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Lecture 1.1 Advances in woven production
Adrian Buhu
TUIASI
Heura Ventura, Diana Cayuela, Mònica Ardanuy
UPC

1. Modernization of weaving machines
Machine manufacturers marketed their technologies as industry 4.0 ready, which is an indication of
readiness for the fourth industrial revolution that started in 2000. The industry 4.0 is taking advantage
of electronics and computers of industry 3.0 era to create applications using robotic, internet of things
(IoT), artificial intelligence, big data, etc. Advanced technologies are found on every type of machine
encountered in weaving.

2. Warping, Sizing and Sample Weaving
To be competitive and meet the demand for new products’ diversity, it is required to be equipped with
rapid prototyping machines, for sample production and evaluation, prior to the main production. Using
production warping, sizing and weaving machines to produce small samples leads to significant loss of
production efficiency, material waste and increased costs. Machine manufacturers offer solutions to
avoid these drawbacks by developing warping, sizing, and weaving equipment dedicated for the
production of samples and small runs [1].
The Taiwanese company CCI Tech Inc., specialized in manufacturing of sample warpers, sizing winders,
and sample weaving machines, showed at the ITMA 2019 their new sample warping machine with
creel integrated into the movable warping ring (see Figure 1). This allows to save space, differentiating
the model with respect to the previous Lutan v5.0 and v3.6 versions, which were shown at previous
ITMA shows, which require stationary standalone creel with considerable space requirement.
The features include 2.6 m working width, 15-500 m warp length range, 14,400 m/min warping speed,
24 creel capacity, 5 m pattern drum circumference, and 10 lease rods. With these features, the
machine is capable of producing intricate colour sequence for narrow-wide sample and medium run
production.
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Figure 1. Sample warping, model Lutan.com from CCI Tech Inc. (Taiwan) [ 2]

The warper is equipped with built-in software (Lutronic and SE-edit) with user-friendly interface to
enable setting the colour sequence, number and locations of leases and other warp specifications.
Following the user input, the machine automatically forms the warp with desired specifications per
user input. However, the beaming events require the operator intervention to transfer the warp from
the pattern drum to the warp beam.
To produce samples from yarns that require size treatment, sizing winders is the simplest route to
provide sized yarn wound packages to sample warpers. In fact, there are companies that use sizing
winders paired with sample warpers not only to produce samples but also to utilize for short, medium,
and long runs. CCI Tech Inc. also provides sizing winders. At the ITMA 2019 show, the company
exhibited their 2-spindle sizing winder Taroko [3]. The machine is offered in 2-spindle and 4-spindle
modular versions in maximum of 4 modules (i.e., maximum of 16 spindles), as shown in Figure 2. Each
spindle (position) is individually controlled with dedicated driving system, size box and heating zone.
With this setting, the machine can be used to run different yarns with different size formulas and size
concentrations, size-wet-pickup (and hence size add-on), etc. The machine may run up to 500 m/min
sizing speed. The Taroko is equipped with industrial PC/Windows OS and internet access via
WiFi/Ethernet for remote control and monitoring of each position.

Figure 2. Single end sizing winder model Taroko from CCI Tech Inc. (Taiwan) [3]
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CCI Tech Inc. also showed two of its single rapier sample weaving machine Evergreen II. The Evergreen
II has the same features as the previous version Evergreen I but more compact, to save space, and
much faster [4]. The Evergreen II is available in weaving width of 50 cm or 90 cm and can run up to 100
picks/min weaving speed. The machine is equipped with 8 weft feeders to cope with the high-speed
weaving. The machines are provided with integrated controllers and CAD system for weave/pattern
creation/entry with user-friendly interface.
Karl Mayer showed at the ITMA 2019 a version of their sample warper Multi-Matic®32. The 32 is the
creel capacity (permitting the use of 32 different yarn colours). The company offers 3 versions of MultiMatic® with creel capacity 32, 64, and 128 wound packages. The Multi-Matic® with creel capacity of
128 was previously shown at ITMA 2011. The three versions provide flexibility in terms of creel capacity
depending on the space and applications required by weavers. The comparison between the different
versions of Multi-Matic® is presented in Table 1.
Table 1. Comparison between features of Multi-Matic warping machines. Information adapted from [5]

Parameter
Working width, m
Warp length range, m
Creel capacity, max number of
packages
Optical Yarn break detection
Maximum colour change speed, m/min
Maximum warping speed, m/min
Maximum beaming speed, m/min
Beaming tension range, N

Multi-Matic®64 and 128

Multi-Matic®32

3.6 and 2.25
35 – 1500
64, 128

2.25
35 - 1050
32

yes
800
800
60 (150)
370 – 4500

yes
800
800
60
600 - 4500

As indicated in Table 1, the machines are capable of producing warp length range of 35-1,050 meters
in case of 32 version, and the range is higher (35-1,500 meters) in case of 64 and 128 versions. With
such range of warp length and width, the machines are capable of producing narrow-wide short warps
for sample weaving as well as wide and long warps for production weaving. Thus, the Multi-Matic®
machines are directly competing with sectional warpers. Additionally, the machines are not limited in
terms of colour repeat size (the entire warp can be one colour repeat, Figure 3) compared to the
limited colour repeat size in sectional warping machines. Beside the unlimited intricate colour
sequence, other features include automatic colour change, short set up time of colour sequence and
desired number of leases via friendly user interface CAD system.
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Figure 3. Large repeat colour ratio in Multi-Matic® from Karl Mayer (Germany)

Following the pre-programming and setting of the packages on the creel, the rest of the warping
process is automatic, including the leasing for drawing-in and size rod separation. After the warping is
completed, the beaming process requires the operator intervention to transfer the warp from the
pattern drum to the warp beam.
The selectable, innovative solutions offered by the PROWARP® configuration include PROACTIVE
warping, a system for optimising warp beam quality that will be cloud based in future. The new
development comprises a total of three levels and the amount of information increases with each of
them. Level 1 provides protocols with data on warping or beaming quality, which are supplemented in
level 2 by active quality management with a customer-defined star rating. This extension level also
offers the possibility of integrating a modern high-resolution camera system, an innovative solution
records measurement including the band width and band set-up (the distance from band to band or
to the cone). In addition, level 3 offers evaluations and diagrams for the single thread tensions of the
optional MULTIGUARD yarn stop motion. In levels 2 and 3, the data is also exchanged with the KM.ON
cloud via the KM.ON device k.ey. Using cloud networking, a real-time machine dashboard can be
created and, in future, it can be synchronised with new start parameters via an algorithm. If deviations
occur, production data can be optimised and adopted for repeat orders if desired. This allows the beam
quality to be improved, regardless of the operating personnel [6].
VANDEWIELE unveiled a creel termed “Smart Creel”. The creel is constructed with cells arranged in
rows and columns (matrix), as illustrated in Figure 4.

Figure 4. VANDEWIELE’s Smart Creel Robot winding
a red yarn onto a cell [7]
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The yarn is wound on each cell from large package supply through yarn feeder (same as weft feeder)
by a robot. Different coloured yarns needed for the carpet design are supplied from large packages. At
the ITMA 2019, the Smart Creel was set behind VSi32 Velvet Smart Innovator equipped with Jacquard
to feed the pile yarns. The length of warp pile yarn per each cell (bin) is preprogramed according to
the carpet design. Several creels and robots, Figure 5, may be used to accelerate the warping process.
The Smart Creel provides several advantages. These include:
(1)
(2)
(3)
(4)

elimination of human error for colour arrangement in the creel
elimination of back winding of packages and the need for winders
elimination of downtime for loading/reloading the creel
reduction of waste due to its smaller size compared to traditional creel (bins are closer to the
weaving machine)
(5) reduction of creel space since the bin’s size is much smaller than a wound package.
While the Smart Creel is intended for short runs (or samples) that may run back-to-back, the concept
could be expanded for medium and long runs by increasing the size of cells (bins). The Smart Creel can
replace traditional creel of sectional warper (indirect warper) and sample warper. The application of
Smart Creel may be also expanded to direct warping for medium and large runs depending on the bins
size.
Another type of creel is “Fast Creel” that was set behind a new RCE2+ Rug and Carpet weaving machine
to feed pile yarns. In the Fast Creel, each pile yarn is controlled individually by servomotor that
regulates the feed and tension of each yarn according to the pile length needed per the carpet design
(Figure 6).

Figure 6. VANDEWIELE’s Fast Creel of rotating packages and servomotors [9]

The servomotor is also functioning as a stop motion when its yarn is down via smart sensing of its
torque. This allows the pile yarns to be fed directly to the machine without the need for passing
through traditional stop motion a matter that save time and allow fast creeling of yarn packages.
VANDEWIELE developed TEXconnect system associated with carpet weaving production that acquires
data on each pile yarn consumption and tension and threading. The system also provides predictive
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maintenance. The combined development of Smart Creel, Fast Creel, and TEXconnect systems, selflearning carpet weaving machines is possible. The TEXconnect is a cloud platform for VANDEWIELE
customers that enables the digitalization process in a textile company [10]. These platform permits
connecting machines, software and digital data about textile processes which enhances productivity,
quality and efficiency in production.

2. Tying-in and Drawing-in
A new automatic drawing-in machine made by Groz-Beckert is WarpMasterPlus, which is based on the
previous version WarpMaster shown at ITMA 2015. WarpMasterPlus has the same features as the
previous version plus additional features that include operation via a modern and swivelling computer
with touchscreen (with optional 2 screens) for user convenience, Figure 7. As the previous version, the
WarpMasterPlus draws warp from a single yarn package followed by tying-in process, then weaving
[11].

Figure 7. Drawing-in principle used by Groz-Beckert in WarpMasterPlus

Groz-Beckert continued to show its different versions of KnotMaster (AS/3, TS/3, XS/3Q, RS/3, RSD/3,
2s/3, and TS/3 TapeMaster) automatic tying-in machines for broad range of warp yarn types [12].
These include yarns from natural and synthetic fibres, monofilament yarns, textured yarns, yarns
containing spandex, steel wires, PP and PET tapes, fancy yarns, yarns from glass fibre and highperformance yarns. The machines are capable of double end detection from leased or unleased warps
and equipped with yarn break detection.
Staubli continued to develop its SAFIR s60 automatic drawing-in machine [13]. The company also
developed a new tying-in machines: TIEPRO used for standard warps in any weaving mills, TOPMATIC
for very fine yarns, MAGMA for tying coarse yarns and TPF tying frames [14]. The most important
feature of these machine is the new method of yarn separation. The traditional method of yarn
Unit 1 Textile Technology
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separation is achieved with needle. Range of needles are required to handle separation in terms of
yarn type and size. The TIEPRO uses a small conical yarn separation mechanism and thus there is no
need for needles.

3. Weaving
Dornier at ITMA 2019 exhibited a total of five air jet (A1) and rapier (P2) weaving machines (three at
their stand, one at Staubli stand and one at Bonas stand) weaving diverse range of fabrics for apparel,
home textiles, and industrial textiles. Two P2 rapier machines, shown at ITMA 2015 before
commercialization, were shown at ITMA 2019. P2 Type TKN 8/S G24/ 90 cm machine was weaving
upholstery fabric and P2 Type TKN 4/E D8/360 cm was weaving coating fabric at filling insertion rate
(FIR) of 925 and 1,134 m/min, respectively, Figure 8.
The other three machines were A1 air jet. A1 Type AWS 6/S G16/210 cm (Figure 9) was weaving
automotive upholstery fabric at 2,010 FIR;A1 ServoTerry Type ATSF 8/J G/340 cm was weaving Jacquard
terry fabric at 2,184 FIR; and A1 Type AWS 6/J G/240 cm was weaving Jacquard women’s wear fabric
at 2,147 FIR (see Figure 10) [16].

Figure 8. Rapier weaving machine P2 [15]

Figure 9. DORNIER air-jet weaving machine A1, AWS 6/S
G16 with a nominal width of 210 cm
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Figure 10. DORNIER rapier weaving machine P1, PTS 8/J G
with a nominal width of 260 cm in combination with a
Jacquard machine Bonas
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Itema company showed six new (two air jet and four rapier) versions weaving machines A9500-2 and
R9500-2 at one booth. At another booth, Itematech (previously Panter that joint Itema recently)
showed four repair machines: one R9500-2, two Hercules, and one UniRap. The machines were
weaving diversified products for apparel, home textile, and technical textile. At Itema booth, one of
the air jet machines A9500-2/340 cm was weaving bed sheet and the other A9500-2/190 cm was
producing apparel fabric [17], [18]. The four rapier machines (R9500-2/220 cm, R9500-2/190 cm,
R9500-2/340 cm, R9500-2/260 cm) were weaving denim, shirting, Jacquard upholstery, and Jacquard
beach towel, respectively. Itema exhibited four machines for filter fabric (R9500-2/280 cm), geotextile
(Hercules/550 cm), heavy filter fabric (Hercules/380 cm), and furnishing fabric (UniRap/160 cm). The
UniRap machines are single positive rapier and was weaving a furnishing fabric from warp and filling
yarns made of flax fibre in a form of spread tow with zero twist. The linear density of warp and filling
yarns was 1,000 tex and warp and filling density was 0.67 threads/cm. To keep the warp yarn
orientation flat, a special heddle wires with flat eye were used. The weft feeder of rotating package
was also used to keep the filling orientation flat without adding twist. This machine could be used to
weave spread tows from high performance fibres such as Kevlar, Carbon, Zylon, etc. It should be noted
that the warp was fed by creel holding the packages of the spread tows. This setting does not require
warping process since the total number of tows is not high (0.67 threads/cm x 160 cm = 107).
Itema also introduced a new weaving machine model DISCOVERY, which was one of the main weaving
attractions at the show, with new filling insertion mechanism [19]. While the company referred to the
weft insertion as “Positive Flying Shuttle”, the machine is shuttleless that using stationary weft
packages and filling yarn feeders that are characteristics of shuttleless weaving. Thus, the machine is
a shuttleless projectile machine with gripper that is similar to the traditional Sulzer’s projectile. While
projectile is used as the filling insertion mean, its acceleration is conducted by drastically different
mechanism. In the traditional Sulzer (part of Itema), the projectile acceleration is conducted by a
picking arm that takes its motion from a torsional shaft. In the case of the DISCOVERY machine the
projectile is accelerated by a bar (termed by author “picking bar”) that moves horizontally in a groove.
The bar contacts the projectile and moves it a certain distance to provide enough acceleration (energy),
then reverses its motion leaving the projectile with the filling yarn to complete the insertion. The
contact between the picking bar and the projectile over certain distance/time could be to provide
smoother motion with gradual acceleration rather than the sudden impact method in case of the
traditional Sulzer’s projectile. During its movement through the shed, the projectile is guided by tunnel
with different and simpler shape than the traditional Sulzer projectile. Similar to the traditional
projectile, the DISCOVERY machine has several projectiles and the insertion is performed from the left
side of the machine. The machine was weaving two side-by-side denim fabrics with 8.75/1 cotton warp
yarn, 20 ends/cm, 167x2 dtex Polyester/Spandex weft yarn, 18 picks/cm, and 3.72 m width in reed.
The DISCOVERY machine weaving speed was 350 picks/min or (1,302 m/min filling insertion rate) and
it can run at 400 picks/min (or 1,488 m/min filling insertion rate). This is similar to the speed (or filling
insertion rate) range of the traditional projectile machines. With limited available knowledge from
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Itema, full features and applications of the DISCOVERY machine are yet to be revealed and evaluated
by weavers.
The Belgian company Picanol presented ten weaving machines. Five of these machines were air jet
machines (two OmniPlus-i-4-D-190 one weaving a car seat fabric and the other a poplin fabric,
OmniPlus-i-4-R-190 weaving a parachute fabric, OmniPlus-i-4-P-280 weaving a sheeting fabric and
OmniPlus-i-4-P-190 weaving a bottom weight fabric). The other five machines were rapier machines
(OptiMax-i-4-R-220 weaving a denim fabric, OptiMax-i-4-P-540 weaving an agro-textile fabric,
OptiMax-i-12-J-190 weaving a Jacquard upholstery fabric, TerryMax-i-8-J-260 weaving a Jacquard terry
towel and OptiMax-i-4-R-460 weaving a coating fabric). The range of the filling insertion rate of the air
jet machines was 1,914-2,535 m/min and for the rapier machines, with the exception of the two
machines weaving Jacquard terry and upholstery, was 1,456-1,485 m/min. TerryMax-i-8-J-260 and
OptiMax-i-4-R-460 machines were running at variable speed depending on different terry parts and
filling yarn types, respectively. Picanol built the OptiMax-i for denim fabric with near fully digitized
filling insertion. The pre-winder (filling feeder) is equipped with programmable tension display (TED)
with digital setting of the brake to control filling yarn tension during insertion. This permit storing and
monitoring the ideal tension for a given filling yarn for reproducibility in the future. The machine is also
equipped with Electronic Right Gripper Opener (ERGO) that is electronically controlled (instead of
mechanical adjustment) to digitally set the gripper opening to minimize the length of the filling waste
at the right selvage of the fabric. Additionally, the machine is furnished with QuickStep filling presenter
that allows digitally programming different timings for filling presentation, insertion and rest. With
these features along with already established digitized weaving efficiency and stop (warp, filling, and
other stops) data acquisition, self-learning machine is possible if big data analysis and artificial
intelligent can be added to get to Industry 4.0.
Smit srl. company exhibited the model ONE (single rapier), with 190 cm reed width, free flight system
(no guide is required to support the rapier during weft insertion) weaving intricate upholstery fabric at
380 picks/min (722 m/min FIR). Two model ONE machines were shown at ITMA 2015 and weaving
upholstery and 2-way stripped apparel fabric. The other four machines were:
a) New model GS980 with 360 cm reed width weaving Jacquard bed sheeting at 360 picks/min
(1,296 m/min FIR) using Bonas jumbo Jacquard of capacity of 27,648 hooks; the highest
exhibited at this show,
b) Model GS980 machine with 220 cm reed width, weaving synthetic sportswear dobby fabric at
550 picks/min (1,200 m/min FIR) with new device termed 2SAVE that eliminates auxiliary
selvages from both sides and allow the cut weft recycling.
c) Model GS980 machine with 280 cm reed width, Jacquard Staubli 6144, weaving Jacquard Terry
fabric at 289-320 picks/min (809-896 m/min FIR),
d) Model FAST weaving machine with 220 cm reed width, double free flight rapier producing
denim fabric at 700 picks/min rpm (1,540 m/min FIR), which is high speed for free flight.
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Toyota continued to show JAT 810 air jet machines that were shown at ITMA 2015. Three JAT810
machines were exhibited weaving at this show. These were JAT810 8T-280ES-ET weaving three sideby-side bath towels, JAT810 6SF-340DE-EF weaving curtain fabric, and JAT810 4F-190EC-EF machine
forming upholstery fabric. Additionally, the company showed new machine introduced as “JAT New
Concept” air jet weaving machine forming stretch bottom weight fabric of 230 cm width. The company
indicated that this is their next generation air jet machine looking ahead of automation, smart factory
and eco-technology.
Tsudakoma continued showing three ZAX9200i Master Air Jet Looms. One of the machines was
ZAX9200i-190-2C-C6 weaving industrial fabric from fine PE monofilament of 33 dtex in both directions
(warp and weft) at 1,200 picks/min and width of 156 cm (or 1,872 m/min FIR). Normally, water jet
weaving is used for fine monofilament filling insertion. The second machine was ZAX9200i-190-4C-D16
weaving interior upholstery fabric at 1,300 picks/min and width of 171 cm (or 2,219 m/min FIR). The
third machine was ZAX9200i-Terry-280-8C-J weaving three-side-by-side Jacquard terry fabrics at 1,000
picks/min for terry sections and 750 picks/min for the boarder sections and width of 260 cm (or 260
cm and 1,947 m/min FIR, respectively).
The focus of the weaving machine manufacturers was on diversity of their machines’ capabilities to
weave for the three markets, namely, apparel, home textiles, and technical textiles.

4. Narrow Weaving for Smart Applications
Jakob Müller showed at the ITMA 2019 a narrow weaving machine NFM®MDW® identified as “Multi
Direction Weaving”. The machine was weaving fabric containing two electrically conductive yarns from
blend of PES/Cu/Ag (e-yarns). The two yarns were moving independently from the main shedding
motion by the aid of guide for each. A strategic motion can be preprogramed to raise electric yarns out
of the reed (an open reed or comb), move to either side specified distance and picks, lower to interlace
with weft yarn. The calculated movement of e-yarns’ guides result in the formation of area covered
with electrically conductive yarns distributed over the fabric surface with desired pattern. The Cu and
Ag are anti-bacterial and electrically conductive materials and product with such elements may be used
as shoe liner and heating. The fabric with electrically conductive circuit can be used to connect devices
in electronic textile that have range of applications [20].

5. Three-Dimensional (3D) Weaving
Staubli produced 3D woven samples to demonstrate the capabilities of the company’s Jacquard and
dobby weaving machines. The display contains 3D orthogonal, 3D variable thickness, distance (spacer),
stitched multilayer, and unstitched/stitched double cloth for insertion of equipment, Figure 10.
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Figure 10. 3D woven samples made by Staubli [21]

The applications of these samples include preforms for composites, soft/hard body armour, embedded
electronic textiles, sensors, etc. At ITMA 2019, VUTS (Liberec, Czech Republic) company showed a new
air jet weaving machine dedicated for weaving 3D distance fabric with constant or variable distance
between the top and bottom base (ground) fabrics. Two warp beams were used; one to feed the warp
sheet for the top and bottom ground fabrics and the other to feed the pile warp sheet. The potential
applications for the distance fabrics include inflatable boats of different type, dock, mats, flood
protection, lifting bags, etc. Currently, the inflatable boat industry is using drop stitch technique to
distance two fabrics that will be laminated post drop stitching. Numerous needles are used for joining
the two base fabrics. The drop stitch machines and setting procedures are complex and lengthy. The
process may take over 20 days to remove and replace the needles. The distance fabrics produced by
the weaving process are much faster (productive) and easier to design and form with desired geometry
[22].
Optima 3D, new company formed in 2018, has designed and developed a range of 3D weaving
machines for formation of preforms for the composite industry [22]. The company showed its Optima
500/150, which uses shuttle system for weft insertion and a Jacquard shedding system with electronic
user interface for structure parameters input that provide preforms design flexibility.
While Dornier did not exhibit its new 3D weaving machine that was announced few years ago, the
Company provided brochure on their composite systems that included 3D weaving, which is used to
manufacture multilayer preforms for composite applications. The features of the machine include the
use of CAD system to program the weave structure, rigid rapier filling insertion system, individual warp
yarn control Jacquard shedding system, creel for feeding warp yarns from wound packages, and an
optional horizontal take-up system for thick preforms. The multi-layer (3D) weaving techniques have
been known for long time and used for the production of upholstery, hoses, tubular grafts, air bags,
etc. using one shed at a time. These products were developed before the invention of CAD systems
using mechanical dobby and Jacquard shedding systems. With the development of high-speed
electronic dobby and Jacquard system, the CAD systems are must to create digital weaves to control
the movement of warp yarns to form individual sheds according to weave design. While these CAD
systems can be utilized to develop 3D orthogonal, cellular, I-shape, and T-shape structures, it requires
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very skilled woven designer with deep understanding of the 3D fabric geometries. The need for CAD
systems that is intuitive and easy to use to develop 3D fabrics are sorely needed.
The software company EAT recently developed the 3D Weave Composite Software. The warp or the
weft cross-section is drawn digitally on square paper along with providing information on warp and
weft yarn size and colour (type) of each warp layer via user interface. Then the system provides
coloured 3D visualization of the structure. The software then converts the design to traditional up and
down motion of each warp yarn to weave with one shed at a time weaving machine.
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Questions for the evaluation of the lecture

1. Question 1: The warping, sizing, and weaving equipment dedicated for the production of
samples and small runs are designed to avoid:
Please choose the one correct answer from the three choices below.
a) Loss of production efficiency and material waste
b) Cost increase and products’ diversity
c) Products’ diversity demand and material

2. Question 2: Which of the following concepts is wrong:
Please choose the one correct answer from the three choices below.
f)

The advances in weaving production have not yet reached the industry 4.0 readiness.

g) 3D weaving allows to produce preforms for composites, body armour or embedded electronic
textiles, among others.
h)

Weaving production is also advancing in the production of textiles for smart applications or
the development of CAD systems.
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Lecture 1.2 Advances in nonwoven production
Diana Cayuela, Heura Ventura, Mònica Ardanuy
UPC

1. Introduction to nonwovens
Nonwovens are defined by ISO standard 9092 as “engineered fibrous assembly, primarily planar, which
has been given a designed level of structural integrity by physical and/or chemical means, excluding
weaving, knitting or papermaking” [1]. Nonwovens are made with fibres, filaments, or chopped yarns,
of any nature (natural or man-made) and in certain random distribution, that are bonded together.

