similar installations have
been placed on many other facilities in Italy. These factors already show how well
environmental care works with production efficiency, as all the expedients above described
allow a reduction of costs in the medium and long run.
Nevertheless, building good logistics platforms is not enough; using them in a ‘sustainable’
way is needed, too. This involves, in real terms, increasing inter-modality by using the facilities
as transfer centres between two modes of transports, rationalizing urban logistics, by
developing handling centres outside the inhabited areas as well as allowing a more fluid
internal handling of goods by means of wireless and bar code and/or tag RFID tracing
technologies. Logistics platforms can also play an important role in increasing the load ratio
(saturation) of the means of transportation involving, in other terms, the reduction of the
number of circulating vehicles.
Means of transportation are, indeed, the second cornerstone of sustainable logistics. Lorries
are the most important ones in Italy but the other ones are fundamental, too: airplanes, boats,
lift trucks and even trains. The goal of reducing the environmental impact can be achieved
through different ways: by making engines more efficient; by searching for alternative sources
of energy and decreasing other problems like the noise of airplanes. In the field of industrial
vehicles, emissions are being reduced thanks to national or transnational laws – like the Euro 5
in the context of the EU – and some countries are encouraging the purchase of less polluting
vehicles. For instance, Germany offers the reduction of highway fees to those who are already
using lorries provided with a Euro 5 engine. In Italy, for now, incentives exclusively refer to
light commercial vehicles (with a gross vehicle weight of not more than 3.5 tonnes). Hybrid
electric propulsion vehicles and diesel-electric hybrid versions are generating a growing
interest, too. Indeed, in Japan, Mitsubishi is already selling a hybrid version of the light
commercial vehicle Canter; in the USA, the Obama administration has implemented a specific
program and in Italy there are some examples of end distribution carried out by means of
totally electric lorries.
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Given these first evidences, we can highlight some aspects positively linked to a more efficient
and effective logistics that will, therefore, be more sustainable, too:

1. The development of logistics platforms needs economies of scale, so, in many cases
the outsourcing of logistics to specialized operators is needed. This mainly happens if
the companies distributing their products have a storage inventory that is too small.
2. Maximising the saturation of loads allows the reduction of the environmental impact
of the same transport, but it also needs economies of scale that can be reached by
specialized operators more easily. This happens, above all, if the companies
distributing their goods are too small compared to the target market.
3. The size of the business is important as far as the investments in technologies with a
less impact are concerned, like logistics platforms or transports with a low energy
impact (intermodal transport on long distances plus electric or hybrid vehicle for the
last mile). In this case, too, specialized logistics operators have the right dimension to
afford this kind of investments.
4. Lastly, the expert use of logistics platforms and transports needs the widespread use
of information technologies and electronic communication (ICT).
For these reasons, we have many empirical and logical evidences of a strong and positive
correlation among the level of outsourcing of transports, the stock logistics, the use of ICT and
the reduction of the environmental impact. The first and most important environmental
impact is given by the logistics structure in Italy as well as by the organization of transports.

The structure of the Italian logistics
The entrepreneurial dimension of the field of logistics is important in order to understand the
sector and identify the best tools for a logistics policy able to promote the competitiveness of
the field and the whole territory. Logistics and transports are fundamental factors for the
system competitiveness of a land, for being a factor of attractiveness of economic flows as well
as a service provider needed by the whole community, for the competitive ability of the
companies including them into their production activity.
Being connected to the continuous increase of flows of goods and people from inside and
outside, the economic dimension of logistics and transports is, thus, becoming more and more
relevant and the possible efficiency benefits (in terms of costs, innovation and service ability)
are specific goals to be constantly perceived to keep the whole competitiveness ability on a
high level.
The costs for transports and logistics are estimated to be about 20% of the industrial
production of the EU-15, while in our country the figure should be a little higher (20,5%). If
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transportation of both goods and people is taken into account, logistics represents around 1214% of the GDP both in Italy and in Europe (Boscacci, 2007).

Today, a modern and efficient logistics system is a fundamental leverage to increase the
competitiveness of the manufacturing field and to improve the prospects of the national
economy. Among the factors making transports and logistics so important we need to
highlight, first of all, the change of the organizational and geographical structure of the
manufacturing production: indeed, today it is performed by using the outsourcing in a more
and more extensive way, going outside the territorial borders of the single country in a more
and more significant way; different stages of the cycle of production are distributed even over
more than one continent.

The demand for logistics services
The Italian logistic pattern shows clear delays as far as both demand and supply are concerned.
As for the demand, there is a low tendency to outsource on behalf of manufacturing
industries: most of the Italian logistics activities are not outsourced, that is to say that they are
directly carried out by the production companies. Therefore, there are significant margins of
entrepreneurial development in the field, as shown by the comparison to the main
industrialized countries of Europe.
In Italy, according to the data of 200282, 49% of transport activity is carried out directly by the
production company and 51% is on behalf of third parties.
On the other hand, 85% of logistics is run directly by the production company and only 15% is
on behalf of companies of the field. According to another research (UPS, 2001), the share of
outsourced logistics performances (without freight) covers a mere 13%. Only in Greece the
manufacturing industries outsource a lower percentage than the one of the Italian companies
(11%).
Data from Confetra (the Italian General Confederation of Transports and Logistics) confirm the
low tendency to outsource on behalf of the Italian industries. The percentage of outsourced
logistics services other than freight (21% of the overall logistics) is equal to 15,5%, confirming
the previous calculation.

The supply of logistics services
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As for the supply, the main critical issues concern the typology and the dimension of the
operators, the competition structure of the fields of transport and the unbalance among the
modes of transport.
Despite the process of reshape and concentration that has been going on for a while now, the
average dimension of the Italian companies is still less than the one of the operators of the
other countries (except for Spain). Moreover, national operators are still linked to the
traditional services; they generally provide only freight with no services of integrated logistics.
For this reason, foreign operators are gaining more and more the leading role in the Italian
market of transport and logistics, also because a growing number of national manufacturing
industries need an advanced service.
Indeed, the big international groups are becoming more and more the leaders of logistic hubs
of goods, taking advantage of the opportunities offered by the development of the Italian
market and the progressive outsourcing of shipping and freight services as well as the
management of goods on behalf of the groups of the modern distribution.
In addition to this, the foreign operators are leading the process of reshape and
concentration in the field through specific strategies to take-over national stakeholders. Such a
trend has been confirmed by the latest data on merging and take-overs: according to certain
revelations, between July 2003 and March 2005 (‘Nomisma’ report of Federtrasporto National Confederation of transport and service companies), the M&A share of Italian
companies on foreign markets in the field of transports is about 14%, which is the proof of a
rather high passive internationalization. In the years 1992-2005, in Italy the number of
acquisitions by foreign companies prevails in all the modes of transport (except for the railway
sector) compared to those realized by our companies outside national borders. The maritime
and logistics sector represent the preferred fields of acquisition on behalf of foreign and
national operators.

According to an investigation of the structure of the companies operating in the field of
logistics and transport83 (Confetra, 2005), in the years 1995–2002 the average dimension of
the analysed sample of businesses in terms of employees increased from 117 to 126.
Considering the average turnover, the figures have grown from 27,3 to 34,6 million Euros. The
number of samples has increased, too, going from 378 companies in 1995 to 568 in 2002, with
a total increase of the amount of employees of almost 28.000 units. Such a growth is the proof
of a concentration process, as the analysed sample includes the companies with a specific
minimum threshold of the turnover or of the total cost of work.

Other data (Federtrasporto) show that national operators are moving back. First of all, in the
years 1995-2004 there has been a decrease of the market shares of the flows of goods handled
to the borders owned by the carriers residing in Italy, especially as for road haulage (from 50%
to 35,1%) and air transport (from 61% to 23,6%). Secondly, in 1996-2004 there has been a
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progressive decrease of the balance of payments for the freight of goods, going from -1.323 to
-3.278 million of Euros.

The report of 2006 of the National Observatory on the shipping of goods and logistics gives
back a rather articulated framework of the relationship between logistics and companies84.

The investigation was run on a sample of 388 manufacturing industries having from 50 and 500
employees and 100 logistics companies with more than 10 employees. Thus, both the supply
and the demand of logistics services have been investigated. Significant points of contact
between the two parties of the market have emerged.

Nevertheless, manufacturing seems to be strongly developing while the logistics field seems
not to be having an appropriate behaviour.
Indeed, first of all, there seems not to be a direct connection between the technologic
innovation, being more and more widespread in the production process, and the logistics
performances, still being relatively moderate even in the most advanced companies; that’s
why they can always guarantee wide margins of improvement.
Secondly, the presence of multinational operators in the field of the transportation of goods
and logistics in Italy seems not to have produced significant effects in terms of innovation of
the supply, especially as far as the needs of the small and medium companies are concerned.
Therefore, being able to combine the increase of the efficiency in the production with an
improvement of the efficiency of logistics is essential to make companies really more
competitive, including small and medium ones. Logistics services can, thus, be an important
incentive to grow more.
Some positive examples of integration between production and logistics have been detected in
the districts of the North-East of Italy.

Internationalisation and outsourcing
The outsourcing of the single steps of the production process is caused by the search for more
flexibility against the uncertainty of markets undergoing more and more rapid changes due to
the fast technological innovation and globalisation resulting, thus, in a larger and larger
competition.
In this context, the trend of moving the end stages of production outside the plants is
particularly significant. The outsourcing of these steps, which essentially refers to the so called
customisation (packaging), fulfils the need of differentiating the end product according to the
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specific regional market it is aimed to; it also defines the geographic localisation of the end
stages of the production at the big hubs and the big multimodal transit villages where
handling/stocking centres are also located.

The goal of outsourcing the production, mostly interesting the Eastern part of Europe (e.g.
Romania, Bulgaria) and the Far East (especially China), is quite different from the purpose
searched for by the multinational corporations during the 70s and the 80s. At that time, they
were looking for a direct contact with the end market where the end products were directly
produced, saving the costs of alternative transport even before saving the costs of production
on the spot.
Today, the transportation costs have hugely been reduced and, in most of the cases, the plants
located in the third countries don’t have an independent and direct relationship with local
markets. They are, in fact, process units where some stages of the production are carried out
and, then, they exchange semi-finished products with the holding company placed in another
location or in the homeland.
The outsourcing of production is well proved by the great increase of the amount of shipped
goods and, at the same time, by the reduction of the amount of domestic traffics compared to
international and intercontinental ones.
Just in the last twenty years there has been a more and more vivid trend of European
manufacturing industries to outsource whole steps of their production to the third countries.
The target market for industrial supplies is, thus, becoming wider and wider and the European
companies are more and more looking for plants and warehouses outside the borders of their
country and outside Europe. In the years 1999-2005, the growth of volumes of the industrial
supplies coming from the European and global market has been estimated around 10-15%. On
the contrary, there has been a decrease of the supplies directly coming from their
correspondent national markets. The following 10 years have experienced similar trends.

Outsourcing has been having many different effects. First of all, the intensity of transporting
the production has increased. The GDP being equal, the volume of freight traffic is expected to
be growing during the next years more than what happened even just 10 years ago, which will
have an important impact on infrastructures.
In second hand, the manufacturing industry, becoming a part of a more geographically
widespread production network, is going to be focused on its own core business and to
outsource the non-core steps of production. Thus, logistics will be more and more an
independent sector.
This reshape will have the following effects on the structure of the Italian logistics:

1. The flows of goods will be organized according to hub and spoke pattern,
concentrating high capacity transports on the big routes, reducing the amount of
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batches shipped in the short distance and increasing the frequency of freight trips in
the retail sector. The fashion field will have an even more extreme impact due to the
high fragmentation of the deliveries.
2. The network of warehouses and handling centres will involve a lower number of hubs
having a bigger capacity and serving many regional markets at the same time. The
percentage points of net stockings/warehouses that are simultaneously serving the
markets of more countries have doubled during a decade (1993-2003), reaching the
average of all the manufacturing sectors from 17% to 31%. Today, the percentage is
more than 30% in all the sectors of the industrial manufacturing.
3. The leaders of the market will be logistics operators of great dimension, able to
achieve cost savings due to the big scale and to provide integrated packages of
functions, logistics and freight services.
The benefits deriving from the improvement of logistics, in terms of costs for manufacturing,
are clearly shown by the impact of the total amount of costs of freight and logistics on the
value of the industrial production, which is estimated to be more than 20 percentage points.
In particular, extra costs, mostly deriving from the gridlock of the net of transports85, are
estimated to be equal to 1,4% of the Italian GDP (about 0,5 points more than the European
average).
Without interventions, in 2010, the cost incidence due to the gridlock has further increased
reaching 1,8 points of the GDP.
On the European level, the reduction of one point in the cost incidence for the logistics sector
can determine savings equal to 9 billion Euros.
In Italy, one point less of logistics costs would mean around 2,5 billion Euros savings, which
could make the goods more competitive and create benefits and profits that would be
redistributed among the economic operators.
On the other hand, as far as the potentialities of development and employment of the field, in
2010 the total amount of employees in the logistics sector has been estimated to have
increased by around 20% on a world level and 15% in Europe compared to 2005. Therefore,
modernizing the national logistics sector and attract plants, hubs and traffic villages on our
country is very important.

Road haulage companies
In Italy, the sector of road transport is extremely fragmented and less competitive than foreign
competitors.
Many factors together are generating this situation: the Italian road hauliers have, indeed, to
face higher costs than those of their foreign competitors (e.g. there are more expensive
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highway fees, gasoline taxes, indirect costs due to the higher road gridlock, other extra costs);
moreover, the sector is characterized by a surplus of supply and inefficient production.
The lack of correspondence between the demand of transports and the supply of
infrastructures involves severe negative externalities linked to the saturation and gridlock of
the road network (accidents and environmental pollution).
In 2003, the companies working in the field were 111.445 units. The geographical distribution
of road haulage companies reveals the country planning of the production and industrial
system: the majority of road haulage companies, in terms of the number of businesses on the
regional territory, are located in Lombardy (18.705 units, which is 16,8% of the total amount),
followed by Emilia-Romagna (14.715 units; 13,2%) and Veneto (12.502 units; 11,2%).
In terms of dimension, the road haulage sector is characterized by extremely small staff: 63%
of them has just one employee; companies having more than 10 employees cover 3,9%,
among which those having more than 100 employees are only 105, barely representing 0,1%
of the total amount of the sector.
The prevailing legal status of road haulage companies is sole trader (86.245 units, which is
77,4% of the total amount), confirming an ‘artisanal’ production structure; limited companies
barely represent 5,8% of the total amount, yet they cover about 25% of the total amount of
employees of the sector and they are mainly located in Lazio (11,5%), Campania (9,5%), Valle
d’Aosta (8,1%) and Trentino Alto Adige (8,0%).
Since the 70s, there have been many changes in the production organization, creating new
business strategies that were focused not only on the use of economies of scale and mass
production but also on price competition for standardised goods86. In fact, new strategies were
based on differentiating the products and placing them on new markets.
After that, the demand for goods has become less linked to the location and less stable in
time, causing changes in the processes strictly connected to logistics, too. Indeed, trends have
involved the following issues:
1. Minimizing the storage inventory with a just in time production strategy and
minimizing the lead time;
2. Decreasing the average amount of orders and, thus, of batches to be produced;
3. A widespread outsourcing of the production stages in areas characterized by low cost
of labour and/or a growing domestic demand.
These changes have led to multiple effects as far as trade exchanges are concerned:
commercial relationships are, indeed, more diversified, intense and often covering longer
distance; new transport practices have been consolidated based on gathering more orders
(groupage) and using standardized cargo units, above all in the intermodal freight (maritime,
railway and road transport).
The segmentation of the production process having company branches located in geographical
areas that are even very far one from the other has increasingly brought to the more and more
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spread phenomenon of tourism of the goods, increasing the value of logistics services in a
more than proportional way compared to the growth of the value of the production.
In other terms, the organization of shipments and logistics have significantly moved outside
the main company, both through the outsourcing of the management of flows and
information (integrated logistics) and using stocking warehouses not belonging to the
production company any more.
Moreover, the CIP (Carriage and Insurance Paid to - named place of destination) selling
modality, instead of EXW (Ex Works - named place), is more and more being used, including, as
a result, the costs of logistics in the value of the product. Therefore, freight and logistics have
become a strategic asset upon which the competitive advantage has to be based.
The recent development of net-economy and e-commerce brought important changes in this
context.
As a result, entrusting logistics activities to operators having the right know-how to manage
the multiple stages of production, from haulage to managing orders and returned goods,
finishing products and packaging.
The answers of operators to these changes have involved a strong internationalization of
companies so that they could be widespread but keeping, at the same time, higher margins of
operation thanks to the new economies of scale. Multimodal transport integrator or MTO
were born; they manage the whole process looking for efficient results and, at the same time,
suggesting customized solutions as far as they can. In addition to this, these logistics operators
speak directly with the customer, facilitating, thus, the management of logistics services.
Lastly, these operators make partnerships by creating a network that is widespread and global
at the same time.
In Italy, the leading operators are those who take part in excellent production realities, often
those who work in integrated logistics, transport integrators and pony express; those who
often belong to big foreign groups and some of them are dynamic Italian operators. Foreign
operators are, indeed, responsible for about 90% of the added value of logistics in Italy.
As far as the Italian operators are concerned, they are usually haulage operators (road haulage
or maritime transport businesses) that have all the skills to manage the whole transport chain
– often shipping products with specific features – and they have gained a recognized position
inside the production supply chain during the years; otherwise, they are manufacturing
industries that have created specific logistics businesses to use the experience gained in the
field of handling, freight and distribution of their products, once realized by themselves and
often having their own vehicle fleet, on the market.
Generally, the strategies of the Italian operators are related to the integration of supply chain
and product specialization or route specialization and they are focused on the demand that
took place in specific local contexts that they know better than foreign competitors do.
In Italy, as far as road transport is concerned, disregarding some exceptions, weak structural
factors due to the severe fragmentation of the supply in a vast amount of small operators
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(often provided with just one vehicle) prevail: they are still working on their own and
experiencing an uneasy condition of road haulage in a context of strong price competition.

Transport sustainability: environmental impacts in Italy
Urban logistics services cause individual and collective costs. Individual costs are due to the use
of private transportation and warehousing. Collective costs are due to the use of free
resources that are part of the urban system. These costs, in particular, are the following: costs
related to the public capital employed for the creation and management of infrastructure, cost
of urban land use, externalities.
Regarding the first category of collective cost, the company that produces or buys the service
of urban logistics, benefits of free urban public transport infrastructure, mainly roads. So,
because of the absence of tariff policies, such as road pricing, both the producer and the user
of the shipping service load on the community all the costs of construction and management
of infrastructure they need in order to produce or to get the service. This happens through
fiscal leverage or public debit.
Urban logistics also involves a cost that is often overlooked: the cost of land use for the
construction of transport infrastructure, both public and private, loading and unloading areas
of goods and parking areas.
Land use has become in recent years a growing problem in cities, on one hand because of the
steady growth in land demand for mobility and for parking of private and commercial vehicles,
on the other hand because the supply of urban surfaces is not easily expandable, if not in the
underground, and has very high costs. Indeed, cities have reached such a size that its
overcoming imply strongly diminishing returns. In fact, it is estimated that road infrastructure
occupy about 25% of urbanized land in Europe and 30% in the United States.
Consequently, there is a condition of trade-off: on one hand without infrastructure urban
space loses value, on the other hand infrastructure contributes to a rationale and broad use of
a good that is normally scarce in the city.
For these reasons, the public authority has to define rules for a good space management
according to hierarchy of priorities.
Urban logistics also causes external costs, i.e. costs that fall, in part or in full, on persons other
than those who originally produces or consumes goods and logistics services. They can be
classified into three categories:
-

intra-generational environmental costs: costs that "fall on those who occupy the space
that is around the place where the transport activity takes place ";
intra-generational environmental costs: costs that cause irreversible threaten of
natural resources, at the expenses of future generations;
costs of congestion: increased travel or waiting times and decreased security (more
road accidents).
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The environmental costs caused by logistics activities are: gaseous emissions to air and water,
dust, noise, vibrations, high accident rates, visual occlusion and intrusion, territorial
fragmentation, threaten of natural and anthropic landscape, urban and aesthetics debasement
of urban fabric.
Some of these, such as accidents or noise, are reflected in the current generations, especially
at local level (intra-generational environmental costs); others involve the destruction of
resources, causing irreversible damage to future generations (inter-generational
environmental costs).
Most of the external costs, such as environmental pollution and noise, result from the
production of the service of movement of goods and people in time and space (produced on
own behalf or on third parties behalf); sometimes, however, the social impacts due to the
effect of separation of the urban fabric (like visual intrusion and occlusion, territorial chipping
and, in some cases, the threaten of natural and/or architectural-urban landscape) result
directly from the presence of transport infrastructure.
Therefore, the first increase with the traffic volume, while the latter are fixed to the change of
mobility flows.
As regards the production of the service, externalities are a function of the transport means
and, in the context of each transport mean, of the technical characteristics and the fuel system
of the vehicle used.
The road transport mean, which is used almost exclusively for urban transport of goods, it is
known to be the most pollutant, but in this context exist some so-called "ecologic" means,
such as electric, natural gas, LPG, hydrogen, hybrid or diesel of the latest generation (Euro V),
that are less polluting than gasoline. For this reasons many Italian cities are promoting the use
of such means.
Finally, the urban commercial vehicles contribute to cause congestion, which is a major
problem today for all European cities and, in particular, for Italian cities. In economic terms,
congestion will increase the travel time and, therefore, fuel consumption, pollutant emissions
and accidents’ risk.
Costs of congestion are felt and suffered directly by the actors of urban logistics, especially
those responsible for the transport service, because of a higher generalized cost of transport
(longer travel time and higher consumptions) and those who receive deliveries, which have to
suffer disruptions (poor punctuality and reliability). Congestion on networks is estimated to
have an impact on urban logistics equal to 30% of total logistics costs.
Congestion costs are caused in part by those responsible of them, therefore are considered to
be internal costs for infrastructure’s users and external costs for potential users.
Recently urban logistics has aroused increasing interest and some attempts have been
promoted to estimate the extent of the collective costs caused by it.
Studies have been conducted on this topic about 10 years ago, but these can be considered
still valid as regards our objective which is to assess the impact of pollutant breakdown
between own and others' transport means. Indeed the distribution structure is changed for
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the worse in the case of own transport means use because the increase of demand
fragmentation in the last 10 years has made even more impactful and inefficient the own
behalf distribution.
The key energy consumption data are the following:
It is believed that in Europe the average urban transport of goods is equal about to 34% of the
total freight traffic in tonne-kilometres, i.e. 50% of road transport (EFLLC, 1997; Dablanc and
Savy, 1998).
Moreover, about 10-15% of vehicles circulating in the cities transport goods and about 20-25%
of vehicles equivalent to a car (OECD, 2002).
Goods vehicles run 32% of the total urban travel and occupy 35% of the space (Dablanc and
Savy, 1998).
According to the estimates presented by ENEA at the National Conference on Energy and
Environment in 2000, more than 6% of transport energy consumption is due to distribution of
goods in urban areas.
Instead, regard to the estimate of externalities, the Association Friends of the Earth estimates
that the urban transport of goods causes about 46% of environmental pollution and 30% of
congestion, as shown in Table 1.
However, looking at all of those costs, it should be noted that only 30% of externalities are
attributable to commercial traffic, while the remaining 70% is caused by passenger vehicles,
numerically much larger in urban areas.
It is to be noted that owned commercial vehicles contribute in a decisive way on the
production of such external costs, both because they are more prevalent in urban areas, and
because they are generally characterized by lower rates of filling and greater seniority (which
means greater environmental impact) than those of third parties.
Regarding the first point, a survey recently carried out in the area of Milan (Da Rios, Gattuso,
2003) has estimated that the 68% of the 33,400 vehicles/day (8% of total traffic) which go over
the inside circle of ramparts, are on own behalf.
Vehicles/
Polluting
elements

Greenhouse
Gases

Environmental
Pollution

Noise

Accidents

Congestion

Totals

Passengers

2.231

9.196

4.841

10.109

8.136

34.513

Goods

554

7.967

1.704

742

3.465

14.432

- light vehicles

262

3.720

869

501

1.573

6.925

- heavy vehicles

292

4.247

835

241

1.892

7.507

17.163

6.545

10.851

11.601

48.945

Total of external 2.785
costs
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Incidence of
external costs of
19,9%
freight transport
on the total

46,4%

26,0%

6,8%

29,9%

29,5%

Table 1: External costs of urban mobility in Italy (million EUR / year) Source: Friends of the Earth, 2003

Regarding the transport vehicles efficiency, a survey of Confetra (Leonida, 2004) has calculated
that the average number of daily outlets and deliveries, excluding multiple ones, is equal to a
maximum of four in the case of own behalf and some tens in the case of third parties behalf.
Even if the means of "professional" logistics are less compared to the private ones, they can
carry about 95% of the distribution in urban areas.
Still, the CSST (Ruberti, Patrucco, 2004) has estimated that, third parties vehicles of small to
medium size, which are more used in urban areas, have the following features when compared
to the same kind of vehicles on own account:




They make 50% more of the mileage;
Are on average 10% more efficient in terms of tonne-kilometres produced;
Third parties vehicles have an age which is 30-40% smaller than those on own account,
therefore these vehicles cause environmental pollution equal to about half or a third
of the own account vehicles, as shown in the following figure

Figure 1: Estimates of the environmental pollution produced by own account and from third parties.
Source: Ruberti, Patrucco, 2004.
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From what has just been analysed in the section we can deduce that a best distribution
practice from the point of view of the environmental impact can be to entrust the
transportation to specialized operators for most of the activities: outsourcing of transport.

Indeed, even in cases of saturation of their own transport, we have a high probability of use of
transport means much older on average and therefore much more pollutants. In this case, the
direct costs for the company may be less than those of outsourcing, but the environmental
impact is on average higher.

Logistic in the fashion sector in Italy.
After the overall assessment of the impact of transport and logistics in Italy, we will focus our
analysis on the specific logistics of fashion to catch specific aspects that are most relevant, over
the aspects common to all industrial sectors.
Results of surveys conducted trough direct interviews on the logistics supply chain have been
crossed with others conducted on manufacturing companies of logistics operators (source:
National Observatory on freight and logistics, 2005 report). There results on the one hand
confirm some phenomena emerged in recent years from surveys conducted on a national basis
and independently from any industry sectors; from another hand bring out some peculiarity
of the fashion sector. Common factors are presented below:
 Companies, especially the small ones, claim a low level of outsourcing and often only the
traditional functions are outsourced and only partially: transport and, in part, storage.
 Instead, where the number of functions outsourced is high, there is a general tendency of
companies not to bind to a single logistics operator, but more operators, one for each
subset of the logistics system (procurement, production, distribution); therefore, there is
still a lack of systemic integration.
 Large companies demonstrate a different behaviour compared to the small ones: they are
more likely to export, seeking logistics service providers with global coverage (especially
shippers and couriers integrated); while small companies, instead, work mainly on the
domestic market and seek mostly road or couriers operators who have still a widespread
distribution.
 Integrated logistics operators have expanded the range of specialized logistics services in
partnership with the client that tends increasingly to request them: They add services like
physical preparation of samples and kits, quality control, improvement of the goods with
ironing or sewing.
 The level of information integration between customer and supplier logistics is quite low
with the traditional operators of transport, a bit 'higher with logistics integrators.
 Contracts with transport companies (usually more than one) for the provision of logistics
services are often annual or spot, but they are generally either continuous towards
supplements. Indeed, they are necessary ad hoc investments (e.g. dedicated vehicles for
the transport of hanging garments or warehouse equipment) that can be amortized over
the medium to long term.
 Companies statements still showed a high use of traditional communication and product
traceability instruments (telephone, fax, e-mail): the radio frequency systems, RFID, are
71

mostly unknown or considered too expensive and useful mostly for the more for the brand
defence or as shoplifting).
The production characteristics that emerged from the interviews, which more characterize the
chain of fashion and that have the biggest impact on the logistics system (and therefore
require a different organization of logistic services), are as follows:
 high flexibility of the cycle production: is becoming more common the need to prepare
even more seasonal collections in order to encourage a greater product turn-over (Zara, H
& M, Promod, etc.), to renew the colour or to more radically customize the product,
following in near real time consumer preferences;
 production is often just-in-time: the product is sold before being produced and then the
supply must be continuous;
 seasonality and short life cycle of the product;
 the increase of references, given the increasing breadth of models required by the market;
 speeding up of the production process and time-to-market (the lead-time of the
businesses interviewed spread from a minimum of 20 days to a maximum of 180): the
adoption of a strategy of quick response is increasingly widespread, only what is demanded
by the market is produced, reducing stock precautionary and related costs;
 a fairly consistent stream of returns and unsold has to be managed (reverse logistics);
 relocation will make it harder the logistics system to handle and more consistent the
physical and informative flows;
 higher unit cost of transportation, especially for the women's prêt-à-porter articles,
because of the need to transport these garments hanged (there is thus an increasingly
tendency for the transportation of lying clothes).
As a result of these characteristics, the most important requirements to the logistic operator
are reliability (cargo’s punctuality and safety), service speed, ubiquity and completeness
("turnkey"). The service price is especially important for companies whose product belongs to
the low-end or average-end.
In conclusion, most of the companies identified logistics as the pure transport or so and handle
it internally, despite the fact that some production and organizational peculiarities make the
logistics system critical.
One reason, which is common to many productive sectors, is the small and medium-size and
the artisan management of most companies in the supply chain: 56% is individual, usually
family-run, with 3 employees on average each.
The second reason is found in the high proportion of companies dedicated to the production
"labour intensive", standardized and difficult to differentiate in terms of value added.
Recently strong transformations are taking place that could lead logistics at acquiring a greater
weight as a competitive factor; these transformations are driving companies at adopting a
more systemic vision of the process that can enhance the value added.
Indeed, the small size could be partially overcome: on the one hand corporations size is
increasing, on the other hand the number of business combinations is increasing too.
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Moreover, standardized productions are gradually disappearing or relocating abroad because
they cannot compete "on equal terms" with the big countries, where labour cost is very low.
The Italian textiles and clothing will have to increasingly stand for quality, design and
innovation, including technological innovation: the product will be more and more "capital
intensive" and "creative intensive.
Therefore, the logistics of fashion in Italy is rapidly evolving as a function of the two major
change trends in supply and demand:
 Reduction of time-to-market determined by the fast fashion
 The growth of the E-commerce.
But we still have to remember that many logistics flows are still managed through traditional
workflows that operate according to logic of collection.
The logistics flows are managed mainly by specialized logistics operators except the finished
goods warehouse that is still predominantly managed directly by systems that are internal to
fashion enterprise both brand or brand manager.
Finally note that the peculiarity of the Italian district structure is manifested in egregious
examples in fashion as CenterGross Bologna or CIS in the Countryside.