1.1. General characteristics
Nonwovens present high versatility, innovation and cost-effectiveness, but moreover they can cope
with many technical specifications, which makes them an interesting solution for many applications
(see section 1.2). Nonwoven’s properties depend on many factors, such as the appropriate raw
materials selection, the production method used, and the finishing treatments applied later, such as
printing, embossing, moulding, laminating, etc. However, their most typical properties are:
●
●
●
●
●
●

Mechanical response: elastic, resilient, smooth, soft, stiff, stretchable, strong and stable
Weight: Light by definition, but can be obtained dense fabrics when necessary
Technical: abrasion resistance, tear resistance, flame resistance, sound and heat insulation,
absorbency or liquid repellence (depending on sort of fibre or treatment)
Durability: can have a short or long lifespan, depending on the end-use, and can even be
biodegradable
Porosity: they can be breathable or impermeable depending on treatment applied, so they can
have filtration properties
Easy to process: can be welded, sewn, glued, dyed, washed, ironed, moulded, etc.

Within some of the categories, the opposite properties are shown, what proves the high versatility of
nonwovens owing to the multiple combinations of raw material, fabrication process and finishing
treatment. In fact, their properties can be tailored to create solutions suited for specific applications,
typically reaching a good balance between product use-life and cost, which is their most remarkable
strength.
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1.2. Applications
Nonwovens are used in a wide range of applications from all textile fields, from fashion to technical
textile products. In fashion, nonwovens are used for: interlinings (inside the garments) for shaperetention and to increase the stiffness of some parts; background stabilizers for embroidery, to avoid
damaging the fabric due to the needle action; shoe and bag components, typically interlinings to
reinforce the aesthetic fabrics, or background of synthetic leathers; or even as decorations or exterior
fabrics in and fashion garments, for instance.
However, nowadays they are mostly used in technical applications such as [2]:
●

Agrotextiles: as crop covers, weed control fabrics, plant protection, greenhouse shading,
textile plant pots, etc., because their protective nature reduces the need for pesticides and
manual labour, improve the quality of the crops, and create a microclimate in which the heat
and humidity are controlled, besides their low cost.

●

Geotextiles: as canal and pond linings, soil stabilization and reinforcement fabrics, drainage
layers, leak control fabrics, etc., where it is needed to cover large areas hence the cost per
area and the availability in large amounts become key parameters. Nonwovens offer an easy
and fast production, availability of large wides, durability and strength, at a low cost.

●

Healthcare and medical textiles: in diapers, feminine hygiene products, or disposable products
used in the medical sector such as disposable caps, gowns, masks, scrub suits and shoe covers,
mainly owing to their low cost, softness and strength; but also for more technical applications
in healthcare sector, such as sponges, contamination control gowns, examination gowns, lab
coats, isolation gowns, transdermal drug delivery, sterilisation wraps, etc.

But also, to their versatility and technical specifications, nonwovens are used in many other sectors
such as the: automotive (car insulation, carpets, flooring, seats, interior trimming, filters, etc.); building
(thermal and sound insulation, roofing, vapour barriers, flooring, concrete reinforcement, etc.); or
household products (abrasives, furniture and upholstery, tea bags, cleaning wipes, etc.), among others.
Moreover, many potential applications arise from the field of smart textiles.

2. Conventional nonwoven production technologies
The fabrication process of nonwoven is generally described in three steps: web formation, web
bonding and finishing. The first step (web forming) consists in the preparation of a web of random
fibres. In the second step (web bonding), the consolidation of the web is achieved by the bonding of
the fibres. Finally, the third step is the application of finishing treatments.
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Table 1. Nonwoven production technologies

Web formation

Web bonding

Dry-lay route
Carding
Air-laid

Chemical route
Impregnation with binders

Wet-lay route
Suspension in a screen belt

Thermal route
Calendering
Hot air

Spun-melt route (extrusion)
Spun-laid
Meltblown

Mechanical route
Needle-punching
Hydroentanglement (spunlacing)
Stitch bonding

Finishing

Washing
Coating
Printing
Dyeing

There are several technologies available for each of these steps (shown in Table 1), and many
combinations possible, although their use will depend on the own nature of the fibres and the
properties expected for the resulting product, mainly.

2.1. Web forming technologies
Web forming technologies are mainly classified within 3 categories:
●
●
●

Dry-lay processes, based on the old textile felting process. Fibres are in dry state during the
web formation.
Wet-lay processes, based on the papermaking method (although with longer fibres). Fibres
are suspended in liquid during fabrication.
Spun-melt processes, also called extrusion or polymer-lay processes, based on a polymer
extrusion method. Here, filament is produced by melting and extruding thermoplastic
polymer granules; at the same time, the web is being obtained.

Dry-lay route
Dry-lay routes can process natural fibres, staple synthetic fibres or even recycled fibres (provided a
minimum length), what makes them very versatile technologies. As shown in Table 1, there are two
key technologies in the dry-lay route:
●

Carding. In carding, a series of toothed rolls disentangle the tufts fed in the machine to produce
the separation of the fibres, mix them, and form a homogeneous thin web. The resulting web
may be cross-lapped onto a conveyor to produce a thicker web. Since they pass through the
toothed rolls, fibres require a minimum length determined by the rolls distance. Moreover,
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fibres receive a certain parallelisation, which provides a preferential orientation of the fibres
in the web, often leading to less isotropic nonwovens.
●

Air-laid. In this case, fibres are dispersed into an air stream and deposited onto a conveyor belt
by means of pressure or vacuum. The resulting web can be, therefore, of the desired thickness,
and the random orientation of the fibres promotes obtaining a more isotropic nonwoven.
Moreover, it allows processing a wider range of fibre lengths (even short ones). Due to that,
air-laid is probably the best technology for processing recycles fibres (often shorter and with a
wide length distribution).

Wet-lay route
Wet-laid routes are designed to process short synthetic and natural fibres. The wet-laid process
consists on dispersing the fibres are dispersed in water, the deposited on a moving screen or mesh to
drain the water, forming the fibre web. This process can lead to a certain degree of fibre orientation,
which can be translated to a lower isotropy of the resulting nonwoven. This can be avoided/minimised
thanks to the own design of the equipment, and currently this process can produce highly uniform
nonwovens at very high speeds.
Spun-melt route
The spun-melt route can process thermoplastic polymers, and is a combination of spinning and web
formation technology. As shown in Table 1, there are two main technologies (although the electrospinning technique that will be explained later could also be included within this category):
●

●

Spun-laid. This process generates the web by extrusion of the polymer through spinnerets,
forming continuous filaments that are directly deposited on a moving screen. Due to the
residual heat in the filaments, a certain bonding in fibre-crossing points is achieved. The
deposition of the filaments is random, and normally, the resulting nonwovens obtained
present good isotropy.
Meltblown. Meltblown process is very similar to spun-laid, but in this case it uses finer
spinnerets combined with hot air to form finer filaments. Due to this, the filaments tend to
break eventually, which also differentiates the resulting nonwoven, typically characterised by
presenting a very high surface area due to the reduced thickness of the fibres. A good isotropy
is also expected for meltblown nonwovens.

2.2. Web bonding technologies
Webs, once formed, can be bonded (or consolidated) by chemical, thermal or mechanical means. Is
worth mentioning that the web consolidation process does not depend on the process used for the
web formation, and there are many available combinations. About the three main routes:

Unit 1 Textile Technology

Page 24

This project has been funded with support from the European Commission. This publication reflects the views only of the
author, and the Commission cannot be held responsible for any use which may be made of the information contained therein

●
●
●

Chemical route uses chemical products as adhesives (or binders) to generate the bonding.
Thermal route uses heat to partially melt the web, what generates the bonding between fibres
on the spots where they cross.
Mechanical route uses water jets, barbed needles or auxiliary yarns to physically entangle the
fibres, bonding of the web.

Chemical route
Chemical route can be used in any kind of fibre (natural or synthetic) by selecting the appropriate
binder. The only requirement is that the web must be able to be impregnated, by any means, with the
product. This bonding can be used in dry-laid, wet-laid or spun-melt webs, but is typically used in
combination with air-laid.
Since binders can be solid (such as powder), liquid or even in foam form, hence there are multiple
techniques to apply them, including foam, spray and print bonding [3]. Those are, in fact, impregnation
techniques widely used in multiple areas of the textile industry. The most relevant differences between
those methods mentioned are the degree of impregnation achieved, since this affects the properties
of the resulting nonwoven. For instance, saturation bonding completely covers the fibres with the
binder, this increasing the overall stiffness; whereas print bonding applies the binder in limited areas,
leading to higher permeability [3].
Thermal route
Thermal bonding requires polymeric thermoplastic fibres capable to melt at relatively low
temperatures to work. Therefore, it can be only used on webs made with such a material (such as
meltblown or spun-laid webs), or webs made by other web formation processes with a minimum
content of thermoplastic fibres. In those cases, typically, some low-melting temperature fibres are
added to the mixture, as binders for further carrying the thermal bonding processes.
Thermal bonding includes, among others:
●

●

Hot-air bonding. Also known as through-air bonding. In this case, heated air flows through
holes, penetrating the web of loose fibres, melting the thermoplastic fibres of the surface, and
achieving the binding at the fibre crossovers. The resulting nonwoven tends to present a stable
structure.
Calendering. Consists on passing the web of loose fibres through two rolls that, are least one
of them, is at high temperature, and that apply a certain pressure. This compacts the web, and
the points in contact with the heated roll(s) melt, providing the bonding. The rolls, quite often,
are embossed to leave specific patterns of shaped dots (e.g. squared- or diamond-shaped).
Shaped rolls tend to produce more flexible nonwovens owing that there are unfused areas all
over the nonwoven surface.
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Other welding-based techniques (such as ultrasound welding) are also thermal bonding technologies.
Mechanical route
The mechanical route can be used in any kind of fibre (natural or synthetic) as the chemical one, but
in this case the binder is not required, since are the own fibres the ones generating the web bonding
because of their entanglement (except in stitch bonding). To that end, the fibres require a certain
length and flexibility to efficiently retain the entanglement, and hence, the consolidation of the
nonwoven. Mechanical bonding includes:
●

Needle-punching. This is a clean, high-speed and low cost technology, based on the action of
barbed needles that oscillate vertically, trespassing the web, carrying tufts of fibres, generating
the physical entanglement. As the web advances throughout the needle loom, more fibres
entangle, so the consolidated fabric structure is formed. This method is often used in dry-laid
and also in spun-laid webs.
● Hydroentanglement. Is also known as spunlacing, and uses water jets working at high pressure
to entangle the loose fibres of the web, which is placed over a porous conveyor belt or similar.
Although it can be used in any type of web, it is more often used in wet-laid and dry-laid webs.
Since there is no need for auxiliary chemical products, it can be considered as a green
alternative.
● Stitchbonding. This method uses an auxiliary yarn, stitched by means of warp knitting
techniques, to consolidate the web. Due to this, the appearance and performance of the
nonwoven obtained are closer to the behaviour of a knitted fabric.

3. New trends in nonwoven production
After the overview of the conventional nonwoven production technologies, it is possible to state which
are, nowadays, the new trends in the nonwoven production. These revolve, mainly, around three key
pillars: last technologies developed (i.e. electrospinning), sustainability, and industry 4.0.

3.1. Electrospinning for nonwoven production
Electrospinning is a spinning technique based on the use of high electrostatic forces to produce
continuous fibres with diameters ranging from microns to nanometres in size. However, those
nanofibers are collected in a grounded surface. Depending on the shape and size of the collector,
nanofibers can present a random distribution that corresponds to a nonwoven structure.
After deposition, the charges are quickly dissipated, but the low conductivity of most materials used
can limit this dissipation, leading to residual changes on the deposited fibres’ surface that might
produce a repulsion of the jet due to the similarity of their charges. This effect not only affects the
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behaviour of the electrified jet, but also limits the thickness of the nonwoven mat to around 0.5-1 mm
[4].
There are many parameters that affect the electrospinning process, from environmental conditions
(relativity humidity, temperature), to the polymer solution used (polymer concentration, viscosity,
solvent and solution conductivity), passing through all the settings of the equipment (applied voltage,
solution flow rate, collector type, distance between the needle and collector, or needle diameter,
among others) [5]. The effects of these parameters affect not only the fibre diameter, morphology and
regularity, but also the fibre distribution, thickness and porosity of the resulting structure, among
others, defining the final properties of the resulting nonwoven.
A very important application field for electrospun nonwovens is filtration. This topic has been of a
special interest for production of safer masks for Covid-19 protection. In fact, electrospinning allows
the production of porous membranes constituted by highly porous nanofibers, hence with double
filtration capabilities. Nonetheless, electrospun nonwovens can be used in other highly interesting
applications such as desalination, electronic nanosensors, or, in the medical field, as substrates for
drug delivery systems, in tissue regeneration, or as wound dressings or scaffolds, among others [5].

3.2. Sustainable nonwovens
The use of nonwoven fabrics is often associated with the production of disposable or short life span
products. In this sense, nonwovens are excellent materials given their low cost and easy fabrication.
However, near 70% of the materials used for nonwoven production (both binders and fibres) are
synthetic. Combination of these two factors, synthetic raw materials in disposable products, leads to
problems of disposability and microplastics contamination, among others.
Thus, the current environmental awareness has driven the nonwovens industry to develop, implement
or promote more sustainable approaches such as: the increase the durability of nonwovens products,
to switch from the “disposable” concept to the “reusable” one [6], or the use of recycled or bio-based
raw materials.
The own properties of nonwovens can also be improved to increase their durability, reduce the need
of binders, or to reach highly technical specifications. This can be achieved, for example: by increasing
the bonding capabilities of natural fibres; by promoting self-bonded cellulosic nonwovens with ionic
liquids; or by using enzymes or plasma to minimize the amount of binders needed [3].
Circularity concept is also reaching the nonwovens field. The idea is, basically, that once a product
piece arrives to its end-of-life, it can be transformed into the raw material required for the production
of the following piece, ideally leaving zero waste behind. It has to be taken into account that the raw
materials selection does not only affect the nonwoven properties, but also their possibilities for further
recycling, and hence, for their circularity.
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The disposability problems of both pre- and post-consume fashion textiles is boosting researchers and
industries to find alternative solutions for this kind of waste. Although in circular economy these would
be transformed again into fabrics for garment fabrication, the reality is much more complex, and that
is not always a possible option. They present problems of classification and fibre separation, and the
technologies to process them are relatively limited.
A classical solution for these wastes is to shred the garments to obtain reprocessed fibres, and then
use these fibres to obtain nonwovens for insulation in building and automotive sectors, and for
cushioning and similar applications. Despite not being a new approach, these options are gaining
popularity, and the use of such structures for composite reinforcement is focussing the attention of
researchers.
Moreover, in recent years, an increase of the use of recycled fibres for nonwoven production has been
observed. An example are polyester fibres obtained from the recycling of PET bottles [7]. Being this a
thermoplastic material, a certain circularity can be expected if these fibres are used in nonwovens with
no mixture with other fibres and, ideally, transformed through processes requiring no binders.

3.2.1. Bio-based nonwovens
As aforementioned, nowadays around 67% of the nonwovens production corresponds to virgin
synthetic polymers (such as polypropylene and polyester, among others). However, bio-based
polymers (such as wood pulp and viscose) represent 20% of the raw materials, followed by a 12% of
recycled polyester [7]. This is consistent with the worldwide trend towards a greener production,
highlighting that it is also the case of the nonwovens sector.
In this context, bio-based materials (which are generally renewable and biodegradable) are the most
promising alternative to the petrochemical-based raw materials in nonwoven production. The main
focus is placed in lignocellulosic materials (such as traditional fibres, regenerated cellulose fibres, lignin
binders and wood-derived nanomaterials), buth other interesting possibilities are also available, such
as polylactic acid (PLA) fibres or polyhydroxyalkanoate (PHA) binders.
Bio-based fibres
Bio-based fibres are focussing the interest for the production of more sustainable nonwovens.
According to a recent review by Santos, Ferreira and Maloney [3], these are:
Plant fibres, which are often processed by air-laid and wet-laid techniques and bonded with
biodegradable or water-soluble binders, being the most common:
● Cotton, for absorption-related applications (especially organic cotton)
● Hemp, for automotive and building insulation applications
● Flax, for composite reinforcement
● Jute, for composite reinforcement, insulation and geotextiles
● Bamboo, for composites but even for healthcare applications if combined with other fibres
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●

Fibres from agrowaste (such as straw, sugarcane bagasse, corn, coconut or oil palm fibres, and
many others) for composites and agrotextiles, among others.

Wood pulp fibres, which are renewable, abundant and cost-effective. Are processed by air-laid, but
also by wet-laid technologies, followed by chemical bonding. Their most common use is in disposable
absorbing products.
Man-made cellulosic fibres, also called regenerated cellulose fibres, which are obtained by spinning
dissolutions of cellulose. Although being man-made, they are not considered as plastic, and present a
higher biodegradation and recycling potential with good technical performance. Is the case of:
● Viscose (or rayon), for spunlaced wipes, healthcare applications or reinforcements, among
others
● Lyocell (a kind of viscose obtained through a greener process), for hygiene products
● Cellulose acetate fibres, for cigarette filters
Other plant-based, animal-based and microbial fermentation-based fibres, can also be used as raw
materials for the development of more sustainable nonwovens. These are alternatives such as:
●
●
●

Alginate fibres,
Chitosan fibres, for medical applications
PLA fibres, for a wide range of applications in the healthcare, medical, agrotextile and
packaging sectors, among others. Given that PLA is a thermoplastic and biodegradable
biopolymer available on the market and with good properties, it presents a great potential in
short-term for production of sustainable nonwovens.

Bio-based binders
Regarding binder products used for web bonding, bio-based binders can be used to replace those
synthetic ones, as they can present equivalent behaviours with or without treatments required. Some
examples are [3]:
●
●
●
●
●
●
●
●
●
●

Cellulose acetate fibre binders
PHA fibre binders
Bacterial cellulose suspension
Alginate-based solutions
Bio-latex dispersions
Starch and starch-based aqueous dispersions or polymer solutions, which are non-toxic,
biodegradable and low-cost
Lignin-based and tannin-based adhesives
Soy-protein bio-based resins
Polymers based in cottonseed-protein and several natural gums
Microfibrillated cellulose, cellulose nanocrystals and bacterial cellulose
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3.3. Industry 4.0 for nonwoven production
Industry 4.0 is seen as the on-going fourth industrial revolution, allows an increased automatisation of
production processes, which helps companies to improve efficiency in their production and energy and
resources consumption, while having real-time information about the manufacturing process. This is
because industry 4.0 technologies are based in intelligent machines connected to the Internet (Internet
of Things or IoT), with enhanced machine operation to achieve a smart energy consumption, determine
needs for predictive maintenance, work with assistance systems for maintenance, repair and
operation, and control production with advanced process control systems, all with the help of big data
analytics [8].
As could be seen in the last ITMA, which took place in 2019 in Barcelona, industry 4.0 has been the key
development pilar for most of the textile industries in the last years, also in the nonwovens sector. The
incorporation in production equipments of machine-learning, IoT, big data analytics or assistance
systems, is currently a reality. The most relevant points for the implementation of industry 4.0 in the
nonwoven production are [8]:
●
●
●

Self-optimizing machines to reduce the waste production, energy consumption and machine
downtime
Big data analytics to reduce the machine downtime
Assistance systems to reduce the machine downtime and increase the labour efficiency

4. Challenges and opportunities for nonwoven textiles
The global nonwoven market, even within the Covid pandemic, was estimated at $38.3B in 2020,
increasing by 6.9% the results of the previous year [9]. Analysts point to the booming demand for
facemasks and other medical textile goods as the reason, owing that this has been a key driver for the
nonwovens market.
Covid-19 pandemic led to significant changes in all markets and trends. This, together with the growing
interest of final consumers on their own consumption habits and also sustainability issues, is changing
the way the products are designed, developed and marketed. As pointed out by Nick Carter, (Director
of Market Business Intelligence and Intellectual Property at Avgol: “Consumers that had historically
selected products based on fairly logical choices are now making purchase decisions that consider
brand values and lifestyles as priorities” [10], where nonwoven-based products are not an exception.
Facemasks for Covid-19 protection can be a good example. Once the most critical moments of shortage
passed, after the obvious safety requirements, sustainability became one of the most important
selection factors together with aesthetics (sometimes even before price) for many individuals and
entities.
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Other challenges that are worth mentioning are the need for differentiation, and the stock keeping
unit [10]. Regarding differentiation, in the field of nonwovens often means the positioning of the
product by its specifications and the search for new developments and applications. Concerning the
stock keeping unit, the production runs tend to be shorter, and this system allows having a larger
variety of products available for the consumers, but also presents some cons along the supply chain
due to higher complexity, additional costs and expectations of shorter delivery times.
However, the nonwovens sector has been greatly growing in recent years, thanks to the low cost, easy
production, innovation and development of the material, which has positioned nonwoven textiles as
the preferred alternative, before woven and knitted fabrics, in many high-value goods. The
opportunities for this kind of textile products, hence, arise from the research and development in order
to ensure that nonwovens can cope with the expectations for highly technical solutions and/or more
sustainable products.
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Questions for the evaluation of the lecture

1. Question 1: The current trends in nonwoven production…
Please choose the one correct answer from the three choices below.
a) … are highly influenced by the increasing environmental awareness
b) … do not consider the implementation of industry 4.0 technologies to improve efficiency in the
nonwoven production
c) … do not consider the use of recycled raw materials because they present technical difficulties

2. Question 2: Which of the following nonwoven production technologies is the most versatile
to process regenerated fibres that present a mixture of natural and synthetic fibres?
Please choose the one correct answer from the three choices below.
a) Air-laid + binder impregnation
b) Spun-laid + needle-punching
c) Wet-laid + calendering
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Lecture 1.3 Advances in knitting production
Mariana Ursache
TUIASI

1. Advances in knitting production
Knitting is a versatile technology that is based on the successive looping of yarns and interlacing of
these loops with the previous ones to form stitches. Weft knitting is characterised by the successive
looping of one or several yarns taking place along the horizontal (course) direction, while in warp
knitting the successive looping occurs along the vertical (wale) direction for at least one system of
yarns. Figure 1 presents a general classification of the weft and warp knitting technologies based.