The situation of ICT in the fashion field in Italy
The impact of ICT in the field of fashion was evaluated with some researches on a significant
sample of ICT Managers of the leading Italian fashion companies (Source Observatory ICT and
Fashion Retail at Milan Polytechnic from 2008 to 2011).
The most important empirical results are the following ones:
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Importance of ICT in Logistics

ICT expected benefits in logistics
In summary, we can say that, in Italy, for the ICT leaders in the apparel and fashion companies,
information systems will have a significant or very significant role in increasing the
performance of the companies themselves (almost 90% of the consensus).
The most important benefits expected in the logistics sector (about 65% of the consensus)
concern the integration in data management, which means the possibility of introducing data
without errors and one time, updated to the physical reality they represent.
For this reason, the implementation of information systems become crucial that manage realtime tracking of processes and products that use both bar code technologies and RFId.

Examples of low environmental impact transports
In Italy service providers in the field of fashion have launched some experiences with low
environmental impact. Among these experiences those so-called "last mile" are particularly
important and innovative: these often concern the city centres where there are many shops of
the fashion and clothing industry. Two interesting examples are now reported:

Niinivirta Transport Inc.: commercial vehicle with zero emissions (source Niinivirta).
Niinivirta is absolutely the first Italian company of road transport installing in its car-fleet a
medium-heavy vehicle with "zero emission" and "zero noise", following the example of US, UK
and Germany, which have been already using these means for some years. Suffice it to say that
Coca Cola delivers in New York City centre using a Newton. It should be remembered that in
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2011 the President Barak Obama baptized the first Newton operating in the USA and this
confirms the enormous attention of Americans to the theme of environmental respect.

From June 2014 Niinivirta Transport has decided to employ the Newton, which is the vehicle of
quantum leap in the world of transport, assigned at serve large deliveries in the historic
centres of major cities that are not reachable during the hours of the day with traditional
means. Newton has a radius of action in the provinces of Milan, Lodi, Crema and Cremona. The
whole "fashion" area in downtown Milan -piazza Duomo, San Babila, Corso Venezia etc- has
shown a real interest in the possibility of being supplied in business times from this electric
truck. In June 2014 an agreement has been signed with H&M, one of the largest European
chains of clothing, who married immediately the eco-friendly project of Niinivirta.
Truck Newton is a vehicle with a real gross vehicle weight of 10 tons, which has nothing to do
with those light vans that already run through the streets of the major cities for small
deliveries.
A medium-heavy truck that can get in one delivery as much as what an electric vans can in 3 or
4 travel, saving logistics and time ant with a remarkable operating times of the batteries.
Newton is named, as the most distinguished scientist Isaac, but it is a transport vehicle itself
built by Smith Electric Newcastle, UK. It share with trucks with which we deal every day only
chassis components and aesthetics: it is solely driven by a 100% electric motor that delivers
120kW, powered only by sealed and compartmentalised rechargeable lithium ion, with an
automatic recovery system of braking energy, fitted with tires Continental LSR 1+ low rolling
resistance and with ContiPressureCheck™ system for monitoring the inflation pressure and the
operating temperature.
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And it is also a means of considerable size, as it is almost 9 feet long, weighs 10 tons fully
loaded, has a payload of 5 tons and a range of over 200 kilometres conditioned by the territory
orography.

DHL: Shop-to-bike service, zero emission with maximum ecology (source DHL).
Since December 2014 a new fashion and luxury boutiques service is born, It starts from Milan
for the most exclusive fashion boutiques: is shop-to-bike of DHL, the new concept of luxury of
DHL Express, efficient, simple and ecologic.
The customer does not find the size of his new favourite jacket? No problem: Shop-to-bike will
withdraw the head from a store to the other, within 60 minutes. Speed, tailor made service,
attention to punctuality and no limit, even free access to the LTZ. Shop-to-bike DHL fashion
brands can offer their customers an additional service of quality and high efficiency
contributing to their loyalty.
The service is available from these days in Milan and soon in Rome and Florence, 7 days out of
7 (Monday to Sunday), including holidays, from 10.00 to 19.00. This service will also be very
beneficial for customers, meeting their different needs and requirements; not just it ensure
the availability of the desired garment, Shop-to-bike also offers a wide range of delivery
simply, safely and fast!

Best practices for a sustainable logistic
The analysis of logistics and transport in Italy, in the light of an approach of sustainable
logistics, showed that experiences are already in place to optimize the sustainability of the
logistics of fashion in Italy. These experiences can be defined “best practices” of logistic
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processes management representing the actual best modalities implemented by the
enterprises.
In Italy these best practices are not frequently implemented because their homogeneity and
spread degree is not homogeneous.
This different homogeneity of diffusion depends on several internal and external business
factors:
 different technologies maturity: for example tracking systems based on barcodes have
been used in different sectors (from large scale consumption) for nearly two decades while
the RFId systems are spreading in the last 3-4 years.
 different availability of service providers: the logistics service providers do not offer
homogeneously the same services throughout the country but tend to polarize in the main
catchment areas because they have the ability to optimize the cost of operations and
reduce the risk of resources unsaturation.
 different corporate culture: the poor or limited knowledge of technologies and new ways
of managing creates strong barriers to changes and these barriers can make it difficult to
implement best practices in businesses.
For these reasons, we find it useful to summarize three guidelines that can help the various
decision makers to support the implementation of best practices:

1- Mature technologies to be implemented
Data integration and tracking of physical flows, with high probability represent a strategy to
improve efficiency, lower wastage of resources and thus high environmental sustainability. The
use of technologies of tracking with barcode guarantees the wide availability of equipment,
experts and experiences on the market. Therefore a project of warehouse processes
management using barcodes on products, locations, documents, is strongly recommended.

2- Logistic cooperation
From the point of view of external logistic management (transport and intermediate storages)
commitment to logistics providers (outsourcing) specialized in transport and/or in storage is
the best strategy to high environmental sustainability.
Unfortunately the actual opportunity to outsourcing logistics processes with cost efficiency not
only depends on the service provider, but especially from the economies of scale that the
service provider can achieve. And the economies of scale are correlated with the amount of
logistical flows that can be expressed by a territory. So if a single company is not able to
generate logistic flows capable of determining economies of scale, it is necessary to develop
logistic cooperation.

77

In other words it is necessary that the logistics outsourcing is not the result of the choice of a
single company, but it has to come from a choice of numerous companies in the same
territory.
To stimulate a decision of this kind industry associations should promote analysis of logistic
aggregates of fashion companies to identify optimal logistics services that can be proposed to
participants. The logical steps can be the following:
 definition of the territorial range of the logistic cooperation (e.g. Puglia) and of the type of
company;
 detection of logistical needs of each company and consolidation of needs in a logistics hub;
 definition of the requirements of the logistics hub that must be the basis of an tender
notice;
 RFP to major logistics operators in the sector.
3- Company training
Organizational change requires cultural change of textile and clothing companies’ employees.
This change must be managed at association level and in an experiential manner.
The need for an associative approach rather than an individual one is determined by the
possibility of training cost optimization and the ability to find sources of potential funding. For
this reason, business associations as Confindustria must take charge of the development of a
training plan and financing arrangements.
An effective training for this type of users, that mainly have an operational experience, must
be experiential, in other words it must be based on the presentation of excellent experiences
that can be credibly replicable in the companies of the sector.
For this reason there is a need for:
 identify examples of best practices at a country level and, if possible, at a local level;
 study business cases to develop a presentation that allows participants to understand how
the excellent case is applicable to their specific situation because everyone believes
"different";
 establish a set of guidelines to be shared with the participants to help them put in place the
organizational change in their company;
 provide tutoring that can assess the status of implementation and give a sort of
"certification"
The experiences that should concern sustainable logistics are as follows:







management of warehouse processes by means of bar code;
inventory management with warehouse management system;
optimization of packaging;
transport outsourcing;
warehouse outsourcing;
complete logistics outsourcing.
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Final Recommendations
The analysis of logistics and transport in Italy in the light of an approach of sustainable logistics
has allowed to identify some best practices that could improve the sustainability of the
logistics in apparel and fashion companies in Italy.
These best practices were strongly correlated both with better sustainability logistics and with
better efficiency of external and internal company’s processes.

From the point of view of external logistics managing (transport and intermediate storages)
commitment to logistics providers (outsourcing) specialized in transport and/or in storage
represents with high probability the best strategy to high environmental sustainability.

From the point of view of internal processes management and management of processes
between manufacturing companies and logistics service providers, the strategies of data
integration and physical flows tracking, with high probability represent a strategy to improve
efficiency, lower wastage resources and thus allow high environmental sustainability.
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A5.4. STUDY OF ENVIRONMENTAL LEGISLATION IN EACH AREA
AND ESTABLISHMENT OF COMMON VALUES OF ENVIRONMENTAL
IMPACT

Introduction
The textile and clothing sector in Italy conforms to the Legislative Decree 152 of the 3 rd of April
2006, and following modifications, which draws the normative framework at national level
concerning:






procedures for the Strategic Environmental Assessment (SEA), the Environmental
Impact Assessment (EIA) and the Integrated Environmental Authorization (IPPC);
soil conservation and combating desertification, prevention of water pollution and
water management;
waste management and remediation of contaminated sites;
protection of the air and reduction of emissions into the atmosphere;
compensatory protection against environmental damage.

The norms are the transpositions and implementations of the following European Directives:
a) 2001/42 / EC of the European Parliament and of the Council of 27 June 2001 on the
assessment of the impacts of certain plans and programs on the environment;
b) 85/337 / EEC of 27 June 1985 on the assessment of environmental impact of certain
public and private projects, as amended and supplemented by Directive 97/11 / EC of
3 March 1997 and with the Directive 2003/35 / EC of the European Parliament and of
the Council of 26 May 2003;
c) 2008/1 / EC of the European Parliament and of the Council of 15 January 2008 on the
prevention and integrated pollution.
d) The framework for Community action in the field of water policy (2000/60);
e) The Integrated Pollution Prevention Control Directive (96/61 / EC); 91/156 / EEC
waste, 91/689 / EEC hazardous waste, 94/62 / EC packaging and packaging waste,
1999/13 EC organic solvents plants, 1999/32 / EC of contents sulfur in fuels, 2001/80 /
EC emission limits some plants, 2004/35 / EC environmental damage.
In the following table there is a brief synthesis of the major key reference source laws.
Table 1
Law
Legislative Decree
152/200604/14/2006-

Title
Environmental
regulations

Objective
Promotion of quality levels of human life,
achieved through protection and
improvement of the environment and prudent
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Ministerial Decree
185 / 2003-07 /
23/2003-Official
Gazette of the
Italian Republic No.
169.

Legislative Decree
59 / 2005-04 /
22/2005-Ordinary
Supplement 72 / L
of the Official
Gazette of the
Italian Republic n.
93.
Legislative Decree
46/2014
Regulation (EC) No.
850/2004 of the
European
Parliament and of
the Council of 29
April 2004 [Official
Journal L 158,
30.4.2004].
DIRECTIVE 2013/39
/ EU OF THE
EUROPEAN
PARLIAMENT AND
OF THE COUNCIL of
12 August 2013
amending Directive
2000/60 EC and
2008/105 / EC
Guidelines05/05/2000Ordinary
Supplement 103 / L
of the Official
Gazette

Regulation
establishing technical
standards for water
reuse in
implementation of
Article 26, paragraph
2, of LgD May 11,
1999, n. 152.
Full implementation of
the Directive 96/61 /
EC regarding
prevention and
reduction of pollution.

Implementation of
Directive 2010/75 / EU
on industrial emissions
Regulation on
persistent organic
pollutants and
amending Directive
79/117 / EEC [Official
Journal L 158,
30.4.2004].
Directive setting the
priority substances in
the field of water
policy

Guidelines to
Legionellae prevention
and control

and rational utilization of natural resources.
Technical standards for reuse of domestic,
urban and industrial wastewater.

Prevention and integrated pollution arising
from the activities listed in Annex I87; it
provides measures to avoid or, if not possible,
reduce emissions into air, water and soil,
including measures concerning waste and to
achieve a high level of protection of the
environment as a whole
Integrated prevention and reduction of
pollution as the Legislative Decree 59/2005
Gradually eliminate or restrict the production,
marketing and use of substances subject to
the Stockholm Convention of 2001 (POP).
POPs are persistent chemicals with certain
toxic properties and, unlike other pollutants,
resist degradation. POPs are particularly
harmful to human health and the
environment.
Updates the list of priority substances and sets
environmental quality standards (EQS) for
priority substances

Prevent and control legionella

The Italian environmental legislation is characterised by a high level of independence of the
single local authorities regarding the limits of waste and pollution of water and soil. The State
87

For the T&A industry: for plant with production above 10 Tons per day

81

provide the general principles and the methodology to apply controls and norms, while the
Regions (and the autonomous provinces) establish specific rules and limits, and represent the
reference authorities for users. In the absence of specific limits and norms, the indications
provided by the national laws are applied.
Finding ourselves unable to define in specific the norms applied by all local authorities, in the
following pages we provide a selection of the general rules and limits settled at national level,
which represent the reference point for each regions.

AIA and AUA
The LgD 152/2006 part 2 introduces the Integrated Environmental Authorisation88 (AIA),
compulsory for productive activities considered particularly dangerous for environment and
for plants of big dimension. In 2013, the norms has been modified transposing the Directive
2010/75 / EU on industrial emissions (integrated pollution prevention and control), also known
by the acronym IED (Industrial Emissions Directive), which brought together in a single
measure seven EU directives, including IPPC Directive.
Among the activities subjected to AIA, the following are related to the T&C industry.







Manufacture of organic chemicals, and in particular:
o plastics (polymers, synthetic fibers, cellulose-based fibers);
o dyes and pigments;
Production in industrial installations of:
o pulp from timber or other fibrous materials;
Pretreatment (washing, bleaching, mercerization) or dyeing of textile fibers or textiles
where the treatment capacity exceeds 10 Mg (=Tons) per day.
Tanning of leather where the treatment capacity exceeds 12 Mg per day of finished
product.
Surface treatment of substances, objects or products using organic solvents, in
particular for dressing, printing, coating, degreasing, waterproofing, sizing, painting,
cleaning or impregnating, with a consumption capacity of organic solvents exceeding
150 kg per hour or 200 Mg per year.

Through the AIA, the Competent Authority89 evaluate the compatibility of the plant with the
standard defined by the current norms and the local planning for environment protection
(VIA). Moreover, taking into account the Best Available Technologies and the environmental
condition of the specific area where the activities is polluting, it settles the limits values for
environmental pollution allowed and suggests relevant techniques and efficient solution to be
implemented in each case. The authorisation must be re-examined after 10 years from the

88
89

“Autorizzazione Integrata Ambientale”
The Minister, the Region or the Local Governement
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date of issuing and within 4 years from the date of publication on the Official Gazette of
European Union of decisions of BAT conclusions.
For all activities that don’t fall under AIA, with the Decree of the President of the Republic
(D.P.R.) March 13th 2013, n. 59 the Italian government has introduced the “Single
Environmental Authorisation90” (AUA), which substitutes and comprehends up to 7 previous
certificates of permission, namely:
•
•
•
•
•
•
•

Authorisation for discharges;
Communication for the use of waste water;
Authorisation for atmospheric emissions;
Communication or clearance for predicting noise impact;
Authorisation for the use of sludge obtained from sewage in agriculture;
Communication prior to the agronomic use of effluents;
Communications for the recovery of non-hazardous and hazardous waste.

According to the Presidential Decree 59/2013, the AUA is applicable to:
a) Small and Medium Enterprises (SMEs);
b) all plants not subject to Integrated Environmental Authorisation (AIA)
In the Circular of the Ministry of Environment 07.11.2013 prot. n. 0049801 / Ga it is recalled
that the general rule contained in Article 3 of Presidential Decree n. 59/2013, places the
obligation to apply to AUA whenever the installation has to obtain the release, training,
renewal or upgrading of one of the certificates of permission, except in the following two
exceptions:



not to use the AUA where the facility is subject exclusively to communication or
general authorization of emissions (Article 3, paragraph 3)
adhere to general authorizations to emissions (Article 7, paragraph 1)

The AUA has duration of 15 years.
The competent authority in the granting, renewal and updating of the AUA is the Province. The
AIA requested to and issued by the Single Contact Point for Productive Activity (SUAP).
As a result of the draft law “Delrio” of the 7th of April 2014, the authority of Provinces have
been radically changed and the single local governments are still experiencing a reorganisation
phase. In some cases, the functions of the provinces will be transferred to the so-called
“Metropolitan cities”, in some others to the unions of small cities governments or even to
Regions.

90

“Autorizzazione Unica Ambientale”
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Air Emissions:
In Annex 1 part V of the Lg.D. 152/2006 and successive modifications, materials and chemicals
are divided in various groups according to environment and health dangerousness, and single
limits are settled.

For substances considered carcinogenic and / or toxic to reproduction and / or
mutagenic
Table 2
Materiality
threshold Emission
value
(expressed as mass flow) (expressed as concentration)
Class I 0,5 g/h

0,1 mg/Nm3

Class II 5 g/h

1 mg/Nm3

Class III 25 g/h

5 mg/Nm3

Table 3
Class I
- Asbestos (chrysotile,
crocidolite, amosite,
anthophyllite, actinolite and
tremolite)
- Benzo (a) pyrene
- Beryllium and its
compounds, expressed as
Well
- Dibenzo (a, h) anthracene
- 2-naphthylamine and its
salts
- Benzo (a) anthracene
- Benzo (b) fluoranthene
- Benzo (j) fluoranthene
Benzo (k) fluoranthene
- Dibenzo (a, h) acridine
- Dibenzo (a, j) acridine
- Dibenzo (a, e) pyrene
- Dibenzo (a, h) pyrene
- Dibenzo (a, i) pyrene
- Dibenzo (a, l) pyrene
- Cadmium and its
compounds, expressed as Cd
(1)
- dimethylnitrosamine
- Indeno (1,2,3-cd) pyrene

Class II
- Arsenic and its compounds,
expressed as As
- Chromium (VI) and its
compounds, expressed as Cr
- Cobalt and its compounds,
expressed as Co
- 3,3'-dichlorobenzidine and
its salts
- dimethyl sulfate
- Ethyleneimine
- Nickel and its compounds,
expressed as Ni (2)
- 4- aminobiphenyl and its
salts
- Benzidine and its salts
- 4,4'-methylene bis (2chloroaniline) and its salts
- diethyl
- 3,3'-dimethylbenzidine and
its salts
- Esametilfosforotriamide
- 2-Metilaziridina
- Methyl Acetate ONN
Azossimetile
- Sulfallate
- Dimetilcarbammoylchloride

Class III
- Acrylonitrile
- Benzene
- 1,3-butadiene
- 1-chloro-2,3-epoxypropane
(epichlorohydrin)
- 1,2-dibromoethane
- 1,2-epoxypropane
- 1,2-dichloroethane
- Vinyl chloride
- 1,3-Dichloro-2-propanol
- Chloromethyl (methyl)
ether
- N, N-Dimethylhydrazine
- Hydrazine
- Ethylene oxide
- ethylene
- 2-Nitropropane
- Bis-Clorometiletere
- 3-Propanolide
- 1.3-Propanesultone
- Styrene Oxide
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(1)
- 5-Nitroacenaftene
- 2-Nitronaftalene
- 1-Methyl-3-Nitro-1nitrosoguanidine

- 3,3'-dimethoxybenzidine
and its salts

Substances of very high toxicity and cumulation
Table 4
Materiality
threshold Emission
value
(expressed as mass flow) (expressed as concentration)
Class I 0,02 g/h

0,01 mg/Nm3

Class II 0,5 g/h

0,5 mg/Nm3

Table 5
Class I

Class II

Polychlorodibenzodioxins

polychlorinated biphenyls

Polychlorinated dibenzofurans Polychlorinated terphenyls
Polychlorinated naphthalenes

Inorganic substances which occur mainly in the form of powder
Table 6
Materiality
threshold Emission
value
(expressed as mass flow) (expressed as concentration)
Class I 1 g/h

0,2 mg/Nm3

Class II 5 g/h

1 mg/Nm3

Class III 25 g/h

5 mg/Nm3

Table 7
Class I
- Cadmium and its
compounds, expressed as Cd
(1)
- Mercury and its
compounds, expressed as Hg
- Thallium and its
compounds, expressed as Tl

Class II
- Selenium and its
compounds, expressed as If
- Tellurium and its
compounds, expressed as Te
- Nickel and its compounds,
expressed as Ni, in the form
of powder

Class III
- Antimony and its
compounds, expressed as Sb
- Cyanide, expressed as CN
- Chromium (III) and its
compounds, expressed as Cr
- Manganese and its
compounds, expressed as
Mn
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(1) Without prejudice of
what expressed in the Table
A1

- Palladium and its
compounds, expressed as Pd
- Lead and its compounds,
expressed as Pb
- Platinum and its
compounds, expressed as Pt
- Quartz powder, whether in
the form of crystalline silica,
expressed as SiO2
- Copper and its compounds,
expressed as Cu
- Rhodium and its
compounds, expressed as Rh
- Tin and its compounds,
expressed as Sn
- Vanadium and its
compounds, expressed as V

Inorganic substances which occur mainly in the form of gas or vapor
Table 8
Materiality
threshold Emission
value
(expressed as mass flow) (expressed as concentration)
Class I 10 g/h

1 mg/Nm3

Class II 50 g/h

5 mg/Nm3

Class III 300 g/h

30 mg/Nm3

Class IV 2.000 g/h

250 mg/Nm3

Class V 5.000 g/h

500 mg/Nm3

Table 9
Class I
- Chloric cyanide
- Phosphine
- Phosgene

Class II
- Cyainde and
cyanide
derivatives,
expressed as
Hydrocyanid
Acid
- Bromine and
bromine
derivatives,
expressed as
Hydrobromic
acid
- Chlorine
- Fluoride and

Class III
Inorganic
compounds of
chlorine in the
form of gas or
vapor, excluding
chloric cyanide
and phosgene,
expressed as
hydrochloric
acid.

Class IV
Ammonia

Class V
- Nitrogen
dioxide
- Sulphur
dioxide
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its derivatives,
expressed as
fluoride acid
- Hydrogen
sulphide

Organic compounds in the form of gases, vapors or powders
Table 10
Materiality
threshold Emission
value
(expressed as mass flow) (expressed as concentration)
Classe I 25 g/h

5 mg/Nm3

Classe II 100 g/h

20 mg/Nm3

Classe III 2.000 g/h

150 mg/Nm3

Classe IV 3.000 g/h

300 mg/Nm3

Classe V 4.000 g/h

600 mg/Nm3

Table 11
Class I

Class II

Class III

anisidine
- Butilmercaptano
- Chloropicrin
- diazomethane
- dichloroacetylene
- Dinitrobenzene
- Dinitrocresol
- Hexachlorobutadiene
- Hexachlorocyclopentadiene
- hexafluoroacetone
- Diglycidyl ether
- Ethyl acrylate
- ethylenimine
- ethyl mercaptan
- Isocyanates
- methyl acrylate
- Nitroglycerin
- Perclorometilmercaptano
- 1,4-dioxane

- Acetaldehyde
- Chloroacetic acid
- Formic acid
- Thioglycolic acid
- Trichloroacetic acid
- Phthalic anhydride
- Maleic Anhydride
- Aniline
- benzyl chloride
- Biphenyl
- butyl
- butylamine
- Synthetic Camphor
- Carbon
tetrabromide
- Carbon
tetrachloride
- Cyclohexylamine
- chloroacetaldehyde
- 1-Chloro-1nitropentano
- cresols

- Acrylic acid
- Acetonitrile
- Acid propinico
- Acetic acid
- N-butyl alcohol
- Alcohol iso-bitilico
- Alcohol sec-butyl
- Alcohol-TERB utilico
- Methanol
- butyraldehyde
- P-tert-butiltoluene
- 2-butoxyethanol
- Caprolactam
- Carbon disulphide
- Cyclohexanone
- Cyclopentadiene
- chlorobenzene
- 2-chloro-1,3-butadiene
- O-chlorostyrene
- Or-clorotoluente
- P-chlorotoluene
- Cumene
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- Crotonaldehyde
- 1.2Dibutilaminoetanolo
- Dibutilfosfato odichlorobenzene
- 1,1dichloroethylene
- Dicloroetiletere
- Dichlorophenol
- Dichloromethane
- Diethylamine
- Diphenylamine
- Diisopropylamine
- Dimethylamine
- Ethylamine
- Ethanolamine
- 2-ethoxyethanol
- 2-etossietilacetato
- Phenol
- Phthalates
- 2-furaldehyde
Furfural
- Iodoform
- Iosoforone
- Iosopropilammina
- Metilacrilonitrile
- Methylamine
- methylaniline
- methylbromide
- Methyl nbutylbromide
- methyl chloride
- Methyl-2cyanoacrylate
- Methylstyrene
- 2-Methoxyethanol
- 2-Methoxyethanol
acetate
- nitroethane
- Nitromethane
- 1-Nitropropane
- Nitrotoluene
- Pyrethrum
- pyridine
- Piomboalchili
- 2-propenal
- 1,1,2,2, tetracloroetano
- Tetrachloroethylene

- Diacetone
- 1,4-dichlorobenzene
- 1,1-Dichloroethane
- dichloropropane
- Diethanolamine
- diethylformamide
- Diisobutyl
- N, N-Dimethylacetamide
- N, N-Dimethylformamide
- Dipropilchetone
- Hexamethylenediamine
- N-hexane
- Etilamilchetone
- Ethylbenzene
- Etilbutilchetone
- Ethylene
- Isobutilglicidiletere
- Isopropoxyethanol
- Methyl Methacrylate
- Metilamilchetone
- O-methylcyclohexanone
- methyl chloroform
- methyl formate
- Methyl isobutyl ketone
- Metilisobutilcarbinolo
- Naphthalene
- Propylene glycol
- Propilenglicolemonometiletere
- propionaldehyde
- Styrene
- Tetrahydrofuran
- Trimethylbenzene
- N-veratraldeide
- Vinyl acetate
- vinyltoluene
- 2,4-xylenol
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- tetranitromethane
- M, p toluidine
- tributyl
- Trichlorophenol
- Trichloroethylene
- Trichloromethane
- Triethylamine
- Trimethylamine
- trimethylphosphine
- Vinilbromuro
- Xylenol (excluding
2,4-xylenol)
- Formaldehyde
Class IV

Class V

-Alcool propyl
-Isopropyl alcohol
- N-amyl acetate
- Sec-amyl acetate
- Methyl benzoate
- N-butyl acetate
- isobutyl
- diethylketone
- Difluorodibromonetano
- Sec-esilacetato
- ethylformiate
- Methyl
- Methyl ethyl ketone
- methylisopropylketone
- N-methylpyrrolidone
- Pinene
- N-propylacetate
- Iso-propilenacetato
- Toluene
- Xylene

CLASS V
- Acetone
- Ethanol
- Butane
- Cyclohexane
- Cyclohexene
- Cloropentano
- Clorobromometano
- Chlorodifluoromethane
- chloropentafluoroethane
- Dibromodifluoroetano
- dibutyl
- Diclorofluorometano
- dichlorotetrafluoroethane
- Diethyl ether
- Diisopropylether
Dimethylether
- Heptane
- Hexane technical
- Isopropyl ether
- Ethyl acetate
- methylacetylene
- Methylcyclohexane
- Pentane
- 1,1,1,2-tetrachloro-2,2difluoroethane
- 1,1,1,2-tetrachloro-1,2difluoroethane
- trichlorofluoromethane
- 1,1,2-trichloro-1,2,2trifluoroethane
- Trifluoromethane
- Trifluorobromomethane
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Total dust
The total emission value is:



50 mg / Nm3 if the mass flow is equal to or greater than 0.5 kg / h;
150 mg / Nm3 when the mass flow is equal to or exceeds the threshold corresponding
to 0.1 kg / h and is less than 0.5 kg / h.