Figure 1. General classification of knitting technologies

There is no question about the relevance of knitting technologies and their products in the current
industry. Knitted goods cover a large range of products, including garments, decorative, and for
technical and functional/smart domain. The advancements in the last two decades saw:
●
●

enlargement of technical possibilities and fabric/product quality as the knitting elements and
devices were/are continuously improved,
diversification of fabric shape and the knitting of integral products with complex 3D architecture,
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●

diversification of raw materials, from new fibres, blends and yarns with special effects to high
performance fibres like glass, carbon, metal, etc.
● development of new structures or the adaptation of technologies that previously could not
produce such patterns
● development of technical and functionalised/smart knitted fabrics for a huge range of applications
outside the traditional domains, such as medical, composite reinforcement, sport and leisure,
packing, e-textiles, etc.
This chapter is dedicated to the most representative advancements recorded in the field of weft and
warp knitting. There are several companies producing knitting equipment, but the most important
actors are: Shima Seiki (Japan) and STOLL (Germany) for weft flat knitting, Mayer & Cie, Terrot
(Germany), Monarch (USA), Pai Lung (China) and Santoni (Italy) for circular knitting and Karl Mayer
(Germany) for warp knitting.

2. Advances in knitting technology
The manufacturing process of flat knitted garments can be divided into three different production
methods: cut & sew; fully fashioned garment/ integral fully fashioned; seamless technologies / integral
knitting (Wholegarment / Knit & Wear concepts). Cut & sew is a method common to circular weft
knitting and warp knitting as these machines deliver continuous tubular/flat sheets of knitted fabrics
of which length depends on the machine’s capacity of fabric storing. In the case of weft flat knitting
machines and certain circular ones, the knitting is done in straight panels that require cutting and
sewing. By fully fashioning the panels to the shape of the product pieces knitting on a variable number
of needles (narrowing and enlarging), the cut operation is eliminated, significantly reducing the
industrial waste. Currently, this production method is the most common for flat knitting.
Seamless/integral technologies have become more and more popular, being seen as an alternative to
conventional knitting. Their main benefits include a better fit and comfort through 3D shaping, an
improved draping through elimination of seams, a quick-response production and minimum material
usage through one-piece construction, allowing for the development of the Zero Waste design. The
method is still limited by the long production times and complexity of the knitting process and machine
service. The concept of integral knitting is based on the ability to knit tubes of different structures and
variable dimensions/shape that are to be connected [1]. This requires the control of the position of the
stitches on needles through sinkers and improved transfer that will ensure the connection between
tubes.
Seamless circular knitting machines differ from seamless flat knitting machines. They can produce
more than one tube that has to be joined together. The complete garments knitted on circular
machines may also only need a minimal cutting operation. Shaping is also obtained by using different
structures/patterns that influence fabric dimensions. Also, seamless circular machines require
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different diameters in order to fit the garment size. Consequently, seamless knitting on circular
machines is not true seamless knitting. The knitted products are used for garments (outerwear and
underwear), sportswear, as well as medical products and footwear [2].
Karl Mayer, the leader in warp knitting machinery, has developed double-bar warp knitting machines
(Smart Tronic® Double Needle Bar Machines with Piezo-Jacquard Technology series) capable of
producing seamless items [3]. The seamless products are obtained by knitting separately on the two
beds in order to form tubes of pre-set length and width, corresponding to the products pieces.
As most innovations in integral/seamless knitting are recorded for flat knitting, these will be discussed
in this chapter. Shima Seiki has developed the Wholegarment concept and knitting machines, latest
models being MACH2XS and MACH2X that present a 4-needle bed. The two extra beds on top of a
conventional V-bed increase capabilities in knit and transfer, resulting in a wide range of structural
patterning capability in WHOLEGARMENT production and the possibility of working on all needles
when knitting the products.
Another innovation from Shima Seiki facilitating integral knitting is the SlideNeedle™ containing a
flexible two-piece slider mechanism that splits and extends beyond the needle hook for increased
potential especially in complex transfers [4]. This mechanism effectively eliminates the transfer clip,
allowing the needle to be mounted in the centre of the needle groove. The resulting stitches are
completely symmetrical, improving on the quality and aspect of the knitted fabrics. Stoll has
introduced the pelerine spring loaded needle with spring-loaded latch that facilitates the entire
process of integral knitting.
Integral/seamless knitting also requires holding down the stitches on the needles and this is carried
out using a movable sinker system, each sinker being controlled individually by springs. The position
of the stitches throughout integral/fully fashion knitting can also be controlled during the knitting
cycles using a pressing device: a stitch presser by Shima Seiki with motor-driven system which allows
the pressers to carry out individual on/off adjustments in both knit and transfer, in either course
direction. Stoll uses a presser foot for controlling the stitch position for both knitting and transfer.
Stoll introduced the ADF machines at the beginning of the 2010 decade. The innovation refers to the
yarn carriers that move independently of the carriage, and are set program-controlled in their
horizontal and vertical position by servo motors. A single yarn carrier can be used for all knitting
techniques, allowing for pattern diversification. This allows for a significant diversification in patterning
possibilities (like Inverse Plating, Intarsia Plating, Selective Plating, Stoll-ikat plating®, Stoll-weave-in®
etc.). Extending their Knit & Wear concept series [3], Stoll has launched an ADF model 830-24 KI W
KNIT&WEAR capable of knitting integral products with the advantages mentioned above [5].
In terms of feeding mechanisms, the main problem in flat weft knitting is the accurate control of the
yarn tension. Shima Seiki has developed a new digital stitch control system i-DSCS+DTC [6] that is
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capable of actively controlling yarn-feed in both feed and retrieval directions as necessary, through
variable electronic control of yarn tension. This digital control enlarges the range of yarns that can be
processed on the knitting machines (fancy yarns, stretch yarns, slub yarns and delicate cashmeres) and
the fabric quality and compliance with the technical documentation. Stoll uses a friction feed wheel to
control the uniformity of the feeding yarn tension and to maintain at lower values. Variations in stitch
dimensions are possible through Flexible Stitch and PTS (Power Tension Setting) devices that allow for
different tensions in a row.
Take-down is another problem of utmost significance for 3D integral knitting, as it has to ensure that
each stitch is under the same amount of take-down force. Take-down systems include the comb, main
take down rollers and auxiliary rollers placed under the knitting area. For example, Shima Seiki
developed a new computerized pulldown system consisting of front and rear panels over which tiny
pins are distributed for separately controlling pulldown tension for the front and back when knitting
WHOLEGARMENT knitwear [7]. In addition, each panel is separated into 1.5-inch sections which can
be individually controlled for specific tension control across the entire width of the garment.
As a consequence of the advances in flat knitting machines, new structures or types of patterns up to
now impossible to produce on flat knitting machines represent another direction for innovation. These
patterning possibilities create new textures that can be used in an innovative manner by textiles and
fashion designers.
Plating is one pattern that was strongly developed in the last decade. The pattern is based on feeding
two yarns of different colour to be knitted together while strictly controlling the position of the yarns
on each needle. Inverse plating patterns are based on reversing the position of the two yarns for
selected stitches, thus creating a colour pattern similar to jacquard. In this direction, Shima Seiki offers
the i-Plating option for its SVR093SP and SVR123SP models, which allows it to produce reverse plating
with selection in single jersey structures. The reversing of the yarns is obtained with special loop
pressers (sinkers). An example of such a reverse plating with selection is presented in Figure 2. Stoll
has developed its plating patterning possibilities even more, with modules for ikat plating (that creates
the impression of a variety of colour shades, using only two yarn colours), selective plating, reverse
plating and intarsia plating.
Another interesting type of pattern to be introduced to flat knitting is produced with the Stoll-devoré
knit© technique [8]. The technique uses plating (only the yarn visible on the rear is transparent) and
is based on the possibility to select needles on which both yarns are fed and needles on which only the
rear yarn is fed. For the latter, the front yarn floats and the stitches are formed only by the transparent
yarn, leading to an effect of missing yarns, exemplified in Figure 5 above.
With the use of weft in-lays (Stoll-weave-in® and Shima Seiki Inlay techniques), the knitted fabrics
acquire a weave-like effect, with all the advantages of integral/fully fashion knitting. Figure 6
exemplifies this effect.
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Figure 2. Detail of a pattern obtain with i-Plating
technique and single Lacoste pattern (model
I2292S009) by Shima Seiki

Figure 3. Example of selective and inverse plating
(detail from model 1410097) by Stoll

Figure 4. Example of selective plated si nglecoloured pattern in jersey transfer structure (model
2010006) by Stoll

Figure 5. Example of devoré knit pattern by Stoll

Figure 6. Example of weft inlay pattern (model
1810024) by Stoll Weave-in technique
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3. Advances in digitization and connectivity
The concepts of Industry 4.0 are becoming fast dominant in the knitting sector, all producers offering
now client-oriented software with improved performance and capabilities for process optimization,
not only for design and prototyping, but also for production. The main trends are:
●
●

Digital design and product development and fabric/product simulation
Total connectivity throughout the entire knitting process and moving up to the entire value chain.

Shima Seiki developed the SDS One APEX 3 programming station. The APEX design software [9] has
different modules that design knitted products and fabrics (panels - structure, shape and puts together
the pieces into the product) and simulates its assembly and position on the body. Simulations are
extremely close to reality due to the accurate shaping of the stitches and the large digital library of
yarns (yarnbank™). This is tailored for virtual prototyping with a positive impact on the cost and
duration of collection development. It also allows real-time production control when the order is
launched through ShimaKnitPLM®. The last generation is APEX 4, promoting the Total Fashion System
concepts, linking the planning, production and sales stages for the companies.
Shima Seiki has launched its first subscription-based software called Apex Fiz, a platform created in
response to the shifting work patterns induced by the global pandemic. It allows access for designers
in remote locations to design tools from the APEX software, offering access to the vast digital library
of yarns, fabric/product design and 3D simulations, colour variations.
Another development is the mass customization software MADETOFIT - The concept begins by
scanning a body using a smartphone app, sending that data to a server that automatically adjusts
preloaded data categories including size, length, sleeve length and colour, and then knits the garment
on the MACH2XS103 WholeGarment knitting machine.
STOLL knitelligence® [10] is an Industry 4.0 platform that creates a network for knitting companies,
available for their Knitelligence series (ADF 530K). It brings together several tools that facilitates the
process of design, prototyping and manufacturing, reducing ties and with a strict control over
production management:
●
●
●

●

STOLL-artwork® – knitting support in Adobe® Photoshop®, facilitating the communication
between designers and technicians
STOLL-autocreate® – automation tool for creating knitting programs without manual intervention
M1plus® and k.innovation CREATE/CREATE PLUS – well known pattern software and new pattern
software for the M1plus creation of knitting programs. CREATE PLUS digitizes the entire workflow
and offers knitting companies a direct link through the KM.ON cloud.
GKS (Grading for Knitting System) - highly efficient tool for shaping and grading. GKS integrates
fully dimensioned and functioning shape-templates, for all typical pattern variants
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●

PPS (Production Planning System) – software tool for production planning and machine
management.
● APM (Auto Production Mode) is a tool that allows to start the orders launched through PPS
without any intervention
The full effect of this all-in-one software solution unfolds around the Remote Desktop feature. It allows
the user to make changes within the production directly at the machine. This decreases reaction times
and improves flexibility.
Stoll has also developed the knitrobotic-kit, a kit that adds automated robotic functions, premiered at
ITMA 2019 [11].
Karl Mayer implemented its KM.ON’s digital portfolio of services [12] that will support customers in
selected areas and is made up of eight solution categories; k.ey – a conventional industry PC together
with an appropriate software – provides access to the solutions (k.management, k.innovation,
k.production, k.maintenance, k.quality, k.ey, k.service). The platform of hardware and software can be
installed easily and links the machines securely to the protected cloud. The first apps and solutions
covering the three areas of Management, Maintenance and Service, are available on the market now.
The k.innovation online patterning is introduced for the HKS 3-M ON tricot machine that works with
data loaded directly from KM.ON’s secure cloud rather than pattern disks. It is based on the new ON
pattern drive and networking the machines via k.ey. A customer (producer) can acquire structures
from K. Mayer through the SwapKnit app (by buying the data or accessing them directly on the cloud).
This cuts costs related to the change of patterning mechanism, duration of the process and increases
structural creativity.

4. Technical and functional/smart applications
With all the developments in garment manufacturing and the extremely wide range of possibilities for
textiles and fashion design, it is the technical applications that show the most promising market
potential for the knitting industry. Their flexibility, formability, specific geometry and adaptability to
processing different HPFs, make weft/warp knitted fabrics best suited for many technical domains,
most important being medical, sports and leisure, packing, geotextiles, composite reinforcement,
automotive, with footwear applications becoming more significant in the last decade. Conductive and
e-knitted fabrics (fabrics with electronics integrated through knitting) are also a field where
advancements have been made.
Knitted fabrics are used for both implantable and non-implantable medical applications. Examples of
implantable materials are hernia nets and vascular grafts made by warp knitting, as it can manufacture
a wide range of nets with different cell geometry and is more resistant and porous for grafts. Knitted
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fabrics (both weft and warp) made of biopolymers can also be used as scaffolds for tissue engineering
[14]. They have the advantage of high porosity and preserve internal connective spaces under
mechanical tension.

Figure 7. Example of tubular warp knit used for
peripheral vascular grafts [13]

Figure 8. Example of knitted scaffold used for tissue
engineering [15]

In the case of non-implantable textiles, knitting is well suited for support bandages and compression
bandages/garments. The 2D/3D shaping possibilities and the use of different types of structures allow
to adapt the products to the body area where it will be used and to control the level of applied
pressure, as it is required in compression therapy [16].
Multiaxial warp knitted fabrics with glass or carbon layers that can deposit yarns along preferential
directions are used as composite reinforcement for applications such as wind turbines. The yarns are
placed at 0° (weft inlays) and at an angle ±Θ that depends on the application and machine possibilities,
in individual layers. These layers are created before reaching the knitting area, where filler yarns (warp
inlays) are added while the ground structure gives the ensemble its cohesion. As the non-crimping of
the yarns in the layers is essential for the performance of the composites, a Walking needle mechanism
was created, to minimise the fibre disruption caused by the needles when penetrating the layers. The
reinforcing materials can contain substrate fabrics and chopped strands mats (chopped glass fibres)
that will improve their behaviour.
Exploiting their potential to produce fabrics with complex architecture (spacers, shell structures,
tubes), flat weft knitting can also produce advanced composite reinforcement with 3D geometry
corresponding to the final shape of the composite. These so-called preforms present the advantage of
reducing production time, as there is no need to arrange or assemble the materials before introducing
the resin.
Geotextiles is an area where warp knitting is an important technology, as it can manufacture composite
geogrids of different openings to be used for soil reinforcement and layer separation. For short-term
applications (land consolidation), the grids are made of bast fibres that are biodegradable.
Warp knitting is also suited for spacer fabrics with open or closed exterior layers. Such structures find
a large range of applications, like footwear, padding areas for different garments or other products,
upholstery and mattresses. Their thickness can go up to 15 mm. Karl Mayer has developed 4DUnit 1 Textile Technology
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KNIT.SOLUTIONS on their RDPJ 6/2 EL model, combining a special bar arrangement and technical
configuration with Piezo-Jacquard technology to add relief effects on both sides of the spacer fabrics.
Furthermore, patterns can contain openings, for directed air flow or lighting effects.
Smart knitted products, especially containing electronic circuits and integrated sensors are an
important research direction in the last decade with spectacular results. Conductive yarns of different
natures (metallic or coated polymers) can be introduced in weft/warp knitted fabrics to form stitches,
tucks or floats or as inlays. A wide array of sensors can be produced through knitting to measure
different responses (mechanical, physical, chemical, electrical, biological, etc.) [17].
An important application is smart knitted garments for health monitoring. Such garments have sensors
for vital signs, like temperature, heart rate, pulse, etc. and are also used in the field of training by
athletes.
The Knitted Sensor Glove developed by Stoll in collaboration with Bosch GmbH and presented first at
ITMA 2019 is the recipient of the TechTextil Innovation Award. It is used for data collection in various
areas of application, such as complex working processes, virtual reality (VR) or augmented reality (AR).
The innovative concept that makes this glove different from the existing other data gloves is the use
of textile sensors and textile conducting paths enables a full integration of all necessary components
and functions into the glove. This simplifies the manufacturing process significantly and allows for a
cost-effective and automatable serial production.
The glove (Figure 9) contains sensors placed at fingers level, introduced in the fabric structure that
record the bending angle during movement and a box that includes the electronic equipment to
process and analyse the data and a power source connected to the glove through an interface. The
box is placed on the wrist and is waterproof and impact resistant. The system is sustainably designed
so that each distinctive component can be replaced or re-used when needed.

Figure 9. A knitted augmented and virtual reality sensor glove from Stoll [ 19]
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Questions for the evaluation of the lecture

1. Question 1: What is seamless knitting?
Please choose the one correct answer from the three choices below.
a) Seamless

knitting

involves

knitting

tubes

of

different

structures

and

variable

dimensions/shape that are to be connected together to form directly the product
b) Seamless knitting involves knitting fully-fashioned panels that are later assembled to form the
product
c) Seamless knitting involves knitting a tube of fabric from which pieces are cut and then
assembled

2. Question 2: What are the main trends in development for the knitting sector in terms of
Industry 4.0?
Please choose the one correct answer from the three choices below.
a) Digitization of the entire workflow and connectivity
b) Development of sensors for quality monitoring
c) Development of new systems for production management
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Lecture 1.4 Advances in braiding production
Luminita Ciobanu
TUIASI

1. Advances in Braiding Production
Braiding is a versatile technology that is based on the intertwining of at least one set of yarns in bias
directions. From the structural point of view, braided fabrics are similar to woven ones in respect to
the existence of two sets of yarns that go above and under each other, but the difference is that this
intertwining is carried out at another angle than the right one (10° to 80°). Basically, the yarns, placed
on carriers, are moved by discs with several slots (called horn gears) according to a specific path (track).
The ratio with which the yarns are intertwined defines the structure of the braided fabrics: 1x1
(diamond), 2x2 (regular) and 3x3 (Hercules). The 1x1 pattern is the most common structure and is also
called diamond, due to the general aspect generated by the yarns. It is also the most stable pattern,
leading to better mechanical behaviour.
The applications cover an extremely diverse range of uses from simple to complex that include clothing
(outerwear and lingerie); shoelaces; candle wicks; sleeves, cords, harnesses and ropes used for fishing
and seafaring, offshore drilling, aeronautic industry and automotive, protection for electric cables,
sport and leisure. Medicine represents a large array of applications, from scaffolds for tissue
engineering to implantable (like sutures, meshes, stents, catheters, grafts), hard implants and nonimplantable applications, such as elastic/nonelastic bandages, compression garments or orthopaedic
devices. Braiding technology is capable of processing normal yarns (both natural and synthetic fibres),
but also high-performance medical fibres (biopolymers like collagen, chitosan, PLA, etc.).
Composite preforms represent one of the most important domains for the recent developments, both
in 2D and 3D braiding, with a large diversity of preform shapes and dimensions produced using high
performance fibres like glass, carbon and aramids. For example, recent researches show the potential
of braiding to process other HPF like tungsten for high heat flux applications, like example plasmafacing components of future nuclear fusion devices [1].
Apart from developing 3D braiding machines, the current focus is on making the transition toward
Industry 5.0 through flexible CAD/CAM tools, product customization and apps for production
monitoring.
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Another interesting development is the use of braiding to produce sensors by including conductive
yarns in the braided structures or creating braided yarns with conductive characteristics used to
introduce sensors in other fabrics.
There is a large range of technologies used to produce 2D/3D braids, tubular, flat or with a complex
cross-section. This diversity makes classification complex, resulting in different attempts to organise
information regarding the braiding process and braided fabrics, especially in the case of 3D braiding.
Kyosev [2] provides the most comprehensive classification of the braiding machines, according to the
movement of the carriers and horn gears (continuous or discontinuous), and the occupation of carrier
position (partially or fully occupied).
Bilisik [3, 4] classifies 3D braids based on the type of interlacement patterns, yarn orientation and
number of yarn sets into 3D braids (4-step braiding with rectangular/polar array of carriers and rotary
braiding), 3D axial braids (maypole braiding with axial yarns; 4-step braiding; 2-step braiding and rotary
braiding with rectangular array of carriers) and multiaxials 3D braids (6-step braiding and multistep
braiding).
This unit will present only the structural and technological aspects, as well as applications considered
to be representative current advancements in braiding.

2. 2D braiding
2D braiding is the most common braiding process, in industrial and commercial terms. It includes
different braiding principles, referring mainly to the way the horn gears are placed and carriers moved
and the way the yarns interlace: maypole braiding, spiral braiding, lace braiding, bobbinet braiding.
Maypole braiding is the leading 2D braiding process, the two sets of yarns (braiders) moving on circular
sinusoidal paths. According to the track formed by the carriers, maypole braiding is used to produce
tubular braids (including multi-layered braids) and flat braids. Triaxial structures are obtained when
axial yarns are introduced between the braiding yarns.

2.1. Overbraiding
Overbraiding is achieved by using a mandrel with a required shape, placed on the braiding axis
throughout the braiding process. The braided structure covers the mandrel in several layers, resulting
in a preform that is generally used for composite reinforcement. Currently, certain models have the
mandrel positioned by a robotic arm, that can control its angle in relation to the braiding axis.
The main problem for overbraiding is to digitalize the braiding process, creating tools that will allow
the programming of the braiding machine according to the geometry of the mandrel used, so that the
resulting preform will have specific characteristics and will correspond to quality standards.
Unit 1 Textile Technology

Page 47

This project has been funded with support from the European Commission. This publication reflects the views only of the
author, and the Commission cannot be held responsible for any use which may be made of the information contained therein

Figure 1. Example of a composite carbon preform produced using triaxial overbraiding [ 5]

A representative example of work carried out for this purpose was done by National Aerospace
Laboratory NLR in the Netherlands, in collaboration with Eurocarbon BV and University of Twente. The
team developed such an overbraiding pre-production support tool destined to replace the labour
intensive, trial-and-error prototyping process [5]. The tool comprises several packages, including an
overbraiding simulation program (Braidsim), databases for braiding material data and overbraiding
machine specifications, and software for post-processing, visualisation, and creation of video
animations. Initial input data refer to: the geometry of the mandrel; braiding material (yarn/tow
characteristics); braiding structure; machine parameters; braid plan (movement of the mandrel
through the machine); control simulation parameters. The simulation is based on a kinematic model
and creates the virtual overbraided product. The tool also offers the optimised values of the control
parameters for the braiding process: traversal speed (speed of mandrel) and braiding speed for the
carriers.

2.2. Lace braiding
Lace braiding is a process similar to maypole braiding (circular or flat) where each horn gear is controlled
individually, so that its movement direction can be reversed after each cycle to create independent
strands. Lace structures are characterised by two types of intertwining of the yarn pairs, called twist and
cross [6].
Main applications of this type of braids include clothing (outerwear and lingerie); decorative items
(tableware and bedding, curtains, lamp shades and other home furnishing); packing nets. Branscomb et
al [5] discusses the possibility of using lace braiding machines to produce composite preforms with open
structure.
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Figure 2. General view of a lace braiding machine (virtual model) [ 6]

In Europe, Herzog (https://herzog-online.com/technical-braids/) and Krenzler are leading producers of
lace braiding machines (http://www.krenzler-gmbh.de/kloppel%20eng.htm).
TEF Braids (USA) is a company developing complex lace braids based on proprietary technologies for
Jacquard lace braiding (https://www.tefbraids.com/). The company developed the Tensengral lace
braiding technology, for clothing and footwear. The tension distributive fabric structures are based on
several patents: XhelX (multi-axial filament network comprising two sets of unified linked filaments
that distribute tension between directionally opposed members within a plexus), IP (US 20140377488
A1) and ALX (patent pending, multi-axial filament network comprising a multiplicity of cross-linked
double helices that distribute tension within a plexus) that allow extremely diverse structural
possibilities, exemplified in Figure 3.

Figure 3. Examples of tensioned lace braided fabrics produced by TEF

3. 3D braiding
The potential of 3D braids is given by the diversity of shapes, cross-sections and their through-thickness
controlled mechanical behaviour based on yarn geometry [7]. A lot of research is currently developed
Unit 1 Textile Technology

Page 49

This project has been funded with support from the European Commission. This publication reflects the views only of the
author, and the Commission cannot be held responsible for any use which may be made of the information contained therein

to further improve the mechanical properties of these braids, especially for composite applications,
but these results are mainly in the laboratory, experimental stage. Furthermore, there is still no
consensus on 3D braiding and different terms are used to describe the same concepts which makes
the presentation of such technologies more complex and subjective.

3.1. Cartesian 3D braiding
In cartesian 3D braiding, also known as track-and-column braiding, carriers are moved in groups, by
tracks, respectively columns. The 4-step process is the most known one, where tracks and then
columns of carriers are successively displaced in opposite directions in four stages [8]. The carriers can
be arranged in a rectangular or a cylindrical array. The cylindrical 4-step braiding machine was subject
to further development, a machine with 10 tracks (rings) and 288 columns being built. 3Tex company
(USA) took over the model and tried to use it for tubular thick carbon preforms, with limited
commercial success.
Another cartesian braiding process is 2-step braiding, developed at the beginning of the ‘90s, in which
a set of yarns is moved between axial yarns in two stages (opposite directions), according to the
geometry of the cross section.
The 6-step braiding process was developed based on the 4-step one to increase the fabric strength on
all three directions by introducing yarns parallel to the axis (warp yarns, filling yarns and Z-axis yarns).
The cell geometry for these structures and the specific positions of each yarn are illustrated in Figure
4 [9].
Composite preforms are the main application, as the process allows for complex geometry of the crosssection, with the advantage of orthogonal fabric reinforcement.

Figure 4. Geometry of reinforced cartesian braided structures [ 6] - a) 3D 4d (only braiders), b) 3D5d (+warp
yarns), c) 3D6d (+warp and filling yarns) and d) 3D7d (+warp yarns, filling yarns and Z -axis yarns)
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3.2. 3D rotary braiding
3D rotary braiding process is an adaptation of maypole and lace braiding with the difference of the
arrangement of horn gears (rectangular) and, most importantly, the mechanism for track-switching of
the carriers between horn gears is modified so that the path of the carrier is controlled independently.
This allows for various 3D complex geometries, including variable cross-sections, separate braids
(branched) and hollow profiles. Several types of machines are used for rotary braiding.
Solid (form) braiding
Adapted maypole machines can be used to produce solid braids with square cross-section, known as
gasket / 2.5D / packing / form braids. Their main applications are gaskets for liquid sealing in industrial
equipment and lately composite preforms. Braided gaskets are used in demanding conditions in terms
of pressure and temperature, therefore are made of high-performance fibres like glass, graphite or
ceramic [2]. For improved surface smoothness, the braids are coated (for example, with PTFE). For
similar reasons, high-performance fibres (glass, carbon or aramids) are also solid braided preforms.
The carriers have a square arrangement according to the number of tracks to be formed by the
braiders: 2-track system (2D braids, where D stands for diagonal); 3-track system (3D braids) and 4track system (4D braids). The tracks refer to the path of the carriers that are visible in the cross-section
of the braids. The strength and shape of the resulting braids can be reinforced by the presence of inlay
yarns, placed in the middle of the horn gears.
As an example, the packing braiding machine in Herzog catalogue (https://herzog-online.com/packingbraiding-machines/) can be adapted for 2, 3 or 4-track. It presents sleeve type carriers, according to
the pitch size for bobbin sizes of 72 x 285 mm up to 135 x 300 mm. At ITMA 2019, the Institut für
Textiltechnik of RWTH Aachen University (ITA) presented the retrofitting of an older model for form
braiding in order to completely digitize the process. The machine is used for the production of threedimensionally reinforced ceramic turbine components.
Altering the tracks of the packing machines will result in braids with different cross-sections: multilayer braids, braids with complex geometry (U-shaped, Y-shaped, I-shaped, etc.). Solid tubular braiding
is also present in the literature, several patents discussing solid tubular braiding with interlock braiding
structure (see patents from Brookstein, Temple, Uozomi).
Hexagonal braiding
Hexagonal 3D braiding is based on a different approach to horn gear 3D braiding by arranging the horn
gears in a hexagonal shape [10, 11]. This position ensures the carriers are displaced with smaller
increments, as they are closely to each other, thus changing the angle between braided yarns [9, 10].
The hexagonal placement of the horn gears enlarges the movement possibilities for the carriers and
therefore the structural possibilities. Figure 5 exemplifies the range of shapes that can be produced
using this technology.
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Figure 5 Simulations of possible hexagonal braided structures and shapes [ 9]

Rotary braiding Herzog
The 3D rotary braiding model developed by A. Herzog GmbH and the Institut für Textiltechnik (ITA) of
RWTH Aachen University is similar to the Vario Braider model created for gasket (form) braiding in
terms of horn gear arrangement. The rotary model presents the individual control of the horn gear
movement (through single motors) and subsequently of the carrier path. The machine was designed
for composite carbon preforms and can achieve high productivity for preforms with constant crosssection.
The complexity of the path of the carriers that leads to different distances to the braiding point
throughout the braiding process requires a compensating device placed on each carrier (yarn storage
unit). The take-off is ensured by a winch mechanism with adjustable speed controlling the braiding
angle and fibre orientation. The machine is programmed using the CabRun software that defines the
track of each carrier according to the preform geometry.
Rotary braiding 3TEX
The US company 3TEX designed a rotary braiding machine that presented an original track-switching
mechanism (described in patent US 6439096) where carriers are transferred between horn gears in
pairs using a rotary gripping fork (called RGF). The horn gears are arranged in elementary cells that are
assembled to form modules and these modules can be put together to create different configurations
in terms of geometry and size. This composed architecture of the machine’s arrangement and the CAD
system developed to define the activation pattern of the RGFs according to shape allow for an
enhanced production flexibility in terms of fabric geometry and cross-section.
The one-module braider initially developed by 3TEX was adapted for two interesting applications:
overbraiding soft foam cores (one or multiple cores) and lightweight composite truss structures. The
first version was followed by the so-called nine-module rotary machine, with a 12x12 horn gear array,
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made of 3x3 modules, each with a 4x4 horn gear configuration. The machine is used to produce
composite preforms (carbon fibres) like I, T, L or J stiffeners.

4. CAD systems for modelling the braiding process
Due to the complexity of the 3D braiding processes and the large range of shapes that can be obtained
through braiding (shell or solid near-to-form structures with different cross-sections), the virtual
development and simulation of these processes become extremely important in order to improve the
design of these fabrics and adapt the braiding technology to the requirements of Industry 4.0.

4.1. TexMind software
TexMind (http://texmind.com/wp) is a German company specialising in developing CAD systems for
textiles and composites. It has developed two software applications for modelling the braiding process
and braided structures [12].
1. TexMind Braider is a CAD-Software for colour and structural design of standard tubular and flat
braids. Input data includes the number of the yarns, the braiding type and the dimension of the braid.
The braiding structure is modelled 3D, with an option for changing yarn colour individually to create
colour patterns. It can simulate braids using a large range of yarn characteristics (number of filaments,
filament packing in the cross-section, with or without twist, inner, outer or nominal braid diameter)
and for different floating length. According to the braid structure and required dimension, the program
generates the carrier configuration and the colour arrangement. It calculates productivity, winding
time and cover factor. The data (3D models) can be exported for 3-D printing or FEM- and CFDcalculations in a large range of formats.
2. Texmind Braiding Machine Configurator simulates the braiding process using horn gears with any
number of slots, according to carrier placement. The software creates an animation of the carrier
motion and checks for possible collision. It also simulates the idealized 3D structure of the braid. The
software can export the machine drawing as WMF (windows image format) and SVG (Corel Draw,
Web), the braid as 3D geometry or jpg and the machine emulation as GIF animation. In 2018, TexMind
launched Computer Controlled Braiding Machine Configurator is advanced version of the Configurator.
It allows the operation with computer-controlled switches, which are changing the track during the
braiding process.

4.2. Herzog software
The software Computer Aided Braiding (CAB) created by August Herzog Textilmaschinenfabric GmbH
for their braiding machinery includes three applications [13]:
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●

●
●

CAB Calculations - conversions between yarn value counts and lay length definitions; calculations
around different yarn types to determine titres based on geometries or geometries based on titres;
production based on sizes and machine models (production output and runtimes of machines;
productivity of different bobbin winders in combination with braiding machines; detailed
calculations on core cover ropes; hose and preform cover calculation)
CAB Design – for the virtual collections of braids of different types (tubular, flat/lace), different
structures (one-over-one, one-over-two), variable braiding angles, different colour patterns
CAB Soft – simulates the braiding process for the designed braids (placing, deleting and colour
changing of carriers; switching of crossings; enabling, disabling and direction change of horn gear
domains; anti-collision testing)

4.3. Other models and simulations of the braiding process
Literature has a significant number of references regarding the simulation of the braiding process and
braided structures that are too large to mention. There are different geometrical models for braid
geometry, like the one proposed by KU Leuven for 2D braids (WISETEX) and for 3D braid cell [14] and
the open-source software from University of Nottingham [TexGen].
Most of the models refer to a specific shape of the braided structure and braiding process, 2D
(maypole, lace, spiral), as well as 3D (cartesian, rotary). A literature review showed papers regarding
the simulation of all types of braiding, with a focus on overbraiding modelling.
There is a clear interest for composite preform braiding, an example being CATIA that has launched
Composites Braiding Designer to design braided composite structures, simulate their manufacturing
and integrate to SIMULIA for stress analysis. It is available in CATIA V5 and 3DExperience
(https://www.inceptra.com/2015/07/19/another-wave-of-catia-composites-enhancements/).
The
application provides an advanced braiding fibre simulation for the visualisation of fibre paths on
complex surfaces and optimization of machine parameters to achieve desired fibre orientations. It
optimises the geometry of the mandrel for the desired fibre volume fractions for minimum mass and
supports the automation of the existing manual braiding processes planning.
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Questions for the evaluation of the lecture

3. Question 1: Maypole braiding is ….
Please choose the one correct answer from the three choices below.
d) A braiding process in which two sets of yarns moving on circular sinusoidal paths
e) A braiding process in which a single set of yarns is looped to form a fabric
f)

A braiding process in which two sets of yarns perpendicular to each other are moving on
circular sinusoidal paths

4. Question 2: 3D braided structures are possible to produce with …
Please choose the one correct answer from the three choices below.
g) Cartesian braiding and rotary braiding
h) Only cartesian braiding
i)

Only rotary braiding
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Lecture 2.1 Environmental impact of T&C sector
Matteo Paradisi
CIAPE

1. The environmental problems of textile sector
1.1. General introduction
The pollution produced by the textile industry has a huge impact on the planet, and reasons are quite
easy to understand. Clothes are probably the most common items that people buy in today’s world,
and the average number of clothes that an individual buys every year increased drastically in the
recent years [1].
Due to the numbers that the fashion industry generates, the impact on the environment can be truly
deep and damaging.
The production of raw materials, spinning them into fibres, weaving fabrics and dyeing require
enormous amounts of water and chemicals, including pesticides for growing raw materials such as
cotton. Consumer use also has a large environmental footprint due to the water, energy and chemicals
used in washing, tumble drying and ironing, as well as to microplastics shed into the environment. Less
than half of used clothes are collected for reuse or recycling when they are no longer needed, and only
1 % are recycled into new clothes, since technologies that would enable recycling clothes into virgin
fibres are only starting to emerge.
Approximately 70% of all textile fibres produced in the world today as well as most textile processing
chemicals are fossil-based. This heavy reliance of a fundamentally non-renewable resource raises
viability questions, at least in the long term.

1.2. Key points about environmental impacts of textile and clothing industry
In 2019 the European Parliament published a document called “Environmental impact of the textile
and clothing industry. What consumers need to know” [2] where, among other things, are summarised
the key points of environmental impacts of this sector.
Raw materials
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The production of raw materials is responsible for a large share of the environmental impact of the
textile and clothing industry, not least from growing crops for natural fibres.
Processing and garment production
Spinning raw materials into yarns, weaving them into fabrics and applying finishing techniques such as
dyeing or giving the fabrics strength and shine are energy-intensive processes in which large amounts
of water and chemicals are used.
Transport and distribution
Most textile raw materials and final products are imported into the EU, which means long delivery
routes. This phase is also characterised by waste generated through packaging, tags, hangers and bags,
as well as by a large proportion of products that never reach consumers as the unsold leftovers are
thrown away.
Consumer use
It is estimated as the phase having the largest environmental footprint in the lifecycle of clothes, owing
to the water, energy and chemicals (primarily detergents) used in washing, tumble drying and ironing,
and the microplastics shedding into water.
End of life
Reliable and recent data on what happens to clothes once their owners decide to get rid of them are
not readily available.

1.3. The life cycle impacts of the textiles value chain
According to the report “Environmental Improvement Potential of textiles (IMPRO Textiles)” [3] made
by the Joint Research Centre, the life cycle impacts of the textiles value chain can be analysed within
four phases: Production and processing; Distribution; Use; End-of-life.
Production and processing. This phase includes the production or extraction of raw materials (e.g.,
cultivation of fibre-producing crops), leading to the processing of the fibre, followed by the confection
of yarn and fabric, and finally the finishing, cutting and sewing steps.
Distribution. This phase takes into consideration the distribution of textile end-products.
Use. This phase takes into account consumer behaviour and the use patterns of textile end products.
This step incorporates the impacts of washing, tumble drying and ironing.
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End-of-life. This phase includes reuse, recycling, incineration and landfilling of textiles.
Production and use phases seem to be the most impacting phases. According to the same report, the
environmental impacts of textile consumption and use are both supply- and demand -driven.
Supply factors include:
✓ agricultural practices
✓ production processes of the textile industry
✓ product design and functionalities of washing/drying/ironing appliances
✓ existence of sorting and recycling schemes.
Demand factors (which are mostly driven by social parameters) include:
✓ choice of products/fibres
✓ care practices (washing, drying, ironing)
✓ lifetime of product in a context of fast fashion
✓ disposal practices.
The report determined 13 improvement options:
a) In the production and processing phase:
1. reducing agrochemical use
2. developing easy-to-grow crop cultivations by replacing cotton with hemp or flax
3. reducing consumption of sizing chemicals
4. replacing chemicals with enzymes
5. using alternative knitting techniques (e.g. fully-fashioned knitting or integral knitting)
6. using dye controllers and low liquor ratio dyeing machines
7. water recycling.
b) In the distribution phase:
8. reducing air freight
In the use phase:
9. reducing washing temperature
10. reducing tumble drying
11. optimising the load of appliances
12. improvement of washing/drying appliances efficiency
In the end-of-life phase:
13. promotion of reuse and recycling
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1.4. The challenge of the “circular economy” in textile sector
“The Circular Economy” is rapidly becoming one of the most used terms in the European textile and
clothing industry. It provides a guideline for the industry in terms of several aspects:
✓ making investments in production technology (cleaner and less resource-consuming),
✓ product development (more sustainable products, focus on recyclability)
✓ in respect to the selection of textile materials (more focus on the use of sustainable fibres).
However, the industry still faces tough challenges in the transition from a traditional linear production
and consumption model (take – make – dispose) to a circular model. In a circular model it is essential
to cooperate with all stakeholders in production, retail and waste processing. Due to its fragmented,
SME-dominated structure, the industry lacks the authority to enforce such a corporation with other
essential stakeholders in the value chain. The future challenge is making a chain move in circles [4].

2. Sustainability in textile and clothing sector
2.1. The definition of sustainability
We could say that sustainability focuses on meeting the needs of the present without compromising
the ability of future generations to meet their needs. Specifically, sustainable development is a way of
organizing society so that it can exist in the long term. This means taking into account both the
imperatives present and those of the future, such as the preservation of the environment and natural
resources or social and economic equity [5].
Every year the UN Development Programme ranks countries based on the HDI (Human Development
Index) report released together with their annual report. It works as a periodic way of monitoring the
development levels of countries.
Sustainability encourages businesses to frame decisions in terms of environmental, social, and human
impact for the long-term, rather than on short-term gains such as next quarter's earnings report. It
influences them to consider more factors than simply the immediate profit or loss involved [6].
Basically, the concept of sustainability is composed of three pillars: economic, environmental, and
social—also known informally as profits, planet, and people.

2.2. The 3 pillars of sustainability
The Environmental Pillar
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The environmental pillar often gets the most attention. Companies are focusing on reducing
their carbon footprints, packaging waste, water usage and their overall effect on the environment.
Companies have found that having a beneficial impact on the planet can also have a positive financial
impact. Lessening the amount of material used in packaging usually reduces the overall spending on
those materials, for example.
One of the challenges with the environmental pillar is that a business's impact are often not fully
costed, meaning that there are externalities that aren't being captured. The all-in costs of wastewater,
carbon dioxide, land reclamation and waste in general are not easy to calculate because companies
are not always the ones on the hook for the waste they produce. This is where benchmarking comes
in to try and quantify those externalities, so that progress in reducing them can be tracked and
reported in a meaningful way.
The Social Pillar
The social pillar ties back into another poorly defined concept: social license. A sustainable business
should have the support and approval of its employees, stakeholders and the community it operates
in. The approaches to securing and maintaining this support are various, but it comes down to treating
employees fairly and being a good neighbour and community member, both locally and globally.
The Economic Pillar
The economic pillar of sustainability is where most businesses feel they are on firm ground. To be
sustainable, a business must be profitable. That said, profit cannot trump the other two pillars. In fact,
profit at any cost is not at all what the economic pillar is about. Activities that fit under the economic
pillar include compliance, proper governance and risk management.

2.3. Responsible production for companies
Responsible Production is about the ways in which companies produce goods and services. It is a
concept strictly linked to the goal 12 of Sustainable Development Goals: Responsible consumption and
production. Following this principle, companies, in addition to ensure continuous compliance with laws
in carrying out their activities, are committed to [7]:
✓ Design products / services and production processes in order to minimize and, where possible,
eliminate social and environmental impacts throughout the life cycle (extraction and
treatment of raw materials, manufacture, transport, distribution, use, recycling and final
disposal). In each phase the process must be trackable.
✓ Innovate the corporate governance system by developing business strategies, with particular
attention to sustainability, taking into account the requests of corporate stakeholders;
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✓ Promote the transition to the circular economy possibly also by reconsidering its business
model;
✓ Strengthen the strategic vision of the supply chain system, relevant both at national and
international level;
✓ Give priority to the adoption of innovative production processes that are able to reduce the
environmental and social impact;
✓ Apply responsible procurement methods, selecting and monitoring its suppliers also as a
function of environmental and social performance. Implement policies of purchase whose
environmental, social and economic impacts are as positive as possible for the whole life cycle
and tend to reduce negative impacts as much as possible;
✓ Encourage the creation of a collaborative and participatory atmosphere with all categories of
stakeholders, involving them in awareness and commitment programs towards a new model
of sustainable production;
✓ Communicate to the customer in a clear and transparent way all information relating to the
correct use of the product / service offered, ensuring adequate after-sales assistance;
✓ Avoid tax evasion, according to a principle of equity and tax liability in the
✓ areas / territories in which it operates;
✓ Account for the activity carried out in a clear and transparent manner to its stakeholders by
drafting the sustainability report, focusing on the discussion of the aspects have been defined
as "important" together to stakeholders.

3. Ecological production in textile sector
3.1. The Strategic Innovation and Research Agenda for the European Textile and
Clothing Industry
There is a growing concern about the environmental impacts associated with textile production and
consumption. This includes the use of hazardous chemicals, unsustainable use of resources and poor
waste management. It is estimated that 20% of freshwater pollution globally can be linked to textile
processing and dyeing [8]. Recently concerns have been raised about the release of plastic microfibres
into water supply during textile washing and its contribution to water pollution. In addition to this, the
greenhouse gas emissions caused during textiles production are considered to surpass that of
international transport [9]. Moreover, from a circular economy perspective, the textiles industry is
considered to be wasteful and polluting.
According to the new Circular Economy Action Plan for a cleaner and more competitive Europe, textiles
are the fourth highest-pressure category for the use of primary raw materials and water, after food,
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housing and transport, and fifth for GHG emissions [10]. So, the ecological production will play a crucial
role in the textile field over the next years. (“While the circular economy action plan will guide the
transition of all sectors, action will focus in particular on resource-intensive sectors such as textiles,
construction, electronics and plastics” Green Deal.)
In the light of the complexity of the textile value chain, to respond to these challenges the Commission
will propose a comprehensive EU Strategy for Textiles, based on input from industry and other
stakeholders. The strategy will aim at strengthening industrial competitiveness and innovation in the
sector, boosting the EU market for sustainable and circular textiles, including the market for textile
reuse, addressing fast fashion and driving new business models.
This will be achieved by a comprehensive set of measures, including:
●

●

●
●

applying the new sustainable product framework to textiles, including developing ecodesign
measures to ensure that textile products are fit for circularity, ensuring the uptake of secondary
raw materials, tackling the presence of hazardous chemicals, and empowering business and
private consumers to choose sustainable textiles and have easy access to reuse and repair services;
improving the business and regulatory environment for sustainable and circular textiles in the EU,
in particular by providing incentives and support to product-as-service models, circular materials
and production processes, and increasing transparency through international cooperation;
providing guidance to achieve high levels of separate collection of textile waste, which Member
States have to ensure by 2025;
boosting the sorting, re-use and recycling of textiles, including through innovation, encouraging
industrial applications and regulatory measures such as extended producer responsibility.

According to the Strategic Innovation and Research Agenda for the European Textile and Clothing
Industry 3 powerful innovation drivers will impact this industry in the coming years.
a) digitisation of products, processes, factories, workplaces, supply chains, distribution and retail;
b) sustainability, circularity and resource efficiency of materials, processes and overall business
operations
c) the proliferation of new business and consumption models based on sharing of productive
resources and final products, servitisation, pay-per-use or subscription models.
The Strategic Innovation and Research Agenda, developed by the European Technology Platform
Fibres Textiles Clothing, in 2016, singled out four strategic innovation themes as particularly impactful
for the further development of the European textile and clothing industry:
1. Smart, high-performance materials
2. Advanced digitised manufacturing, value chains and business models
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3. Circular economy and resource efficiency
4. High-value added solutions for attractive growth markets

3.2. The strategic innovation theme n.3 of the Strategic Innovation and Research
Agenda: Circular economy and resource efficiency
The Textile and Clothing industry like any other manufacturing sector is in the business of transforming
resources – materials, energy, water, chemicals – into value added products for professional or private
end users. Main reasons:
✓ Several textile production processes, such as dyeing and finishing, are very resourceintensive.
✓ Since the consumption of these resources is not free, companies have a natural incentive
to use them as efficiently as possible.
✓ Tightening legislation on energy efficiency, CO2 emission, water use, waste water quality
or air pollution makes the industry seek better technology to combine economic with
ecological benefits while complying with the law.
✓ Better environmental performance in production also starts to be more and more
rewarded in the marketplace by increasing consumer interest in more sustainable textile
products.
In order to follow this trend, the textile and clothing industry pursues incremental as well as radical
innovation approaches.
Incremental approaches:
●
●
●
●
●

regular production technology upgrade;
employment of better monitoring and control systems;
use of energy- saving or energy recovery installations;
water or chemical re-use systems;
better wastewater treatment facilities

Radical technological innovation approaches:
●
●
●
●

the move from wet to dry textile processing replacing conventional dyeing;
printing or finishing by digital printing;
dyeing with supercritical CO2, plasma, laser or coating processes.
Also, material waste can be radically reduced by moving from cut-and-sew assembly to
seamless manufacturing for instance in knitwear or direct joint-free 3D production of technical
textile or composite parts.
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3.3. Future vision 2025
By 2025 the textiles and clothing industry, including fibre based materials, clothing, home and technical
textiles, will be a strategic EU industry sector providing innovative and competitive products enabling
personalised, adaptable and attractive solutions, integrating services for very diverse, informed and
demanding consumers and business.
It will operate according to a globalised and efficient circular economic model that maximises the use
of local resources, exploits advanced manufacturing techniques and engages in cross-sectorial
collaborations and strategic clusters. It will implement profitable and inclusive business models and
attract skilled and talented entrepreneurs and employees.
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Questions for the evaluation of the lecture

1. Question 1: What are the four phases of the life cycle impacts of the textiles value chain?
Please choose the one correct answer from the three choices below.
a) Production and processing; Distribution; Use; End-of-life
b) Production; Distribution; Use; End-of-life
c) Processing; Distribution; Use; End-of-life

2. Question 2: Which ones of the following can be defined as incremental approaches in the
textile and clothing industry?
Please choose the one correct answer from the three choices below.
a) better waste water treatment facilities; regular production technology upgrade;
b) better waste water treatment facilities; dyeing with supercritical CO2, plasma, laser or coating
processes
c) dyeing with supercritical CO2, plasma, laser or coating processes; better waste water
treatment facilities
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Lecture 2.2 Environmental Standards and Labelling
Lina Tsakalou, Maya Dimitriadou
CRE.THI.DEV

1. Introduction
Chemicals are all around us. We use them in our everyday life, and they form part of most of our daily
activities. They are used in all devices, articles and food. Our well-being, quality of life, health, safety
and education depend on them.
The production, use and trade of chemicals are essential for the economies all over the world and are
continuously growing. World chemicals turnover was valued at €3,347 billion in 2018 and their
production is expected to double by 2030 where Europe was the second biggest producer (accounting
for 16.9% of sales) [1].
However, it is recognized that the benefits from the use of chemicals are counterbalanced by the
serious risks they pose for the environment as well as for human health, as exhibited by an increase in
health problems that can be partially explained by the use of chemicals. These are the reasons that
their control and management is crucial.