There are further restrictions for certain specific type of industrial plants. In particular, in the
textile and garment sector, the following processes.

Equipment for the production and processing of viscose.
The emissions from the production of viscose, from preparation of the washing bath and from
subsequent treatments related to the production of textile rayon, must be conveyed to a
abatement system. These activities apply to the following emission values:
-------------------------------------------------- -----------------------------| Hydrogen sulphide | 5 mg / Nm3 |
-------------------------------------------------- -----------------------------| Carbon disulphide | 100 mg / Nm3 |
-------------------------------------------------- -----------------------------In the production of cellulose fiber staple and cellophane, the gases from the spinning and the
subsequent treatment must be conveyed to an abatement plant. These activities apply the
following emission values.
-------------------------------------------------- -----------------------------| Hydrogen sulphide | 5 mg / Nm3 |
-------------------------------------------------- -----------------------------| Carbon disulphide | 150 mg / Nm3 |
-------------------------------------------------- -----------------------------In the production of products from viscose, to the general aspiration plant and to the
aspiration of the machines, an emission value for the hydrogen sulphide of 50 mg / Nm3 is
applied, while for the carbon disulphide are applied the following emission values.
-------------------------------------------------- -----------------------------| Viscose products | Carbon disulphide |
-------------------------------------------------- -----------------------------| Cellulose fiber | 150 mg / Nm3 |
-------------------------------------------------- -----------------------------| Cellophane | 150 mg / Nm3 |
-------------------------------------------------- -----------------------------| Textile Rayon | 150 mg / Nm3 |
-------------------------------------------------- -----------------------------| Continuous special purpose Rayon | 300 mg / Nm3 |
-------------------------------------------------- -----------------------------90

| Artificial guts | 400 mg / Nm3 |
-------------------------------------------------- -----------------------------| Terry cloth | 400 mg / Nm3 |
-------------------------------------------------- -----------------------------| Technical Rayon | 600 mg / Nm3 |
-------------------------------------------------- -----------------------------Equipment for the production of polyesters
In systems of production of terephthalic acid and dimethyl terephthalate forming part of the
cycles of production of polymers and fibers of polyesters for mass flows of greater than 3 kg /
h, the output value of the organic substances, expressed as total organic carbon, is 350 mg /
Nm3.
Equipment for the production of cellulose acetate fibers.
In the systems of polymerization, dissolution and spinning of cellulose acetate for mass flows
of more than 3 kg / h, the value of emission of acetone is 400 mg / Nm3.
Equipment for the production of polyamide fibers.
In systems for spinning continuous filaments of the polymer "Polyamide 6" for mass flows in
excess of 2 kg / h, the output value of the caprolactam is 100 mg / Nm3. In staple spinning
plants the emission value of caprolactam is 150 mg / Nm3.
Equipments for the nitration of cellulose
The emission value of oxides of nitrogen is equal to 2000 mg / Nm3.
Equipment for the production of acrylic fibers.
If the mass flow of N, N-dimethylacetamide and NN-dimethylformamide is equal to or greater
than 2 kg / h, an emission value of 150 mg / Nm3 is applied to these substances.
Equipment for impregnating glass fibers or mineral fibers with resins.
Emissions of substances listed in “Organic compounds in the form of gases, vapors or powders
– Class I” may not exceed 40 mg / Nm3 and must be taken on possible solutions to limit
emissions, as the post-combustion, or other measures of the same effectiveness.

Pollution from combustion
The thermal plants that use fuels must respect, in the most severe operating conditions, an
emission limit value for total dust of 50 mg / Nm3 reported in one hour operation, excluding
periods of startup, shutdown, and malfunction. The volume content of oxygen in the effluent
gaseous anhydrous is 3% for liquid and gaseous fuels and 6% for solid fuels.
Different limits apply to thermal plants that use biomasses of biogas.
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In the part III of Annex IX of part V of LgD 152/2006 are settled the limits for thermal civil
plants with a rated termal input equal or less than 3MW
Biomasses
Table 12
Total dust

100 mg/Nm3

Total organic carbon (TOC)

-

CO

350mg/Nm3

NO2

500mg/Nm3

SO2

200mg/Nm3

Biogas
Table 13
Total organic carbon (TOC)

150 mg/Nm3

CO

800 mg/Nm3

NO2

500 mg/Nm3

Inorganic compounds of chlorine in the form of gases or vapors (as HCl) 10 mg/Nm3

Gas Turbines
Table 14
Total organic carbon (TOC)
CO
100 mg/Nm3
NO2
150 mg/Nm3
Inorganic compounds of chlorine in the form of gases or vapors (as HCl) 5 mg/Nm3

Others
Table 15
Carbon monoxide

150 mg/Nm3

Oxides of nitrogen (expressed as NO2)

300 mg/Nm3

Total organic carbon (TOC)

30 mg/Nm3

Inorganic compounds of chlorine in the form of gases or vapors (as HCl) 30 mg/Nm3

The Annex 2 of part V of the LgD 152/2006, provide the limits applied to “big combustion
plants” with a power above 50MW:
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Plants prior to 1988 and prior to 2006.
Table 16
Fuel

P(*) (MW)

Solid

50 ≤ P < 175

Limit
(mg/Nm3)
1700

175 ≤ P ≤ 500

= 2400 – 4 * P

P > 500

400

200

50 ≤ P < 300

1700

450

300 ≤ P ≤ 500

= 3650 – 6,5*P

P > 500

400

200

50 ≤ P < 500

35

300

Liquid

Gas (general)

P ≥ 500

SO2 Limit
(mg/Nm3)
600

Nox Dust
(mg/Nm3)
50

50

5

200

Liquid gas

5

Low
calorific
gases
from
gasification
of
refinery residues,
gas, coke oven
gas,
Blast furnace

800
10

Gas derived from
coal
(*) Rated thermal input

400

For new plants (other than gas turbines).
Table 17
Fuel

P (MW)

Solid

50 ≤ P < 100

Limit
(mg/Nm3)
850 (3)

100 ≤ P ≤ 300

200

200 (300
biomasses)
200

50 ≤ P < 100

850

400

50

100 ≤ P ≤ 300

= 500 - P

200

30

P > 300
Liquid

SO2 Limit
(mg/Nm3)
400

Nox Dust
(mg/Nm3)
50
for 30
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P > 300

200

Gas (general)

35

Liquefied gas

5

Gas of coke

400

Blast furnace gas

200

Natural gas

200

5

10

50 ≤ P ≤ 300

150

P > 300

100

For Gas turbines P ≥50 MWth.
Table 18
Fuel

Limit Nox (mg/Nm3)

Natural Gas

50

Liquid

120

Gas (other than natural)

120

Emissions of certain metals and their derivatives.
Table 19
P (MW)

50 ≤ P ≤ 100

P > 100

Pollutant
Be
Cd + Hg + TI
As + Cr (VI) + Co + Ni
(breathable and unsoluble
fraction)
Se + Te + Ni (in dust)
Sb +Cr (III) + Mn + Pd + Pb +
Pt + Cu + Rh + Sn + V
Be
Cd + Hg + TI
As + Cr (VI) + Co + Ni
(breathable and unsoluble
fraction)
Se + Te + Ni (in dust)
Sb +Cr (III) + Mn + Pd + Pb +
Pt + Cu + Rh + Sn + V

Limit Value for emission
(mg/Nm3)
0.08
0.20
0.80
1.60
8.00
0.05
0.10
0.50
100
5.00
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COV (solvents)
In the part III of Annex 3 of part V of LgD 152/2006, and following modifications are specified
limits of specific solvents.
The following norms apply for all activities in which a continuous film coating is applied to the
following surface. Among them, the activities included in the T&C sector:
a) textile, fabric, film and paper, with a threshold of solvent consumption exceeding 5 tonnes /
year;
b) leather, with a threshold of solvent consumption greater than 10 tonnes / year.

Activities
(thresholds
solvent
consumption in
tonnes / year)

Thresh
olds
solvent
consum
ption
(tons/y
ear)

Offset printing ≤25
(>15)
>25
Rotary screen
printing
on
textile (>30)

Coil
(>25)

coating

Textile
[4],
≤15
fabric coating

Limit
values
for
emissio
ns
conveye
d (mgC/
Nm3)

Limit
values
for
diffuse
emissio
ns (% of
solvent
input)

Total
limit
value
for
emissio
ns

Special dispositions

100

30 [1]

*

20

30 [1]

[1] The residual solvent in the
finished product is not to be
considered as part of diffuse
emissions

*
*

100

50 [1]

100 [1]

20
*

[1] For installations which use
techniques which allow reuse
of recovered solvents, the
emission limit is 150mgC /
Nm3

*

1] The emission limit value
concerns the application of the
coating and drying processes
with channeled emissions.
[2] The first emission limit
value regards the drying
processes, the processes of the
second coating application.
[3] For textile coating
installations which use
techniques which allow reuse
of recovered solvents, the

5

25
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Winding
coating

wire

Dry washing
Footwear
manufacturing

emission limit applied to the
processes of coating
application and drying
processes taken together shall
be 150.
[4] see rotary screen printing
10 g/kg [1] Applies for installations
[1]
where average diameter of the
wire is ≤0,1 mm.
5 g/kg
[2] Applies to all other
[2]
installations.
20 g/kg [1] expressed in kg of product
[1]
washed and dried
25 g per
pair

Prevention of Legionella
Norms related to prevention of Legionella are stated in the “Guidelines and prevention and
control of Legionellosi” No. 103 (General Serie) of the 5th May 2000 (pag. 12).
The document gives indication on the general principles for the planning, realisation, control
and mantainance of high-risk installations: the most common aerosol generators associated
with buildings include cooling towers, evaporative condensers, shower diffusers, faucets
aerators, whirpool baths, humidifiers and nebulizers.
The guideline describes in detail the procedures that help preventing the multiplication and
spread of Legionella, which should be carefully considered and implemented during the
design, installation, operation and maintenance of the plants.
The general strategies for prevention of colonisation of plants are:








avoid installing pipes with blind end sections and without water circulation;
prevent the formation of stagnant water;
providing periodic cleaning of the facilities;
limit the possibility of biological niches for microorganisms through cleaning of the
facilities; prevention and removal of sediment from hot water tanks; cooling ponds
and taking other hygiene measures;
maintaining efficient drift eliminators mounted downstream of the humidification
sections;
check the efficiency of the filters and eliminate the presence of drops of water on their
surfaces;

The general strategies for prevention of bacteria multiplication:
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check, where possible, the water temperature in order to avoid the critical range for
the proliferation of bacteria (25-55 ° C);
use biocide treatments in order to hinder the growth of algae, protozoa and other
bacteria that may be nourishment for legionella;
provide an effective water treatment program, able to prevent corrosion and the
formation of biological film, which may also contain legionella.

In the long term, for the purposes of good maintenance of air ducts, it is necessary to design,
build and install the aeraulic systems keeping in mind the following maintenance needs:







consider the possibility of effectively drain the fluids used for cleaning;
avoid placing the thermal insulation inside the ducts, given the difficulty of effectively
clean the insulation itself;
equip (upstream and downstream) the accessories placed on the conduits (dampers,
heat exchangers, etc.), the appropriate openings, of suitable size to allow their
cleaning, and the joints such as to allow a rapid and easy disassembly and reassembly,
ensuring accurate instructions for the assembly and disassembly of the components;
use, for flexible ducts, materials that are solid enough to be mechanically cleaned;
use removable terminals (vents, anemostats).

While the plant is operating, it is important to perform periodic checks to detect the presence
of dirt. After a cleaning operation, it is necessary to ensure that the substances used are
completely removed from the system.

Specific indications are stated for the following devices:
Silencers
Sound-absorbing materials currently used are porous and fibrous, and therefore particularly
suitable to attract dirt and difficult to clean. It is therefore recommended the use of surface
finishes that limit these drawbacks, even if this leads to a greater extension of the surfaces and
then at a higher cost. Also please observe the recommendations by builders on the distance
between these devices and humidifiers.
External air inlet
The external air intakes, when placed on vertical walls not protected, must be dimensioned for
speeds up to 2 m / s and they must be equipped with effective systems to prevent water from
entering inside them. It is also necessary to check the distance between said sockets and
possible sources of pollutants (including expulsion of air).
Filters
The cost of a more effective filtration is much lower than that of the cleaning of the
components of the distribution networks. It is therefore advisable to install filters of class EU71
Eurovent upstream of the air handling units and additional filters of class EU8 / 9 downstream
of said unit and at downstream of any silencers. In the air extraction systems, it should be
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installed at least class EU7 filters. It is recommended, of course, regular cleaning and filter
changes.
Heat exchangers
The batteries can give rise to emission of odors due to encrustations which are formed on the
internal surfaces, especially in the case of Hot batteries. To minimise these drawbacks,
especially in the case of high temperatures, they must be frequently cleaned by brushing or
vacuuming. In the case of cooling batteries, it is necessary to install trays inclined so as to avoid
stagnation, and realise them using anticorrosive materials to facilitate cleaning.
Humidifiers ambient air
It must be ensured that there is no formation of condensation during operation; all parts
permanently in contact with water must be cleaned and if necessary disinfected regularly.
Adiabatic humidifiers
The quality of the water sprayed in adiabatic humidification sections should be periodically
monitored; the increase of the bacterial load has to be prevented by sterilisation systems or by
periodic cleaning systems. The total bacterial count of the circulating water should not exceed
the standard value of 106 CFU / L with an incubation temperature of 20 ° C ± 1 ° C and 36 ° C ±
1 ° C. The presence of Legionella in humidifiers is definitely avoided if the bacterial count does
not exceed 103 CFU / L.
Cooling towers.
The quality of the water sprayed in cooling towers should be periodically monitored; it is also
necessary to clean and drain the system:
• before the test
• at the end of the cooling season or before a long period of inactivity
• at the beginning of the cooling season or after a long period of inactivity
• at least twice a year.
It is recommended to periodically realise a microbiological analysis. The total maximum
allowable bacterial count is 107 CFU / L; the use of biocides must not however be continuous.
As for the air-conditioning systems are indicated, below, the most important measures for
prevention:
1. Design the cooling towers and place air intakes of air conditioning systems in order to
prevent the exhaust air coming from the towers and evaporative condensers come in
buildings.
2. Maintain efficient drift eliminators on cooling towers and evaporative condensers on.
Make sure the filters to the outside air is dry. Filters should be cleaned or replaced as
recommended by the manufacturers.
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Reference standards related to water discharge of the textile
industry
The industrial sector must comply with regulatory limits on the discharge to surface water and
delivery to the water treatment plant that are regulated by the Legislative Decree n. 152/2006
Environmental
Regulations.
In Article 101, the decree states that all discharges are regulated according to the compliance
with the objectives of quality of water bodies and must comply with the limit values laid down
in Annex 5 in part three of the decree.
For the purposes stated in paragraph 1 of the decree, the regions, in the exercise of their
autonomy, taking into account the maximum permissible loads and the best available
techniques, define the values-emission limit, other than those specified in Annex 5 in part
three of the decree, both in maximum allowable concentration and maximum amount per unit
of time accordingly to each pollutant and ordinated for groups or families of related
substances.
Thus, pending or in the absence of such limits (whose jurisdiction is regional), the limits set
nationally in Annex 5 Part III of Decree 152/2006 apply. In particular, Table 3 of Annex 5) sets
limits of discharges of industrial wastewater (and according to whether the discharge is done
into surface water or sewage) (Table is shown below without notes for brevity).
Table 3 (Annex V Part Three Dl 152/2006) emission limits in surface water and sewege system.
Table 20
Parameter
No.

Substances

1

pH

2

Temperature

3

Colour

4

odour

5

Coarse
materials

6

Total

Unit of measure
°C
-

-

-

mg/L

Discharge
surface water

in Discharge
system (*)

5,5-9,5

5,5-9,5

(1)

(1)

in

sewage

Not
perceptible Not perceptible
with 1:20 dilution. 1:40 diluition.

with

Must not cause Must not cause nuisance
nuisance
Absent

Absent

80

200
99

suspended
solids
7

BOD5 (as O2) mg/L
(2)

40

250

8

COD (as O2) mg/L
(2)

160

500

9

Alluminium

mg/L

1

2,0

10

Arsenic

mg/L

0,5

0,5

11

Barium

mg/L

20

-

12

Boro

mg/L

2

4

13

Cadmium

mg/L

0,02

0,02

14

Total
chromium

mg/L

2

4

15

Chromium VI

mg/L

0,2

0,20

16

Iron

mg/L

2

4

17

Manganese

mg/L

2

4

18

Mercury

mg/L

0,005

0,005

19

Nickel

mg/L

2

4

20

Lead

mg/L

0,2

0,3

21

Copper

mg/L

0,1

0,4

22

Selenium

mg/L

0,03

0,03

23

Pond

mg/L

10

24

Zinc

mg/L

0,5

1,0

100

25

Total
mg/L
Cyanides (as
CN)

0,5

1,0

26

Active
Chlorine free

0,2

0,3

27

Sulphides (as mg/L
S)

1

2

28

Solfite
SO2)

1

2

29

Sulphates (as mg/L
SO3) (3)

1000

1000

30

Chloride (3)

mg/L

1200

1200

31

Flouride

mg/L

6

12

32

Total
phosphorus
(as P) (2)

mg/L

10

10

33

Ammonia
mg /L
Nitrogen (as
NH4) (2)

15

30

34

Nitrous
mg/L
nitrogen (as
N) (2)

0,6

0,6

35

Nitrate (as N) mg /L
(2)

20

30

36

Fats and oils, mg/L
animal
/
vegetable

20

40

37

Total
Hydrocarbon
s

5

10

mg/L

(as mg/L

mg/L
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38

Phenols

mg/L

0,5

1

39

Aldehydes

mg/L

1

2

40

Aromatic
organic
solvents

mg/L

0,2

0,4

41

Organic
solvents
nitrogen (4)

mg/L

0,1

0,2

42

Total
Surfactants

mg/L

2

4

43

Phosphorus
pesticides

mg/L

0,10

0,10

44

Total
pesticides
(excluding
phosphorus)
(5)

mg/L

0,05

0,05

Including:
45

- aldrin

mg/L

0,01

0,01

46

- dieldrin

mg/L

0,01

0,01

47

- endrin

mg/L

0,002

0,002

48

- isodrin

mg/L

0,002

0,002

49

Chlorinated
solvents (5)

mg/L

1

2

50

Escherichia
coli (6)

UFC/100mL

51

Acute toxicity
test (7)

Note

The sample is not The sample is not
acceptable when acceptable when after
after 24 hours the 24 hours the number of
102

number
of organisms property is
organisms
equal to or greater than
property is equal 80% of the total.
to or greater than
50% of the total.

As an example we show the limits established in the regulation of integrated water service of
the Emilia Romagna region no.********

The limits to discharges should be properly established according to the achievement of the
quality standards of the receiving water course (article 101).
As said, the Regions may modify the above limits for each discharge that addresses in a specific
receiving body of water on the basis of the achievement of the standard of good quality (so in
a different way for each receptor). However, for discharges containing "hazardous"
substances, the Region may set limits only in a more precautionary manner (identifying lower
limit values). In addition, for hazardous substances the Region can intervene with specific
action also in the authorization of the single discharge, with values also depending on the
discharge itself.
Indeed, Article 108 provides that:
Taking into account the toxicity, the persistence and the bioaccumulation of the considered
substance in the environment where the discharge takes place, the competent authority,
during the issuing of the authorisation, may set more restrictive emission limit values than
those established under Article 101, paragraphs 1 and 2, in cases where it is established that
[those] limit values […] prevent or adversely affect the achievement of the quality standards
provided in the Plan of protection of Article 121, also for the presence of other discharges of
hazardous substances.
For industrial wastewater containing substances listed in the table below, the competent
authority may require that partial discharges containing those substances are kept separate
from the general discharges and regulated as waste.
In the case the treatment plant of industrial wastewater treating hazardous substances
receives wastewater containing hazardous substances not sensitive to the type of treatment
adopted by the plant, during the issuing of authorisation, the competent authority shall
appropriately reduce the emission limit values indicated in table above for each of the
hazardous substances specified in Table below, taking into account the dilution made by the
mixing of the different waste water.
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Table 21 (Annex V to Part Three of the DL 152/2006) Substances for which the regions (1), or
the operator of the sewer (2) can not adopt less restrictive limits than those given in Table 3
respectively for the discharge in surface waters and for discharge into the sewer.
1

Arsenic

2

Cadmium

3

Total Chromium

4

Hexavalent chromium

5

Mercury

6

Nickel

7

Lead

8

Copper

9

Selenium

10

Zinc

11

Phenols (3)

12

Total hydrocarbons

13

Aromatic organic compounds (4)

14

Nitrogenous organic compounds (4)

15

Halogenated organic compounds (including chlorinated
pesticides)

16

Phosphorus pesticides

17

Organic tin pesticides

18

Substances with proved carcinogenic power

List of hazardous substances in the descharge.
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Table 22
Manufacturing sector

Discharge quantity per Monthly
product unit (or production avarage
capacity)

Day
average
(*)

Cadmium
Zinc mining, refining of lead and zinc,
non-ferrous metals industry and
cadmium metal
Manufacture of cadmium compounds

g/kg (grams of discharged 0,5
Cd per kilograms of treated
Cd)

Production of pigments

g/kg (grams of discharged 0,3
Cd per kilograms of treated
Cd)

Manufacture of stabilisings

g/kg (grams of discharged 0,5
Cd per kilograms of treated
Cd)

Fabrication of primary and secondary g/k/A
g
(grams
of 1,5
batteries
discharged Cd per kilograms
of treated Cd)
Electroplating

g/kg (grams of discharged 0,3
Cd per kilograms of treated
Cd)

Mercury (chlor-alkali industry)
Recycled brine - to apply all'Hg present g Hg / t of
in the effluent from the production of production
chlorine
installed

chlorine 0,5
capacity

Brine recycled - to be applied to the g Hg / t of
total of Hg present in all wastewaters production
containing Hg coming from the industrial installed
plant.

chlorine 1
capacity

105

Brine to lose - to apply to the total of the g Hg / t of
Hg present in all waste waters production
containing Hg coming from the industrial installed
plant.

chlorine 5
capacity

Mercury ( different from chlor-alkali industry )
Companies that employ all'Hg catalysts g/t capacità di produzione di 0,1
for the production of vinyl chloride
CVM
Companies that employ catalysts all'Hg g/kg mercurio trattato
for other productions

5

Manufacture of catalysts containing Hg g/kg al
used for the production of VCM
trattato

mese

mercurio 0,7

Manufacture of organic and inorganic g/kg al
compounds of mercury
trattato

mese

mercurio 0,05

Manufacture of
containing Hg

mese

mercurio 0,03

primary

batteries g/kg al
trattato

Non-ferrous
metals
industries
- Factories recovery of mercury
- Extraction and refining of nonferrous
metals
Establishments treatment
wastes containing mercury

of

toxic

Hexachlorocyclohexane (HCH)
Production of HCH

g HCH/t HCH product

2

Extraction lindane

g HCH/t HCH treated

4

Production and extraction of lindane

g HCH/t HCH product

5

DDT
Production DDT including formulation of g / tonne of substances 4
DDT on the spot
produced, processed or

8
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used - monthly value
Pentachlorophenol (PCP)
Production of PCP Na hydrolysis of g / t of production capacity 25
hexachlorobenzene
or capacity utilization
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Aldrin, dieldrin, endrin, isodrin
Produzione e formulazione di: Aldrin e/ o dieldrin g
/
t
e/o endrin e/o isoldrin
production
capacity
capacity
utilization
Production and treatment of HCB

of 3

15

or

HCB g / t of 10
production
capacity of HCB

Hexachlorobenzene (HCB)
Production of perchlorethylene (PER) and carbon HCB g / t of total 1,5
tetrachloride (CCl4) by perchlorination
production
capacity of PER +
Production of trichlorethylene and / or by other
processes percloetilene
Hexachlorobutadiene
Production of perchlorethylene (PER) and carbon HCB g / t of total 1,5
tetrachloride (CCl4) by perchlorination
production
capacity of PER +
CCl4
Production of trichlorethylene and
perchlorethylene by any other process

/

or

Chloroform
Production of chloromethanes methanol or from a g CHCl3 / tonne 10
combination of methanol and methane
of
production
capacity
of
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chloromethanes
Production chloromethanes by chlorination of g CHCl3 / tonne 7,5
methane
of
production
capacity
of
chloromethanes
Carbon tetrachloride
Production
of
carbon
tetrachloride
perchlorination - proceeding with washing

by g CCl4 /t di 30
capacità
di
produzione totale
di CCl4 e di
percloroetilene

40

Production
of
carbon
tetrachloride
perchlorination - proceeding without washing

by g CCl4 /t di 2,5
capacità
di
produzione totale
di CCl4 e di
percloroetilene

5

Production of chloromethanes by chlorination of
methane (including clorolisi under pressure from
methanol.
Production of chlorofluorocarbons
1,2-dichloroethane (EDC)
Production only 1,2 dichloroethane

g/t

Production 1,2-dichloroethane and processing and g/t
/ or use on the same except for the use in the
manufacture of heat exchangers

2,5

5

5

10

2,5

5

Use of EDC for degreasing metals (in industrial
plants other than those of the previous point
Processing of 1,2 dicloetano into substances other g/t
than vinyl chloride
Trichloroethylene
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Trichloroethylene (TRI) and perchlorethylene (PER)

g/t

Use of TRI for degreasing metals

g/t

2,5

5

Trichlorobenzene (TCB)
production of TCB for dehydrochlorination and / or g/t
processing TCB)

10

production and processing of chlorobenzenes via g/t
chlorination)

0,5

Perchlorethylene (PER)
Trichloroethylene (TRI) and perchlorethylene (TRI- g/t
PER processes)

2,5

5

Production of
carbon tetrachloride
perchlorethylene (TETRA-PER processes)

2,5

20

and g/t

Use of PER for degreasing metals
Production of chlorofluorocarbons

Reuse of industrial waste water
Regarding the possibility of reusing industrial wastewater In Italy the law allows the reuse of
the water but does not regulate the direct reuse, within the same plant which produced them.
In this case, the reuse is operated by adopting the best available industrial technologies (BAT)
in reference to the legislation IPCC (DL 59/2005).
The water reuse industry as fire extinguisher in the adiabatic towers and cooling towers must
respect the limits for Legionella (Guidelines of Legionella prevent end control - Ministry of
Health, 2000).
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A5.5. STUDY OF EDUCATION, TRAINING AND TECHNOLOGICAL
ENTITIES SPECIALIZED IN TEXTILE FIELDS IN EACH AREA, AND
METHODOLOGIES FOR OPTIMIZING/INCREASE WORKING FORCE
RESOURCES
The normative foundation of the Italian education system system is essentially laid down in the
Italian Constitution Act, art. 35 and art. 117.
The State has exclusive legislative powers over education. The Regions have 'exclusive'
legislative powers over vocational education and training, apart from tasks connected with the
European Union, and parallel legislative powers over general education, although the State is
responsible for establishing the basic principles. In fact, Law n. 3/20011 reformed the Title V of
the Constitution. In particular, Art. 117 makes a distinction between: a) general education,
which falls under the exclusive competence of the State for general rules, minimum public
service performance levels and fundamental principles of legislation at regional level; b)
vocational education and training, which falls under the responsibility of the Regions, although
minimum public service performance levels remain under the responsibility of the Provinces
and local authorities which are responsible for providing school buildings and other facilities
and intervening in the areas of adult education and guidance (including the management of
employment services).
The actors involved in the governance of the Italian education and vocational training system91
are the following:


The Ministry of Education, University and Research that is responsible for setting the
minimum public service performance levels (Livelli Essenziali delle prestazioni – LEP)
for the education system;

91

Primo rapporto italiano di referenziazione delle qualificazioni al quadro europeo EQF (First
Italian Report on the referencing of the national qualifications to the EQF), June 2012,
http://bw5.cilea.it/bw5ne2/opac.aspx?WEB=ISFL&IDS=18746.
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The Ministry of Labour and Social Policies that is responsible for setting the minimum
public service performance levels (Livelli Essenziali delle prestazioni – LEP) for the
vocational training system;



The Regions and Autonomous Provinces that are the administrations in charge of
planning, organising and supplying VET;



The social partners that contribute to designing and organising active labour policies
and particularly Vocational Education and Training (VET) policies.