2. EU environmental legislation for chemicals
In response to the rising concerns for chemicals’ safety, the EU has a comprehensive chemicals
legislation with more than 40 legislative instruments to ensure a high level of protection of human
health and the environment [2]. The REACH and CLP Regulations are the pillars of this legislation,
supported and accompanied by many more, addressing the safety of toys, cosmetics, biocides, plant
protection products, food, carcinogens in the workplace and legislation on environmental protection.
Handling chemicals that interfere with the hormone system called endocrine disruptors, is also being
actively pursued by the European Commission.
Under the European Green Deal, the new ‘chemicals for sustainability’ EU legislation is expected to be
further enriched with new policies

2.1. Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH)
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The most important achievement of EU environmental legislation for chemical is the REACH Regulation
(EC 1907/2006), which regulates the registration, evaluation and authorisation of dangerous
substances and the restrictions applicable to them. It entered into force in June 2007 and from this
point on, the industry (and not the public authorities) is responsible for assessing and managing the
risks posed by chemicals and for providing appropriate safety information to the users [3].
REACH aims to improve the protection of human health and the environment. REACH also aims to
enhance innovation and competitiveness of the EU chemicals industry [4].
These aims are to be achieved through the better and earlier identification of the intrinsic properties
of chemical substances, using the four processes of REACH, namely the registration, evaluation,
authorisation and restriction of chemicals.
According to REACH, all manufacturers and importers of chemicals must identify and manage the risks
linked to the substances they produce and sell. It is important to note that these obligations apply to
a wide range of companies across many sectors, even those who may not think of themselves as being
involved with chemicals as downstream users that use chemicals, sometimes even without realising it.
Therefore, if a company handles any chemicals in their industrial or professional activity, they need to
check their obligations as they might have some responsibilities under REACH [5].
For substances manufactured or imported in quantities of one tonne or more per year, per company,
this must be demonstrated in a registration dossier submitted to the European Chemicals Agency
(ECHA). A special registration regime applies for substances in articles (e.g., manufactured goods such
as cars, textiles, and electronic chips [6]. For all registrations, a registration dossier must be prepared
and submitted electronically via REACH-IT to the European Chemicals Agency (ECHA). Normally, the
registration must be successfully completed, and a REACH registration number assigned to the
registrant before a substance can be manufactured, imported or placed on the market [7].
The REACH evaluation provisions give ECHA the responsibility to check whether registrations are in
compliance with the requirements of this Regulation.
ECHA and the Member States evaluate the information submitted by companies to examine the quality
of the registration dossiers and the testing proposals and to clarify if a given substance constitutes a
risk to human health or the environment.[6] ECHA evaluation under REACH focuses on three different
areas:
●
●

Compliance check of the dossiers submitted by registrants
Examination of testing proposals submitted by registrants, to ensure that the assessment of
the chemical substances will not result in unnecessary testing, especially on animals, and that
adequate information is provided [5]
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●

Substance evaluation [8]

National authorities are responsible for enforcing REACH through inspections as well as handing out
penalties in case of non-compliance. They exchange information and coordinate activities related to
enforcement through the Forum for Exchange of Information on Enforcement (the Forum) [6].

2.1.1. Substances of very high concern (SVHCs)
REACH includes an authorisation requirement to ensure that the risks from substances of very high
concern (SVHCs) are properly controlled and that those substances are progressively replaced by
suitable alternative substances or technologies. An authorisation may be granted if either the risks
from the use of the substance are adequately controlled or the socio-economic benefits outweigh the
risks to human health or the environment [6].
A Member State or ECHA, at the request of the Commission can propose a substance to be identified
as an SVHC.
Substances with the following hazard properties may be identified as SVHCs:
●
●
●

Substances meeting the criteria for classification as carcinogenic, mutagenic or toxic for
reproduction (CMR) category 1A or 1B in accordance with the CLP Regulation.
Substances which are persistent, bioaccumulative and toxic (PBT) or very persistent and very
bioaccumulative (vPvB) according to REACH Annex XIII.
Substances on a case-by-case basis, that cause an equivalent level of concern as CMR or
PBT/vPvB substances [9].

As of July 2021, the SVHC list in the ECHA website contains 219 substances [10]. The list was published
first in 2008 and is regularly updated with new substances by ECHA.
In the cases of items (articles) that contain substances included in the SVHC list, producers or importers
of these items have to notify ECHA if the substance is present in said items in quantities over one tonne
annually, total, and if the substance is more than 0.1% w/w in concentration in these articles; unless
the producer or importer “can exclude exposure of humans and the environment during the use and
disposal of the article”. Furthermore, information regarding these items will be published in the SCIP
database of the Waste Framework Directive (WFD)[11], to notify waste operators and consumers
about these substances [12].
Regarding substances on their own or mixtures of those, producers or importers have to provide their
customers with a safety data sheet; if there is already a safety datasheet, it should be updated with
the SVHC information.
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In case an SVHC substance is present in a mixture not classified as hazardous in the CLP Regulation,
suppliers of these mixtures must provide a safety datasheet, if:
●
●

the mixture contains at least one substance with an individual concentration in the mixture ≥
0.1% w/w for non-gaseous mixtures; and
that substance is on the SVHC List either as PBT or vPvB or as a substance raising an equivalent
level of concern.

2.1.2. REACH restricted substances list (REACH annex XVII)
For certain substances causing an unacceptable risk to human health or the environment, member
states or the European Commission via ECHA, can propose EU-wide restrictions on their manufacture,
use, or placing on the market [6], [13]. It should be noted that restrictions can apply to any substance
on its own, in a mixture or in an article, including those that do not require registration.
The list is often known as REACH restricted substances list or simply as REACH annex XVII [7],[13]. The
list, which is on the website of ECHA [14], is regularly updated with new information. The list, as of
August 2021, contains 69 unique entries, each of which shows a substance or a group of substances or
a substance in a mixture, and the consequent restriction conditions.
Restrictions could be either full (the substance cannot be used at all) or for specific uses.
For example, entry 43 for “Azocolourants and Azodyes”, describes restrictions for a group of
substances and mixtures of substances (aromatic amines) often included in some dyes, that are
completely restricted, if detected, for use in items marketed in the EU, such as textiles and leather
items, including the dyes themselves [15].
For textile manufacturers and suppliers, the SVHC list is of great importance. Several chemicals found
in dyes and finishes can be found in the SVHC list, such as Azodyes mentioned above, or Perfluoroalkyl
chemicals (PFAS) which is a large group of chemicals commonly used as water and grease repellents in
textiles and leather, and as well as metals in closures and zippers, and also the packaging material of
the products.

2.2.

Classification, Labelling and Packaging (CLP)

In January 2009, the European Parliament and Council adopted the Regulation on the Classification,
Labelling and Packaging of Substances and Mixtures (CLP) (EC 1272/2008) [16].
The CLP Regulation is the core piece of legislation used in the EU to identify and communicate the
hazardous properties of chemicals. It stems from the United Nations’ global standard for classification
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criteria and labelling rules, the Globally Harmonised System of Classification and Labelling of Chemicals
(GHS), but introduces new classification criteria, hazard symbols (pictograms) and labelling phrases,
while taking account of elements which are part of the earlier EU legislation.
The Regulation describes how suppliers will classify, label and package chemicals appropriately to
ensure that the hazards presented by those chemicals are clearly communicated to workers and
consumers in the EU [17].
Pictograms are used for health hazards, physical-chemical hazards and environmental hazards.
Warnings are used with the word ‘danger’ or ‘warning’. There are also hazard statements (H
statements) and precautionary statements (P statements) [20].
CLP and REACH are complementary to each other, as to the obligations of suppliers of chemicals. The
classification requirement is described in REACH whereas CLP describes the classification criteria. They
both have hazard communication requirements: CLP sets out labelling rules, whereas REACH requires
drafting Safety Data Sheets. However, labels must always be used in conjunction with the Safety Data
Sheets. In short, the main characteristic for REACH is registration and for CLP is classification [19].

Figure 1. Chemicals labelling according to CLP [18]
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CLP and REACH are complementary to each other, as to the obligations of suppliers of chemicals. The
classification requirement is described in REACH whereas CLP describes the classification criteria. They
both have hazard communication requirements: CLP sets out labelling rules, whereas REACH requires
drafting Safety Data Sheets. However, labels must always be used in conjunction with the Safety Data
Sheets. In short, the main characteristic for REACH is registration and for CLP is classification [19].

2.3. The next step: the EU Chemicals Strategy for Sustainability
As a part of the European Green Deal, in line with EU’s zero pollution ambition, the European
Commission published its Chemicals Strategy for Sustainability on October 14, 2020 [1]. The strategy
strives for a toxic-free environment, where chemicals are produced and used in a way that maximises
their contribution to society including achieving the green and digital transition, while avoiding harm
to the planet and to current and future generations [1].
Despite the large collection of legislation for the regulation of chemicals, “currently almost 30% of the
alerts on dangerous products on the market involve risks due to chemicals, with almost 90% of those
products coming from outside the EU and imported articles and online sales representing a particular
challenge. Equally, only one third of the registration dossiers of the chemical substances registered by
industry under REACH are fully compliant with the information requirements”, according to the
Strategy. Furthermore, there are wide variations on requirements and compliance procedures across
EU countries. For example, as of 2018, over 120 countries had not implemented the Globally
Harmonized System of Classification and Labelling of Chemicals (United Nations Environment
Programme – UNEP) [1].
For these reasons, as a part of the new EU Chemicals Strategy for Sustainability, the Commission has
set forth procedures for the targeted revision of two of the largest pieces of legislation regarding
chemicals: the REACH and the CLP. The revisions will help to achieve a legitimate higher level of
protection of citizens and of the environment against hazardous chemicals.
Regarding the CLP revision in particular, the Commission will consider, inter alia, different measures
and options to introduce new hazard categories (such as endocrine disruptors as well as persistency,
bioaccumulation and toxicity) and criteria for classification.
In May 2021, two Inception Impact Assessments (roadmaps) were published; one on the revision of
the CLP Regulation and one on the revision of the REACH Regulation; the roadmaps provide an
overview of the issues to be addressed, possible options for how amending the two regulations might
help resolve these issues, and an initial assessment of the potential impacts of these changes. A
subsequent public consultation is foreseen to gather further feedback from citizens, institutions and
organisations from the public and private sectors. The public consultation for the revision of the CLP
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Regulation was expected to launch by the end of June 2011; for the REACH Regulation it is expected
to start in 2022 [20].

3. Conformity Assessment - Certification
In order to show that a product, service or system meets the requirements of a standard, they must
undergo a conformity assessment procedure. There are several ways to do that, the main forms
however are testing and certification [21].
Testing is the simplest of the two forms. It concerns the determination of one or more of an object or
product’s characteristics and is usually performed by a laboratory. For example, textiles can be tested
for tear strength, to show if the article in question is adequately strong against tearing, or a textile
article can be analysed for the detection of harmful substances.
Certification, on the other hand, is the provision by an independent body of written assurance (a
certificate) that the product, service or system in question meets specific requirements. In this way,
certification can add credibility to a claim by demonstrating that a product or service meets customer
expectations. For some industries, certification is a legal or contractual requirement.

3.1. Product Certification
Product certifications are attestations that a product has undergone conformity assessment carried
out by a third party according to a product certification system with product specific requirements for
safety, quality, sustainability or performance. The requirements can be stipulated in mandatory
regulations, laws, agreements or other contracts agreed by interested parties.
Every aspect of a product's development is evaluated, from product testing and material analyses to
plant inspections and auditing. Product certification usually includes both the evaluation of products
as well as the evaluation of processes and services. When determining the characteristics for product
certification, the assessor makes use of technical specifications and standardised methods of test
available, such as EN or ISO standards.

3.1.1. Mandatory Product Certifications
Some products are deemed important enough to be regulated regarding their characteristics prior to
their release in the market. This is done using mandatory certification schemes, i.e., the product must
undergo a conformity assessment procedure according to specifications that are stipulated in laws and
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regulations. The certification may be issued by a public authority, but this is not obligatory, depending
on the certification regulations.
An example of mandatory product certification is the CE-Marking, which is affixed to indicate that the
product complies with certain EU legislation. According to the New Legislative Framework that
supports CE marking, a manufacturer can only place a product on the EU market when it meets all
applicable requirements. The conformity assessment procedure is carried out before the product can
be sold [22]. The main objective is to help ensure that unsafe or otherwise non-compliant products do
not find their way to the EU market. However, not all products must have CE marking. It is compulsory
only for most of the products covered by the “New Approach” Directives. It is forbidden to affix CE
marking to other products [23].
None of the relevant EU directives is directly related to textile products as such. Textiles are related
indirectly through its use in end-products such as protective clothing and protective gloves; these
products are covered by Regulation (EU) 2016/425 (formerly by Directive 89/686/EC about Personal
Protective Equipment, repealed and replaced in April 2018).

3.1.2. Voluntary product certifications: Product labels - Ecolabels
Voluntary product certifications or quality labels, as they are frequently called, are product
certifications according to specific requirements that, contrary to mandatory product certifications,
are a result of agreement between all interested parties. As the name states, they are voluntary; no
legislation imposes the specifications adopted for the product or its acquisition by the manufacturer.
Almost all well-known quality labels for textile and textile related products are Eco-labels. EcoLabelling is a common voluntary method of environmental performance certification and labelling that
is practiced around the world. "Eco-labels" are labels that determine the environmental requirements
for certain categories of products or services, based on life cycle considerations. Eco- Labels are either
product specific or both product and process specific. In contrast to "green" symbols or claim
statements developed by manufacturers and service providers, an ecolabel is awarded by an impartial
third-party only.
In Europe there is an extensive list of various Eco-labels for a vast array of products [24].
The EU Ecolabel was founded and is supported by the EU DG Environment; it is governed by EC
Regulation No.1980/2000, and it is awarded by EU Member States through designated authorities [25].
The EU Ecolabel can be applied to textiles (according to 2014/350/EU decision) so as to meet criteria
that guarantee:
●

Limited use of substances harmful to health and environment
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●
●

Reduction in water and air pollution
Colour resistance to perspiration, washing, wet and dry rubbing and light exposure [26]

The Standard 100 by OEKO-TEX® is an independent product label for all kinds of all textile articles, in
every stage of processing, from the threads to the finished fabrics and finished articles, including
threads, buttons, zippers and linings, as well as prints and coatings applied to the outer material are
tested for harmful substances [27].
MADE IN GREEN by OEKO-TEX® is another product label by OEKO-TEX, which all kinds of identifies
textiles and leather goods tested for harmful substances and which have been manufactured under
sustainable and socially responsible conditions (garments, home textiles, fabrics, non-wovens, textile
accessories and non-textile components, leather fibre materials, leather clothing, leather accessories
such as leather gloves, leather bags and leather shoes and also some skins (e.g. sheepskin, lambskin,
cowskin)). In addition to having been tested according to the STANDARD 100 or the LEATHER
STANDARD by OEKO-TEX®, the articles must also be manufactured in STeP certified facilities.[28] STeP
stands for Sustainable Textile & Leather Production and is a modular certification system for
production facilities in the textile and leather industry. The goal of STeP is to implement
environmentally friendly production processes in the long term, to improve health and safety and to
promote socially responsible working conditions at production sites [29].
Another popular ecolabel in Europe is the Blue Angel (Blauer Engel), an environmental product label
organised by the federal government of Germany for the protection of people and the environment,
which covers an extensive list of products. Much like the MADE IN GREEN by OEKO-TEX®, the Blue
Angel considers factors beyond harmful substances in the materials of the articles and classic
environmental considerations, and takes into account also social aspects for textile production, such
as the working conditions in the production [30]. The product label “Blue Angel for textiles” (DE-UZ
154), covers products made from at least 90 weight percent textile fibres: from textile clothing and
textile accessories, fibres, yarn, woven or non-woven textiles, bedding to technical textiles [31].
There is also the “Nordic Swan”, an Eco-label for the Nordic countries, which applies to Textiles,
hides/skins and leather, and covers a wide range of product types - such as children’s and adults’
clothes, underwear, jeans, work wear, interior textiles, bed linen, towels, duvets, pillows and
upholstery fabrics, which must fulfil a range of environmental, health and quality requirements [32].

3.2. Environmental management systems (ISO 14001, EMAS)
A management system is the way in which an organization manages the inter-related parts of its
business in order to achieve its objectives [33]. These objectives can relate to a number of different
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topics, including product or service quality, operational efficiency, environmental performance, health
and safety in the workplace and many more.
The level of complexity of the system depends on each organization’s specific context. For some
organizations, especially smaller ones, it may simply mean having strong leadership from the business
owner, providing a clear definition of what is expected from each individual employee and how they
contribute to the organization’s overall objectives, without the need for extensive documentation [34].
More complex businesses may need extensive documentation and controls in order to fulfil their legal
obligations and meet their organizational objectives.
According to the International Standards Organisation [30], the benefits of an effective management
system to an organization include:
●
●
●

More efficient use of resources and improved financial performance,
Improved risk management and protection of people and the environment, and
Increased capability to deliver consistent and improved services and products, thereby
increasing value to customers and all other stakeholders.

Management system standards, as published by ISO, for example, in general set out the criteria for the
assessment of the management system and provide guidance for their successful implementation.
Certification to a standard is not a requirement. Companies can benefit from implementing these
standards without being certified to them. However, if one is looking to get certified to one or more of
the existing management system standards, then an external certification body is required to perform
the conformity assessment and award the certification.
According to the EEA (European Environment Agency) an Environmental Management System (EMS)
is “A means of ensuring effective implementation of an environmental management plan or
procedures and compliance with environmental policy objectives and targets” [35].
ISO 14001 and EMAS (EU Eco-Management and Audit Scheme) are two of the most known certification
schemes of an EMS.
According to the latest BREF (Best Available Techniques (BAT) Reference Document) for the Textile
Industry, as published by the European Integrated Pollution Prevention and Control Bureau (EIPPCB),
an Environmental Management System can provide:
●
●

Improved environmental performance.
Improved insight into the environmental aspects of the company which can be used to fulfil
the environmental requirements of customers, regulatory authorities, banks, insurance
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●
●

●
●
●

companies or other stakeholders (e.g. people living or working in the vicinity of the
installation).
Improved basis for decision-making;
Improved motivation of personnel (e.g., managers can have confidence that environmental
impacts are controlled and employees can feel that they are working for an environmentally
responsible company).
Additional opportunities for operational cost reduction and product quality improvement.
Improved company image.
Reduced liability, insurance and non-compliance costs. [36]

3.2.1 ISO 14001:2015 - Environmental management systems — Requirements with
guidance for use
ISO 14001 is one of the standards that were developed with a view to help organizations to take a
proactive approach to managing environmental issues. It is one of the world’s most recognized
frameworks for environmental management systems. It can be implemented in any type of
organization in either public or private sectors. It helps organizations manage better the impact of their
activities on the environment as well as demonstrate sound environmental management. The 2015
edition is the latest version of the standard.
ISO 14001 can be integrated into any existing ISO management system based on other ISO standards
that look at different types of management systems, such as ISO 9001 for quality management and ISO
45001 for occupational health and safety.
Certification of conformity to the standard is not a requirement of ISO 14001; an organization can
benefit from the implementation of the standard’s requirements without being certified. However,
should they wish to have their EMS certified by an independent certification body that will audit the
organisation’s practices against the requirements of the standard, it will help, at the very least, prove
the proper implementation of the standard; even provide compliance to regulatory or other
requirements.[37] According to the ISO Survey of Management System Standard Certifications for
2019, 312.580 valid certificates had been issued worldwide for ISO 14001.[38]

3.2.2. EU Eco-Management and Audit Scheme (EMAS)
The EU Eco-Management and Audit Scheme (EMAS) is a management tool, developed by the European
Commission. It is aimed for companies and other organisations to evaluate, report, and improve their
environmental performance, independent of type of organisation, in EU and worldwide.[39] It adds
several elements to the requirements of the international standard EN ISO 14001.
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EMAS was first introduced (through Regulation 1836/93) in July 1993. At the time it was introduced as
an environmental policy tool devised by the European Commission in a step towards fulfilling the
Community’s goal of sustainable development; its scope initially restricted participation to companies
in the industrial sector. [40]
The Scheme has been revised since, to incorporate components corresponding to ISO 14001 and to
facilitate participation from any organisation from any country worldwide.
The current version is EMAS III (Regulation (EC) No 1221/2009). Its Annexes I, II, III have also been
updated in 2017 (with Regulation (EU) 2017/1505) to include changes related to ISO 14001 and Annex
IV was amended in 2019 (with Regulation EU 2018/2026).
According to the EMAS User’s Guide, the objective of EMAS is to promote continuous improvement
in the environmental performance of organisations by the establishment and implementation of
environmental management systems by organisations, the systematic, objective and periodic
evaluation of the performance of such systems, the provision of information on environmental
performance, an open dialogue with the public and other interested parties and the active involvement
of employees in organisations and appropriate training [41].
Joining EMAS includes a registration process which is done through Competent Bodies in each country
[42]. According to EMAS Helpdesk, as of September 2020, a total of 3.838 organisations & 12.751 sites
are registered in the EMAS scheme [43].
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Questions for the evaluation of the lecture

1. Question 1: Standard 100 by OEKO-TEX®:
Please choose the one correct answer from the three choices below.
a. is a voluntary product certification
b. is a mandatory product certification
c. is an environmental management system

2. Question 2: REACH stands for:
Please choose the one correct answer from the three choices below.
a) Registration, Evaluation, Authorisation and Restriction of Chemicals
b) Research, Evaluation, Audit and Restriction of Chemical
c) Registration, Evaluation, Audit and Restriction of Chemicals

Unit 2 Environmental issues in the T&C Industry

Page 90

This project has been funded with support from the European Commission. This publication reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein

Lecture 2.3 Good practices on textile sustainability
Marta Casadesús,
AEI Tèxtils

1. Introduction
Clothing accounts for between 2 % and 10 % of the environmental impact of EU consumption. The
production of raw materials, spinning them into fibres, weaving fabrics and dyeing require enormous
amounts of water and chemicals, including pesticides for growing raw materials such as cotton, among
others. Consumer use also has a part in the environmental footprint due to the water, energy and
chemicals used in the garment life (washing, tumble drying, ironing…) [1].
Various ways to address these issues have been proposed, including developing new business models
for clothing rental, designing products in a way that would make re-use and recycling easier (circular
fashion), convincing consumers to buy fewer clothes of better quality (slow fashion), and generally
steering consumer behaviour towards choosing more sustainable options [3].