The complex and rich education and VET Italian system offers a large variety of vocational
education and training opportunities in the T&A as a whole.
Both the State and the Regions provide the initial vocational education and training in specific
industries.
At the secondary school level, vocational education is provided by ITSs (National Technical
Institutes), which offer a variety of specialisations in various fields.
A total of 63 national technical institutes have been recently established by the reform issued
in 2010, out of these, 6 institutes are specifically preparing technicians in the T&A ecosystem.
Abruzzo:
-

Nuove

Tecnologie

per

il

Made

in

Italy

-

Sistema

Moda

-

Pescara;

Lombardia:
- Nuove tecnologie per il Made in Italy - Sistema moda - IP Paritario "Maddalena di Canossa" Brescia;
Marche:
- Nuove tecnologie per il Made in Italy - Sistema moda/calzature - ITI "Montani" - Fermo;
Piemonte:
- Nuove tecnologie per il Made in Italy - Sistema moda - ITIS "Sella" - Biella;
Toscana :
- Nuove tecnologie per il Made in Italy - Sistema moda - IIS "B. Russel/I. Newton" - Scandicci
(FI);
Veneto:
- Nuove tecnologie per il Made in Italy - Sistema moda/calzature - IIS "Ruzza Pendola" Padova.
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Moreover, there are two other institutes alike in Tuscany and Lombardia. The first, in Prato, is
the ITIS Tullio Buzzi, founded in 1886 as the “Royal School for textile and dyeing industries”, it
became an Industrial Technical Institute in 1993, maintaining although the focus on textile
technology and techniques. The second is the ITIS P. Paleocapa, in Bergamo, which, among
courses in various fields, it offers a specialisation in “Textile, Garment and Fashion”, providing
training in design, science of materials and mechatronic.

In three regions, Emilia Romagna, Puglia and Umbria there is not a ITS specifically dedicated to
the development of occupational profile for the T&A industry, while relevant initial VET
programmes are offered in the field of mechatronics, logistic and packaging.
A large and high profiled vocational education and training offer is provided by the University
Italian Institutions, both public and private.

Uninsumbria (http://www4.uninsubria.it/on-line/home.html?home) has two locations in
Varese and in Como. It has a three-year course in Textile Industrial Chemistry and
Management. Moreover it offers specialised classes in textile chemistry / dyeing during the
five-year course. Finally it supports the publication of theses on the subject of chemistry and
its application to textile.

-Global Supply Chain
-Production Management
-Business Unit Direction”92

The University of Bergamo (http://www.unibg.it/struttura/struttura.asp?cerca=LT-IT) offers a
course in textile engineering.
“The degree course in Textile Engineering intends to provide the student with a multi-use
professional education that comprehend a solid preparation in basic disciplines of

92

From http://www.cittastudi.org/flex/cm/pages/ServeBLOB.php/L/IT/IDPagina/3134.
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mathematics, physics and chemistry and unites it with a well-consolidated engineering
education specialised in the field of industrial engineering, in issues connected to the textile
production chain and to technical and organisational aspects of the sector.”93

The Politecnico di Torino (www.polito.it) offers a specialised degree course in Textile
Engineering, in English.
It is the only Italian institution to be part of the AUTEX Association (Education Horizon Task
Group), which includes the most important textile universities in Europe.
“The aim of the specialised degree course is to bring together Italian degree-holders coming
from different first-cycle courses (in particular Chemical, Material Mechanic and Energetic
Engineering) and foreigners with equivalent Bachelors, to an educational pathway that
provides them with the proper preparation to continue with a PhD or to be introduced to the
textile enterprises, even those that are small and medium enterprises (SME) that are willing to
invest in research and technology transfer”.94
La Città Studi di Biella,
(http://www.cittastudi.org/flex/cm/pages/ServeBLOB.php/L/IT/IDPagina/3134), is an
institution settled in the heart of one of the most important textile industrial cluster in Italy. It
comprehends a University, an 'Agency for Vocational Training; conference center and a
Specialized Library; an area of Services, Research and Consulting to businesses.
The university is home to the branch offices of Politecnico di Torino, Università degli Studi di
Torino and Università degli Studi del Piemonte Orientale A. Avogadro.
It offers a three-year course in Textile Engineering. Students do laboratory exercises about
analysis and recognition of fibres, dying, and evaluation of dying properties of textiles.
Moreover, many programs comprise calculation with the use of informatics lab.
It offers one first level master course in management and textile engineering, in collaboration
with LIUC – University of Cattaneo of Castellanza.
93
94

From http://www.unibg.it/struttura/struttura.asp?cerca=LT-IT.
From https://didattica.polito.it/pls/portal30/sviluppo.vis_aiq.visualizza?sducds=32004&p_a_acc=2012&tab=0

https://didattica.polito.it/pls/portal30/sviluppo.vis_aiq.visualizza?sducds=32004&p_a_acc=2012&tab=0
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“The objective is to turn out professionals with a complete set of technical and managerial
capacities to be introduced in the most requested roles in the Textile Clothing and Fashion
industry (TCF).”


It targets recent degree-holders in engineering, economics, physics and chemistry or
managers with degrees of the same type but who already have a job.



At the end of the Masters course, participants could be placed into enterprises of the
sector in relevant positions in the following areas:
-Quality and Service in the TCF.

The Istituto Superiore di Design di Napoli
(http://www.isdnapoli.net/?lang=it&center=dipartimenti&section=fashion)
has an entire department offering advanced first cycle, second cycle and one-year courses on
the subject of design and fashion, aiming at high level education of professionals to be
introduced along the fashion production chain, from the design through the organisation of
productive processes, to the retail management. It offers education a wide range of topics,
not only the aesthetics, but also material science, productive processes and in managerial
capabilities.
Moreover the Politecnico di Milano, has a faculty of Design which provides a second cycle
degree course in Fashion Design. The Scuola di direzione aziendale (SDA) Bocconi focuses on
the ones who already have a degree and offers Master degree courses in the field of Fashion,
Experience & Design Management.The Università Cattolica in Milan has a master course in
Luxury Good Management.
The University of Bologna offers a course to obtain the certificate of Costume and Fashion
Operator, in its satellite located in Rimini (www.rimini.unibo.it/moda.htm).
Milano has the World primacy for the number of training institutes of first cycle and second
cycle in the subject of fashion. The 50% of students comes from abroad. We can find two
different historic institutes, both that date back to the 30's: the Istituto Carlo Secoli and
Istituto Marangoni.
The Marangoni Institute also has locations in London and Paris and it offers three-year courses
in Fashion Design, Fashion Business, Fashion Styling, Fashion Graphic Design, Fashion Modern
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Interior Design, Fashion Product Design; annual intensive courses and masters for a specific
preparation in various fields related to fashion.
The Carlo Secoli Institute organizes academic courses aimed primarily at young school or
university graduates who want to enter the world of fashion. The three-year courses offer a
complete training on all processes of the projecting of a fashion collection, from the idea
conception to the practical realisation. The annual courses focus on the projecting of paper
patterns and tailoring.
AFOL Moda offers training in the area of project design, product creation and marketing.
The Domus Academy has courses in Fashion Design, Accessory Design, and Fashion
Management. The Istituto di Moda Burgo offers annual and two-year courses for stylists,
tailors, model makers. The Istituto europeo di design (IED) has training courses focused on
creativity. The Nuova Accademia di Belle Arti (Naba) (New Fine Arts Academy) offers threeyear courses in Fashion Design, and two-year courses in Textile and Material Design. Among its
specialised courses, the IULM offers classes in Brand, Fashion and Design Strategy and
Communications. Finally there are courses in the Accademia del Lusso (Luxuty Academy).
The Istituto Polimoda di Firenze organises three-year courses in Fashion Design, Shoe and
Accessory Design and Male-Female Fashion Model-making. In order to gain entry to the
courses it is necessary to have a high school diploma and to have passed the admissions’ test.
The Accademia Koefia in Rome offers a two-year course for Fashion Stylists, limited to students
with a high-school diploma. The certificate awarded is recognised by the European
Community. In Rome, there is also the Accademia Altieri, which offers a 800 hour course for a
limited number of students (maximum 16) to become a Stylist, including classes in modelmaking and tailoring. In the Scuola Nazionale di Cinema di Roma there is a course in
Scenography, Décor and Costume, which it is possible to access through a contest held once a
year.
In the specific field of shoe design, the Politecnico Calzaturiero di Stra manages the School of
Footwear Design and Technology, organising professional training courses for both footwear
stylists and advanced production techniques.
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In Emilia Romagna the Cer.cal. proposes highly specialised professional training courses.
The Alta Scuola di Pelletteria (Advanced School in Leather Goods) is particularly relevant in the
leather sector. The school was founded in 2005 by a project created by the Association San
Colombano and it is located in the province of Florence, in Scandicci. The partners are the
municipalities of Bagno a Ripoli (FI), Dicomano (FI), Pelagio (FI), Pontassieve (FI) and Scandicci
(FI); the CNA Florence, Confindustria Florence, Consortium Centopercento Italiano. Moreover
the enterprises Céline, Gucci and Prada are partners of the project. It is the reference point for
the professional training and specialisation of professionals in the leather sector and it
represents an attractive point for sectoral operators, not only at a local level but also
nationally and internationally. The Scuola del Cuoio di Santa Croce is equally important.
A proper analysis would be needed to study the in-company training, of both workers,
technicians and high specialised profiles which constitute the true unique asset of the Italian
Made in Italy in the T&A industry.
Companies competing in the globalised market ensure their own distinctive competences
through their self-funded Human Capital development strategy.
A legal framework regulates and supports financially the companies in order to ensure that the
company perspectives consider also the collective interest: to prevent risk of unemployment
by ensuring the respect of the basic rights of employees to be adequately prepared to internal
and external job mobility.
The present institutional systems provide legal framework for both initial training and
employment training, at all levels.
There are three recently reformed types of apprenticeship (2011) in Italy:
- ‘Apprenticeships leading to a qualification and a professional diploma’ (ISCED 3) that last
three or four years, cater for 15-25 year old and lead to a certificate or a vocational diploma.
This type of apprenticeship allows young people to complete compulsory education and to
fulfil the right/duty to education and training;
- ‘Professional apprenticeships’ that cater for 18-29 year old, cannot last more than 6 years
and lead to a regional qualification;
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- ‘Higher education and research apprenticeships’ that cater for 18-29 year old, enable
apprentices to obtain upper secondary school (ISCED 3), IFTS/ITS (ISCED 4) and university
(ISCED 5-6) qualifications.
Beside the apprenticeship scheme there is a legal system that regulates the continuing training
of employees, mainly governed by Bilateral Organisations funded by the associations of
employers and trade unions. They are part of the private component of the system that offers
courses organised by private agencies and no-profit organisations.

Research
The Italian production focuses in great part in high-quality textile, clothes and accessories. The
quality control and a certain level of innovation are thus fundamental for the Italian textile in
order to maintain the traditional characteristics of quality required. Nonetheless, most of the
R&D is carried on internally and it is concentrated in the design, packaging and marketing
innovation with the result of a certain level of fragmentation in the research that complicates
the data retrieval.
The research centres specialised in the textile-apparel sector are not many; nonetheless in the
framework of the above-mentioned clusters there are some entities which operate as
networking agents and coordinate and support the initiatives of many small/medium size
companies in those areas.
The public and private institutes of Research and innovation in the textile-clothing sector in
Italy are concentrated in few main territorial areas where important textile and clothing
clusters are localised, and in particular in the triangle between Como, Biella and Milan and in
Prato.
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One of the most relevant examples is the CNR-ISMAC Institute for Macromolecular Studies,
Department of Biella, instituted by the Italian National Research Council (CNR). It is specialised
in research of new fibres, exploitation of by-products of the textile industry, process
innovations, new spinning systems, modifications of existing fibres and other projects. It owns
a high-tech laboratory and provides a long list of standard and special tests for certifications
for all sorts of materials, textiles and fibres. Inside this institution, the LATT (Laboratory of
Advanced Textile Technologies) studies electro-spinning process, plasma treatments for textile
materials, PECVD, production and characterisation of polymer nano-fibres, electro-spun
materials, multi-polymer threads and composite materials.

A similar example is CENTRECOT in Busto Arsizio, the only institute in Italy to release OekoTex® mark, which certifies the absence of harmful substances in textile products and
accessories. Its advanced laboratories are able to carry on various tests on fibres and clothing.
It is also engaged in monitoring and disseminating technological innovations and carries on its
own research and experimentations for improvement of products and process quality. It has
been involved in various projects to support the competitiveness and the environmental
sustainability of textile enterprises in the area, analysing evaluating and improving business
models, products and processes.

Within the cluster of Prato, the most important institution of this kind is NEXT TECHNOLOGY
TECNOTESSILE, which is owned for the 60% by textile enterprises and for the 40% by the Italian
Ministry of Education and Research (MIUR). It owns pilot plants for the analysis and
experimentations on nanotechnologies, materials science and chemistry applied to textiles and
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fibres. It is active in the field of project management, promoting innovative projects of private
firms by giving technical support and evaluation, establishing communications with public
institutions and searching for funds to finances projects.

CENTRO TESSILE SERICO is an institution for analysis, testing and technical consultancies. It is a
non-profit, public-private join stock company, which owns high-tech machineries to provide
technological, physical, and mechanical tests, regarding textiles from fibres to the made up
items as well as on the chemicals agents used in the textile industry. Moreover, it offers
consultancy for the improvement of quality of products and process and produces studies and
reports on the productivity, competiveness and situation of the textile industry and the district
of Como in particular.

Another institution is STAZIONE SPERIMENTALE SETA, a branch of Innovhub, a public economic
body settled in Milan, which promotes innovation and scientific/technologic upgrade of the
industry in the sectors of textile, paper, fuels, oils and greases. The department is specialised in
the study of silk, the characteristic product of Como cluster. It offers a wide range of analysis
on fibres, textiles, finishing, dyeing, product compliance with standards and consultancies.
All the entities listed so far are conceived for the support of the textile industry and respond to
the needs of enterprises willing to certify the quality of their product and be able to compete
at an international level, to improve their processes, to introduce new materials or that are
missing the instruments to carry out their own research autonomously.
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PO.IN.TEX (Textile Innovation Cluster) represents an institution more oriented to
communication and networking than actual research. It is settled in Biella and is co-financed by
the EU, the Ministry of Economic Development and by the Piemonte Region. It is conceived as
the trade d'union between the private sector and the world of research, trying to align the
offer and the request of innovation in the sector. It is committed to the internationalisation of
the industry and to technology transfer by activating synergies with other poles of innovation
in Europe and worldwide. It provides moreover financing and support to Italian firms for
innovation and research.

A smaller, aggregation entity in Prato, is R.S. – Ricerche e Servizi srl. It is a private independent
centre, which provides technological consultancy services for technology transfer and
dissemination of best practices, promotion of groups for the realisation of innovative projects,
operative and technical support for research, etc...
In the field of natural fibres there are few private firms producing quality research on specific
materials.

The most relevant is the historical firm LINIFICIO E CANAPIFICIO NAZIONALE specialised in the
treatment and production of hemp and linen fibres. Internally it carries on research and
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experimentation on linen with the view to improve its characteristics and productivity. The
company has a special division called Linimpianti, which focuses on the projecting, innovation
and automation of textile machines for hard fibres. The company has currently three research
projects, also in collaboration with universities and research centres, for development of
textile under layers and relative production processes; for application of nanotechnologies to
fibres and for development of innovative technologies to apply to the linen fibre.
There are then firms that do not directly carry out technical research through lab
experimentation but that use an ethical approach in their production. The G.T. Design, settled
in Bologna, designs and realises artisan home furnishing objects using natural fibres such as
coconut and hemp. By doing so, it experiments new applications and processing methods of
those materials. These kinds of entities, mostly represented by small-size firms and start-ups
are with most probability many, but a complete collection of data about all of them would take
too long and misdirect the focus of this study.
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5.1.METHODOLOGIES
FOR
FURTHER
SPINNING/WEAVING/knitting PROCESSES.

DIAGNOSTICS

IN

I/ Fibers and textile raw materials currently used in the current spinning / knitting /
weaving processes
The most fibers used are: Cotton, Polyester, Acrylic, Viscose, Modal, Spandex, Wool, Linen,
Hemp, Jute, Alpaca, Angora, Kenaf. You can refer to the table below for more details on the
quantities imported annually.
Tunisian fibers imports
year

2012

2013

Fibers

Weight (Tons)

%

Weight (Tons)

%

Agave

218,9

0,79%

266,1 1,12%

Hemp

16,2

0,06%

8,4 0,04%

0,2

0,00%

0,00%

Coco
Cotton

12 009,9

43,49%

10 856,2

45,63%

FSAD (Synthetic or artificial)

8 259,8

29,91%

8 402,9 35,32%

Jute

2 400,6

8,69%

1 474,4 6,20%

Wool

581,0

2,10%

343,2 1,44%

Linen

4 065,2

14,72%

2 370,3 9,96%

Sisal

18,5

0,07%

15,8

0,07%

Silk

45,4

0,16%

54,3

0,23%

Total

27 615,6

100,00%

23 791,7

100,00%

Most of the fibers are biodegradable such as natural fibers but used man-made fibers are
not biodegradable.
In Tunisia we do not produce fibers, except for very small quantities of wool, fiber alpha and
kenaf.
For cotton, the origins are diverse, Cote d'Ivoire, Chad, Mali, Greece, Russia, Syria, etc.
For the rest, the origin may be European, Korean, Saudi Arabia....
II/ The sub-processes of spinning, Knitting and weaving
A/ Spinning
The production of the yarn is the first process of the transformation of fiber into
yarn, which is divided into several very distinct stages. These steps are intended to:
1. The opening and mixing of fibers
2. The cleaning of the fibers
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3.
4.
5.
6.
7.

carding and fiber parallelization
The stretching of the fibers and parallelization
Combing
The production of a continuous fiber beam
The production of yarn

The requirements of the final product or the consumer of the yarn, will dictate the
process, the quality and the most suitable fiber properties. Use fibers of a higher
quality than necessary would be unprofitable, as the use of fibers of a lower quality
than what is required result in losses. The choice of method and fibers according to
the required properties will be crucial to ensure profitability and quality.
a/Opening
The opening will break down compressed layers or fiber clumps into smaller clumps
for easy transport and ensure more efficient cleaning from a different assortiement
cotton balls.
This step is considered part of the opening process or beating. Manually or with the
aid of peeling machines, the fibers are fed on the different cleaning machines.
b/Mixing
This step ensures that a mixture of fibers from different sources according to the
introduction of the balls at the level of working machines.
c/Cleaning
Cleaning will remove foreign bodies from the fiber (dust, cops, other color fiber ...
Cleaning is essentially based on beating, inertia and centrifugal force, and the air flow
d/Carding
Carding aligns, to parallelize, cleaning and condensing the ribbon fiber. Other
important aspects are in addition to the level of the carding
1. Reduction in neps
2. Decrease in short fibers
3. Dust Control
4. Parallelize fibers
e/Stretching
The stretching allows mixing and parallelizes fibers; it also produces a regular ribbon.
f/Preparation for combing
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The preparations for the combing process consist in combining several tapes coming
stretching operations to form a layer that will be used in combing.
g/Combing
Combing will remove the short fibers, parallelizing and mixing the fibers.
h/Roving
The roving is a step in the stretching process required for ring spinning that also
involves transforming the stretch ribbon wick that will be deposited on a bobbin with
a slight twist.
i/Spinning
The insertion of a twist in the fiber bundle is required to provide integrity and
strength to the fiber bundle. The methods for inserting this twist differ widely
depending on the used spinning technique. The methods of inserting the twist being
different, products son also have structures and different shapes.
In Tunisia we have two main techniques for the spinning process ring spinning and
open-end spinning :
- Ring spinning
Ring spinning inserts torsion by means of a rotary spindle. Ring spinning is both the
slowest and most expensive spinning techniques because it involves additional
operations (combing, roving and winding). Ring spinning produces the strongest yarn,
the finest and most silky. It is also the most used spinning technique.
-The end spun or open end fiber inserts a torsion by a rotating rotor.
The open end spinning has a significant production capacity. Its cost is low due to its
high speed and eliminate various processing steps. The open end spinning produces a
weaker yarn, more limited yarn thickness and also a "dry" and roughest yarn in
touch.
j/Winding:
In the process of ring spinning, the winding step is to transform the cops from the
spinning frames to bobbin that could be used in weaving or knitting.
This step ensures a winding with a steady tension, electronic yarn clearing and
waxing if needed according to customer demand.
k/Twisting
Some applications require double yarn like towel weaving.
This is the first step of assembling one or more yarns (assembly step) and then
applying a twist.
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Cycle of the conventional yarn

Big preparation

Steaming

Cardes

Stretching

Winding

spinning

Preparation
combing

Continuous

Combing

Autoregulatory

Roving

stretching

Cycle of O.E (Open End) yarn

Big preparation

Twisting

Cardes

Stretching first pass

Open end

Stretching second
pass

Identification of the main wastes and their origin
At the spinning stag , we have the following wastes according to the methods used:
- Dust waste.
- Waste cotton fiber (in carding and preparation).
Process

Input

Product

Air emission

Opening

Fiber

Clean fiber

Mixing

Fiber

Clean fiber

Dust
particles
Dust
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particles
Cleaning

Fiber

Clean fiber

Dust
particles

Carding

Fiber

Regular ribbon

Dust

Streching

Ribbon

Regular ribbon

Dust

Preparation
combing
Combing

Ribbon

uniform Nappe

Dust

Nappe

Ribbon long fibers Dust

Roving

Ribbon

Wisp

Dust

Spinning

Mèche

Yarn

Dust

Winding

Yarn

Fil en bobines

Dust

Twisting

Yarn

Yarn

Dust

& Fibers

Dust and noise

Recycled
fibers
Recycled
fibers
Recycled
fibers

Dust and noise

Recycled
fibers
Recycled
fibers
Recycled
fibers &
yarns
Recycled
yarn
Recycled
yarn

Dust and noise

Dust and noise
Dust and noise

Dust and noise
Poussières et bruit
Dust and noise
Dust and noise

In spinning (except linen spinning), there is very little water consumption, the latter is
generally used for air conditioning.
For energy this kind of industry is considered high energy consumption despite the
technological developments of recent years.

Evolution of production of the Tunisian spinning sector ( 2004-2008 )

2006
9000
25 000

Unit: Tons
2007
2008
9000
9000
25 000
25 000
575
575
3500
3500
38075
38075

Type of yarn
Wool yarn
Cotton yarn
Conditioned yarn
Jute yarn
Total

2004
9000
25 000

2005
9000
25 000

565
3250
37815

570
3400
37970

575
3500
38075
Source: MDCI

Type of yarn
Prepared textile materials
Wool yarn
Cotton yarn
Conditioned yarn
Jute yarn
Total

2004
42
28

2005
42
28

2006
42
28

2007
42
28

2008
42
28

131
16
6

133
16
6

136
17
6

139
17
6

142
17
6

223

225

229

233

236

Unit : TND
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Tunisian imports and exports
In addition to importing all of its raw materials (fibers and filaments), Tunisia
continues to import significant quantities of elaborately quality and special yarns.
year
Fibres* et filaments
Fils et filés

Total

2004
87.9
158.5
246.4

2005
81.0
178.0
259.0

2006
76.1
181.3
257.4

2007
95.5
205.2
300.7

2008
88.2
199.8
288.0

Source : INS

( *) Including frayed fibers

The percentage of ISO certified companies in relation to the production process

During the period 1996-2008, 18 applications had been approved by the steering
committee for a total investment of 44 million TND including 40 MTND allocated to
improving technological performance.
The evolution of upgrade investment is shown in the following table:
TND investments
Year

Companies

Diagnostic

Immaterial

Materials

Total

1996 - 2000

9

100 500

2 034 904

15 922 330

18 057 734

2001

1

13750

201 750

1 947 050

2 162 550

2002

1

12400

478000

100000

590400

2003

1

13750

107250

582050

703050

2004

0

0

0

0

0

2005

1

26000

156000

1675350

1857350

2006

1

3000

74500

6073997

6151497

2007

2

17000

339000

2540515

2896515

2008

2

28000

448309

11487620

11963929

Total

18

214400

3839713

40328912

44383025

Source : BMN

B/ Weaving
Weaving is a method of fabric production in which two distinct sets of yarns and
threads are interlaced at right angles to form the fabric. The longitudinal threads are called
the warp and the lateral threads are the weft or filling. Cloth is usually woven on a loom, a
device that holds the warp threads in place while filling threads are woven through them. A
fabric band which meets this definition of cloth (warp threads with a weft thread winding
between) can also be made using other methods.
The way the warp and filling threads interlace with each other is called the weave.
The majority of woven products are created with one of three basic weaves: plain weave,
satin weave, or twill. Woven can be plain (in one color or a simple pattern), or can be woven
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in decorative or artistic designs. The operation of weaving requires many preparations to be
performed:
a/ Warping
The yarn bobbins coming from spinning mills are different by their thickness and their twist
so yarns are arranged parallel to have a homogeneous yarn tension warp.
b/ gluing
The yarns are coated with glue capable of improving their strength and to increase their
resistance to withstand the mechanical stresses during weaving.
c/ knotting
The warp yarns coated, will be established at the end of the ribbon forming the old warp of
the weaving machine to ensure the continuity of the production, or they will be returned in
the frames to allow for the achievement of a new armor.

The percentage of ISO certified companies in relation to the production process

During the period 1996-2008, 25 applications had been approved by the steering
committee for a total investment of 135.7 million TND including 77% allocated to
improving technological performance.
The evolution of upgrade investment is shown in the following table:
TND investments
Investissements TND
Year

Companies

Diagnostic

Immaterial

Materials

Total

1996-2000

11

135 005

26 309 410

49 407 539

75 851 954

2001

4

46 950

911 000

9 568 816

10 526 766

2002

2

21 000

328 150

759 880

1 109 030

2003

1

13 600

44 000

1 049 625

1 107 225

2004

1

0

57 000

130 000

187 000

2005

1

61 250

2 722 700

25 984 300

28 768 250

2006

3

58 650

935 590

16 501 266

17 495 506

2007

2

5 000

56 900

601 727

663 627

2008

-

-

-

-

-

Total

25

341 455

31 364 750

104 003 156

135 709 358
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C/ Knitting
Knitted fabric consists of a number of consecutive rows of loops. the active stitches
are held on a needle until another loop can be passed through them. Two types of
machines are used for the manufacture of knitted fabrics:
-The flat knitting: These machines have gauges low values (between 2 and 18 needles
/ inch) which typically gives knitted coarse mesh whose density depends on the size
of the yarn used.

- Circular knitting machines:
These machines are more common in the industries of fine knitwear (underwear,
socks, ....), they have thin gauges (between 12 and 96 needles / inch) and use thin
yarns.

Nonwoven
In Tunisia we find a few companies manufacturing non-woven, the technique used is
the process by needling
These products are mainly used in the furniture industry, spring mattresses, quilts,
upholstery of chairs, under carpets ....
Some companies specialize in fraying (preparation of fibers for non-woven), others in
the production of non-woven.
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Fibers

Cardes
crosslapper
kiln
Needling
Cutting
Environmental impact
Spinning, weaving and knitting, are technically very different. However, for the
environmental impact, they are very close; these processes are dry without wetting the
product. This is a mechanical change. They deal with specific materials and therefore do not
generate hydra pollution. The impacts on the environment pollution are mostly in the fields
of noise and yarn waste.
In particular, mills generate waste that is recycled on site in the process or sold to
third parties who will use them for the production of other goods (cotton swab, absorbent
cotton, recycled upholstery ...). So beside the noise in the production workshop, there is no
particular impact on the environment.
Since January 2010, Tunisia has its own eco-label that covers all textile products
including clothing accessories, fibers, yarns. the environmental eco-label criteria are set to
reduce the use of chemicals, water pollution related to textile manufacturing chain, to
reduce energy consumption, water consumption and finally to improve waste management.