Figure 1. Environmental impact of textiles [3]
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Figure 3. Emissions of textile production [3]

So, clothes, footwear and household textiles are responsible for water pollution, greenhouse gas
emissions and microfibre pollution, among others. This is why circularity principles need to be
implemented throughout all stages of the value chain to make the circular economy a success. From
design to production, all the way to the consumer.
Sustainability and circular economy are becoming key drivers for textile companies in order to increase
their competitiveness based on innovation. The new paradigm aims to close the loop from linear
economy of raw materials, production and waste into new business models based on eco-design and
resource efficiency, waste recovery within the textile value chain, cross-sectorial collaboration and
industrial symbiosis.
Every step in the textile chain focuses on different aspects of sustainability, which can be:
•

Production factors, including water and energy consumption.

•

The availability of sustainable raw materials, its origins and its production processes.

•

The effects of waste production (pre and post consumption).

•

The use of chemicals, including dyes and coatings.

•

The social responsibility of the companies towards the employees and the communities
surrounding the plants.

•

Health risks for textile workers and consumers.

•

Animal welfare (procurement of wool or down).

•

Eco-design principles for circular economy.
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Circular economy and eco-design are two key concepts nowadays for the development of sustainable
strategies in the industrial market.

1.1. What circular economy is?
Circular economy is a systemic approach to economic development designed to benefit businesses,
society, and the environment. In contrast to the ‘take-make-waste’ linear model, a circular economy
is regenerative by design and aims to gradually decouple growth from the consumption of finite
resources [2].
As can be seen in Figure 3, at each point of the process a waste is generated. This waste can be
reincorporated at different points of the process so that this waste becomes a raw material again.

Figure 4. Circular economy chart [1]

1.2. What eco-design is?
Currently, most things are still designed for the linear model. This means that almost everything needs
to be redesigned in accordance with the principles of the circular economy. The eco-design or circular
design process does so, and comprises four stages:
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●
●
●
●

Understand - Get to know the user and the system.
Define - Put into words the design challenge.
Make – Iterate: ideate, design, and prototype.
Release - Launch your design into the wild.

Designing is an iterative process that never finishes. You should constantly be testing and refining as
you understand how your users interact with your design, and how it fits within the wider system [6].
Eco-design is normally done along with a Life Cycle Analysis (LCA) of the studied product or process.

Figure 5. Eco-design flow chart [1]

2. Examples of good practices in the industry
In order to understand how a company develops its own strategies to implement circular economy
principles, in the following paragraphs some examples of successful stories pushing forward towards
sustainability and circular economy are detailed. These initiatives are built upon the cooperation and
innovation efforts of the Catalan cluster on advanced textile materials AEI Tèxtils [5].

2.1. Use of sustainable raw materials
C.P. Aluart, S.L. creates products in circular knitting with the most advanced materials to meet the
needs of the military, police, fire, risk industries and high-performance sports sectors. One example of
these materials is the recycled PET, which allows them to produce protective fabrics and garments of
recycled plastic bottles.
Manufacturas Arpe, S.L. are specialists in designing, weaving, cutting, printing, and manufacturing
customized textile products for the marketing sector. Their commitment towards the environment
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differentiates their products. For example, they embrace eco-design using recycled yarns and a
consequent multiple life approach on its products.
Hilaturas Arnau, S.L. specializes in the recycled textile sector, manufacturing fabrics for specialized
markets with high added value. They manufacture circular technical yarns recycling aramids,
modacrylic, etc. and also ecological vegan yarns with mixes of different natural sustainable materials
such as corn, hemp, bamboo, kapok, ramie, etc.
Cintas y Pasamanería, S.A. (Cinpasa) respects the principles of sustainability by promoting the use of
recyclable materials and the use of manufacturing processes that respect the environment both
internally and with our suppliers. In these cases, the use of recycled materials avoids the consumption
of virgin fossil raw materials. Also, it is important to know which environmental impacts the raw
materials we use have, in order to be able to change them for more sustainable ones, when possible.

2.2. Wastewater treatment processes effectiveness
Hidrocolour, S.L. offers technical services for dyeing and finishing fabrics for bath, fashion, towel,
technical uses, sport and home among others. These processes need a large amount of water, in which
part of the used chemicals remain. In order to improve the sustainability of the processes, the company
is improving wastewater treatment as well as resource efficiency in textile finishing due to its
commitment to the society and to the environment.
Finish, S.A. is dedicated to dyeing and finishing fabrics for decoration. Their factory has implemented
a system that allows them to reuse wastewater to consequently reduce environmental impact.
E.Cima, S.A.U. knits, finishes and dyes different knitted products such as 3D fabrics, microfibre nobuck,
velour, hook & loop, linings, meshes, nets, velvets, fleeces, etc. In order to perform more sustainable
processes, they use innovative air drying and curing systems and waterless textile finishings.
Reviewing existing processes can make us aware of the improvements that can be applied to them.
Water pollution has always been associated to the textile sector. Despite regulations regarding the
quality of water that is released from factories, processes can be improved in terms of sustainability
and economy, using innovative purification processes, more sustainable chemicals, etc.

2.3. Embrace the whole production process in the sustainable strategy
FINSA-JOB GROUP provides appropriate solutions in industrial filtration. Its proposal to achieve
environmental improvements in the company is to extend the life of the product by reducing the
consumption of water in production and use.
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Marina Tèxtil, S.L. design, manufacture and commercialize protective technical fabric used to produce
personal protective equipment (PPEs). The company embraces a sustainable production of highperformance technical fabrics for personal protection.
Technitiger, S.L. is an engineering and operations company targeted in the design of fabrics focused to
the risk-protection of persons, specifically, those hazards from burns and substantial thermal shocks.
Now they focus on closing the loop on protective fabrics.
Antex are involved in post-industrial and post-consumer recycling processes, as well as more
environmentally friendly processes and technologies. This allows them to reduce energy and water
consumption, and reduce the pollution produced by non-biodegradable waste.
The improvement of different phases throughout the life of the product is a clear example of ecodesign. Rethinking and redesigning various aspects of the product makes it more sustainable.

2.4. New life to the process leftovers
Etisilk, S.A. is a company specialized in outdoor fabrics production. As a completely vertically integrated
company, they control and produce all the key materials of the fabric production, from the yarn to the
finished fabric. This allows them to be able to collect their outdoor fabric leftovers and recycle them
into products such as soft baby playmats.
La Industrial Algodonera, S.A. (LIASA) is a manufacturer of cords, elastic bands, tapes, technical cords
and polypropylene threads with a wide range of colours, applications and finishes. The company has
found a solution to their leftovers of synthetic yarns to new sustainable packaging products in a
successful case of industrial symbiosis.
All companies without eco-designed processes generate residues that usually end up in landfills. It is
interesting to analyse them and think what use they can have. In this way these residues will have a
new life and the pollution generated in their elimination will be avoided.

3. Examples of good practices thorough projects
The companies can also be involved in projects that help them to adapt new processes to improve
their competitiveness in sustainability. The association of various companies, technology centres and
/ or other entities such as universities or vocational training centres is useful to achieve common and
innovative objectives that can be applied in accordance with the objectives of the project. Normally,
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these projects, once approved by the organizing organism, grant funding that helps to reach the
objective of it [4].
AEI Tèxtils, as a cluster, is contributing to the promotion and facilitation of new developments towards
the green transition with specific projects for their associates. In the following paragraphs there are
some examples of them, that can be used as an example of another way of implementing circular
economy solutions to different processes in the textile industry:

3.1. Promote ecodesign
ECODISTEX objective was to promote the use of environmental criteria in the different stages of design,
production, distribution, use and recycling of final products within the technical textile sector with the
goal to reduce and mitigate the environmental impact during the whole life cycle. This project was a
great opportunity to promote eco-design with hand-on case studies with our members.
Its quantitative objectives were:
● Reduce by 20% the industrial waste generated as a result of the ecodesign of a textile product.
● Reduce by 30% emissions from the process of receiving raw materials and distribution of the
manufactured product.
● Reduce by 15% the costs of buying virgin raw materials and energy savings.
● Reduce by 15% the costs of waste management.
● Reduce the carbon footprint of the product by 30-50% once ecodesigned.
This project was co-funded by Departament de Territori i Sostenibilitat de la Generalitat de Catalunya
and Agència de Residus de Catalunya.

3.2. Ecodesign with a special focus on chemicals
Various projects are done supporting the substitution of hazardous chemicals in finishing processes
but focusing on different products.
The FLAREX project was developed with the objective to carry out an analysis of the environmental
impact of the best technologies currently available that are alternative to toxic Flame Retardants (FRs),
used in textile finishing processes, especially those that are halogenated, and demonstrate which are
the best alternatives: the less toxic and with lower environmental impact but at the same time those
that will keep the required properties of the fabric. This project was developed by a consortium of 8
members and funded by the LIFE Program.
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The aim of MIDWOR project was to carry out an analysis of the environmental impact of the best
technologies currently available that are alternative to toxic DWOR (liquid repellents), used in textile
finishing processes, especially those that are fluorinated, and demonstrate which are the best
alternatives: the less toxic and with lower environmental impact but at the same time those that will
keep the required properties of the fabric. This project was developed by a consortium of 8 members
and funded by the LIFE Program.
SUSTEX aims to provide tools and knowledge to the Catalan textile industry in order to promote
substitution of hazardous chemicals used in the finishing processes to enable the application of
environmental criteria in the manufacturing of its products. This will be achieved through a series of
activities including a preliminary study of the current situation in Catalonia, interviews with companies
from the textile finishing sector and with chemical suppliers. These preliminary activities are directed
to baseline the current market situation and to identify the availability of potential alternatives that
will be used in communication and workshops organized for the sector. A sectoral guide promoting
substitution of hazardous chemicals for the textile finishing processes will be produced based on the
learnings of the different activities and previous projects led by AEI TÈXTILS. The sectoral guide will
facilitate the Catalan textile industry the process of substitution.
This project was co-funded by Departament de Territori i Sostenibilitat de la Generalitat de Catalunya
and Agència de Residus de Catalunya.

3.3. Promote circular economy
The CIRCULARTECH project aims to develop a sectoral analysis of technical textiles industries to
identify barriers and obstacles within the sector and design approaches to overcome them. The project
also identifies potential set of actions specific for the technical textile sector to promote its
implementation in industrial companies.
Specifically, the objectives of the project are:
● To obtain data on how the technical textiles’ sector is applying eco-design strategies to embrace
Circular Economy, in order to foster a change of model.
● To obtain information of the sector barriers to apply Circular Economy in order to provide the
specific resources.
● To have an overview of solutions promoting Circular Economy, as examples to assess the possibility
of replication.
● To include eco-design strategies to prevent waste and to minimize the use of non-renewable
resources on the product manufacturing process.
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This project was co-funded by Departament de Territori i Sostenibilitat de la Generalitat de Catalunya
and Agència de Residus de Catalunya.

3.4. Industrial symbiosis
The PACTEX project aims to establish synergies between the companies of two clusters (AEI Tèxtils and
Packaging Cluster) from different sectors and foster among them the effective use of material
resources by reducing industrial waste at source, reuse of products, improving recyclability and
recovery of waste.
For its development, initially, a detailed identification of the type of material resources and residues
generated by companies in both sectors was done. Once this initial diagnosis was completed a series
of improvements and innovative measures (technological and or non-technological) were proposed to
be adopted by companies to achieve a better reuse of material resources and reduce the generation
of industrial waste. An assessment of the technical, economic and environmental aspects of each of
the proposals and measures proposed was also performed. The project ends with a selection of the
most appropriate measures, to test them and prove that they are technically, economically and
environmentally viable.
This project was co-funded by Departament de Territori i Sostenibilitat de la Generalitat de Catalunya
and Agència de Residus de Catalunya.

3.5. Development of training tools
Other projects are designed to develop useful training tools for companies and students about circular
economy or other new trends applied to the sector.
CLEANTEX objective is to promote the uptake of circular economy and eco-design concepts to improve
the skills of students in textile engineering and workers in the sector through cross-sectoral
cooperation in HEIs in order to tackle the main pollution problem in the textile industry and reach a
more sustainable sector. CLEANTEX will generate an impact to the different target groups including
students of HEIs (both design and textile), textiles’ companies and their managers as well as other
stakeholders from the textile ecosystem, who will benefit from the outputs generated during the
project lifetime. The project is developed by a consortium of 8 members and funded by Erasmus+
Strategic Partnership.
DESTEX aims to promote the uptake of creativity culture as a catalyst to unlock the innovation potential
in the advanced textile materials' sector. In order to foster innovation within this sector, higher
education programs need to uptake and reinforce creativity and design aspects into textile engineering
programs as a driver to unlock the latent innovation potential of the advanced textile manufacturing
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industry. The project was developed by a consortium of 8 members and funded by Erasmus+ Strategic
Partnership.
The aim of TEXTRA project was to promote and contribute to the transferring research and innovation
knowledge to students & trainees of the textile/clothing sector via project-based learning. The project
was developed by a consortium of 10 members and funded by Erasmus+ Strategic Partnership.

4. Conclusions
In recent years, sustainability has become a major trend in the textile industry. Consumers are better
informed and increasingly expect ecologically and socially acceptable products and thus sustainable
solutions in the textile industry. Manufacturers are increasingly committed to tapping innovation
potential and promoting sustainable development.
Nowadays, the circular economy is a key driver for the textile industries to sell their products to the
international market. Different paths can be followed by the companies in order to implement circular
economy and eco-design concepts, as sustainability strategies range from sustainable designs and the
use of innovative materials and processes to the optimization of resource consumption and recycling.
In this lesson some examples of good practices are explained, where it can be seen that the networking
facilitated by the cluster is key in emerging innovation opportunities to thrive business development
with new products based on sustainability and embracing circular economy.
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Questions for the evaluation of the lecture

1. Question 1: circular economy…
Please choose the one correct answer from the three choices below.
a) …is a key driver for textile companies in order to increase their competitiveness.
b) …is a fashion with an estimated duration of 3 years.
c) …studies how the raw materials travel around the world.

2. Question 2: what eco-design is?
Please choose the one correct answer from the three choices below.
a) An iterative process that approaches a product or a process to the circular economy.
b) A process that is done every 5 years and only checks which raw materials are being used.
c) An eco-label to certify that you only use natural fibres to produce fabrics
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Lecture 2.4 Minimal impact technologies and eco-friendly production
Marianna Maglara Morneau
CEDECS-TCBL

1. Introduction
Textiles are one of the largest growing waste streams in the world and are expected to continue to
grow due to more frequent consumption and greater demand from “fast fashion”. Along with this
comes high consumption of chemicals, energy, and water, which generate significant environmental
impacts globally.

1.1. The impact of Textile & Clothing industry
The major environmental effects of the textile & clothing industry are the discharge of high amounts
of chemical loads resulting from the high consumption of water and harmful chemicals used in this
sector and the associated water pollution, high energy consumption in production processes and
related air emissions.
The amount of clothes bought in the EU per person has increased by 40 % in just a few decades, driven
by a fall in prices and the increased speed with which fashion is delivered to consumers. Clothing
accounts for between 2 % and 10 % of the environmental impact of EU consumption. This impact is
often felt in third countries, as most production takes place abroad. The production of raw materials,
spinning them into fibres, weaving fabrics and dyeing require enormous amounts of water and
chemicals, including pesticides for growing raw materials such as cotton. Consumer use also has a large
environmental footprint due to the water, energy and chemicals used in washing, tumble drying and
ironing, as well as to microplastics shed into the environment.
Currently, the efforts shift towards implementing textile recycling, new business models to achieve
this, and related materials and process innovations, start to emerge.
The impact of Emerging technologies for sustainability of nano materials and Artificial Intelligence in
Fashion, Textiles and Design seems to be part of the solution. In the era of new technologies
Biotechnology, Nanotechnology, Artificial Intelligence the world discovers a new way of work and
these technologies contribute immensely in diverse fields such as clothing, new materials and entirely
a new line of biomaterials in textiles like, highly tensile, unique surface structure, self-cleansing fabrics,
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dye ability, flame retardant fabrics, Ultra Violet protection, anti-static, anti-bacterial, soil resistance,
wrinkle resistance, stain repellent, Antimicrobial, fire retardant, water repellent, durability 3-D
technology, and bulletproof fabrics, etc. All these emerging technologies revolutionize the textile
industry, which is a basic component of the fashion and design industry.
After agriculture, the textile industry is the heaviest industrial consumer of water. By 2030, it is
estimated that the world demand for fresh water will increase by 40 percent with the increased
population, and by 2050, an estimated billion-plus people will also lack the water they need for daily
living. Up to 100 litres of water are needed to dye just one kilogram of cotton fabric. The daily water
consumption of an average sized textile mill having is about 1.6 million litres. Specific water
consumption for dyeing varies from 30 – 50 litres per kg of cloth depending on the type of dye used.
Dyeing section contributes to 15% – 20% of the total wastewater flow.
In recent years, there has been increased pressure placed on the textile industry by governments,
NGOs and consumers to make efforts to protect the environment and to take a more proactive
approach in reducing the industry’s environmental footprint. The textile industry is asked to take
responsibility and adopt sustainable business practices to minimize environmental impact.
For that reason, for many years, the textile industry has tried to identify new ways to reduce the water
consumption in the industry, such as lowering the liquor ratio or using textile dyes that require less
water during the dyeing process.

1.2. Environmental negative impact and regulations framework
The textile industry is believed to be one of the largest consumers of water. Conventional textile dyeing
uses large amounts of fresh water and which then is disposed as wastewater containing dyestuff
chemicals. On average, an estimated 100 - 150 litres of water are needed to process 1 kg of textile
material. Water is used as a solvent in many pre-treatments and finishing processes, such as washing,
scouring, bleaching, dyeing, rinsing and finishing. The contaminated water must then be handled and
treated prior to disposal or recycling. Water scarcity and increased environmental awareness are
worldwide concerns causing a sharp rise in prices for intake and disposal of water. To reduce these
water processes, new technologies have been introduced by the scientists. These technologies use at
least 95% less water and 80-90% less energy than conventional fabric dyeing processes.

1.2.1 Environmental negative impacts
An extensive amount of chemicals is used throughout the manufacturing stages of textiles, from fibre
production, through to treating, dyeing, and finishing processes, often comprising 5-15% of a
garment’s weight. Chemicals may be used to provide colour and impart function to textiles. To convert
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raw materials into textiles, 8,000 different chemicals have been cited to be used. Various chemicals
have been identified to be toxic to human health and produce a multitude of negative effects on the
environment, notably water pollution. The economic benefit for the industry from eliminating negative
health impacts from poor chemicals management is estimated to be 8 billion USD annually by 2030.
Increased awareness and concern regarding effects of chemical usage in the industry has prompted
widespread efforts to create and implement chemical management practices, identification systems,
standards, policies, and legal regulations. There have also been extensive efforts towards new safe and
sustainable chemistry and processes, as well as innovation around new or alternative chemicals.

1.2.2. Legal Regulations-Industry standards & certifications: The REACH Regulation & ECHA
(European Chemical Agency)
Attention to the danger of chemical substances and their industrial processes has been boosted in
Europe by the enforcement, in 2007, of the European Community’s REACH Regulation for Registration,
Evaluation, Authorization and Restrictions of Chemicals (EC Regulation n.1907/2006), which defines
the degree of safety or danger of the substances used. The regulation has the objectives of ensuring a
greater level of protection of human health and of the environment, and of improving knowledge of
dangers and risks deriving from the use of chemical products. Around 30,000 chemical substances and
products are subject to analysis to determine their dangerousness and are included into a database
shared by all member States of the European Union; it establishes common management practices or,
if necessary, prohibits their use. Producers of colourants, auxiliaries and additives, and their users,
must document the use of chemical substances and compounds through technical records ensuring
traceability in the processes. The burden of proof concerning the safety of substances is upon the firms
that must identify and manage the risks associated with the substances that they produce and sell,
demonstrate to ECHA (European Chemicals Agency) how they manage the risks and inform users of
the risk management measures adopted. If such risks are not manageable, authorities have the faculty
of imposing various kinds of limitations to the use of substances and, in the long term, the more
dangerous substances must be replaced with less dangerous ones. Substances that are defined in the
regulations as being “of very high concern” are included in a specific list (Annex XIV to REACH); they
may be put on the market, for specific and controlled uses, only after a request is made by the firms
and only if authorized by the European Commission. The REACH Regulation is made up of 141 articles
and 17 technical annexes.
ECHA, with offices in Helsinki, Finland, performs the role of technical-scientific coordination of all
activities provided for by the REACH Regulation and organizes the database for collecting and
managing the data provided for the registration of substances, also with the objective of guaranteeing
the public’s access to information about chemical substances.

Unit 2 Environmental issues in the T&C Industry

Page 105

This project has been funded with support from the European Commission. This publication reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein

1.2.3. Major Related Industry Standards & Certifications
OEKO-TEX® Standard OEKO-TEX® is the first system to guarantee the safety of textile products in
Europe, and Nissenken is the exclusive certification authority in Japan. Certifications concern all the
phases of manufacturing the raw material, the products and the environment within the firm. The
OEKO-TEX® STANDARD 100 certification is over 20 years old and has granted over 160,000 certificates
for millions of finished textile products to more than 10,000 participating firms, belonging to all sectors
of the textile production chain.
EcoPassport (by Oeko-Tex) A certification system through which textile chemicals suppliers
demonstrate that they can be used for sustainable textile production. The ECOPASSPORT program
offers two distinct yet complementary stages: - Stage 1: Restricted Substance List (RSL) and
Manufacturing Restricted Substance List (MRSL) screening; - Stage 2: Analytical verification performed
in an OEKO-TEX® member institute laboratory Products passing the requirements of all two processes
earn the ECOPASSPORT by OEKO-TEX® certification and will be entered into the OEKO-TEX® buying
guide which is the OEKO-TEX® central sourcing platform of pre-certified articles and materials.
Bluesign This is an independent industrial textile standard developed in Switzerland in 2000, based on
the principles of resource productivity, consumer safety, emissions, water usage and quality and health
and safety of the workplace. This is an increasingly recognized standard for sustainable wet processing,
and an instrument that consents improving the raw materials’ efficiency along the entire supply chain
of textile products. The popularity of this system of certification is largely due to the integrated vision
it proposes by not taking into consideration a single product, but its entire production process and the
working conditions of workers involved in its production.
Global Organic Textile Standard – GOTS It is a standard developed by leading international
organizations in organic farming to guarantee the consumer that organic textile products are obtained
according to the rigorous environmental and social criteria applied to all levels of production, from the
harvesting of natural fibres to the following manufacturing phases, to the labelling of the finished
product. Certification may be obtained by textile products that can be shown to contain at least 95%
of organic natural textile fibres (vegetable and animal), that is obtained in accordance with the criteria
set by organic agriculture. Therefore, this excludes man-made fibres and natural fibres obtained by
standard or OGM procedures. Among the prerequisites considered are also the conditions in which
the fibres and the products are made (respect of the rules for workers’ safety and rights and of the
principles of social equity). As well as textile products and manufacturing activities, also chemical
products used in textile industry can be certified as GOTS.
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2. Review of minimal impact technologies for dyeing & printing
Spinning raw materials into textile, weaving them into fabrics and applying finishing techniques such
as dyeing or giving the fabrics strength and shine are energy-intensive processes in which large
amounts of water and chemicals are used. More than 1 900 chemicals are used in the production of
clothing, of which 165 the EU classifies as hazardous to health or the environment.
The textile dyeing and finishing industry is one of the largest water users. It uses a huge amount of
water throughout all processing operations. A lot of dyestuffs, chemicals, auxiliaries, etc. are applied
to textile materials in water baths. Ecological problems are commonly related with water
contamination in the textile dyeing and finishing industry. Wastewater of the textile industry is hot,
has strong odour, and coloured by dyestuffs, which are used as a part of dyeing and/or printing
process. Eco-friendly and clean production methods consider all possibilities that will minimize the
effects of pollution problems in wet processing of textiles and will save water and/or energy.