5.2.METHODOLOGIES
FOR
FURTHER
DYEING/PRINTING/FINISHING PROCESSES.

DIAGNOSTICS

IN

PROCESS DESCRIPTION IN TEXTILES DYEING, PRINTING AND FINISHING SUBSECTOR

2.1 General information on the textile dyeing and finishing sub-sector
2.1.1 Introduction
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The textiles dyeing and finishing sub-sector includes all those industries whose main activity
is to provide textiles material with the suitable characteristics for their use as an
intermediate or end product.
These characteristics are:






Colour and technical specifications of the colour (fastness),
Lustre,
Texture,
Dimensional stability,
Tailority.

Generally this sequence of process steps is followed: the material is prepared for dyeing or
printing, the material is dyed or printed and, then, the sizing and finishing processes are
applied.
These processes are determined by a series of fundamental factors, such as:









The fibers,
The textile products (types of yarn and fabrics),
The dyes,
The auxiliary and chemical products,
The temperature,
The dyeing time,
The machinery used,
The water (quality and quantity).

The relationship between these factors depends on the following conditions:
 Each type of fiber requires a certain family of dyes,
 Each fabric requires certain, more suitable handling conditions (in rope form or
open-width),
 A cycle of temperature variation with time and specific physical-chemical conditions
of the aqueous dye solution (pH, redox potential, conductivity, etc.), which together
must be optimized, in each case, corresponds to the system which consists of the
fiber, the dye and the type of ma- chine,
 The textile machinery conditions the type of textile product and the dye cycle
temperatures that are usable,
 The water affects the rest of factors.
The dyeing process may be optimized by varying the parameters to obtain a top quality dye
at the lowest possible cost.
There are numerous dyeing systems and they include everything from consignment
processes (batches by a defined weight and length) to semi continuous processes (openwidth or in rope form) to continuous processes (open-width or in rope form).
Depending on the fibers and dyes used, dyeing is carried out at between 20º and 135ºC in
high temperature systems.
Mfcpole & Cettex
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a) Types of fiber:
Depending on their origin, fibers can be classified into:
 Natural fibers: these fibers are of vegetable or animal origin such as cotton, linen,
wool and silk.
 Chemical fibers of natural polymers: they are so denominated because they are
fibers that are artificially obtained from a natural polymer such as cellulose. Rayon,
cellulose acetate, etc. Are artificial fibers. Later in this document, they shall be
referred to as cellulosic fibers.
 Chemical fibers of synthetic polymers: these are obtained by the organic synthesis
of petrochemical derivatives. They have a polymeric structure and among them,
polyester, polyamide, acrylic fibers, polyolefin and spandex fibers are notable.
b) Textiles products:
The dyeing of textiles fibers can be done on intermediate products or end products.
Below the most significant products are described:
 Cable: the parallel union of a high number of filaments, generally to be converted
into cut fiber,
 Rovings and slivers: the union of fibers which come from napping, combing or from
the roving frames,
 Yarn: generally from the stretching with twist of an appropriate sliver. It is
presented in hank or bobbin form,
 Woven fabric: laminar textile structure generally formed by the orthogonal
interweaving of warp thread, with weft threads,
 Knitwear (knitted fabric): laminar textile structure formed by the interweaving of
one or more threads on the base mesh structure.
2.1.2 Dyeing and finishing processes:
Here we present the basics of the most common dyeing and finishing processes applied in
Tunisia.
a) Preparation:
Preparation includes all operations prior to dyeing, whose aim is to ensure that the physical
and chemical properties of both the finished textiles, and, in some situations, of the
intermediate products, favouring the later reactions that take place in dyeing. For this
reason, some of these operations may be considered similar to the finishing operations and,
in fact, they are not very different at all.
The aim, therefore, of preparation operations is to clean the textile materials of the
impurities that are present in them or to provide them with special qualities and
characteristics.
Among preparation operations, the following are noteworthy:
 Mercerising,
 Scouring,
 Degreasing,
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Carbonisation,
Fulling,
Singeing,
Desizing,
Heat setting,
Chemical washing,
Solvent washing,
Chemical bleaching,
Optical bleaching.

b) Description of the dyeing process:
Dyeing is the process of modifying the color of a textile element, in any form, through the
application of a dye material. Both continuous procedures and batch dyeing processes exist.
In either of the two cases, the aim is to achieve the bath exhaustion and fixation of as much
dye as possible to the fabric or textile element, to limit dye losses in the later washing
stages, and during its use.
The application of any dye can be described according to the following stages:
 First stage: transfer of the dye from the dye bath to the fiber surface.
 Second stage: diffusion or migration of the dye molecules from the surface of the
fiber to the interior of the material to be dyed.
 Third stage: fixing of the dye on the reactive points of the fiber’s molecular
structure.
i. Batch or discontinuous dyeing:
In the case of discontinuous dyeing, which is also called exhaustion, the procedure consists
of immersing a weight of fabric or yarn, normally between 100 and 1,000 kg, into the dye
bath, which contains the dye solution. Given the affinity of the dyes for fibers, the molecules
present in the solution are incorporated by the fibers, in a transfer that may take anything
from a few minutes to hours.
The use of chemical auxiliary additives, as well as the control of the bath environment
(physical variables, basically the temperature) can accelerate this operation and optimize it.
Once the dye is fixed in the fiber, the fiber goes through a washing process in which both the
dye which has not become fixed and the auxiliary products used to help the fixation process
are eliminated.
That is to say, in order to reduce the dye content in wastewater, high-affinity dyes should be
selected or the bath ratio must be reduced if the affinity is low.
The same dye can present different affinities for one or another fiber and, consequently, the
generalization of the exhaustion associated to each dye is most difficult, and requires
systematic testing in the laboratories of each industry.
Machinery used in batch dyeing is:
Cabinets: the textile material (yarn in hank form) is static on a support, the bath in motion is
driven by a pump and the cabinet is at atmospheric pressure.
Autoclave: as in the previous case, the textile material remains static and the dye bath is in
motion. It consists of a horizontal or vertical cylindrical recipient with some supports onto
which the different textile material, spun thread, flock or fabric are placed. The bath passes
Mfcpole & Cettex
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through the material driven by a circulation pump. The receptacle is closed and work is done
under pressure.
ii. Continuous dyeing:
In the case of continuous dyeing, the textiles materials are fed continuously into a dyeing
apparatus, at a speed of between 50 and 250 m/min. The apparatus consists of a first stage
of incorporating the dye, followed by the addition of the chemical auxiliaries, the application
of heat to aid fixation and, later, the washing of the surplus, as in the case of discontinuous
dyeing, though in this case, in continuous washing facilities.
Fixation in continuous processes is far faster than in batch dyeing, but it requires processing
at least 10,000 metres. Nevertheless, today, machines may be found on the markets that are
able of doing dyeing, in continuous form, lengths of material of only 2,000 meters.
Machinery used in dyeing is:
Winch: this is used for fabric dyeing in rope form. The denomination of rope form refers to
the passage of the fabric through a ring, joining the ends. The fabric is in motion whereas the
bath is static. It is composed of a cylinder of trapezoidal section, a driving element which
performs the shifting of the fabric, and some bars to separate the rope in order to avoid
malformations and jams.
Currently this machine is substituted by Jets and Overflows.
“Jigger”: this machine which is used for the “open-width” dyeing of fabric by means of
rollers that roll it up and unroll it, passing it through the bath, while the latter is static. They
may be atmospheric in order to work at 100ºC, while those that work under pressurized
conditions may reach 145ºC.
“Jet”: is a rope form dyeing machine. The fabric is set in motion by the action of a nozzle
(hence the denomination jet), through which the bath passes, where both the bath and the
fabric are in simultaneous movement. The high speed produced by the injection in the bath
causes turbulence, which facilitates the penetration of the dye solution towards the interior
of the fabric and good equalization of the dye, in a shorter space of time, and with lower
water consumption than in the old winches.
“Airflow”: is similar to a “jet” but with the impulse of a mixture of air and dye solution,
which allows a more delicate treatment of the fabric. Water consumption is greatly reduced
since only the necessary amount of dye is added, eliminating the concept of bath
accumulation.
“Overflow”: the fabric and the bath are in motion. As in the case of the “jets”, the bath acts
on the fabric but in this case, the fabric is dragged by a winder and not just by the action of
the nozzle.
It is usually used for the dyeing of many types of fabric in rope form, from the most resistant
to delicate fabrics.
“Foulard”: this universal machine is used to impregnate the textile material with any liquid.
It is described in this chapter in order to present the “pad-steam” process.
“Pad-steam”: this machine applies a steaming to a dye impregnation in a “foulard” machine.
In this way, the dye is fixed on the fiber in a short period of time. It is often used in the
dyeing of cellulosic fibers.
The dyeing process may be applied to any stage of the state of the textile element and to
any type of material.
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c) Dyes used in the dyeing process:
The families of dyes used for the dyeing of yarn, fabric and knitwear are the following:
Direct dyes:
The dyeing operation with a direct dye consists of bringing the fiber into contact with the
dye dissolved in water and heating to boiling point. In order to aid the operation, a neutral
electrolyte is often added, such as sodium chloride or sulphate, and surfactant-type products
(wetting agents, levelling agents, etc.). The direct dyes belong to several families of chemical
compounds, and are characterised by being aromatic organic compounds containing
sulphonic groups that act as solubilisers.
Chemically, direct dyes belong to the following types:
 Azo dyes of diphenyl amines, such as benzidine, stilbene, aryl diamines, ureics,
amides.
 Thiazolic dyes.

Insoluble azo dyes:
This dye is not used any more in Tunisia, it is forbidden by all the standards and directives
such as oekotex and reach.
The basis of dyeing with insoluble azo dyes lies in the formation of colored pigment on the
fiber, which is achieved when treating the textile, generally in two baths, with the two
components that, when combined, form the dye. The first component, the so-called
developer, is a naphthenic derivative that contains amino and hydroxyl groups.
Nowadays, mainly hydroxylated derivatives are used as developers, and so this dyeing is also
known as dyeing with naphtholes.
The textile material impregnated with the developer is put into a second bath in a diaze
solution, which, when it reacts with the developer produces the insoluble azo dye on the
fiber. This dyeing procedure gives extraordinary wash fastness, far higher than that offered
by direct dyes themselves, though with far higher production costs.
Sulphur dyes:
The chemical make-up of these dyes is not easy to define. They are given this name because
they contain sulphur, generally forming a chain (Ar-S-S-Ar’ or Ar-S-S-S-Ar’). The sulphur may
be easily oxidised to become sulphuric acid. The traditional dyes, which are generally low in
cost, contain a high concentration of impurities such as salts, sulphides and polysulphides. In
an alkaline medium and in the presence of reductive agents, they are transformed into
soluble leuco derivatives which are easily absorbed by the fibers.
The dyeing operation using these dyes consists of the following stages:
 Dissolving the dye using a reductive agent: sodium sulphide, sodium bisulphide,
ammonium sulphide, sodium hydrosulphite or glucose.
 Dyeing with the addition of a neutral electrolyte, such as sodium chloride and
wetting agents.
 Oxidation of the dye absorbed in the fiber with oxidizing systems based on
bromates, iodates, chlorites, potassium dichromate (practically out of use),
peroxides or oxygen.
Mfcpole & Cettex
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 Later treatment with metallic salts, detergent, sodium acetate or with sodium
dichromate and acetic acid to increase the wash fastness of the colours against light,
washing, rubbing, etc.
Soluble sulphur dyes:
This type of dye is a variant of the previous ones, synthesised with thiosulphate groups. The
formation of insoluble pigment is done by a reaction with sodium polysulphide in a second
bath.
These dyes are suitable for application in continuous mode following the sequence:
 Padding of the dye,
 Drying of fabric,
 Padding with sodium polysulphide,
 Washing,
 Soaping.
Vat dyes:
Of different chemical constitution (that may derive from indigo or from anthraquinone), they
are insoluble in water, and are transformed by reduction in an alkaline medium into
hydrosoluble leuco derivatives with substantiveness for textile fibers, on which they develop
the prime colour by ulterior oxidation.
The dyeing operation with these dyes consists of the following stages:
 Reduction of the dye with sodium hydrosulphite, formaldehyde or acetaldehyde
sulphoxylate, using caustic soda as an alkali.
 Dyeing with the addition of electrolyte (common salt or sodium sulphate), wetting
agents and levelling agents.
 Oxidation by washing with cold water or treatment with oxygenated water or
potassium dichromate and sulphuric acid.
 Later washing and soaping treatments.
Reactive dyes:
Reactive dyes are one of the most used families of dyes for the dyeing of cotton, rayon and
linen fabrics. Due to their inherent chemical characteristics, only a part of the dye which is
added to the dye bath reacts chemically with the fiber by means of a covalent bond. The rest
of the dye reacts with the water and is known as hydrolysed dye. Part of the latter remains
in the dye wastewater and the rest remains inside the fiber but does not have good fastness
properties and so must be eliminated in successive soaping and hot rinsing operations.
Reactive dyes include the families of dichlorotriazines, monochlorotriazines,
trichloropyridines, difluorochloropyrimidines, vinylsulphonics, etc.
The dye operation using these dyes consists of the following stages:
 Absorption, analogous to the dyeing with direct dyes.
 Reaction, in which the dye chemically combines with the fiber by means of a
covalent bond.
 Later treatment to eliminate the hydrolyzed dye.
 The application of these dyes can be done either in continuous mode or in batches,
which, in the case of yarn is usually done by packing in an autoclave.
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The use of any of these systems with reactive dyes implies the consumption of certain
chemicals, such as salt. In some cases, in continuous mode processes, urea is used due to its
hygroscopic nature.
Specifically for wool, the operations are:
 Exhaustion dyeing, which may be used for flock, combing, hank and fabric spinning.
 Dyeing through padding-cold rest, only applicable for knitwear.
Acid dyes:
These dyes colour the wool and proteic fibers in an acid or basic solution. They may be
classified into five large groups:
 Azo dyes,
 Anthraquinonic dyes,
 Derivatives of triphenylmethane,
 Azinic type,
 Xanthene type.
The last two are frequently used in obtaining certain shades.
In the dyeing process with these dyes, several auxiliary agents are used such as:
 Levelling agents, which may be anionic compounds which are similar to the fiber or
cationic or pseudocationic compounds, which are similar to the dyes, such as, for
example, sulphated castor oils, oleic and sulphated polycastor acids or alkylaryl
sulphonates.
 Acetic or formic acid to exhaust the dye onto the fiber,
 Sodium sulphate,
 Ammonium sulphate.
Premetallised dyes:
These dyes are composed of a metal atom to which one or two molecules, generally of acid
dye, are added, forming a co-ordination complex with affinity for the proteic and polyamidic
fibers.
The metal is usually chrome, although others may be used such as copper, nickel, cobalt, etc.
The types of premetallised dyes developed are:
 Premetallised dyes 1:1, which dye in a strongly acid bath, formed of chrome and
azoic-type dyes.
 Premetallised dyes 1:2, which are in turn divided into:
- Premetallised dyes 1:2, which dye in a neutral bath and do not contain ionic
solubiliser groups, and for whose application ammonic salts are used to
maintain the pH.
- Premetallised dyes 1:2, which contain ionic solubiliser groups and, in
addition to the acetate or ammonium sulphate buffer, require an equaliser
and pH adjustment with acetic acid.
Chrome dyes:
The dyes pertaining to this type, which are also called chromable acid dyes, need the aid of a
chrome salt to be able to fix perfectly onto the fiber, and they may be classified into the
following chemical groups:
 Azo dyes,
 Anthraquinonic dyes,
Mfcpole & Cettex
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 Triphenylmethanes,
 Others, such as derivatives of thiazine, of the oxazines and of xanthenes.
The most commonly used chromium salts are: anhydrous potassium dichromate, sodium
dichromate and potassium chromate.
The procedure depends on the dyes used and the type of material dyed. The dichromate
may be applied to the wool before dyeing (pre-chroming procedure), with the dye in the
same bath (simultaneous chroming procedure) or afterdyeing (afterchroming procedure).
These procedures have fallen into disuse and are only used in some very specific cases in
place of the “low chrome”procedure.
Disperse dyes:
These are non-ionic organic compounds, almost insoluble in water, which are applied in
aqueous dispersion, responding to the following structures:
 Dyes with azo groups, principally mono- and some di- azoderivatives, which
encompass a broad range of shades.
 Nitrodiphenylamine dyes for yellows and oranges.
 Anthraquinonic dyes for oranges, greens and blues.
 The dispersing agents (surfactants) used in the preparation and application of
disperse dyes are:
 Esters of sulphuric acid, such as alkylsulphates in chains of 12-13 carbon atoms,
sulphated oils, sulphated esters and amides.
 Sulphonic derivatives, in which the radical chain may be alkyl, alkylaryl, amides,
esters or lignins.
 Among the most commonly used are the derivatives of ß-naphthelene sulphonic
acid and its products of condensation with formaldehyde.
 Oxyethylene derivatives, for example, alkylaryl oxyethylenes and alkylamine
oxyethylenes.
The application methods depend on the way that the textile materials are found. Dyeing can
be done by exhaustion at high temperature or with a carrier at temperatures of 100ºC. (The
latter case is tending to fall into disuse).
Traditionally, in the case of polyester, following dyeing at 130ºC, a reductive bath is
necessary, which is performed at a lower temperature.
Cationic dyes:
Cationic dyes are highly numerous organic based salts with a wide variety of chemical
structures, among which the following are included:
 Derivatives of di- and triphenyl methane.
 Derivatives of diphenyl-amine which includes a series of dyes of a simple structure
which belong to the family of azines, oxazines, tiazines, indamines, rhodamines,
gallocyanines, etc.
 Azoic or anthraquinonic-type dyes.
 Dyes with a heterocyclic structure containing quaternary nitrogen.
d) Description of the finishing process:
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Following dyeing, later treatments may be performed on the fabric in order to achieve
special characteristics of the final textile product.
The fabric’s characteristics may be changed by performing physical or mechanical
treatments (dry finishing processes) or by applying chemicals (wet sizing processes).
In some cases, the results could be achieved in any of both ways, as is the case of lustre. In
others, only one possible way exists, as is the case of impermeability or fire-retardant
qualities.
All wet treatments are principally based on the coating or impregnation of the fabric with
different substances, which may be applied indistinctly to bleached or dyed fabrics.
Normally, the wet finishing subprocesses follow the operations below:
 Application of the finishing products, by immersion in a bath containing the
chemicals, and later squeezing in the foulard; application of finishes using minimal
impregnation techniques; foam systems; scraper devices, etc.
 Fixation by the effect of temperature.
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e) Types of finishing sub-processes:
i. Mechanical finishing:
The most common mechanical finishing processes are described below:
Heat setting:
This is a “dry” sub process aimed at stabilizing and giving suitable properties to synthetic
fabrics, or to those that have a high proportion of synthetic material. When the
thermoplastic fibers are thermostabilized, they keep their shape and width throughout the
following finishing stages, in addition, acquiring physical properties of resistance and
elasticity making the garment more suitable for its end use.
Brushing and raising:
These are used to reduce the fabric’s shine due to rubbing against a surface, changing the
appearance of the fabric, breaking some individual fibers by means of small hooks.
Softening or calendaring:
Calendaring through the effect of the temperature and pressure gives rise to the softening of
the surface of the fabric and lustre increases. In calendering, the fabric passes between two
or more cylinders, one of which is made of steel, while the others are made of very soft
material (normally the contact surface is cotton).
The steel cylinder may also be heated using gas or steam.
Embossing:
This is an effect that may be achieved in a calendar that has a cylinder with motifs in relief,
which are transferred to the fabric.
Chintz effect:
This is one of the effects that may be achieved by means of a calendar with a microgrooved
cylinder, which gives the characteristic lustre to the treated fabrics. Luminosity may be given
to the fabric by compressing both surfaces of the fabric, which may be achieved by passing
the fabric between the two cylinders calendar. The luster may be improved if the cylinders
have grooves.
Shearing:
Shearing levels the height of pile or fiber by passing the fabric through a shearer. When the
aim is to eliminate all fibers that protrude, the operation is known as levelling.
Sanforizing:
Using the principle of compressive shrinkage, the tendency of the fabric to shrink during its
end use is reduced, following a series of successive washes.
ii. Chemical finishing:
The most common chemical sizing processes have specific functions: softening,
hydrophobing, waterproofing, flame-retardant treatment, bactericide, etc.
The main finishing subprocesses are as follows:
Chemical softening:
Different types of softeners may be used:
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 Cationic softeners such as: quaternary ammonium salts, amino esters and amino
amides,
 Non-ionic glycolic polyester or polyether glycol-type softeners,
 Reactive softeners such as fatty acid amides and triazine derivatives.
Anti-static treatment:
The aim of this process is to reduce the static charge of synthetic fibers by means of
treatment with an aqueous solution of anti-static agents (magnesium chloride, polyethylene
glycol and polyalkylene oxide).
Flame-retardant treatment:
The aim of this process is to increase the fire resistance of textiles materials with the
application of flame-retardant products (normally organophosphates and halogenated
compounds).
Shrink-resistant treatment:
The aim is to avoid diminishing dimensions due to external causes, especially by washing
with water.
The operation consists of relaxing the fabric in an aqueous medium, or by applying
chemicals, normally resins.
Waterproofing:
This consists of the treatment of the fibers with hydrophobic agents, that is to say, water
repellents (silicones, fluorocarbons, paraffin emulsions with aluminum salts and zirconium,
resins).
Crease resistant treatment:
The aim of this process is to prevent fabrics from creasing easily with wear. This is achieved
through cross-linking treatment - reactive products that are exempt of free formaldehyde,
which may be applied by drying and heat condensation or by polymerization after the
garment has been made, among others.
Coating:
This consists in the application to the fibers, on one or both sides, of a plastic layer (PVC,
PVA, PUR, copolymers of vinyl acetate/chloride). The coating is applied thermally, in a layer,
in such a way that the coat fixes to the fabric through cooling.
Other textile coating operations are:
 Powder coating (thermoadhesive resins for interfacing),
 Application of paste coating,
 Transfer coating.

2.2 Overview of main applied process steps and their environmental
impacts in Tunisian textiles dyeing and finishing sub-sector
In this paragraph we will focus our analysis on the following processes:
 Woven fabric dyeing and finishing process,
 Knitted fabric (knitwear) dyeing and finishing process,
 Jeans washing process,
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 Jeans dyeing process.
2.2.1 Woven fabric dyeing and finishing process for cotton and its blends
a) Process description
The process of dyeing and finishing for woven cotton fabrics and its blends (see Flow chart
below) basically consists of the following operations:
 Singeing,
 Desizing,
 Scouring,
 Mercerising and rinsing,
 Optical and chemical bleaching,
 Drying,
 Heat setting,
 Dyeing and rinsing,
 Final drying,
 Finishing.
The flow chart process is the following:
Figure 1. Flow chart of dyeing and finishing process for cotton woven fabrics and blends.
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1. Singeing:
The singeing operation is also known as gassing or burning depending on the
procedure used. Its aim is to eliminate the fibers and fuzz that protrude from the
yarn and also from the fabric.
2. Desizing:
Desizing or quenching aims to eliminate the pastes which are added to the warp for
weaving. Desizing procedures are selected according to the type of sizing in the
fabric:
 Desizing of starch pastes : this treatment consists of using
amylase-type enzymes to degrade the starch, at an adequate pH
and established temperature. Sodium persulphate is also used as
a desizing product.
 Desizing with polyvinyl alcohol (PVA), carboxymethyl cellulose
(CMC), (CMA), etc. Since they are hydrosoluble pastes, they are
directly eliminated by washing with a detergent at a suitable pH,
depending on the case in question.
 Desizing of special pastes, which always require direct
instructions from the manufacturer. Special pastes are used to
achieve high efficiency in weaving, for example on looms that
insert the weft by means of a jet of water.
3. Scouring:
The scouring operation on cotton aims to eliminate the natural impurities contained
in the fiber itself, which consist of waxes, pectins and hemicellulose. Treatment is
carried out in discontinuous or continuous systems by means of the action of an
alkali, such as caustic soda alone or with detergent products, to solubilise and/or
emulsify the impurities of the cotton, sequestrants and small quantities of reductive
products, such as sodium hydrosulphite. The process is also known as cotton boiling,
and may be done in an autoclave at a temperature of 100ºC to 130-140ºC, for 2 to 8
hours in discontinuous processes. A final rinse with water is needed in order to
extract all the impurities separated from the cotton.
4. Mercerising and rinsing:
The mercerising operation consists of subjecting the cotton to the action of the
concentrated caustic soda (28-30º Be), so as to provide it with some characteristics
that it does not possess or that it possesses in insufficient amounts, such as lustre,
dye affinity, better dimensional stability, and an 15-20% increase in the mechanical
resistance of the yarn. This is done by subjecting the threads to tension, during or
after impregnation in caustic soda of 30ºBe at temperatures lower than 20ºC and,
later, successive washes are performed until the concentration of soda has fallen to
values that no longer modify the cotton any more. In order to facilitate the
impregnation of the cotton, anionic wetting agents are also added which can be
phenolic or non-phenolic derivatives, the latter currently being the most commonly
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used, which are based on sulphur esters of average molecular weight (4 to 12 atoms
of carbon).
The final stage is the neutralisation of the alkaline remains, which are still contained
in the thread, if the following operation is not to be performed at alkaline pH,
generally with chlorhydric acid or sulphuric acid.
A commonly employed variant in the mercerising operation in the so-called
caustisizing process, which is done with a lower concentration of soda, 18ºBe, the
main objective of which is to increase the cotton’s affinity for the dyes.
Caustisizing needs not be done in the mercerising machines themselves.
5. Optical and chemical bleaching:
The chemical bleaching operation aims to eliminate the yellowish, reddish or
brownish colour that is still present in the cotton after the previous treatments, by
means of the oxidising action of compounds derived from chlorine or peroxides.
It consists of bringing the fabric into contact with correctly defined oxidizing solution,
at a variable temperature and time, according to the process carried out (exhaustion,
pad-steam,etc.) until the materials that color the cotton are destroyed, causing
minimal degradation to the fabric.
The oxidisers that usually used are sodium hypochlorite, sodium chlorite and
hydrogen peroxide, which must be used in the presence of other products in order
to regulate the pH and stabilize their decomposition.
These products are alkalis such as sodium silicate, sodium carbonate, trisodium
phosphate, caustic soda, etc. when using sodium hypochlorite or hydrogen peroxide.
Or acid-types, such as monosodium phosphate, formic, acetic or oxalic acid, in the
case of sodium chlorite.
Usually used in the bleaching operation, in addition to the previously mentioned
products, are optical bleachers, whose application means that higher degrees of
whiteness and fastness may be obtained. Their action is based on the principle of
fluorescence and must have chemical structures with an affinity for each of the
fibers to which they are to be applied.
Most optical bleaching agents used can be placed into the following families:
 Coumarins,
 Stilbenes,
 Benizimidazoles,
 With heterocyclic nucleus,
 Naphthalenesulphonic acid derivatives,
 Other.
After the bleaching operation, a series of rinses is carried out in order to eliminate all
substances used from the fabric and to totally develop the fiber’s whiteness.
6. Drying:
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If the fabric has a component of synthetic fibers, drying must be carried out in order
to apply the heat setting process, unless the heat setting is done as the first
operation.
7. Heat setting:
Heat setting must be applied to all fabrics that contain synthetic fibers either on
their own or in blends with natural or artificial fibers, as a treatment before dyeing
or printing and as a final treatment.
Its aim is to free the synthetic fibers of the tensions to which they have been
subjected in the course of drawing during spinning and taking them through the
process of thermal relaxation of the internal tensions to a state of balance that
protects them from later deformation. In order that no deformations are suffered
during later hot processes, the fabric must not be subjected to treatment at a
temperature higher than that of the heat setting process. It is performed in a
stenter, with the fabric open-width in order to allow its relaxation and dimensional
fixing.
8. Dyeing :
The families of dyes used for the dyeing of cotton and blend fabrics are:
 Direct dyes,
 Sulphur dyes,
 Soluble-type sulphur dyes,
 Vat dyes,
 Reactive dyes,
 Disperse dyes,
 Acid dyes,
 Cationic dyes,
 Premetallised dyes.
The auxiliary products used depending on the type of dye are to be found in the
table of Flow chart shown in figure 2.
9. Final drying:
Following dyeing, the last operation is drying which is generally performed in two
stages:
 The mechanical elimination of water by means of hydroextraction,
 Drying by applying thermal energy.
This operation is generally done in the stanter with direct gaz heating.
It allows also the dimensional stability to the fabric.
10. Finishing:
Cotton fiber fabric and blends thereof allow any of the following finishing processes:
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 Mechanical:
Calendaring,
Shearing,
Brushing,
Wetting,
Raising,
Palmer machine.
 Chemical:
Crease resistant treatment,
Waterproofing,
Softening,
Hydrophobic,
Wash and wear,
Stain resistant treatment,
Flame-retardant treatment.

b) Main waste flows generated by the process
The main waste flows generated by the process are presented by the table below:
Table 1. Main waste flows generated by generated by woven fabric dyeing and finishing
process for cotton and blends.
Inputs
Process steps

Water

Outputs
Energy

(Auxiliaries/
Reactive
Agents)

Wastewater

Electrical
energy
Natural gas
or fuel

Water

Scouring

Water

Electrical
energy

Mercerising

Water

Electrical
energy

Desizing

Solid waste

Combustion
gases

Singeing

Electrical
energy

Air emissions

Amylases
Cellulases
Sodium
persulphate
Detergents
(Acid or basic
medium)
NaOH
Detergents
Sodium
hydrosulphite
Chelating
agents
NaOH
Anionic wetting
agents
HCl / H2SO4

COD
BOD
Alkalinity
(generally)

steams

COD
Alkalinity
Dirt
from
fibers

Alkaline steams

COD
Alkalinity
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Optical and
chemical
bleaching

Water

Oxidising
agents
AOX (if hypochlorite
is
used)
COD

Electrical
energy
Heat
(steam)
Electrical
energy
Heat
(steam)

Drying

Heat setting

Dyeing

Electrical
energy

NaClO4 / H2O2
pH buffer
Optical
bleaching
agents

Soft water

Electrical
energy
Heat
(steam)

steams
Aerosols

Water steam
VOCs
Direct dyes
Neutral
electrolyte
Wetting agents
Levelling
agents
Insoluble
azo
dyes
Wetting agents
or detergents
Acids
Sulphur dyes
Reductive agent
Neutral
electrolyte
Wetting agents
Oxidising agent
Detergent
Sodium acetate
Vat dyes
NaOH
Reductive agent
Neutral
electrolyte
Wetting agents
Levelling agents
Oxidising agents
Detergent
Reactive dyes
Neutral
electrolyte
Wetting agents
Alkali
(NaOH,
NaHCO3,
Na2CO3)

COD
Colour
Specific
pollutants
according to
the dyes used

Steams
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Cationic dyes
Acetic / formic
acid
Cationic
or
anionic
retarders
Levelling agents
Disperse dyes
Dispersing
agents
Acid dyes
Levelling agents
Acetic / formic
acid
Ammonium
sulphate
Sodium
sulphate
Premetallised
dyes
Detergents
Acetic acid
Levelling agents
Ammonic salts
Rinsing

Soft water

Drying

Electrical
energy
Electrical
energy
Heat
(steam)

Mechanical
finishing

Electrical
energy

Chemical
finishing

Electrical
energy

COD

Chemical agents

Waste water
COD

Fiber particles
and dust
VOCs

Fibers
Lint

VOCS

Finishing bath
remains

c) Wastewater quality
The characteristics of wastewater generated by woven fabric dyeing and finishing
process are given in the table below:
Table 1. Characteristics of wastewater generated by woven fabric dyeing and finishing
process for cotton and blends
Parameter
pH
COD
BOD5
TSS
Color
Conductivity

Unit
Range of concentration
10 – 12
mg O2/L
1500 – 2800
mg O2/L
400 - 900
mg/L
100 – 150
mg (Co – Pt)
1000 - 3000
/L
µS/cm
4000 - 9600
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2.2.2 Woven fabric dyeing and finishing process for wool and its blends
a) Process description
The process of dyeing and finishing for wool woven fabrics and blends thereof (see
Flow chart below) basically consists of the following operations:










Carbonisation,
Chemical or solvent washing,
Fixing,
Fulling,
Bleaching,
Heat setting,
Dyeing,
Drying,
Finishing.

The flow chart process is the following:
Figure 2. Flow chart of dyeing and finishing process for wool woven fabric and blends

30

31

1. Carbonization:
Carbonization aims to chemically eliminate the remains of cellulosic matter, which
accompany wool as impurities. It is done by impregnating the wool with strong
mineral acids or with salts that generate these acids, followed by drying and later
treatment at a temperature of 105-115º C.
The carbonisation process of wool in continuous mode consists of the following
stages:
 Impregnation with an aqueous solution of sulphuric acid and with
the addition of a stable wetting agent in acid medium.
 Drying in two chambers, the first at 60º C and the second at 80 to
90º C.
 Carbonisation in an oven at 105-110º C.
 Beating in a beating machine in order to eliminate the carbonised
vegetable particles adhered to the wool.
 Neutralisation of the acid contained in the fiber, followed by a
thorough wash in order to eliminate any excess of alkalinity on
the fiber.
2. Chemical or solvent washing:
The washing of wool fabric is an operation that can be performed and repeated at
several moments throughout the process. Thus, for example, they are done on the
material leaving the loom, on the material leaving the fulling machine, or on the
material leaving the dyeing stage. It is used whenever necessary in order to eliminate
traces of foreign substances, which have still not been removed from the fiber or
that have deposited on the fabric by accident; or to neutralize the bad smell that the
fabric sometimes has.
The first case is especially interesting in dyeing, that is, washing the material leaving
the loom. This operation consists of eliminating the additional substances to the
wool fiber during the spinning process and those that are temporarily added in the
sizing of the warp yarn for weaving. The process is generally performed
discontinuously with the fabric in rope form.
The solutions used in chemical washing depend on the type of residue or foreign
substance that the fabric contains and, in general, may be grouped into two types:
 Neutral, consisting of water at 80-90º C in order to eliminate
pastes and dextrines and active anion detergents. They are used
in the washing of articles dyed with acid dyes, which cannot be
washed using common processes since the dye would run.
 Alkaline, formed, in general, by sodium carbonate and soap.
Solvent washing may also be performed in order to eliminate the fats that are in the
fiber, both residual and oils and lubricants used to facilitate the weaving process.
The degreasers employed in solvent washing are mixtures of emulsions of
organohalogenated compound solvents (trichloroethylene and perchloroethylene).
These exhausted solvents can be regenerated by a distillation process.
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3. Fixing:
The fixing operation includes a series of procedures that aim to achieve a certain
degree of dimensional stability of the wool fiber and its manufactured derivatives,
yarns and fabrics when these are subjected to later wet treatments. Different
“degrees of fixation” exist, depending on the intensity of the treatment, which shall
depend on the “degree of stability” desired for the later wet treatment and thus, the
following degrees and types may be considered:
 Cohesive fixation, which is the fixing that disappears when the
fabric is left to relax in cold water.
 Temporary fixation, which is when the stable fixing to relaxation
in cold water, but not in hot water as an operation prior to
dyeing.
 Permanent fixation, which is the stable fixing to the relaxation in
hot water, as a finishing operation.
There are two most commonly used industrial processes for fixing wool articles, as
required as an operation prior to washing and dyeing treatments: fixing in a crabbing
machine and fixing performed in a “decatising” machine:
 Fixing in a crabbing machine is done by making the fabric pass
completely open-width through boiling water, beaming it under
pressure in a steel cylinder which is previously submerged in
water at the desired temperature (70-100º C). Once beamed, it
continues to turn in the boiling water for the necessary length of
time in order to achieve the degree of fixing required. Finally, the
fabric is submerged in cold water to cool it, keeping it beamed in
the same way. The used solutions may vary from water to soap or
alkaline, but generally, the treatment is done with just water.
 Fixing in the decatising machine consists of beaming the woolen
fabric accompanied by a cotton or polyester fabric, in a copper
cylinder with holes in it, to later subject it to the action of steam.
The intensity of fixation depends on the length of time that the
steam acts, the temperature of the steam and the degree of
cooling carried out on the fabric before unrolling.
4. Fulling:
The fulling operation, also called milling or felting, consists of a progressive tangling
process of the wool fibers caused by its flaky surface, giving rise to a dimensional
change of the piece of fabric which translates into an increase in thickness and a
reduction in length and width. This is applied to worsteds and woolens.
It is done in the so-called fulling machine, in which the fabric, in endless rope form, is
compressed in order to facilitate felting, which is produced in the presence of
humidity and an acid or alkaline medium. The ideal values for felting in an alkaline
medium are pH 10 and 44º C, and for acid pH 0.5 and 44º C. In alkaline felting, it is
preferable to use soap rather than sodium hydroxide or carbonate, given that it acts
as a lubricant facilitating considerably the movement of the fibers.
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5. Optical and chemical bleaching:
The chemical bleaching operation, whose aim is to eliminate the natural color of the
wool fiber, may be done by means of:
 Reductive agents such as gas sulphurous anhydride, liquid
sulphurous anhydride, sulphurous acid, sulphite, bisulphite and
hydrosulphite.
 Oxidizing agents such as oxygenated water and persalts.
6. Heat setting:
Heat setting of blended wool fabric with chemical fibers aims to achieve their
dimensional stability at the same time as the fixation of the width and weight per
square meter of fabric, by means of heating to the temperature of heat setting and
later cooling inside the stenter.
7. Dyeing
The families of dyes used for the dyeing of wool fabrics are:
 Cationic dyes,
 Acid dyes,
 Premetallized dyes,
 Chrome dyes,
 Reactive dyes for wool.
The auxiliary products used according to the type of dye are found in the table of
Flow chart shown in figure 3.
8. Drying
As in the case of other processes, the drying operation is done after the wet
treatments, generally in two stages:
 Mechanical elimination of water,
 Drying using thermal energy.
9. Finishing
Finishing is the last operation. In wool fabrics, mechanical finishing is most
commonly applied:
 Permanent fixing,
 Raising,
 Shearing,
 Brushing,
 Wetting,
 Pressing,
 Decatizing,
 Calendaring.
b) Main waste flows generated by the process
The main waste flows generated by the process are presented by the table below:
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Table 2. Main waste flows generated by generated by woven fabric dyeing and finishing
process for wool and blends.
Inputs
Process steps

Water

Outputs
Energy



Carbonisation  Water

 Electrical
energy




Chemical
washing

Solvent
washing

(Auxiliaries/
Reactive
Agents)
Detergents
Wetting
agents

Inorganic acid
(HCl / H2SO4) 
Electrolyte
(NaCl /Na2SO4)

Wastewater

Acidity /
basicily
COD

Air emissions

 Acid steams
 Combustion
gases

Solid waste

 Carbonized
Vegetable
particles


 Electrical  Detergents
 Water

energy  Electrolytes


 Perchloroethyl
ene
 Electrical
 Water

energy  Trichloroethyl
ene

Alkalinity
COD
Conductivity
Fatty
 Exhausted
emulsions
PER & TRI
 PER and TRI
AOX
(PER
 PER and TRI
steams
and TRI)
Distillation
pastes
 Toxicity

 Electrical
energy
 Steam
 Heat
(Steam)

Fixing

Fulling

 Water

 Electrical
energy

 HCl / H2SO4
 Detergent

 Water steam





Acidity
COD
Basicity
COD

 Liquid or gas
SO2 / sulfuric
 Reactive

Optical
chemical
Bleaching

and

 Water

 Electrical 
energy



 Electrical

Heat setting

energy
 Heat

acid
Optical

bleaching ag.
Hydrogen
peroxide

Sodium
perborate

Optical
bleaching
agent

agents
COD

Oxidizing
agents
COD

 Lint (short
fibers)

 Steams
 Aerosols
 SO2

Steams
 Aerosols

 Water steam
 VOCs
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 Acids dyes
 Levelling






energy


 Electrical
 Water

Dyeing

 Heat

(steam)








agents
Acetic / formic
acid
Ammonium
sulphate
Sodium
sulphate
Premetallised

dyes
Detergents 
Acetic acid 
Levelling
agents
Chromium
acids dyes
Chromium
salts
Reactive dyes
Neutral
electrolyte
Wetting
agents
Alkali (NaOH,
NaHCO3
or
Na2CO3)

COD
Colour
Specific
pollutants  Steams
according to
the
dyes
used (metals,
for example)

 Electrical

 Steams
 COVs

energy
 Heat
(steam)

Drying

 COD
 BOD
 Specific

Finishing

 Electrical  It depends of pollutants  Fiber particles
 Fibers
energy
the type of according to and dust
 Water
 Lint
finishes
 VOCs
finishes used
(AOX,
surfactants,
fats, etc.)

c) Wastewater quality
The characteristics of wastewater generated by the process of dyeing and finishing
for wool fabrics and blends are given in the table below:
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Table 3. Characteristics of wastewater generated by woven fabric dyeing and finishing
process for wool and blends
Parameter
pH
COD
BOD5
TSS
Colour
Conductivity

Unit
Range of concentration
6–7
mg O2/L
300 - 1500
mg O2/L
250 – 500
mg/L
100 - 150
mg (Co – Pt)
500 - 1500
/L
µS/cm
2200 - 3000

2.2.3 Knitted fabric dyeing and finishing process for cotton and its blends
a) Process description
The dyeing processes that may be done on the garment or tricot item follow the
same operations (except the desizing) as in the case of dyeing cotton woven fabrics
(see figure 2).
On the other hand, singeing, which is quite common in woven fabrics, is not so
common for knitted fabrics.
So, the dyeing processes of cotton knitted fabrics and blends can contains the
following steps:
 Scouring,
 Mercerizing and rinsing,
 Optical and chemical bleaching,
 Drying,
 Heat setting,
 Dyeing and rinsing,
 Final drying,
 Finishing.
b) Main waste flows generated by the process
(See table presented in the paragraph 2.2.1 / b)
c) Wastewater quality
The characteristics of wastewater generated by the process of dyeing and finishing
for cotton knitted fabrics and blends are given in the table below:
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Table 3. Characteristics of wastewater generated by knitted fabric dyeing and finishing
process for cotton and blends
Parameter
pH
COD
BOD5
TSS
Color
Conductivity

Unit
Range of concentration
6 - 11
mg O2/L
600 - 800
mg O2/L
200 - 300
mg/L
50 - 120
mg (Co – Pt)
500 - 1500
/L
µS/cm
500 - 9200

2.2.4 Knitted fabric dyeing and finishing process for cellulose and its blends
a) Process description
The dyeing process for cellulosic knitted fabric and blends (see Flow chart below:
figure 4) includes the following operations:
 Scouring,
 Optical and chemical bleaching,
 Dyeing,
 Drying,
 Heat setting,
 Finishing.
The flow chart process is the following:
Figure3. Flow chart of dyeing and finishing process for cellulosic knitted fabric and blends
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b) Main waste flows generated by the process
The main waste flows generated by the process are presented by the table below:
Table 5. Main waste flows generated by knitted fabric dyeing and finishing process for
cellulose and blends.
Inputs
Process
steps

Water

Outputs
Energy

(Auxiliaries/
Reactive
Agents)

 NaOH
 Detergents

Scouring

Wastewater

Air emissions

Solid waste

 COD
 Alkaline
steams
 Alkalinity
 Oxidising

 NaClO4 / H2O2
agents
 pH buffer
 AOX (if hypo- Steams
 Optical
chlorite

is Aerosols

Optical and
chemical
bleaching

bleaching
agents

used)
 COD

 Direct dyes
 Neutral
electrolyte
 Wetting agents
 Levelling
agents

Dyeing

 Soft

 Sulphur dyes  COD
 Reductive agent Colour
 Electrical Neutral
 Specific

energy
electrolyte
water  Heat  Wetting agents
(steam)  Oxidising agent
 Surfactants
 Sodium acetate
 Vat dyes
 NaOH
 Reductive agent
 Neutral
electrolyte
 Wetting agents
 Levelling agents
 Oxidising agents
 Detergent

pollutants  Steams
according to
the
dyes
used (metals,
for example)
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 Soluble-type







sulphur dyes
Reductive agent
Neutral
electrolyte
Wetting agents
Oxidising agent
Cationising
agent
Sodium acetate

 Reactive dyes
 Neutral
electrolyte

 Wetting agents
 Alkali (NaOH,
NaHCO3,
Na2CO3)

 Electrical

 Water steam
 VOCs

energy

Drying

 Heat

Heat setting

(steam)
 Electrical
energy
 Heat

 Water steam
 VOCs


 COD
 BOD
 Specific

Finishing

 Water

 Electrical It depends of pollutants  Fiber particles
 Fibers
energy
the type of according to and dust
 Lint
finishes
 VOCs
finishes used
(AOX,
surfactants,
fats, etc.)

c) Wastewater quality
The characteristics of wastewater generated by the process of dyeing and finishing
for cellulosic knitted fabrics and blends are the same than those generated by the
process of dyeing and finishing for cotton knitted fabrics and blends
2.2.5 Jeans washing process
a) Process description
The jeans washing process can contain the following steps:
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Desizing,
Rinsing,
Stone washing,
Rinsing,
Bleaching,
Rinsing,
Neutralization,
Rinsing,
Softening,
Squeezing,
Drying,
Control,
Packaging.

The main input and output flows of auxiliary materials, water and energy in the jeans
washing process are illustrated in the figure below:
Figure 6. Main input and output flows of auxiliary materials, water and energy in the jeans
washing process

Inputs
 Electrical energy
 Water (1000 L)
 Dispersing agent (1 g/L)
Sequestering agent (1 g/L)
enzyme (Amylase) : 2%
 Heat (T= 50 °C – 15 mn)

Processing steps

→

Outputs

1. Desizing

→




Waste water
Heat

2. Rinsing

→



Waste water

3. Rinsing

→



Waste water

→





Waste water
Stone
Heat

↓
 Electrical energy
 Water (1000 L) :5 mn

→
↓

 Electrical energy
 Water (1000 L) :5 mn

→
↓

 Electrical energy
 Water (1000 L)
 Stone 100 kg
 Dispersing agent (1 g/L)
 Lubricant (1 g/L)

→

4. Stone washing
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 Neutral Enzyme (1.5%)
 Heat (T = 50 °C - 30 mn)

↓
 Electrical energy
 Water (1000 L) :5 mn

→

5. Rinsing

→



Waste water

6. Rinsing

→



Waste water

7. Bleaching

→




Waste water
Heat

8. Rinsing

→



Waste water

9. Neutralization

→



Waste water

10. Rinsing

→



Waste water

11. Rinsing

→



Waste water

12. Softening

→



Waste water

13. Squeezing

→



Waste water

14. Drying

→




Steam
Heat

↓
 Electrical energy
 Water (1000 L) :5 mn

→
↓

 Electrical energy
 Water (1000 L)
 Sodium
hypochlorite
(2g/L)
 Dispersing agent (1 g/L)
 Lubricant (1 g/L)
 Antioxidant (0.5 g/L)
 Heat (T= 50°C - 10 mn)

→

↓
 Electrical energy
 Water (1000 L) :5 mn

→
↓

 Electrical energy
 Water (1000 L)
 Sodium metabisulfite (3
g/L)
 Dispersing agent (0.5 g/L)
(10 mn)

→
↓

 Electrical energy
 Water (1000 L) :5 mn

→
↓

 Electrical energy
 Water (1000 L) :5 mn

→
↓

 Electrical energy
 Water (800 l)
 Softener (2 %)
 Heat (T= 30°C - 10 mn)

→
↓

 Electrical energy

→
↓

 Electrical energy
 Heat (steam)

→
↓

15. Control
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↓
 Carton and plastic

→

16. Packaging

→



Carton
wastes

and

plastic

b) Wastewater quality
The characteristics of wastewater generated by jeans washing process are given in
the table below:
Table 4. Characteristics of wastewater generated by jeans washing process.
Parameter
pH
COD
BOD5
TSS
Detergent

Unit
mg O2/L
mg O2/L
mg/L
mg/L

Range of concentration
8 - 10
800 - 2460
260 - 1500
400 - 900
5 - 20

2.2.6 Jeans dyeing process
a) Description of jeans dyeing process using direct dyes
The jeans dyeing process with direct dyes can contain the following steps:
 Desizing,
 Rinsing,
 Enzyme washing,
 Rinsing,
 Dyeing,
 Rinsing,
 Fixing,
 Rinsing,
 Softening,
 Squeezing,
 Drying,
 Control,
 Packaging.
The main input and output flows of auxiliary materials, water and energy in the jeans
dyeing process with direct dyes are illustrated in the figure below:
Figure7. Main input and output flows of auxiliary materials, water and energy in the jeans
dyeing process with direct dyes.
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Inputs
 Electrical energy
 Water (1000 L)
 Dispersing agent (1 g/L)
 Sequestering agent (1 g/L)
 Enzyme (Amylase) : 2%
 Heat (T= 50 °C – 15 mn)

Processing steps

→

Outputs

1. Desizing

→




Waste water
Heat

2. Rinsing

→



Waste water

3. Enzyme
washing

→



Waste water

↓
 Electrical energy
 Water (1000 L) :5 mn

→
↓

 Electrical energy
 Water (800 l)
 Acid Enzyme (1%)
 Heat (T= 50 °C – 15 mn)

→
↓

 Electrical energy
 Water (1000 L) :5 mn



4. Rinsing

↓
 Electrical energy
 Water (800 L)
 Wetting agent (1 g/L)
 Leveling agent (0.5 g/L)
 Complexing agent (0.3%)
 Lubricant (1 g/L)
5 mn
 Direct dyes
 Heating up to 90°C
(2°C/mn)
 Salt (10 – 30 g/L)
T=90°C (30-60 mn)
 Cooling up to 65°C

→

5. Dyeing

→




Waste water
Heat

6. Rinsing

→



Waste water

7. Rinsing

→



Waste water

8. Fixing

→



Waste water

↓
 Electrical energy
 Water (800 L) :5 mn

→
↓

 Electrical energy
 Water (800 L) :5 mn

→
↓

 Electrical energy
 Water (1000 L)
 Fixing gent (2%)
(10 – 40mn)

→
↓
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 Electrical energy
 Water (1000 L) :5 mn

→

9. Rinsing

→



Waste water

10. Softening

→



Waste water

11. Squeezing

→



Waste water

12. Drying

→




Steam
Heat



Carton
wastes

↓
 Electrical energy
 Water (800 L)
 Softener (3 %)
 Heat (T = 30°C – 10 mn)

→
↓

 Electrical energy

→
↓

 Electrical energy
 Heat (steam)
(T = 60 – 85 °C : 45 mn)

→
↓

13. Control

↓


Carton and plastic

→

14. Packaging

→

and

plastic

b) Description of jeans dyeing process using reactive dyes
The jeans dyeing process with reactive dyes can contain the following steps:















Desizing,
Rinsing,
Enzyme washing,
Rinsing,
Dyeing,
Rinsing,
Fixing,
Soaping,
Rinsing,
Softening,
Squeezing,
Drying,
Control,
Packaging.

The main input and output flows of auxiliary materials, water and energy in the jeans
dyeing process with reactive dyes are illustrated in the figure below:
Figure 8 . Main input and output flows of auxiliary materials, water and energy in the jeans
dyeing process with reactive dyes.
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Inputs

Processing steps

 Electrical energy
 Water (1000 L)
 Dispersing agent (1 g/L)
 Sequestering agent (1 →

Outputs

1. Desizing

→




Waste water
Heat

2. Rinsing

→



Waste water

3. Enzyme washing

→



Waste water

g/L)
 Enzyme (Amylase) : 2%
 Heat (T= 50 °C – 15 mn)
↓

 Electrical energy
 Water (1000 L) :5 mn

→
↓

 Electrical energy
 Water (800 l)
 Acid Enzyme (1%)
 Heat (T= 50 °C – 15 mn)

→

↓

 Electrical energy
 Water (1000 L) :5 mn



4. Rinsing
↓

 Electrical energy
 Water (800 L)
 Wetting agent (1 g/L)
 Leveling agent (0.5 g/L)
 Complexing
agent
(0.3%)

 Lubricant (1 g/L)
5 mn

→

5. Dyeing

→




Waste water
Heat

6. Rinsing

→



Waste water

7. Rinsing

→



Waste water

 Reactive dyes
 Heating up to 90°C
(2°C/mn)
 Salt (10 – 30 g/L)
T=90°C (30-60 mn)
 Cooling up to 65°C
↓

 Electrical energy
 Water (800 L) :5 mn

→
↓

 Electrical energy
 Water (800 L) :5 mn

→
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↓

 Electrical energy
 Water (1000 L)
 Fixing gent (2%)

→

8. Fixing

→



Waste water

9. Soaping

→



Waste water

10. Rinsing

→



Waste water

11. Softening

→



Waste water

12. Squeezing

→



Waste water

13. Drying

→




Steam
Heat



Carton and
wastes

(10 – 40mn)
↓

 Electrical energy
 Water (1000 L) :5 mn

→
↓

 Electrical energy
 Water (800 L) :5 mn

→
↓

 Electrical energy
 Water (800 L)
 Cationic Softener (3 %)
→
 Acetic acid (0.2 – 0.3 g/l)
 Soda carbonate
 Heat (T = 40°C – 10 mn)
↓

 Electrical energy

→
↓

 Electrical energy
 Heat (steam)

→

(T = 60 – 85 °C : 45 mn)
↓

14. Control
↓



Carton and plastic

→

15. Packaging

→

plastic

Source: GTS and GTT companies contribution.

c) Wastewater quality
The characteristics of wastewater generated by jeans dyeing process are given in the
table below:
Table 8. Characteristics of wastewater generated by jeans dyeing process.

Parameter
pH
COD
BOD5
TSS
Detergent

Unit
mg O2/L
mg O2/L
mg/L
mg/L

Range of concentration
9 - 11
600 - 5150
130 - 3640
200 - 1100
5 - 20
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2.3 Printing and finishing process
2.3.1 Description of the processes of printing
The printing is also a type of process which fabric color. This coloring is not carried out in a uniform
way but in the form of drawing, using various technologies.
Here the classification of the printing techniques:
a) Direct printing
The pastes of printing contain dyes which make it possible to obtain the various colors
of printed fabric. The printing is generally carried out on bleached and prepared fabric. The direct
printing includes a whole of technologies:
• Direct printing with the soluble dyes (the paste of printing contains dyes adapted to each
printed type of fiber).
• Pigmentary direct printing (the paste of printing contains binders and crosslinking agents
able to physically fix the pigment on the majority of fibres and the mixtures).
• Direct printing by transfer (a paper printed beforehand via the direct technique with inks of
sublimable dispersed dyes, put in contact with a polyester fabric, by action of the
temperature and the pressure of the dyes, is transferred on fabric via a process of
sublimation).
b) Printing by corrosion
The paste of printing contains agents of corrosion resulting from the dyes applied forehand to fabric
via various processes; we distinguish:
• Printing by white corrosion: the printed reasons are the result of the white corrosion of the
basic fabric dyes.
• Printing by illuminated corrosion: in addition to the agents of corrosion, the paste of
printing incorporates dyes which resist to the agents of corrosion and have the capacity to be
fixed on fabric.
c) Printing by reserve
We print on fabric an agent of reserve which prevents completely or partially the penetration of the
dye during the dyeing of fabric.
Another criteria can also be established for the machine of printing itself, for example:
• Long table
• Revolving table
• Machine with printing of parts of clothing: oval or star
• Automatic machine: flat frameworks or perforated cylinders microphone
• Machine with engraved cylinders
• Printing machine of fitted carpet
• Machine with numerical printing
2.3.2. Coloring pastes used in the process of printing
Here the composition of the pastes of printing:
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• Dyes
• Thickeners
• Auxiliary staff
a) Dyes
Just like in the dyeing, the dyes employed in the printing depend on fiber and the solidities or other
qualities required by fabric. However, the method of application also has an influence in the printing.
The following table presents to them dyes generally used in the printing of various fibers.
Table 9: Colorants and pigments combinations in printing
TYPE
OF APPLICATIONS
COLORANTS
COTTON
Directs
X
Cuve
X
Reactifs
X
Acids
Dispersed
Premetallized
Pigments
X

WOOL
X
X
X
-

CELLULOSIC
X
X
X
X

SYNTHETIC
(PA)
X
(PA)
X

b) Thickeners
The thickeners used in the textile printing can be natural or synthetic; if the first are most current,
synthetic and the natural ones chemically modified are ever more and more present with regard to
certain special applications. The selection of thickeners for an application in a certain type of dyes
generally depends on the method of printing and the type of fabric to be printed.
Here the principal thickeners used:
• Modified starches, dextrins and starches
• Gum “adragante”
• Gum “Senegal” and gum “arabic”
• Mucilages
• Synthetic thickeners
c) Auxiliary agents
The principal auxiliary agents used are:
• The corrosive ones of vegetable origin, for example tannins.
• The corrosive metal ones, for example acetates, sulfoacetates and basic acetates
of aluminum and iron.
• The agents hydrotopes consisted of:
- Aromatic Sulphonates with short chain.
- Products containing of the carbonyl groups.
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- “Ureic Types” (urea, formamide, acetamide, acetone, acetic ester, etc).
- Carriers of groups OH, for example mono and general-purpose alcohols.
• Corroding:
- Oxidants.
The most used oxidants as corroding are: the potassium dichromate, the potassium
chromate, the sodium dichromate and chromate, the potassium and sodium chlorate,
ferricyanide of potassium, bromates alkaline and of aluminium, persulphates and perborates
like certain peroxides such as lead and manganese peroxides.
- Reducers.
The reducers have various applications: to reduce to them dyes such as the indigo in order to
eliminate this one even partially; in the case of them dyes of the azo type, to involve the
destruction of this group by transforming the dye into almost colourless products.
Here the most used reducers: powders zinc, chloride tin, sodium hydrosulphite,
formaldehyde-sulfoxylate of sodium, glucose, sulphite and bisulfite alkaline.
2.3.3 Main operations for printing
On different printing systems (see diagram No. 8), all or part of the following is put in place:
• Preparing the Fabric
• Printing the various pasta (colors) and drying
• Attaching the color (spray)
• wash
• Polymerization
• Surfacing
a) Preparing the Fabric
The preparation comprises the auxiliary operations applied on the fabric, in order that it has a high
hydrophilicity and uniform, a surface free of fibers and a sufficient degree of white.
c) Printing and drying
Includes applying the print paste to the textile material.
Printing techniques are:
• Direct printing
• Printing corrosion
• The reserve printing
In the case of direct printing or by corrosion, the drying process after the printing is affected in
different types of dryers immediately after printing, depending on the fiber type and the operation
of setting up .
The most currently used system is the drying of the printed fabric to hot air.
In resist printing, the fabric must be subjected to a dyeing process and a subsequent washing and
finishing.
d) Color fixation
Fixing takes place after printing and drying to avoid the taint of color.
The most common fastener is affected by evaporation; its goal is to produce, via
steam
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solubilization of the dye which, together with the effect of temperature, facilitates
its passage into the paste and within the fabric.
The conditions of pressure and temperature of steam, vaporization time and the
use of saturated steam or heated depending on the type of fiber, and the dye of
the printing operation employed. Fixing takes place in chambers or in autoclaves
according to the system used (continuous or discontinuous).
d) Washing
Its function is to eliminate the thickening agent and other components of printing
pastes
which were not fixed in the tissue; its application depends on four factors:
• Printing System
• Type of dye
• Thickener
• Type of Fabric
e)

Polymerization
The polymerization process, which aims for the polymerization and cross-linking
binders in pigment printing system is to place the printed textile in a room and
submit to hot air at 150-170 ° C for 5-6 minutes.

f)

Finishing
Incorporation of chemicals that improve the characteristics of the fabric. For
example, softening, waterproofing, fireproofing, etc.