2.1. Dyeing
Conventional textile dyeing is water intensive and generates highly polluted water that must be subject
to costly treatment processes prior to discharge into rivers and oceans. Huge quantities of fresh water
are used for the dyeing & finishing process. A new commercial scale dyeing technology for dyeing
synthetic fabric, DyeOx, has been implemented in Taiwan using carbon dioxide (C02) instead of water
in the dyeing process. The innovative technology uses no water, no auxiliary chemicals and reduced
energy when compared to conventional processes. According to the 2017 Pulse of the Fashion Industry
report [1], dyeing can require up to 150 litres of water per kilogram of fabric and, in developing
countries, where most of the production takes place and where environmental legislation is not as
strict as in the EU, the wastewater is often discharged unfiltered into waterways. The production of
garments themselves uses a significant amount of energy for sewing, gluing, welding and seam taping
equipment. New technologies help to eliminate water & energy consumption and to regulate chemical
pollution. However, it is important to take into consideration synthetic dyes and natural ones in order
to maximize efficiency and to avoid chemical discharges.

2.1.1. Dry-Dye Process
The process involves the use of less energy than conventional processes, resulting in a potential of up
to 50% lower operating costs.
Elimination of the water process and chemicals is a real and significant innovation for the textile dyeing
industry. This new process utilizes supercritical fluid carbon dioxide (CO2) for dyeing textile materials.
The revolution is that this process is a completely waterless dyeing process using only nominal amounts
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of recycled CO2. Dry-Dye fabrics dyed with this unique waterless process will have the same quality of
dyeing as current, conventionally dyed fabrics.
The process is an innovative & environmentally responsible step to produce quality fabrics and
garments for premium brands in the sports and intimate wear markets. By pioneering and
implementing this new waterless dyeing process, the companies can eliminate their annual use of
millions of litres of fresh water in dyeing fabrics.
The CO2 -is an inexhaustible resource and its use does not release volatile organic compounds (VOCs).
To note that it is biodegradable as a nutrient for plants. It can be recovered and reused from the dyeing
process. It is non-flammable and non-corrosive. It is non-toxic and low cost.
Major Advantages
●
●
●
●
●
●
●
●
●
●

Elimination of water consumption
Elimination of wastewater discharges
Elimination of drying and dryer effluent
Reduction in energy consumption
Reduction in air emissions
Reduction of chemical substances
Dyeing time significantly reduced
Unused dye can be recaptured and reused
Approximately 95% of CO2 can be recycled
Fewer re-dyes are required

Supercritical fluids are highly compressed gases which have unique properties of both liquid and gas
and, because of this, have advantages for textile processing.
Supercritical CO2 may act as both a solvent as well as a solute, ideal for the textile dyeing process in
which disperse dyes (without additives, dispersing agents, etc) are used. Supercritical fluids have
higher diffusion coefficients and lower viscosities than liquids, as well as the absence of surface
tension, allowing better penetration into materials.
The three main stages of matter at ordinary temperatures and pressures are gas, liquid and solid.
The molecules in a solid are so close together that the forces between them hold them in a given shape.
When more energy is added, these forces are overcome, and the substance becomes a liquid. Add
more and it becomes a gas. When both the temperature and pressure get high enough, liquid and gas
phases become indistinguishable, and the phase is called a supercritical fluid.
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Benefits for the textile Industry
●
●
●

●

Using supercritical fluid CO2, polyester and other synthetics can be dyed with modified
disperse dyes.
The supercritical fluid CO2 causes the polymer fibre to swell allowing the disperse dye to
easily diffuse within the polymer, penetrating the pore and capillary structure of the fibres.
The viscosity of the dye solution is lower, making the circulation of the dye solutions easier
and less energy intensive. This deep penetration provides effective colouration of polymers
which are characteristically hydrophobic. Dyeing and removing excess dye are processes that
are done in the same vessel.
Residue dye is minimal and may be extracted and recycled. Supercritical CO2 dyeing gives
excellent results as far as dye levelness and shade development, and the physical properties
of dyed yarns are equivalent to conventional methods.

Key Business Actors
Big business is key to changing the landscape of the dye industry and there have been some
technological advances by some big brands (which of course are the only ones who can afford it).
NIKE entered a strategic partnership with Dye Coo Textile Systems B.V. that manufactures machines
for waterless textile dyeing. By using recycled carbon dioxide, Dye Coo’s technology eliminates the use
of water in the textile dyeing process. NIKE, Inc. considers this as a significant step towards its longterm commitment to ensure sustainable business and a cleaner environment.
Major businesses such as IKEA and Adidas can afford to use these technologies.

2.1.2. Air- Dye Process
Elimination of water during the colour application
Air dye process employs air instead of water to help the dyes penetrate fibres, a process that uses no
water and requires less energy than traditional methods of dyeing; the technology works only on
synthetic materials and is currently available only in the United States.
Air dye technology manages the application of colour to textiles without the use of water. It was
developed and patented by Colourep, a California-based sustainable technology company. Depending
on the fabric, and type of dyeing, Air Dye uses up to 95% less water, and up to 86% less energy,
contributing 84% less to global warming, according to an independent assessment requested by the
company. Air Dyed fabrics do not leach colours or fade as easily as vat dyed fabrics, because the dye is
inside the fibres.
Advantages
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●
●
●

●
●

●

Does not pollute water in the colour application process (no hazardous waste in the water)
Reduces energy requirements, thereby lowering costs and satisfying the strictest standards
of global responsibility.
Does not use boilers, screen printing machines, drying ovens, or cleaning step and simplifies
the process, creating revolutionary possibilities of new industry and employment in
unfarmable, arid regions of the world.
Gives consumers a way to choose style and sustainability at a realistic price at the point of
purchase.
Depending on the fabric, and type of dyeing, Air Dye uses up to 95% less water, and up to
86% less energy, contributing 84% less to global warming, according to an independent
assessment.
Additionally, some companies state that with Air Dye technology they can print to order
which eliminates production excess and waste.

Key Business Actors
Colourep claims that its Air Dye Process is priced competitively compared to traditional technology.
Additionally, Colourep claims that companies using the technology find the Air Dye process reduces
waste as 10% of traditional, vat-dyed fabric is damaged during the process.
Table 1. TCBL Network presentations to go further

Title
Guide Ecofriendly
Production
Business Case
The Eco-friendly
Production
Business Case
From threat for
brands to
opportunity for
labs and
manufacturers
Natural Dyes

Speaker

Organisation

Link

Guide

TCBL
Network

https://issuu.com/tcbl/docs/ecofriendly_production_business_ca

Paolo Guarnieri Prato

TCBL
Network

https://youtu.be/OGtRxoOn5m8

Besnik Mehmeti

TCBL
Network

https://zine.tcbl.eu/detox-fromthreat-for-brands-to-opportunity-forlabs-and-manufacturers/

Stefano Panconesi
Casa Clementina

TCBL
Network

https://youtu.be/NQvf5wz8XaY
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Safer Chemicals
in Fashion
Soiling and soilrelease finishing
of textiles

Marco Ricchetti
Sustainability Lab
Silvia Pavlidou

TCBL
Network
TCBL
Network

https://youtu.be/tBgwQ-JxbM4
https://zine.tcbl.eu/soiling-and-soilrelease-finishing-of-textiles/

2.2. Digital Printing
Printing is one of the important phases of production for the management of sustainability in the use
of chemicals in textile production processes. The use of digital technologies allows, in comparison to
traditional printing, a reduction of the amounts of colourants and inks used. Brands respect either the
regulations or those of voluntary RSL/M-RSL set by the brands.
Since its entry on the market, at the beginning of the year 2000, digital printing has represented a true
technological innovation in the textile & clothing sector, anticipating modes of connecting different
technologies.
Printing companies are recommended to use only the strictly necessary quantity of ink. Research has
also been conducted on systems for reducing pollutants in refuse through the use of biomasses and
techniques for separating urea and retrieving it for use in subsequent production processes.
Major Advantages
Environmentally friendly, efficient use of natural resources
Very high fixation, with low discharge of unfixed dye
Low water and energy usage compared to traditional dye baths
Consistency of product quality
Consistent quantity of dye is laid down
Does not rely on pick-up of dye from dye bath
Different colour possible on each side of the textile

2.2.1. Benefits for the T&C industry: Efficiency, Chemical safety, innovation
The first element to stand out when looking at a digital printer is the considerable advantage given by
the possibility of producing what is needed in the necessary quantities and with the required variables,
without wastes or batches lying in warehouses as they wait for a buyer.
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Savings in terms of printing time is certainly a significant variable. If the process of preparing printing
cylinders and plates may take up to 2 weeks, the time necessary for inkjet printing is cut down to a few
hours. The time needed for resetting the machine to change the fabric or the design is much shorter.
The speed of the printing process itself can reach high levels of productivity own to a few hours.
A machine using printing plates can be up to 40 meters in length, while a digital printer takes up an
average of 40/50 sq. m.; it can be installed in a much smaller space and since the plant’s layout
determines its energetic costs, to obtain the best result while reducing the areas used makes the entire
production more ecologically and economically sustainable. Even cleansing of the printer’s belt in a
digital machine (today about 4 meters in size) compared to that of a rotary or flat printer requires
smaller volumes of water and energy. Digital printers allow a saving of 40 to 75% compared to
traditional printing, depending on the type of equipment and on the design’s complexity.

2.2.2. Reduction of the environmental impact of the chemical substances
Reduction of the environmental impact of the chemical substances used in the printing process
Chemical Safety: UREA substance
Urea is a chemical substance used to favour fixing dyes (reactive but also acid, not in the case of
dispersed inks) onto the fibres. In the phase of steam fixing of the inks, urea allows the absorption of
moistness, thus contributing to fixing the colour to the fabric. In traditional printing urea is mixed into
the printing paste while in digital printing it is used in the preparation of the fabric, often in greater
quantities than actually required for the actual design to be printed. At the end of the printing process
urea may be present in the water used for washing the product, with such levels of nitrogen
contamination as to require purification processes. The use of urea in printing processes (digital and
traditional) represents an ecological problem.
Key Business Actors - Success Stories
Intech Digital introduced a new “waterless” textile printing technology using Blackjet reactive pigment
textile inks (nanopigment ink) to provide colouration.
Blackjet textile inks use a pigment that is insoluble in the ink carrier, rather than a dye, and contains
resin binders that help the pigment particles adhere to the fabric.
This technology uses a four-step process consisting of: 1. a fabric pre-treatment, 2. digital printing with
reactive pigment inks, 3. fabric heating for fixing the pigment onto the fabric, 4. a post-treatment
process.
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DuPont Artistri digital textile inks are formulated with similar pigments and dyes to those used in
conventional textile printing to provide high-level results in digital printing.

3. Other solutions for an eco-friendly production
The textile finishing industry gives fabrics and garments their final appearance and properties. It
employs traditional processes that are not environmentally friendly (chemical, water & energy
consumption).
Processes like desizing, bleaching, washing (roll-to-roll systems on fabrics) and dip-coating
fictionalization or dyeing (batch systems on garments) are currently developed by wet application
systems and chemicals that require huge amounts of water and treatment of the wastewater released.
The use of alternative chemistry like ozone for fabric treatment in a continuous way and use of
nanobubble technology for garment finishing is able to reduce the chemical consumption – also water
consumption.

3.1.

Plasma and other technologies for an eco-friendly finishing

Eco-friendly and clean production methods consider all possibilities that will minimize the effects of
pollution problems in wet processing of textiles and will save water and/or energy.

3.1.1. Plasma Treatments
Plasma Treatments: It is an environmentally friendly method for fabric finishing and modification. The
process uses plasmas, gases in a highly excited state consisting of ions and free radicals, to interact
with polymer surfaces and radically change the nature of those surfaces.
The use of high energy plasma to create a continuous non-aqueous fabric treatment system,
encompassing desizing, scouring, dyeing and especially finishing.
It is low pressure technology. Plasma treatments have been used to induce both surface modifications
and bulk property enhancements of textile materials, resulting in improvements to textile products
ranging from conventional fabrics to advanced composites.
These treatments can enhance dyeing rates of polymers, improve colourfastness and wash resistance
of fabrics and change the surface energy of fibres and fabrics. Research has shown that improvements
in toughness, tenacity and shrink resistance can be achieved by subjecting various thermoplastic fibres
to a plasma atmosphere.
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The water repellency of denim fabric increased using both vacuum and atmospheric pressure plasmas.
This device allows diagnostic characterization of the plasma during processing, controlled treatment
variation throughout a fabric roll and continuous fabric processing.
Plasma treatment can be done either at low (vacuum) or atmospheric pressures. While vacuum
processes have been well-characterized, they have not been accepted by the textile industry due to
their incompatibility with continuous processing. The interaction between atmospheric plasmas and
textile substrates is still a subject of investigation.
Different textile materials can be treated including woven fabrics, nonwovens and filament yarns in
atmospheric plasma. The nylon samples showed no significant surface modifications, but the same
treatment protocol significantly altered the surface chemistry and morphology of polypropylene.
Major Advantages
●
●
●

Low use of water
Energy efficiency
Low pressure technology

3.1.2. Ozone Technology
Ozone processing systems generate zero waste because the ozone is transformed back to regular air
once the process is done, but this requires a few minutes, just as the charging and discharging of the
garments does.
G2 is the latest and most eco efficient ozone textile technology, the result of 15 years of constant
innovation in the garment finishing industry.
This mechanical recycling system does not consume water or produce chemical waste. Developed by
Novetex Textiles Limited, the patented system is almost entirely automated, thereby reducing the high
labour costs associated with textile recycling.
In the textile industry, ozone is utilized in various processes such as: denim applications, cotton pretreatments, dyeing and finishing, polyester dyeing and clearing, treatment of various textiles , etc.
Major Advantages
●
●
●

Ozone Technology brings a natural looking bleach effect.
Low cost, Ozone Technology allows the laundries to achieve very competitive prices in the
denim industry.
Energy savings by no heating water
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●
●
●
●

Water savings
Labour savings
Chemical reduction
Bleaching without water

3.1.3. Micro Nano Bubble (MNB) Technology
This technology can treat raw garments and apply different chemicals, transferring them employing
micro-nano bubbles (MNB) as the vehicle of the chemical products, which can get inside the fibres
directly. Current technologies for garment finishing are based on distributing the chemicals in a bath
inside of industrial washing machines. The innovative aspect by using this new technology is that such
products get in contact with the garments with a minimal amount of water, being transported to the
fibres through micro-nano bubbles by means of a flow of wet air.
Benefits for the textile industry: significant energy, water savings & elimination of toxic process
Both technologies promote a new vision of the textile industry:
Ozone technology use only electric power and air for fabric finishing. Its background comes from ecowashers of garments that use ozone to soften or reduce colour in clothing producing and ‘sun-washing’
effect. Significant energy savings of water and the elimination of the need for toxic processes
associated with bleaching were found.
A new roll-to-roll ozone treatment for fabrics: vintage effects, fading looks, improved crocking,
bleaching, cleaning, crystal-like flat look on denim and colour degradation are the main benefits.
Micro Nano Bubble technology can treat raw garments and apply different chemicals, transferring
them employing micro-nano bubbles (MNB), inside the fibres directly. Current technologies for
garment finishing are based on distributing the chemicals in a bath inside of industrial washing
machines.
The innovative aspect by using this technology is that such products get in contact with the garments
with a minimal amount of water, being transported to the fibres through micro-nano bubbles by means
of a flow of wet air.
Three common processes can be replicated by this technology: conditioning processes (softening),
fictionalization processes (special/technical properties), exhausting processes (dyeing directly on
garments).
The main textile products to be treated with these technologies are mainly focused on denim and
apparel, but not restricted, as new R&D projects focused on finishing of textiles for home applications,
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work wear, automotive, footwear, leather-based products, medical/health sector, etc. could be
launched by EU textile companies, to develop new textile materials and processes.
Table 2 TCBL Network articles & presentations to go further- 2

Title
Digital textile printing
Lasers & Plasma
Methodologies and Tools
for Chemicals Management
Sustainable textile finishing
using ozone and
nanobubble technologies
Sustainable Chemistry
Method to Improve the
Wash-off Process of
Reactive Dyes on Cotton
Biological exhaust air
purification in textile
finishing

Speaker

Organisation

Link

Alexandru
Mitocaru
Bill Macbeth
Besnik
Mehmeti

Printer Zone

https://youtu.be/SvMX91-WGoM

TCoE
TCBL Network

Besnik
Mehmeti

TCBL Network

Besnik
Mehmeti

TCBL Network

Besnik
Mehmeti

TCBL Network

https://youtu.be/zCODY7asNWY
https://zine.tcbl.eu/methodologi
es-and-tools-for-chemicalsmanagement/
https://zine.tcbl.eu/sustainabletextile-finishing-using-ozone-andnanobubble-technologies/
https://zine.tcbl.eu/sustainablechemistry-method-to-improvethe-wash-off-process-of-reactivedyes-on-cotton/
https://zine.tcbl.eu/biologicalexhaust-air-purification-in-textilefinishing/

3.2. Use of bio-based fibres
The production of raw materials is responsible for a large share of the environmental impact of the
textile and clothing industry, not least from growing crops for natural fibres.
The natural fibres are textile fibres of plant, animal (protein), or mineral based origin. Man-made /
cellulosic fibres are also classified as natural fibres. Major difference from the synthetic ones that are
man-made textile fibres produced from chemical substances (petroleum, coal).
Besides the traditional ones such as cotton, leather and wool we have the new bio-based ones that
open new possibilities in the textile industry.

3.2.1. Natural fibres versus sustainable
Cotton
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Cotton, which according to the European Clothing Action Plan (ECAP) [2] accounts in 2015 for more
than 43 % of all fibres used for clothes on the EU market, is considered especially problematic because
it requires huge quantities of land, water, fertilizers and pesticides. The environmental impacts of bio
cotton can be drastically reduced compared to conventional cotton, as it uses less water and pollutes
less.
With a market share of 25 percent in 2019 (i.e. the 2018/19 ICAC harvest year), the market for
preferred cotton is more advanced than for most other materials. Key drivers are the existence of
several well-established preferred cotton programs, and that cotton as a large volume material has
been on the industry’s sustainability radar for many years. Yet, further increasing the share of
preferred cotton and continuous improvement in terms of sustainability are urgently needed.
Preferred cotton programs include: ABRAPA, BASF e3, Better Cotton Initiative (BCI), Cleaner Cotton,
Cotton made in Africa (CmiA), Fairtrade, Fairtrade Organic, Field to Market, In-Conversion Cotton
(Transitional in the USA), ISCC, myBMP, Organic, REEL Cotton, Regenerative Cotton, and the United
States Cotton Trust Protocol.
According to a Textile Exchange report, the share of sustainable cotton increased from 6 % in 2012 to
2013 to 19 % in 2016 to 2017. According to the 2017 Pulse of the Fashion Industry report [1], natural
fibres have the highest environmental impact, with silk having an especially detrimental effect
regarding depletion of natural resources and global warming, cotton contributing excessively to water
scarcity and wool to greenhouse gas (GHG) emissions.
Leather
Until recently, leather processing risks (tanning, chemical use) have been the primary focus, but there
is a growing interest in animal welfare, deforestation, land use (and associated biodiversity loss), and
climate change issues. Textile Exchange has developed the Leather Impact Accelerator (LIA) to speed
up positive actions along the full beef/leather value chain.
Down: Awareness of animal welfare issues has led to successful growth in the use of standards, such
as the Responsible Down Standard. While influencing at farm level is challenging, the use of preferred
down standards helps to reduce the risks along the supply chain.
Wool
Conventional wool dominates the wool market but the adoption of non-mulesing and preferred wool
programs, such as the Responsible Wool Standard, is increasing. Transitioning to wool programs with
both animal welfare and responsible land use criteria in place offers the potential to create positive
impacts in terms of animal welfare, land use, and biodiversity. The use of recycled wool can be another
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key lever. While it has a long tradition, the market share is still low, but the impact potentials are very
high.
However, the industry is also testing less frequently used natural fibres, such as hemp, flax, lin and
nettle, that require less water, fertilizers and pesticides. Polyester, which is made of fossil fuels and is
non-biodegradable, accounted for 16 % of fibres used in clothes according to the European Clothing
Action Plan ECAP. Its main advantages are that, unlike cotton, it has a lower water footprint, has to be
washed at lower temperatures, dries quickly and hardly needs ironing, and it can be recycled into virgin
(new) fibres.
The 2020 Preferred Fibre and Materials Market Report reveals that the global fibre production has
doubled in the last 20 years, reaching an all-time high of 111 million metric tons in 2019 and preCOVID-19 results indicated potential growth to 146 million metric tons by 2030. The market for
preferred fibre and materials (included as part of the overall fibre and material market) is growing but
not at the speed and scale required. Now is the time to accelerate a transition to preferred fibre and
materials to sustain life for people and the planet. Textile Exchange aims to be the driving force for
urgent climate action with a goal of 35-45% reduced CO2 emissions from textile fibre and material
production by 2030.