2.3.4 Other printing methods
a) Spray printing
The printing vaporizer is a sub-application process relatively recent. It consists in applying the
dye or pigment on the fabric via a spray with compressed air spraying, with an aqueous
solution or in organic solvents with low viscosity, through a mask having the pattern to print.
After application of the coloring pigment, the air drying of the printing is performed, which
involves the replacement of the aqueous formulations by formulations with organic solvents,
to faster evaporation. The dye is also composed of many solvents, which thin pigment
dispersion, that of resins, required to bind the dye to the fabric surface.
2.3.5 Finishing of printed fabrics
After printing, the fabric can be subjected to the same finishing treatments as those used in
the dyeing of fabrics.
Table 9. Characteristics of wastewater generated by printing and finishing process.
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Printing
and
finishing
of
fabrics
and
knitted
fabrics
Printing and finishing of fabrics and knitted fabrics described in Scheme No. 16 processes
have the same operations for all types of fiber (cotton, wool, cellulose, synthetics).
Wastewater
Printing corrosion generates releases may contain metals, coloring and organic matter
(depending
on
process).
In addition, water-oil emulsions have been gradually reduced in direct and pigment printing,
currently
predominant
process.
Considering the characteristics of finishing operations may put in place after printing are
similar to those institutions dyeing, and this for all types of fabrics and fibers.
The characteristics of wastewater from printing:
Table 9. Characteristics of wastewater generated by printing and finishing process.
Parameter
pH
COD
BOD5
TSS
Conductivity

Unit
mg O2/L
mg O2/L
mg/L
μS/cm

Range of concentration
6-9
350 - 2300
80 -750
120 - 530
1000 - 8000

The main pollutants are shown in Table 10.
Waste
The most common waste leftover printing pastes prepared in excess or for the preparation
of samples.
Emissions into the atmosphere
To speed up the printing operation by spray, highly volatile solvents are used,
which produce high concentrations of fumes on drying.
Printing by corrosion product emissions volatile organic compounds in the drying, steaming
and washing.
Pigment
printing
also
produces
volatile
organic
air
emissions
in the drying and polymerization.
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Table 10: currents Origin waste
printing Process of the dyeing and fabrics with meshs
Sub-PROCES

WASTE WATER

—

Preparation of the pastes
By spray

-

WASTE

EMISSIONS
ATMOSPHERE

Remainders of pastes

-

-

Aerosols
COV
(solvents)

Corrosion

-

Remainders of pastes

COV

Direct

-

Remainders of pastes

COV

Pigmentary

-

-

COV

Drying

-

-

COV

Vaporization

-

-

Steams
COV

Vaporization

-

-

Steams
COV

Washing

DCO
Color
Metals (*)
Emulsions water-oil (**)

-

Steams
Aerosols
COV

Polymerization

-

-

Steam
COV

Finishing

High DCO
Weak DBO5
(***)

Fibers
Flocks

COV
Particles and
fiber powders

(*) Printing by corrosion
(**) Direct printing
(***) Specific polluting load adapted to finishing
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3.METHODOLOGIES FOR FURTHER DIAGNOSTICS IN Make Up & LOGISTIC AND
DISTRIBUTION NETWORKS
The main road way of exporting T&C products in Tunisia is Sfax-Tunis Highway (239 km), by
using trucks. The majority (95%) of the production in the Textile & Clothing sector is for
offshore via Rades-La Goulette seaport plateform (transport by ships). Similarly, about 90%
of the inputs are from import and also pass through Rades seaport, and are then transported
by roads. Therefore, the major environmental impact of textile logistics is air pollution
coming from the trucks CO2 emissions.
However, critics cases begin to appear and are sometimes compounded by adverse
weather conditions. These situations occur mainly in large cities, due to road traffic and / or
near highly polluting industrial sites (Tunis, Sfax, Gabes and Bizerte).
The Tunisian government makes strict technical control of the means of transport
and more precisely the gases emissions and also by external campaigns in the highways to
educate users about the dangers of atmospheric pollution caused by gases discharged from
vehicle exhausts. For the monitoring and reporting of air quality, the National Environment
Protection Agency has acquired several tools:
- 32 air quality monitoring stations.
- Mobile stations of the air quality monitoring.
- Bright information panels on air quality
- A central station equipped with a remote transmission system linking the stations.

In addition, Tunisian State is planning to make a new deep water port in the Gulf of
Hammamet, which will have a direct impact on the distance traveled by trucks and
consequently the air pollution decreases seen it reduce about 80 km the distance traveled
from the south and center of the country to reach the port of Rades.
Overall, experts agree that the quality of the air in Tunisia is still pretty good.

CETTEX, Centre Technique du Textile / MFC Pole

Page 57

4.STUDY OF ENVIRONMENTAL LEGISLATION IN EACH AREA AND
ESTABLISHMENT OF COMMON VALUES OF ENVIRONMENTAL IMPACT
The textile and clothing industry have several impacts on environment, such as: water
consumption, wastewater emissions, energy consumption, air emissions and solid wastes.
This paragraph presents the environmental-regulatory framework of the Tunisian
legislation.
 Environmental Impact Assessment (EIA):
According to the Decree n°2005-1991 of 11/07/2005 fixing the category of Companies that
must realize an Environmental Impact Assessment, textile plants which involve in their
processes one of following sub-activities must realize an Environmental Impact Assessment
(EIA):
 Dyeing,
 Washing,
 Coating,
 Printing,
 Knitting and weaving,
 Finishing.
EIA is an assessment of the possible positive or negative impact that a proposed project may
have on the environment, together consisting of the environmental, social and economic
aspects. For the activities listed above EIA is a mandatory study before the implementation
or the expansion of the project
 Classified establishments, unhealthy or inconvenient:
According to the order of the minister of industry and technology of February 23, 2010,
amending and supplementing the order of the minister of Industry, Energy and Small and
Medium Enterprises of November 15, 2005, textile plants which involve in their processes
one of following activities and producing a quantity of textile more than 500 kg/day must
realized a Hazards Study (HS):
 Dyeing,
 Bleaching,
 Washing,
 Printing,
 Finishing.
HS is an essential element in managing the Process Safety impact of new projects and the
on-going operation of existing plants.
 Water consumption:
According to the decree n°2002-335 of 14 February 2002, all industrial plants that use more
than 5000 m3/year of water must make every five years a diagnosis of water consumption.
This diagnosis covers equipment and production methods related to water use. This
technical diagnosis must be realized by a specialized expert approved by the State.
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 Energy consumption:
According to the decree n°2009-2269 of 31/07/2009 changing the decree n°2004-2144 of
02/09/2004 on the mandatory energy audit for companies, all industrial plants that use
more than 800 toe (equivalent oil ton)/year of energy must make every five years an audit of
energy consumption. This audit covers equipment and production methods related to
energy use. This technical audit must be realized by a specialized expert approved by the
State.
 Wastewater emissions:
The Tunisian environmental legal requirements for industrial wastewater emissions are
presented by the Tunisian Standard (NT 106.02). This standard fixes the emissions limit
values of pollutants.
Table 5. Tunisian standard (NT 106.002) for wastewater emissions.
Discharge area
Parameter

Unit

Surface water (Land and
River)

Coastal
and
maritime System

Sewer system

pH

-

6,5 < pH < 8,5

6,5 < pH < 8,5

6,5 < pH < 9

Temperature

°C

35

25

35

Color

Scale(Pt-Co)

100

70

Fixed as the case

COD

mg O2/L

90

90

1000

BOD5

mg O2/L

30

30

400

TKN

mg/L

30

1

100

Oil and Grease

mg/L

20

10

30

TSS

mg/L

30

30

400

Settable Solids

mg/L

0.3

0.3

-

Anionic
(ABS)

mg/L

2

0,5

5

Chlorine

mg/L

Without requirements

600

700

Sulphate (SO4)

mg/L

1000

600

400

Na

mg/L

Without requirements

300

1000

P

mg/L

0,1

0,05

10

K

mg/L

1000

50

50

Fe

mg/L

1

1

5

Al

mg/L

5

5

10

detergent
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Ag

mg/L

0,1

0,05

0,1

Hg

mg/L

0,001

0,001

0,01

Cr (VI)

mg/L

0,5

0,01

0,5

Cr (III)

mg/L

2

0,5

2

As

mg/L

0,1

0,05

0,1

Sb

mg/L

0,1

0,1

0,2

Cd

mg/L

0,005

0,005

0,1

Sn

mg/L

2

2

2

CN

mg/L

0,05

0,05

0,5

Cu

mg/L

1,5

0,5

1

Fecal Coliform

MPN/ 100 ml

2000

2000

Without requirements

Salmonella

MPN/5000 ml

Absence

Absence

Without requirements

Fecal streptococci

MPN/100 ml

1000

1000

Without requirements

Cholera vibrios

MPN/5000 ml

Absence

Absence

Without requirements
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-

Standard NT 106002 (approved by decree of the Minister of National Economy, 20
July 1989): Fixing the limits of pollutants from water discharges into the public
maritime domain (DPM), the public water domain (DPH) and public lines (ONAS).

Parameter

NT 106.02
Revised and present

Unit

DPM

DPH

ONAS

pH

6,5-9
(5,5-8,5)

6,5-8,5
(5,5-8,5)

6,5 - 9,0
(6,5-9)

T°C

35

25

35

Sulfures

mg/l

2

0,1

3

MES

mg/l

30-100-150
(30)

30-100-150
(30)

400

DCO

mg/l

125-200-300
(90)

125-200-300
(90)

1000

DBO5

mg/l

30-100-150
(30)

30-100-150
(30)

400

Cr

6

mg/l

0,1 (0,5)

0,1 (0,01)

0,1 (0,5)

Cr

3

mg/l

0,5 (2)

0,5 (0,5)

0,5 (2)

Cu

mg/l

1,5

0,5

1

Ni

mg/l

2

0,2

2

Zinc

mg/l

10

5

5

P Total

mg/l

5 (0,1)

5 (0,05)

10

Phénol

mg/l

0,15 (0,05)

0,15 (0,002)

1

Color

Pt-Co/l

100

70

-

 Air emissions:
According to the decree n° 2010-2519 of 28 September 2010, the limits values of air
emissions relevant to the textile industry are presented in the table below:
Table 2. Limit values of air emissions.
Parameter

Limit value of air pollutant

Total Dust




3

100 mg/m , if the hourly flow is less than or equal to 1 kg/h
3
40 mg/m , if the hourly flow is more than 1 kg/h
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3

monoxide of Carbon ( CO)

10 mg/m

SO2

300 mg/m , if the hourly flow is more than 25 kg/h

NO2

500 mg/m , if the hourly flow is more than 25 kg/h

HCl

50 mg/m , if the hourly flow is more than 1 kg/h

HF

5 mg/m

VOC

110 mg/m , if the hourly flow is more than 2 kg/h

Cd, Hg, Tl

If the total hourly flow of cadmium, mercury and thallium and their
3
compounds exceeds 1g/h, the limit value is 0,05 mg/m by metal and 0,1
3
mg/m for total metals (expressed as Cd + Hg + Tl)

As, Se, Te

If the total hourly flow of arsenic, selenium and tellurium, and their
3
compounds, exceeds 5 g/ h, the limit value is 1 mg/m (expressed as As + Se
+Te)

Pb

If the total hourly flow of lead and its compounds exceeds 10 g/h, the limit
3
value is 1 mg/m

Cr, Sb, Cu, Co, Mn, Ni, Sn, V,
Zn

If the total hourly flow of antimony, chromium, cobalt, copper, tin,
manganese, nickel, vanadium, zinc and there compounds exceeds 25 g/h, the
3
limit value is 5 mg/m (expressed in Cr + Sb + Cu + Co + Mn + Ni + Sn + V + Zn)

Phosphine, phosgene

If the hourly flow of phosphine or phosgene exceeds 10 g/h, the limit value is
3
1 mg/m for each product

HCN, HBr, HCl, hydrogen
sulfide

If the hourly flow of hydrogen cyanide or bromine and inorganic gaseous
bromine compounds or chlorine or hydrogen sulfide exceeds 50 g/h, the limit
3
value is 5 mg/m for each product

Ammonia (NH3)

If the hourly flow of ammonia exceeds 100 g/h, the limit value is 50 mg/m

Asbestos

The limit value of asbestos is 0,1 mg/m and 0,5 mg/m for total dust,
whatever the amount of raw asbestos

Other fibers

The limit value is 1 mg/m for fiber and 50 mg/m for total dust, if the amount
of fibers, other than asbestos, exceeds 100 kg / year

3

3

3

3

3

3

3

3

3

3

According to the annex 3 of the decree n° 2010-2519 of 28 September 2010, the limits
values of air emissions for boiler and combustion plants are:
 Emission limit Value for SO2, NOx, dust and CO:
Table 3. Limit values of SO2, NOx, dust and CO for boilers having thermal power from 20 to 50 MWth.
Pollutant
Combustible

SO2
3
(mg/Nm )

3

Water
column
Natural Gas

35

3

NOx(mg/Nm )

180
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GPL

5

200

5

100

Gas of coke

400

200

10

250

HF gas

200

200

10

250

Domestic fuel

350

150

200

50

100

Liquid combustible

1700

450

550

100

100

Solid combustible

1700

450

550

75

200

Biomass

200

400

50

200

Table 4. Limit values of SO2, NOx, dust and CO for boilers having thermal power from 50 to 100 MWth.
Combustibles
Pollutant
SO2
3
(mg/Nm )

NOx
3
(mg/Nm )

Dust
3
(mg/Nm )

CO (mg/Nm )

Natural Gas

35

120

5

100

GPL

5

200

5

100

Gas of coke

400

200

10

250

HF gas

200

200

10

250

Liquid combustible

850

400

50

100

Solid combustible

850

400

50

200

Biomass

200

400

50

200

3

Table 5. Limit values of SO2, NOx, dust and CO for boilers having thermal power from 100 to 300 MWth.
Combustibles
Pollutant
SO2
3
(mg/Nm )

NOx
3
(mg/Nm )

Dust
3
(mg/Nm )

CO (mg/Nm )

Natural Gas

35

120

5

100

GPL

5

200

5

100

Gas of coke

400

200

10

250

HF gas

200

200

10

250

Liquid combustible

400 to 200

200

30

100

Solid combustible

200

200

30

150

Biomass

200

300

30

150
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Table 6. Limit values of SO2, NOx, dust and CO for boilers having thermal power greater than 300 MWth.
Combustibles
Pollutants
SO2
3
(mg/Nm )

NOx
3
(mg/Nm )

Dust
3
(mg/Nm )

CO (mg/Nm )

Natural Gas

35

100

5

100

GPL

5

200

5

100

Gas of coke

400

200

10

250

HF gas

200

200

10

250

Liquid combustible

200

200

30

100

Solid combustible

200

200

30

150

Biomass

200

200

30

150

3

 Emission limit Values for hydrocarbons aromatic polycyclic (PDT) and
VOCs
Table 7. Limit Values of hydrocarbons aromatic polycyclic (PDT) and VOCs.
3

Pollutants

Emission Limit Value (mg/Nm )

PDT

0,1

VOC

110 expressed as total carbon

 Emission limit value for toxic metals and their compounds for boilers
using solid and liquid combustible
Table 8. Limit Values of toxic metals and their compounds for boilers using solid and liquid combustible.
3
Compounds
Emission Limit Value (*) (mg/Nm )
Cadmium (Cd), mercury (Hg) and thallium (Tl) and its
compounds

0.05 by metal and 0.1 for the sum expressed in (Cd + Hg
+ TI)

Arsenic (As), selenium (Se), tellurium (Te) and its
compounds

1 expressed in (As + Se + Te)
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Lead (Pb and its compounds)

1 (expressed in Pb)

(*) Average over the sampling period of at least 30 minutes and up to eight hours
Compounds

Antimony (Sb), chromium (Cr),
cobalt (Co), Tin (Sn), manganese
(Mn), nickel (Ni), vanadium (V), zinc
(Zn) and their compounds.

3

Emission Limit Value (*) (mg/Nm )
20 MWth < power < 100 MWth

100 MWth < power

10 expressed in (Sb + Cr + Co + Cu +
Sn + Mn + Ni + V + Zn) (**)

5 expressed in (Sb + Cr + Co + Cu +
Sn + Mn + Ni + V + Zn)

(*) Average over the sampling period of at least 30 minutes and up to eight hours.
(**) Facility outside agglomerations over 250,000 and whose power is between 20MWth and 50 MWth, set
3
emission limit is 20 mg/Nm .

 Ammonia emission limit value
When a boiler is equipped with a device for treatment of the oxides of nitrogen to ammonia
or urea, ammonia emissions shall not exceed the value of 20 mg/Nm 3.

 Solid wastes:
Tunisia has numerous laws and regulations dealing with the management of solid wastes.
Among these law and regulations we find:
o Law n°41 approved on June 10, 1996 constitutes the most detailed regulation
of the management, elimination and control of solid wastes at national and
local levels. Its key elements are:
 classifies waste according to its origin and characteristics;
 defines government and municipal responsibilities;
 encourages private sector participation;
 establishes priority of waste minimization, recycling and composting;
 establishes that producers, importers and distributors of packaging are
responsible for their products when they are discarded as wastes;
 provides basis for national waste management facility and siting program;
 establishes procedures for managing waste, monitoring facilities, and
enforcing standards.
On the basis of this law, the basic regulatory framework for the management of
dangerous waste was developed with the following components:
 a decree with a list of hazardous waste;
 a modal register prepared specially for dangerous waste producers;
 a modal annual declaration specifically for dangerous waste producers,
and
 a monitoring form specially for the transport of dangerous waste.
o Decree n° 2000-2339 of 10 October 2000 establishing the list of hazardous
waste.
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o Decree n° 2002-693 of 01 April 2002 establishing the conditions and
modalities for resumption of used lubricating oils and used oil filters and their
management.
o Decree n° 2005-3395 of 26 December 2005 establishing conditions and
modalities for the collection of used batteries and accumulators in order to
ensure their sound management and to prevent their release into the
environment.
 Noise:
Concerning the noise we have the decree n° 84-1556 of 29 December 1984: the level of
noise emitted by an industrial plant at the day shall not exceed 50 decibels, measured at the
right
front
of
the
nearest
homes
in
the
area
of
activities.
At night, additional precautions should be taken in order to not cause inconvenience to local
residents.

5.5.STUDY OF EDUCATION, TRAINING AND TECHNOLOGICAL ENTITIES
SPECIALIZED IN TEXTILE FIELDS IN EACH AREA, AND METHODOLOGIES FOR
OPTIMIZING/INCREASE WORKING FORCE RESOURCES
3.1

5- 5-1 CURRENT DEVICE OF NATIONAL PROFESSIONAL TRAINING

3.2

Referring to Law No. 10 of 2008, vocational training is a major component of human
resource development system and a factor for development in general, in synergy and
complementarities with the sectors of education, higher education and employment,
to qualify the training applicants on the professional, social and cultural development;
to develop the professional skills of workers and to provide economic enterprise for
ways to improve productivity and increase competitiveness.

.

I/ initial training system:
Initial training consists in three cycles namely:
1. 1. An undergraduate awarded by the Certificate of Professional Competence (CPC)
opened for those who stayed in school until the end of the ninth year of basic
education (preparatory, technical and general).
2. 2. A middle graduate awarded by the Certificate of professional technician (BTP),
open to holders of the certificate of professional competence and those who stayed
in school until the end of the second year of secondary education,
3. A graduate awarded by higher Technician's Certificate (BTS), open to holders of
bachelor of secondary school and, under certain conditions for to holders of BTP.
4. In addition, training to obtain a "Certificate of Competence (CC)" can be organized
for training seekers who do not meet the requirements of grade level to enter the
undergraduate initial vocational training listed below above.
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The Ministry of Professional Training and Employment is the academic authority of the national
system of Professional training made by different parties.
It mainly include:
a/ The Tunisian Agency for Professional Training (ATFP)
Under the Ministry of Professional Training and Employment, which manages 136 professional
training institutions covering 13 sectors including industry, construction and public works, services,
crafts, .... its missions are:

initial training of young people and adults taking into account economic and social needs,
Qualified workforce training within the guidelines set by program contract between the
Agency and the State,
The evaluation of training activities that take place within auxiliary establishments
Contact
webSite:
www.atfp.edunet.tn
e-mail : atfp@email.ati.tn
b/ Professional training centers
They are as follows:
o
o
o

48 Sectoral training centers
61 Training Centers and Learning
14 Rural girls training centers
o 13 Training centers for skilled crafts
c/ National Training Center for the trainers and Training Engineering (CENAFFIF)
Under the Ministry of Professional Training and Employment, it ensures the realization of studies to
identify skills requested by T&C productive sector, developing training programs and periodic
updating, educational and technical training trainers and oversees the development of training
engineering.
d/ National Center for Continuing Education and Professional Promotion (CNFCPP)
Under the Ministry of Professional Training and Employment, he manages programs and financing
tools of continuous training, assistance companies and partners and upgrading of stakeholders in the
field of continuous training as well as the management of higher labor Promotion Institutes.
CNFCPP's missions are:








Help the economic enterprises in the development and implementation of training
plans;
Develop the culture of continuous training to individuals and businesses;
Manage programs and instruments of continuous training financing;
Develop and generalize the approaches and methodologies appropriate to these
fields;
Promote professional promotion by improving the level of employee competence;
Provide support to the consulting sector and continuing training;
Develop partnerships with organizations, associations, professional organizations
and federations in the field of continuing training;

II/ Initial professional Training
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1/ Sectorial training centers in Textile & Clothing ( Public ones ):
The textile and clothing sector is a strategic sector of the national economy. It has 220,000
employees and contributes 25% of Tunisian exports. The need for training is essential to
remain competitive following the changes in the international textile and clothing market.
Tools and mechanisms have been developed to maintain profitability.
More and more young people opt for professional training in the field of textiles and clothing
which offers many job opportunities. The sector attracts 85% of girls and 15% boys. The
national professional training textile sector has 8 centers and fifty multipurpose centers. The
centers offer generally three levels of training. These include the certificate of professional
competence (CAP), the certificate professional technician (BTP) and higher technician's
certificate (BTS). The duration of training is 2 years on average.
Textile training center La Goulette

Outgoing distribution center La Goulette by degree over ten years
250

200

150

100

BTP
BTS

50

CAP
Total graduate

0
juil- févr03
04

juil- fevr04
05

juil- févr05
06

juil- fevr06
07

juil- fevr07
08

juil08

fevr09

juil- fevr09
10

juil- fevr10
11

juil- fevr11
12

juil- fevr12
13

juil- fevr13
14

Clothing training center Tunis
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 Clothing training center Manouba

250

200

150

100

50

0
2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

Total graduate (CAP/BTP/BTS)

 Textile training center Bir El Kassâa
180
160
140
120
100
80
BTP
60

BTS
CAP

40

Total graduate
20
0
févr06

juil06

fevr07

juil07

fevr08

juil08

fevr09

juil09

fevr10

juil10

fevr11

juil11

fevr12

juil12

fevr13

juil13

fevr14

 Clothing training center Mohamed Ali Sfax
 Clothing training center Monastir
 Textile training center Jemmel
 Clothing training center BEMBLA

2/ Professional

Training: Private schools
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These schools provide both the initial and continuing training. There are several private schools
renamed, the best known are:

ESMOD
ESMOD Tunisia was founded in 1989 and its known by by the constant quality of its traning. This
success is illustrated by the creation of a second school in 1997.
23 promotions totaling more than 1000 graduates divided between designers, pattern designers and
stylists.
The degrees approved:
- higher Technician's Certificate (BTS) Designer & stylist

- Certificate of professional technician (BTP)
 COLLÈGE LASALLE TUNIS
The member of the LCI Education Canada Network is a private high school technical training
approved by the Tunisian Ministry of Professional Training and Employment. It is thus
empowered to issue:
- Higher Technician's Certificate (BTS) .
-The Canadian college degree LaSalle (DCI).
 INTERNATIONAL SCHOOL OF FASHION, ART AND DESIGN
The courses focus on:
•
•
•
•
•

The fashion marketing
Fashion Design
Interior Design
Product Design
Home Decor

3.3 II / The Continuing professional training
The continuing professional training is provided by the CETTEX (Textile Technical
Center), which provides development and technical recycling company staff. It offers
internal and external training courses covering the whole of the textile and clothing
sector. In addition, the center offers a team of consultants and trainers available to
industrials for the development and implementation of their specific training plans.
3.4

III/ HIGHER EDUCATION

1/ NATIONAL SCHOOL OF ENGINEERING-MONASTIR (ENIM)
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The National School of Engineers of Monastir (ENIM) is a Tunisian engineering school
based in Monastir. It was founded in 1987 and is based on the teachings both theory
and practice in the following fields:





Textile Engineering.
Energy Engineering;
Mechanical engineering;
Electrical Engineering;

3.5

ENIM has established cooperation with many French schools at the end of studies projects,
such as the Central School of Marseille.

3.6

Textile Engineering Department

The creation of a Textile ENIM Engineers training is the result of extensive consultation with the
industrial world, with specialized organizations (CETTEX, FENATEX ...) and also with foreign textile
Engineers schools.
The department has three options: Textile Chemicals, Textile Production Engineering, Production
Engineering apparel.
The department lies in education-oriented applications to textile industries. Engineers students
receive a solid scientific and technological culture. The training incorporates the latest achievements
of modern disciplines: Computer, automation, robotics and is complemented by teaching social
studies and foreign languages. The textile sector also benefits from the contribution of the expertise
of foreign players in many areas such as quality control, spinning, scheduling and visits to the
industrial world.

The opportunities are very varied in the fields of textile: Spinning, weaving, knitting, clothing
and apparel, textile finishing, textile machinery manufacturers, quality control, sales and
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textile distribution. They are also interested in other fields such as Para textile (High
performance fibers, composite materials, paper, dyes, water treatment) and all the
industries of textile components (furniture, automotive) and teaching.
Training
Training engineers to ENIM began in 1987 and in 1995, began doctoral studies.
TRANINGS
National Engineering
Engineering

degree

National Engineering
Engineering

in

degree

in

Electrical

Energy

National Engineering degree in Mechanical
Engineering
National Engineering
Engineering

degree

in

Textile

Industrial electronics Option
Electrical option
Computer option
Option Energy and Environment
Thermal systems Option
Option design
Production option
Textile chemistry option
Clothing production Option
Textile production option
Automatic and industrial maintenance
Energy Engineering
Mechanical Engineering
Textile engineering
Energy Engineering

Research Master

Mechanical Engineering
Electrical Engineering
Textile engineering

doctoral degree

The number of engineers in the textile branch has been increasing since 1995:
Evolution of the number of engineers ENIM
140
120
100
80
60
40
20
0
1995

3.7

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

 DOCTORAL PROGRAM of the National School of Engineers of Monastir

1. The objectives of the doctoral degree
The doctoral program brings together doctoral candidates from the University of Monastir doing
their research in the field of Science and Engineering Techniques. It focuses on the study, analysis
and design of complex industrial systems. The main disciplines of the doctoral are Electrical
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engineering, mechanical engineering, engineering Power engineering and textile engineering. The
main application domains of research that will be conducted are: energy, environment, materials and
information systems. These fields are among those identified by the Ministry of Higher Education,
Scientific Research and Technology as national priorities. Thus, the doctoral program meets a real
national need in the above fields and actively participate in the promotion of research at national
and international level by encouraging researchers to certificate their inventions taking load, for
example, the constitution of the file and the costs of certificateing.
The support for cross in the supply of doctoral training and encouraging the opening by a
complementary doctoral education are also among the objectives of the educational policy of the
doctoral. Thus, the doctoral program will offer at the University of Monastir appropriate framework
at the national and international levels, in which doctoral candidates of the disciplines (Electrical,
Energy, Mechanical and Textile) find consistent, clearly displayed conditions of issue diplomas,
interdisciplinary additional training, joint research facilities and aids seeking their first job.
2. Positioning the doctoral program nationally and internationally
Currently, the ENIM is the only academic institution in Tunisia authorized to award the National
Diploma of Engineer in textile engineering and energy engineering. The school is also authorized to
issue the doctoral thesis in these two disciplines, the University Habilitation in energy engineering.
Since 2007, a University Textile Engineering Habilitation commission was created at the University of
Monastir which has supported 04 accreditations in this strategic discipline nationally and
internationally. With this specificity, ENIM account through this doctoral studies, strengthen its
position as "leader" at the national level in both domains of textile and energy and federate existing
potential to enhance research undertaken. In addition, the ENIM is authorized to provide doctoral
training in Mechanical Engineering since 1997 and a doctoral program in Electrical Engineering in
2003. The involvement of other academic institutions of the University of Monastir namely ISIM
(specialized in Informatics and Mathematics) and Mahdia ISSAT (specialized in Telecoms Electronics,
advanced Materials and Sensors) will certainly be beneficial to the doctoral studies by enriching its
multidisciplinary nature, streamlining and consolidating the doctoral training offer of University of
Monastir and allowing the doctoral studies to have an international dimension.
3. Evolution of Doctoral Studies at the ENIM




The National School of Engineers of Monastir form since its creation in four
engineering disciplines namely energy engineering, mechanical engineering,
electrical engineering and textile engineering. Doctoral studies started since 1995
and have trained 425 researchers (DEA, Master), 50 Doctors and 9 Skills. The
development of doctoral studies at the ENIM is summarized in the following tables:
a. The research masters

specialty

Energy Engineering

Mechanical engineering

Electrical Engineering

Textile Engineering

Total

A.U

I

S

I

I

I

Thesis

1996-1997

8

6

6

1997-1998

13

8

8

S

CETTEX, Centre Technique du Textile / MFC Pole

S

S

Page 73

1998-1999

16

13

9

4

17

1999-2000

24

17

14

8

25

2000-2001

18

14

13

6

20

2001-2002

19

15

13

7

22

2002-2003

27

24

17

14

38

2003-2004

32

26

28

24

50

2004-2005

22

14

17

15

29

16

18

15

60

2005-2006

23

16

23

16

38

29

22

16

77

2006-2007

46

36

29

21

33

26

24

19

102

2007-2008

33

TOTAL

281

50

425

18
189

37

181

115

15

137

71

79

b. Doctoral theses
Textile Engineering Specialty: Start training in September 2004

Academic year

1st year

2nd year
M

F

3rd year
Tot

M

F

4th year

M

F

Tot

Tot

2004-2005

15

9

24

2005-2006

4

4

8

13

9

22

2006-2007

9

5

14

4

4

8

11

9

20

2007-2008

5

2

7

6

5

11

4

4

8

M

F

Total
Tot
24
30
42

11

8

19

45

2/ HIGHER INSTITUTE OF TECHNOLOGYCAL STUDIES - KSAR-HELLAL
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The Higher Institute Technological Studies of Ksar Hellal is a public, scientific and technological
institute under the supervision of the Ministry of Higher Education and Scientific Research.

The ISET in numbers








Creation date : Loi N° 95-41 du 24 avril 1995
Numbre of students : 1000
Number of teachers: environ 90
Administrative staff: 12
Technical staff: 7
Number of workers: 17
Accommodation capacity of the university home: 200 beds

Main missions
1- Training of middle managers can contribute to the promotion of national industry, particularly the
textile and clothing industry, the chemical industry and trade.
2- Promote the upgrade for the benefit of the management personnel in companies.
3- Establish a partnership with business and professional organizations

DEPARTMENTS
The ISET Ksar Hellal has 4 departments:
o
o
o
o

Department of Textile Engineering
Department of Process Engineering
Department of Mechanical Engineering
Department of Economic Sciences and Management
- TRAINING AND DIPLOMAS

This is an integrated higher education including courses and applied activities. The study duration is
set at three years at 15 weeks per semester with a weekly schedule volume of about 32 hours.


Studies in ISET are crowned by a national diploma titled "Degree in Applied .....". This
diploma is awarded to students who have successfully completed their studies in the third
year and endorsed a graduation memory. During their studies, students are presented for
each subject to continuous assessment and examinations held at the end of each
semester.
- CONTINUATION OF STUDIES

ISET graduates can continue their education at an entrance examination on issues to
engineering schools (ENIM, INSAT, etc.), schools of graduate-level, etc.
CETTEX, Centre Technique du Textile / MFC Pole
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Research Unit Textiles (URTex)

Presentation
Code : 99/UR/11-39
Creation date : 11 avril 1998
Staff : 30 teacher-researchers

Team Research topics
• Quality control in textile
• Optimization and Quality Forecast usable products textile
• Process optimization and textile technology
• Valuation of materials for textile and para-textile use.
3/ HIGHER INSTITUTE OF FASHION MONASTIR ( IS3M )




The Higher Institute of Fashion of Monastir (IS3M) was established under Decree No.
126 of 14 January 2003 in response to the strategic development plan of the textile
and clothing sector in Tunisia.
WebSite : www.ismmm.rnu.tn

CETTEX, Centre Technique du Textile / MFC Pole

Page 76

4/ HIGHER INSTITUTE OF ARTS AND CRAFTS OF SFAX
The Higher Institute of Arts and Crafts of Sfax was created under Law No. 95-40 of 24 April
1995. Since then, the institute has evolved at all levels.
Currently, the institute is authorized to deliver 4 degrees:
 Degree in Applied Applied Arts in five specialties (study duration 3 years);
 National Diploma in Fine Arts; in six specialties (duration of 4 years study);
 National Diploma in Design; in four specialties (duration of study 5 years);
 Master in Fine Arts.
National Diploma in Design: This is a five years long, supported by two courses in the second
cycle, and crowned by obtaining the National Diploma in Design. Studies include two cycles:
- A first two-year cycle. Theoretical and practical courses aiming to prepare the student to
specialization in one of four options of the department
- A second three-year cycle is devoted to one of the following specialties:
* Design Development
* Designer furniture
* Graphic design
* Textile and Clothing
Design Textiles and Clothing: aims to train students in fields relating to the creation of
clothes and led him to enroll in modernity and in tune with the artistic events for the styling
industry. The fifth year is devoted to the development of the graduation memory. This
research, carried out under the guidance of a mentor teacher, will be argued before a jury.
The student is required to do an internship in a professional establishment in connection
with his specialty. At the end of this course, the student submits a report under the codirection of a company official and a teacher who is responsible for the academic
supervision.
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5.5.2 Analysis and Improvement of the national professional training system:
1/ Current Situation
Since the early 90s, the national system professional training has seen successive reforms
that helped to set up the institutional framework to enact the legal and regulatory
framework organizing professional training and to establish, since 1996, a management of
the national system professional training by economic demand.
However, the successive reforms have not achieved their objectives and achieve the
expected results. Indeed, they were characterized by the absence of a clear and precise logic
and were marked by the domination of the political to the detriment of economic and social
dimensions. The reformist path taken was between a large number of challenges, a variety
of goals, added to this, a multitude of diverse international experiences that are not
necessarily reconcilable, and that have not been properly valued in the absence of a real
political will to decide in favor of one or the other.
Consequently, the national system professional training is still characterized by gaps and
weaknesses preventing it to fully play its role as a pillar of skills development.

The major problems of the device are based on the following three elements:
 Lack of common global vision of human resource development system that clearly
and accurately define the role and objectives of professional training and its place
within this system.
 Low reactivity of the national system professional training and low capacity to
adapt to the changing needs of companies, individuals, society and the region.
 Steering and management of the national professional training system does not
allow governance guaranteeing the provision of economic and social needs at
national and regional level.
2/ Proposal to reform the national system professional training
a/ Fundamental principles of the reform
The reform professional training should be based on the following guiding principles:
 A reform that is part of a global vision of the human resource development system.
 The establishment of a national professional training system to meet the
expectations and aspirations of individuals, companies, society and the region.
 Trained human resources
 Effective partnership, based on commitment and balance, characterized by a multistakeholders participation in the preparation of professional training policies.
 The anchoring of the principle of assessment and accountability at all levels.
 Taking into account the regional dimension.
 he consideration of prior and a guarantee of the irreversibility of the reform
process.
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 The perpetuation of the principle of learning throughout the working life of
employees.
b/ The objectives of the reform:
The reform should aim the establishment of a national professional training system that
meets the development requirements in all its dimensions, in particular those relating to
economic growth, social development and the construction of a society that values the
achievements of democratic change and that fits into its regional and international
environment.

5.6. NATIONAL INCENTIVES TO SUPPORT USING OF RENEWABLE ENERGIES IN
T&C SECTOR
a- The feed in Tarif or the net metering
In Tunisia, the Law on Energy Management (2009-7 Act of 2009) allows companies and
business groups to generate electricity from renewable energy for their own needs and sell
the surplus up to 30% at maximum power company. The purchase price is set at the same
level as the average power selling price applied by 4 posts STEG( National Energy compagny).
For producers of electricity from solar PV connected to the BT network in the Prosol-elec
program, the net metering system is applied. In other words, the consumer pays the balance
between the energy produced and the energy consumed in the same sales rate applied by
STEG.
b- Tax incentives
Tax incentives observed in the countries of the region for renewable energy are essentially
indirect type covering in particular exemptions from internal taxes and customs duty. The
following table shows the incentives observed in the various countries of the region
Tunisia : Exemption from VAT and customs duties equipment
c- Investment subsidies
Direct financial benefits are granted to certain energy efficiency measures and renewable
energy as part of the law of energy conservation and texts associated with it. For renewable,
investment several aid are available
d- Credit lines and facility of guarantee
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Bonus interest rate
Grant credit interest rate of
2 points for the Collective
CES. This is a one-time
measure, supported by the
Italian Cooperation to launch
the market
- Improvement to the
interest rate of 3 pts credit
line AFD intended for energy
efficiency investments (EU
subsidy).

Guarantee funds
Guarantee fund service
companies
Energy
under control energy in
the industrial sector.
guarantee
75% of funds in the
amount capped at 4
MDT

CETTEX, Centre Technique du Textile / MFC Pole

Fund& Credit lines
AFD credit line of € 40 million to
finance large private projects in
energy management. This line is
distributed by three Tunisian
private banks.
- World Bank credit line of $ 50
million to finance large private
projects in energy management.
This line is distributed by three
Tunisian private banks.
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I.
METHODOLOGIES FOR FURTHER DIAGNOSTICS IN SPINNING / WEAVING / KNITTING
PROCESSES
A.
Deep explanation of current processes and chemical products/raw materials that are
used in the development of yarns and fabrics in the textile

The following tables show the Volume of trade and the origin of the main raw materials used by the textile
company KABO, which is one of the pioneers in the textiles and garments field in Egypt since 1940. Furthermore
the Volume of trade, the origin as well as the biodegradability and the properties of the raw materials used by the
company Oriental Weavers, are illustrated. Oriental Weavers is the leading company in the machine-woven rugs
and carpets in Egypt.

Table 2: Raw Materials KABO

Main raw

Volume of Trade

materials

Origin

Cotton

About 10 ton per day

Egyptian/ Indian

Polyester-

About 20 ton per year

Egyptian/ Indian

Acrylic

About 40 ton per year

Egyptian/ Indian

Wool-

About 20 ton per year

Egyptian/ Indian

2-15 % according to types of fabric

Egyptian/ Indian

Cotton

Polyster
Elastane

Table 3: Raw Materials Oriental Weavers

Main raw

Volume

material

of trade

Cotton

1000 ton

Origin

Biodegradability

Pakistan

per year
Polyester

7000 ton

Korea

200 ton

properties

Complete

Chemical: Cellulose

degradable

Tissue

not

Chemical: ester from

per year
Acrylic

Materials

organic acid
Turkey

not
1

Acrylate

(organic

per year
Wool

300 ton

compound)
New Zealand

Per year
Viscose

800 ton

Complete

Amino

degradable

(proteins)

India

Partial degradable

Egypt

not

Acid

Per year
Polypropylene

70000
ton

per

year

B.
Describe all the sub-processes of spinning, Knitting and weaving process (please
include the manufacture of non-woven

1.

Describe the different stages of theses sub-processes

Spinning

This process transforms raw fibers into yarn or thread. These fibers got prepared and then
drawn out and twisted to shape the yarn, which is then coiled onto bobbin or cone.
Afterwards the spinning process is completely dry, although some yarns are maybe dyed
and finished as a final costumer product.
You can divide between Cotton spinning and Wool spinning. During the cotton spinning
(Figure 1) the cotton from bales is processed through successive machines to be cleaned
from dust, trashes and foreign matters, opened, mixed, carded and then drafted to a thin
thread and twisted to produce the yarn. Whereby at the wool spinning wool fibers from
bales are scoured to be cleaned from grease, carbonized to remove the plant matter, carded,
combed then drafted to a thin thread and twisted to produce woolen or worsted yarns. The
produced yarn is wound on large package as final product for weaving or knitting, or for
carpet production. The wool spinning process is showed in Figure 2.

2

Figure 1: Main stages in Cotton Spinning

SOURCE: Inspection manual, Textile Industry, Egyptian Environmental Affairs Agency (EEAA), Ministry of State For
Environmental Affairs

3

Figure 2: Main Stages in Wool Spinning

Source: SEAM Report

4

Weaving

This method is the most common used for the production of fabrics. The process is carried
out on a weaving loom (of which various variations exist) which interweaves lengthways
yarns (warp yarns) with breadthwise ones (weft or filling yarns).
Previously to the weaving the warp threads are coated with a size, to increase their tensile
strength and sleekness. Natural starches are the most commonly used sizes, although
compounds such as polyvinyl alcohol (PVA), resins, alkali-soluble cellulose derivatives,
and galantine glue are often used. The sizing compound is dried on the threads and remains
a part of the cloth until it is removed in the subsequent processes. Other chemicals, such as
lubricants, agents, and fillers, are often complemented to impart additional properties to a
fabric. This process usually adds on about 10-15% to the woven goods

5

Figure 3: Production line for fabric Weaving

SOURCE: Inspection manual, Textile Industry, Egyptian Environmental Affairs Agency (EEAA), Ministry of State For
Environmental Affairs

6

Knitting

Is the process, which is carried out by interlocking a series of yarn loops, usually using
sophisticated, high speed machinery. The Knitting process is almost completely dry,
although some oils could be applied during the process for lubrication. These are removed
by subsequent processing and enter the wastewater stream

The knitting and weaving process are illustrated in Figure 4 and 5.

Figure 4: Main Stages in Knitting and Weaving

Source: Seam Report
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Figure 5: Production line for knitting industry

SOURCE: Inspection manual, Textile Industry,

Egyptian Environmental Affairs Agency (EEAA), Ministry of State For

Environmental Affairs

Nonwoven
The production line for needle punched nonwoven fabric is illustrate in Figure 6. In this
process, man-made fibers are opened to shape a fiber web with the demanded weight and
then passed through the needle punching machine, where the fibers are pushed depthwise by
barbed needles and get wrapped up, to produce a felt-like fabric with high coherency and
strength. To strengthen the needle punched nonwoven fabric, it may be treated with
adhesive, for example on a chemical basis, to give more bonding between fibers.
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Figure 6: Main Stages nonwoven fabrics

Source: Seam Report

2.

Identify the main wastes and their origin

Table 4: Main wastes during manufacturing

9

Source: SEAM Report

C.
Identify the different stages are causing environmental problems and specify the
percentage of ISO certified companies in relation to the production process

1.
Explain which is/are the problem/s, the origin and the possible impact of this problem on the
environment

In the following tables (5-10) you can see which processes in the spinning, weaving knitting,
nonwoven fabric, garment and finishing industries are causing environmental problems. The
various processes have a different kind of impact on the environment. Whereby the processes of
spinning, weaving or knitting is mainly causing air emission and solid wastes like particulates or
fibers, other processes like during finishing have a much higher impact on the environment because
of the use of several chemicals.

Table 5: environmental impacts spinning

Source:BAT4MED
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Table 6: environmental impacts weaving

Source:BAT4MED

Table 7: environmental impacts knitting

Source:BAT4MED
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Table 8: environmental impacts Nonwoven fabric industry

Source:BAT4MED

Table 9: environmental impacts garment industry

Source:BAT4MED
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Table 10: environmental impacts finishing industry

Source:BAT4MED
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These units can represent sources of pollution during different processes:

Boilers
Boilers are used to produce steam for the heat supply to the processes like scouring, sizing, dyeing, drying,
etc.) as well as to generate electric power in some large plants.
In order to convert water to high pressure steam, which is used to drive the turbine to generate electricity,
fuel is burned in boilers. For the industrial processes steam can also be developed at lower pressures. The
gaseous emissions, due to boilers burning fuel oil or diesel oil, contain primarily particulates (including
heavy metals if they are present in significant concentrations in the fuel), sulfur and nitrogen oxides (SOx
and Nox) and volatile organic compounds (VOCs). The concentration of these pollutants in the exhaust
gases depends on firing configuration (nozzle design, chimney height), operating practices and fuel
composition Wastewater is generated due to the blow down purged from boilers to keep the concentration
of dissolved salts at a level that prevents salt precipitation and consequently scale formation.

Water Treatment Units
•

Water softening for medium hardness water

•

Water softening for very high bicarbonate hardness

•

Reverse Osmosis

Cooling Towers
Cooling water is used in some textile processes especially man-made fibers, such as in the production of
viscose. As a consequence of the reaction of the used chemical a large amount of heat developed in the
mixer which should be cooled by water. This cooling process could represent a source of pollution to the
wastewater to which it is discharged.

Laboratories
Laboratories are mainly responsible for the testing of raw materials for example fibers, yarn or fabrics but
also testing of chemicals (dyes, detergents,…etc.), water or wastewater to check if there are compliance
with the required standards. Since the textile industry involves many tests dealing with chemicals which
may be hazardous these need a proper handling and precautions when dealing with these chemicals
14

Workshops and Garage
Some bigger textile facilities have electrical and mechanical workshops for maintenance and repairs of
their machines. These may have the consequences of Environmental violation like:
•

Noise

•

Rinse water contaminated with lube oil

Wastewater Treatment Plants (WWTP)
Metal bearing sludge which could represent a hazardous waste problem. Proper disposal management is
required.
• Treated water could represent a water pollution problem if not complying with relevant environmental
laws

2.

If possible, describe a practical solution

In an interview with Oriental Weavers Dr. Reda el Bihtity described different practical solution for their
environmental problems, which are mainly yarn waste, wastewater and the smoke of the boilers.
First of all they collect the solid waste and try to resell it and dispose the yarn. Regarding their second
problem they have a treatment of wastewater. Regarding the air pollutant from the rising smoke of the
stacks they use the natural gas to burn the boilers and continuously measurement of the smoke emission to
be sure that the results are according to the Environmental Law.

15

II.
METHODOLOGIES FOR FURTHER DIAGNOSTICS IN DYEING /PRINTING / FINISHING
PROCESSES
A.

The dyeing process
During the dyeing process the yarn, fabrics, or garments are treated to add color and intricacy to the
product, using dye stuffs, auxiliaries, reductants, oxidants, …etc. This process is well known to be a
major source of pollution due to the many chemicals used, and the large quantities of wastewater
resulting from the process, and loaded with pollutants. You have many classes of dyestuff depending
on the fibres are used (Table 11)

Table 11: Classes of dyes used

Source: SOURCE: Inspection manual, Textile Industry, Egyptian Environmental Affairs Agency (EEAA), Ministry of State For Environmental
Affairs
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The Oriental Weaver Company is using for the dyeing process master batch as pigments to colour the
synthetic fibers for their carpets inside the extrusion. This process will be performed by 235 degree and
a pH between 7.5 and 8. The main wastes of the process are filaments. One of the problems for the
company is the resulting noise of the dyeing.
In contrast to oriental Weaver the KABO Company is using 100% cotton or mixed cotton polyester
fabrics for their production. Therefor they use reactive dyes with good fastness and low temperature as
well as hydrogen peroxide and Optical Brightness for the process. For the wastewater they use an
industrial wastewater treatment station.

B.

The printing process
Printing is process that is used for applying colour to fabric. Unlike dying, it is usually only carried on
prepared fabric where it is applied to specific arrears to achieve a planned design. The colour is applied
to the fabric and then treated with steam, heat or chemicals to fix the colour on the it. The most
commonly used printing techniques are:


Pigment printing, used for all fabric types



Wet printing uses reactive dyes for cotton and generally has a softer feel than pigment-printed
fabrics



Discharge printing creates patterns by first applying colour to the fabric and then removing
selected areas

C.

The finishing process
The finishing process imparts the final aesthetic, chemical and mechanical properties to the fabric as
per the end use requirements. Common finishing processes include:


Wrinkle Restitent/Crease Retentive – using synthetic resins



Water oil Repellent – using silicones and other synthetics materials



Flame Retardant – most common carried out on synthetic fabrics, by co-polymerisation of the
flame retardant into the fabric itself; introduction of an additive during processing; application
as a textile finish. Natural fibres such as cotton can only be made flame retardant by applying
achemical finish



Mildew Resistance – using hazardous substances such as mercury, copper, arsenic and
chlorinated phenols
17

Table: Summary textile processes

SOURCE: Inspection manual, Textile Industry,
Environmental Affairs

Egyptian Environmental Affairs Agency (EEAA), Ministry of State For
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III. METHODOLOGIES FOR FURTHER DIAGNOSTICS IN Make Up & LOGISTIC AND
DISTRIBUTION NETWORKS
A.

Inside the textile company
KABO Company implemented the ERP system Microsoft Dynamics AX 2009 for textile and apparel.
The inventory management tool of the system is managing the internal inventory transactions as:


Receiving purchased stock items or raw materials



Transferring stock Items among warehouse and/or production units



Receiving and issuing finished products (barcode idendification)



Issuing finished products to point-of-sales

Inventory tracking for quantity and cost of KABO is based on:


Batch Tracking for raw materials (yarn)



Serial Number tracking for fabric rolls

Oriental Weavers is using For K Lift for moving carpets inside the factory to complete the production
process. For managing products at the warehouse the company are using conveyer belts. Furthermore
there are using automatized storage systems.

B.

For external business
Regarding external business Oriental Weaver is shipping its carpets by Containers to send them to navy
ports to their export countries. The company is shipping their carpets to all European navy ports.
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IV. STUDY OF ENVIRONMENTAL LEGISLATION IN EACH AREA AND ESTABLISHMENT OF
COMMON VALUES OF ENVIRONMENTAL IMPACT
Wastewater
These following laws were implemented for environmental protection:


Wastewater: Law 9/2009, amended by Decree 1095/2011; Law 93/1962; and Law 48/1982, concerning
protection of the River Nile Egypt’s waterways from pollution.

LAW 48/1982 CONCERNING PROTECTION OF THE River Nile and Egypt waterways from pollution:
Regulates the discharge of wastes to the River Nil its branches and the marine environment by a permit
from Ministry if Public Works and Irrigation after fulfilling certain criteria monitored by periodic analysis.
Amended by 402/2009.

LAW 9/2009
Established of Supreme Council for the Nile River and Waterways Protection from pollution according to
Article (47), as repeated in (2, 1) of Environment Law No. 4/ 1994 as amended by Law No. 9/2009 and its
Executive Regulation. The council is responsible for taking necessary measures to protect the Nile River
and waterways from pollution. The council meetings are held at least every three months.

Law 93 of 1962
Amended by executive decree No. 44 for year 2000 regulates discharge to sewer systems. Prohibition of untreated
wastewater discharge to marine waters, either directly or indirectly, intentionally or unintentionally.

The Ministry of State for Environmental Affairs highest priority is the Nile River. The Ministry is trying to protect
water resources from pollution resulting from industrial discharge. In order to achieve this goal they determined
three main criteria to eliminate pollution from the Nil and is branches, as follows:


Stop drainage of untreated industrial wastewater into Nile River, waterways and reuse industrial
wastewater



Follow-up on reconciliation plans of environmental conditions for industrial establishment
20



Modify manufacturing technology and use environmentally sound raw materials

Source: Egypt state of environmental report

Levels of pollutants accepted:


Limits for pollutants in wastewater vary depending on the type of receiving water body.



The parameters that should be observed and / or inspected are BOD, COD, pH, temperature, residual
chlorine, TSS, TDS, Oil and Grease



Table 12 presents the levels of pollutants accepted (sea, Nile, canals, agricultural drains, public sewer)
regarding to the different applicable laws.

Table 12 : levels of wastewater accepted

Source: Inspection manual, Textile Industry, Egyptian Environmental Affairs Agency (EEAA), Ministry of State For Environmental Affairs

Air Pollution

Presidential Degree 864/1969
Established by the Supreme Committee to protect Air Pollution the main goals are:


Studying sources of air pollution



Formulation a general policy for preventing air pollution



Setting standards for air quality



Preparing legislation for air quality
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Minister of Health Degree 470/1971
Sets the standards for permissible pollution loads for ambient and workplace air, which was amended 1979 by
Degree 240/

Minister of Industry Degree 600/1982
Necessitates the utilizations of air pollution abatement equipment in industries

Law 4 for the Protection of the Environment
Air Quality Limit values are given in the Executive Regulations of the Environmental Law no. 4 of Egypt
(1994), which was amended by Law 9/2009. These Air Quality Limit values are presented in Table 13
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Table 13: Limits of Air Pollutants Relevant to the Textile Industry (law 4/1994)

Source: self-monitoring manual textile industry
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V.
STUDY OF EDUCATION, TRAINING AND TECHNOLOGICAL ENTITIES SPECIALIZED IN
TEXTILE FIELDS IN EACH AREA, AND METHODOLOGIES FOR OPTIMIZING/INCREASE
WORKING FORCE RESOURCES
Some R&Ds and Universities programs were already mentioned in the country report of Egypt. This
chapter will deal with current R&D in the textile industry as well as with different vocational cooperations.
The National Research Center (NRC) is Egypt’s largest multidisciplinary R&D center devoted to basic and
applied research within the major fields of the national economy. The Center is currently working on
different projects in the textile sector. One example is a partnership between Egypt and the College of
Textiles, North Carolina State University in the United States. This cooperative research is about the
“Production of New Biocidal Textiles Using Advanced Nano and Melt Spinning Techniques”.

In March this year the American University Cairo (AUC) officially launched the first University-based
startup incubator in Egypt, the AUC Venture Lab (V-Lab). After just 3 months the first winners of the VLab Challenge got announced by the AUC Scholl of Business. These research teams will be supported in
the newly created Venture Lab. One of the winners, El-Shahbandar, created a marketplace that helps
connect cotton buyers and suppliers, in order to help textile entrepreneurs find raw materials at the lowest
possible cost, and sell their goods in Egypt and around the world.

Furthermore different textile companies have cooperation regarding educational programs. For example
Oriental Weavers is cooperating with the Education Ministry since 1995 in terms of public vocational
education. Moreover the company is maintaining good relations with the private El Shorouk Academy in
Cairo. Oriental Weaver has also training programs inside their companies for all the different departments.
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