Figure 1. Global Fibre production in 2019

The Preferred Fibre and Materials Market Report includes latest trends in various fibre categories,
including Plant-based Natural Fibres, Animal-based Fibres and Materials, Manmade Cellulosic Fibres,
Synthetic Fibres, as well as takes a look at sustainability standards, initiatives, and overall trends.
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Figure 2. Preferred fibre materials market overview

3.2.2. Other Materials for an eco-friendly production
An ideal tool that reduces energy and material consumption and minimizes the generation of waste
and emissions is modern biotechnology. Industrial biotechnology uses microorganisms and biological
catalysts (enzymes) to produce clean industrial products and processes that will bring great benefits
to industry over the next decade.
Intelligent textiles
This segment of innovative textiles is multidisciplinary and requires expert knowledge from many
fields. Intelligent textiles are those incorporating microsystems that help to measure and observe vital
parameters such as blood pressure, pulse, or breathing. These textiles are used for uniforms of motor
racing and gasoline pump attendants, and fire brigades, among others.
Recycled polyester
Recycled polyester, made mainly from plastic bottles, increased its market share from 8 % in 2007 to
14 % in 2017. However, several studies have recently also shown that one load of laundry of polyester
clothes (also nylon and acrylic) can discharge 700 000 microplastic fibres, which release toxins into the
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environment and can end up in human food chain. Estimates show that every year approximately half
a million tons of plastic microfibres from washing clothes end up in the ocean.
The industry is currently experimenting with biobased polyester (also known as biosynthetic), made at
least partly from renewable resources such as starches and lipids from corn, sugar cane, beet or plant
oils. While the challenge is to find feedstocks that do not compete with food production and that do
not require large amounts of water and pesticides. While the share of recycled polyester is increasing
and reached 14 percent in 2019, it is not yet advancing at the speed and scale required. Low prices of
fossil-based polyester create a challenging market environment for recycled and biobased polyester.
As the fibre with the largest market share, the impact scale of polyester is enormous. While using
plastic bottles as feedstock is a good start – and most recycled polyester is currently based on plastic
bottles – we need to move towards textile-to-textile recycling and urgently improve social conditions
in waste collection and recycling.
Spider Silk
Spider dragline silk is a marvellous material that has been engineered to be five times as strong as
steel, twice as elastic as nylon, waterproof, stretchable, and exhibit the unusual behaviour that the
strain required to cause failure increases with increasing deformation. A goat embryo is genetically
combined with spider DNA, when the goats with modified genes produce milk which contain spider
silk. Advantageous textile properties have been transferred to microorganisms that are multiplied by
bulk fermentation processes. Similarly, spider DNA is transferred into bacteria to manufacture proteins
with increased strength and resilience of spider silk.
Naturally, Coloured Silk
Worldwide attempts have been made for producing natural coloured silk by modifying the genes of
silkworms. The Kyoto Institute of technology, Japan, has taken the credit for producing fluorescent
green silk by genetic alteration of the silkworm. Carotenoids, carotenes, and xanthophylls derived from
mulberry leaves have been used to colour the cocoons and are found to be appearing in the sericin
which coats the fibroin of the silk filament. However, based on the pigment permeability on the
different parts of the cocoon, the genetic constitution of the silk glands, and the differences in fibre
pigment according to the colour of the cocoon, variations in colour seem to occur.
DuPontTM “Sorona”
Another important eco-friendly fibre is DuPontTM ‘‘Sorona’’ made from corn. The partnership of
scientists from DuPont and Genencor resulted in the development of the organism that would utilize
glucose from corn starch to produce PDO. Properties such as quick drying, permanent stain resistance,
resiliency comparable to nylon, and softness equal to polyester make it suitable for automotive
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technical textiles including carpets, mats, and fabrics. It offers fabrics with good performance
characteristics.
“Biopol”
The synthetic biopolymer ‘‘Biopol,’’ produced currently, is formed by the fermentation of sugars by
the bacterium Alcaligenes eutrophus. These bacteria grow in tanks with a carbon-based food source.
The polymer produced is separated and purified.
Manmade Cellulosic Fibres
The mainstream technologies under cell culture technologies are the in vitro growth of cells isolated
from multicellular organisms. Tissue engineering is a more advanced culture technique where specific
animal or human cells are induced to grow and form entire tissues that can be implanted in the human
body. Manmade cellulosics (MMCs), derived from cellulose made from dissolved wood pulp of trees,
make around 9 % of fibres used in clothes on the EU market. Most used is viscose, also known as rayon.
They are made from renewable plants and are biodegradable, but the main challenge is also the
sustainable sourcing of cellulose, as the global production of MMCs more than doubled from 1990 to
2017. The industry is therefore working with innovative materials that are more sustainable, such as
lyocell (also known under brand name of Tencel, made of cellulose from eucalyptus, which grows
quickly and requires no irrigation or pesticides), bemberg (also known as cupro, made of cotton linter
that cannot be used to spin yarn), and Piñatex (made of pineapple leaves).
Despite a high market share of Forest Stewardship Council (FSC) and Program for the Endorsement of
Forest Certification (PEFC) certified Manmade Cellulosic Fibres (MMCFs) that is estimated at around
40-50 percent, the risk of sourcing MMCFs from ancient or endangered forests remains high. Canopy
estimates that around half of all MMCFs come from ancient and endangered forests. The market share
of “recycled MMCFs” is estimated at below 1 percent but a lot of research and development is ongoing,
so it is expected to increase significantly in the coming years. With new standards introduced for the
pulp and fibre level, action on this level is also likely to increase.
Polyamide
Due to technical challenges and less attention due to lower volumes, the market share of preferred
polyamide is still low compared to polyester. As the second-highest used synthetic fibre, polyamide
offers significant impact potentials by transitioning to recycled and biobased polyamide. Most recycled
polyamide is currently made from pre-consumer waste, some also from discarded fishing nets.
Increasing the use of post-consumer textiles is needed.
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Table 3. TCBL Network articles & presentations – to go further

Title

Speaker

Organisation

Tjeerd
TCBL
Veenhoven Network
Fibre & Report
TCBL
Market
Network

Link

Algae fabrics

https://vimeo.com/191618026

Preferred
Materials
Report
Designs with reblended fibres

https://textileexchange.org/2020-preferredfibre-and-materials-market-report-pfmrreleased/
https://vimeo.com/191618025

Anita
Wit

de TCBL
Network

4. Conclusions
The textile industry, one of the most water dependent industries, is also the backbone of many
developing economies. With the integration of new technologies such as waterless dyeing technology,
digital printing, etc can help save water and help mills remain competitive while reducing their
dependence on water and contributing to improving the environment. These techniques or processes
benefit is particularly important given that water supplies are becoming increasingly scarce, especially
in the textile producing regions of China, India and other parts of Asia. However, there are still
challenges regarding equipment cost, equipment maintenance and the dyeing of natural fibres.
A product is sustainable only when all the input and output parameters of materials and processes are
harmless to living beings and the environment in all stages of the product lifecycle. Sustainability in
the field of textiles can be attained by the use of biotechnology as all the techniques and processes are
biologically safe and natural. New bio-based fibres emerge and offer new possibilities in the textile
industry.
All emerging technologies continue to revolution the textile industry, which is a basic component of
the fashion and design industry. In present times, indeed a new era in all these industries is going to
be imparting sustainable progress and development.
Industrial biotechnology would serve to solve many problems faced by the textile industry. Many novel
tools and techniques can help the industry, such as improving the performance of the raw materials
such as textile fibres, wool and silk, creating new materials from renewable natural resources, aiding
in the processing of fabrics with enzymes, biological dyes, and improved methods that would save
water and fuels and resources for future use. Enzymes in processing would save time, energy, raw
materials, water, and cost and would make the entire process viable, sustainable, and eco-friendly.
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However, even if all these innovations are very promising and environmentally friendly, there are still
barriers to overcome. The textile industry being a manufacturing industry working under pressure,
there is a continuous competition for garment prices. The innovative technologies highlighted require
a lot of optimizations in terms of achieving low-cost production and commercial viability while meeting
customer demands. Due to the rise in raw-material costs, manufacturers are finding it to be quite
challenging to produce a finished garment in a sustainable way without raising prices beyond what
consumers are willing to pay. Consumers’ behaviour will encourage the textile’s industry journey
towards sustainability through their choices.
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Questions for the evaluation of the lecture
1.

Question 1: The classic dyeing process used in T&C industry demands:

Please choose the one correct answer from the three choices below.
a)

A lot of energy and water

b)

Less water and less energy

c)

Less chemicals

2.

Question 2: What fibres / textiles are considered more sustainable:

Please choose the one correct answer from the three choices below.
a)

The bio-based textiles

b)

The traditional textiles like wool, leather, cotton

c)

The synthetic fibres such as polyester, polyamide, nylon
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Lecture 2.5 Eco friendly practices for jeans production
Marianna MAGLARA MORNEAU
CEDECS-TCBL

1. Introduction
A good pair of jeans is a chief element of a modern-day wardrobe, which is both fashionable and
durable. Large amount of greenhouse gases is released from the denim manufacturing processes and
its impact on the environment is not so happening, as this ever-fashionable garment. This justifies to
study what alternative production processes and business models can make more eco-friendly their
production.

1.1. Origins of a success story
The contemporary use of the word "jeans" comes from the French word for Genoa, Italy (Gênes),
where a fabric known as jean pops up in the history books as early as the 15th century. This textile,
was originally a blend of wool and cotton (unlike the silk used in original denim).
Contemporary jeans are associated with “Denim”, a fabric whose name comes from the name from its
city of origin, Nîmes in France. While a denim predecessor known as dungaree has been produced in
India for hundreds of years, denim as it is recognized today was indeed first produced in Nîmes, France,
at the end of the 17th century, when the city was a textile district. The original Denim was a twill weave
fabric, made of a mixture of wool and silk, which were materials produced locally then. Later cotton
replaced wool and silk as materials used for Denim’s production.
The legendary US version of jeans (the Levi’s jeans) was invented in California in 1873. This denim jean
was originally manufactured using denim or dungaree cloth, a type of pure cotton 3/1 twill woven
fabric with indigo dyed warp yarns and undyed weft. This meant the face side was dominated by indigo
dyed warps, with an underside of undyed wefts. This effect, when combined with different washing
techniques, has helped create the distinctive worn-out appearance. Denim was traditionally coloured
blue with indigo dye to make blue jeans, although "jean" formerly denoted a different, lighter, cotton
fabric.
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1.2. Environmental and Consumer Concerns
An article published in 2006 [1] provided “An assessment of the impact of worldwide consumption of
cotton products on the water resources in the cotton producing countries”, made a lot of noise about
the water footprint of cotton consumption. The data provided by this article have been used to
calculate the specific impact of some key products produced with cotton, one of them being jeans.
With the assumption that Denim is 100 percent cotton it has been calculated then that about 800 gr
of cotton are needed to produce a pair of jeans and it was estimated that the water footprint of a pair
of jeans could be up to 8000 litres of water. This invited a lot of actors of the sector to make a specific
effort on this type of product to reduce its ecological impact and in particular its water impact.
One of the first move has been since then to try to substitute cotton used for denim production by
fibres requiring less water for their production. Certainly, cotton gives Denim its softness, absorbency,
breathability, durability, easy of care, versatility, and affordability. However, a lot of attempts are
currently made to obtain denim with similar properties using alternative fibres like hemp.
This trend for eco-friendly production has been reinforced since then as more and more consumers
are increasingly looking for sustainability in their clothing choices. Unfortunately, the world’s favourite
clothing article, the denim jean, is also one that has traditionally had major negative impacts on the
environment.
Today the jeans production is paid a specific attention about its negative impacts not only in terms of
water footprint but also in terms of energy, toxic chemicals or even social responsibility as illustrated
recently by a recent documentary diffused by the BBC in 2021 [2]

1.3. Manufacturer’s responses
Clothing manufacturers and retailers looked at ways to reduce jeans production impact, starting by
efforts to reduce the part of cotton used as this also allowed them to avoid being tied to a single cotton
market susceptible to large price fluctuations. Manufacturers have therefore started mixing in other
synthetic fibres to give different characteristics and reduce costs — polyester in the 1980s, then
Spandex for elasticity, Tencel for silkiness and delicacy, and T400 for stretch. Manufacturers have also
started incorporating other natural fibres — linen and wool. More recently a lot of more radical
initiatives have been taken. The importance of the jeans production in the clothing industry justifies
these efforts.
In Europe, the production of textiles is an important part of the manufacturing industry, playing a
crucial role in the economy and wellbeing in many regions. In 2017, the EU’s total textile production
was 3 million tons; production of fibres accounts for 27 per cent of this, yarn production 36 per cent
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and woven fabrics 37 per cent (Eurostat, 2019). Natural and synthetic fibres are both produced and
processed by the European textile industry. In 2018, there were around 171,000 companies in the EU’s
textile and clothing industry, employing about 1.7 million people and generating a turnover of EUR 178
billion (Euratex, 2019) – the sector is mainly composed of small businesses with fewer than 50
employees as stressed in Business Beyond Borders event of 2017 [3].
The major environmental impacts of textile products arise from the textile production part of the life
cycle, of which the most important impacts are related to the use and emissions of toxic chemicals, as
well as the use of water and energy (with related greenhouse gas emissions leading to climate change)
(Allwood et al., 2006 [4]; European Commission, 2017 [5]).
Jeans, a global trend, sells approximately 6 billion pairs around the world every year. It is anticipated
that the sales from jeans will cross $65 billion by 2015. In spite of foreseeing such a flourishing scenario
in the denim business, denim companies are facing pressure to change the methods of manufacturing
jeans to tackle the environmental issues.
With such staggering figures of sales, it is obvious that jeans manufacturing processes have a major
impact on the health of workers and the earth. It is a known fact that workers are at the risk of
tuberculosis or silicosis during the sandblasting process to give that perfect 'worn out' look. At the
same time heavy toxic methods of production emit harmful gases which impact the environment.

1.4. Eco-friendly issues in materials and treatments used to produce jeans
Cotton cultivation is one of the most problematic processes in the textile production chain.
Conventional cotton cultivation is both water- and chemical-intensive, and a lot of initiatives are taken
by the textile industry to improve this situation, including the Better Cotton Initiative (BCI, 2013) and
the Global Organic Textile Standard (GOTS). Cotton cultivation occupies less than 2.5% of the world's
arable land but uses 11% of the world's agricultural chemicals, mostly fertilizers, insecticides and
herbicides.
Another critical issue in the textile supply chain is the use of water for irrigation of cotton fields; the
production of cotton demands roughly 10,000 litres of water per kg cotton and the 3 cultivation is
often located in water-scarce areas. The 1960s large-scale irrigation campaign aimed at achieving
independence in cotton production in Soviet Central Asia caused the desertification of the Aral Sea,
with disastrous environmental consequences.
Wet treatment (bleaching, dyeing, finishing) is another infamous source of the environmental impact
of textiles [5], [6]. It is both energy-, water- and chemical-intensive. To produce 1 kg of garment today
it has been estimated that between 1.5 and 6.9 kg of chemicals are needed, which means that the
weight of the chemicals used in the production process is larger than the weight of the finished
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garment itself (Olsson et al., 2009). Not all textile chemicals are toxic, but some are, and emissions of
toxic chemicals from textile production have been highlighted by several nongovernmental
organizations (NGOs) in recent years. One example is the Greenpeace Detox campaign, leading to the
Zero Discharge of Hazardous Chemicals (ZDHC) initiative from the textile industry. Depending on the
local context, the consumers’ transport to and from the store, laundry processes and waste
management may also make a considerable contribution to the environmental impact of textiles. The
social conditions of textile production have also started to receive a lot of attention during the past
decade.
With consumers becoming more concerned with how what they buy affect the environment Denim
companies are facing pressure to tackle the environmental issues, as jeans are one of the least ecofriendly clothing items to produce because of the water and pesticides used to grow cotton but also
due to the additional footprint of manufacturing (1,500 litres of water to manufacture a single pair of
jeans, important energy consumption in factories, toxic chemicals in dyeing and finishing).

2. From traditional to more eco-friendly approaches and solutions
2.1. The traditional - conventional approaches’ negative impact
Manufacturers have also altered the fabric construction of denim, often using so-called knit denim. It
has more stretch and is more comfortable but maintains the indigo colour and aged effect. This is often
used in women’s and children’s clothing for flexibility and slim fitting.
The popularity and variety of jeans, including different colours, has had a major impact on the
environment. For example, fading often requires pumice stone washing with harsh chemicals that
simultaneously or subsequently decompose the indigo dyes, and the distressed look may require up
to 20 chemical-intensive washes.
The waste from these methods is often just dumped into rivers. Chemical residues, heavy metals
(manganese, cadmium, chromium, mercury, lead and copper), strong bleaching and oxidizing agents,
blue pigment dust, fine particles of pumice, and destroyed fibres are therefore a major problem for
the local environment.
Work practices are also often not designed to protect employees. The toxic environment surrounding
denim production is known to cause several health problems, including respiratory disease, hearing
loss, skin cancer, and brain damage.
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Authorities are now demanding better working practices and industry leaders are responding.
Innovative washing processes and technologies are creating sustainable solutions. More efficient
washing machines and eco-friendly chemicals, such as enzymes, are among the options now being
explored and implemented. The common goal is a reduction in water, chemical and energy
consumption.

2.2. The new eco-friendly & sustainable approaches
Some denim companies have come up with new techniques to manufacture 'green jeans'. Denim
manufacturer in Sweden has made an effort to recycle 1600 tons of materials into new garments and
has saved 50 million litres of water while manufacturing jeans. Another denim brand manufactures
jeans entirely from cotton and recycled water bottles. Plastic waste is a big global issue. Around 66
billion water bottles are used every year in the U.S. alone.
Each pair of these jeans contain 8-10 waste bottles and scrap cotton collected from factory floors which
otherwise are thrown to the landfills. It shows the company's commitment to protect the environment
and still manage to run a profitable business. Though it looks simple, but a lot of research and
development has gone into manufacturing jeans from used water bottles, thus making plastic
fashionable.
New developments like waterless jeans and growth of the organic cotton industry have helped to
maintain the sustainability approach. One must make sustainable choices while purchasing denims
such as go for organic cotton, natural dyes, rivets and buttons made from natural or recycled materials.
Avoid washes that require harsh chemicals like distressed, stonewashed, bleached jeans. Always buy
classic styles that will remain in fashion.
Denim companies in the last few years have offered some excellent green jeans options to the
consumers globally. Some make jeans that use 100% organic cotton, while some use natural indigo
dyes and others use bamboo buttons for jeans. There are denim companies that not only make trendy
organic cotton jeans but give away some part of their profits to charitable organizations.

2.3. Eco-friendly production solutions
Scientists have reported a new process known as 'Advanced Denim' that can considerably reduce the
negative impacts. This budding green process can reduce 92% of water consumption, 30% of energy
consumption and almost no wastewater while producing a pair of jeans compared to the traditional
methods. Moreover, the process also reduces cotton waste by 87%, which is normally burned that add
to the generation of carbon dioxide and other greenhouse gases into the atmosphere.
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Traditional denim production requires around 25 dyeing barrels and a range of dangerous chemicals.
The Advanced Denim process needs just one barrel and advanced eco-safe, concentrated liquid
sulphur dyes. The remaining steps of production are removed. According to the scientists, if 25% of
the denims produced in the world are dyed using this technology, the water requirement of 1.7 million
people can be met every year.
This technology would also prevent the wastewater generation by 8.3 million cubic meters and save
220 million kilowatt hours of electricity. Simultaneously, it will curb large amounts of carbon dioxide
released into the atmosphere yearly. Top denim manufacturers of the world are showing high interest
in adopting the Advanced Denim technology. This type of green process is a great example for saving
water, energy, materials and reducing environmental pollution.
Some of the ways the denim jean industry is adapting to changing regulations and the increasing
demand from consumers for more sustainable products are the following:
Ozone washing is growing in popularity — harnessing the natural bleaching capabilities of ozone gas
to give a range of specialty bleached effects while substantially reducing the impact on the
environment. Ozone has naturally strong oxidizing capabilities, which can destroy indigo dyes on the
fabric’s surface, creating a bleached appearance. The process involves dampening the denim jeans and
then exposing them to the ozone. It can achieve a desired level of bleaching in about 15 minutes. The
ozone then reconverts to oxygen and is released safely into the environment. Dry ozone processes are
also available, removing the need for bleach and water. This will create sustainable denim.
Manufacturers are also using computerized infrared lasers to create localized wear, whiskers, intricate
patterns, and personalized designs without chemicals or water. This method offers precision,
repeatability and flexibility.
The chemicals being used are also changing. More eco-friendly bleaching chemical formulas and
alternative dyestuffs mean less impact on the environment. For example, liquid sulfur dyes can achieve
much higher fixation rates, more than 90 percent, in comparison to traditional indigo dyes, usually less
than 10 percent, meaning far lower dyestuff discharge. They also have excellent washing-off and wetfastness properties.
Other options include foam dyeing and finishing, which reduces the wet-pick-up rate significantly (20
percent to 30 percent), meaning fewer dyes and chemicals. Manufacturers are also using nano-sized
air bubbles instead of water to dye jeans, giving them both softness and wrinkle-repellent properties.
Reducing water means reductions in chemicals and energy.

2.4. A technology provider case: jeanologia
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Jeanologia [7], is a Spanish technological company with twenty years history which helps the
transformation of the textile industry with disruptive technologies (laser and eco systems) that
enhance productivity, reduce water and energy consumption and eliminate damaging emissions and
waste, guaranteeing ZERO contamination.
Nowadays Jeanologia is present in 60 countries and over 35% of the 5 billion of jeans produced
worldwide every year are made with Jeanologia technologies and notably the fabric core
characteristics of denim such as marbling, neppy or flame effects are achieved in a sustainable way
through Jeanologia laser. Also, indigo-dyed knits and beautiful designs are achieved by the use of the
Jeanologia Laser, Ozone and sustainable technologies.
Jeanologia solutions cover most of the production steps of jeans’ production and use the most
advanced laser and eco technologies for fabric and garment finishing, covering the most pressing
needs of the market. Jeanologia proposes sustainable and efficient technologies that guarantee big
amounts of water, energy and chemical savings and pollution-free and disruptive technologies that
eliminate manual and harmful processes for the worker’s health.
You will find on their website (https://www.jeanologia.com/products/) a description of their solutions:

Figure 1. Jeanologic solutions

3. Business cases of green jeans production
3.1. An exemplary adaptation of an old family business: the jeans of Atelier Tuffery
The case of Atelier Tuffery illustrates how a small traditional company involved in jeans production can
overcome the negative impact that jeans production may have in customers eyes by projecting an
attractive, responsible, sustainable and human image on one hand and by providing a transparent
information how they really try to implement these principles the best.
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3.1.1. The principles of their business model – their “Common Sense”
This family-owned company of 125 years old defines its approach of business as a set of commitments
and practices following “Common Sense” principles, very clearly exposed in their website and
summarised as following by the team involved in it: “As pioneers in French jeans and business leaders,
common sense for us is simultaneously being manufacturers, being responsible, being sustainable,
being human and being demanding” [8].
BEING MANUFACTURERS means to always defend the importance of being a manufacturing brand, to
have expert understanding of their workshop and value chain, of establishing a direct relationship
between the hands that manufacture and the customers who buy. They consider as their greatest asset
their team of creators of artisanal jeans.
BEING RESPONSIBLE means a duty: to always be rethinking their workshop, to listen to the creativity
of their teams, to offer well-being and make their company a place of emancipation for everyone. The
same goes for the environmental challenges that await them, ‘less but better’ will always win without
debate over ‘always more, no matter what’.
BEING SUSTAINABLE is linked to one ambition: to always assess and eliminate decisions that could
jeopardise the future of the generations to come. As activists in common sense, they are artisans who
do everything they can to think of fashion differently and make it more sustainable.
BEING HUMAN they have a sensibility: to always favour human relations. The relevance of what they
have been campaigning for over the course of decades is now increasingly recognised: maintaining the
link. Whether that be with their team, between all areas of the company or between all team members
with customers directly. The same goes for all their partner workshops as well as their collaborations,
only one thing counts: the pleasure of working and sharing together.
BEING DEMANDING they have a vision: to always refine their attention to all these commitments. They
commit that no short-term financial opportunism will undermine these fundamental values and that
Atelier Tuffery will continue to offer fashion, but also a way of making fashion that is exemplary and
resolutely focused on the challenges to come.

3.1.2. The transparent proof of a real implementation of their principles
They provide a proof of the implementation of these commitments to show how they are thinking local
and circular and are committed to sustainability, in a tradition started 150 years age when the company
founder Célestin Tuffery was already sourcing his fabrics from the town of Nîmes, just 100km (60 miles)
from Florac.
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They use hemp. In cooperation with VirgoCoop & HempAct, they are working on the reintegration of
their region’s (Occitanie) hemp supply chain, participating in the redeployment of a crop which
requires no irrigation nor chemical inputs or pesticides. While waiting to be able to use 100% local
hemp in their clothing, they integrate European hemp.
They use wool from local sheep which was often neglected, thrown away or exported. The wool
collected by the local shepherds is sorted, washed, spined and weaved locally and earns producers 5
times more than the average price per kg in France. The origin of the cotton present in their fabrics is
90% Spanish and Greek. It is the rarest cotton, but the closest they can source.
For several years, they have been working to reduce plastic fibres in their clothing investing in research
to design clothing made from natural fibres, such as hemp and wool. The only plastic present in their
clothes concerns a minimal proportion of elastane in some of our jeans, as it helps to provide the right
tailored look.
Favouring natural indigo and raw fabrics. Many of their products are dyed with 100% natural indigo.
They try to educate their customers to favour the purchase of clothing in raw fabrics. For a few models
in lighter tones, they have chosen a whitening process carried out entirely in France, fully complying
with REACH regulations.
For reducing water consumption, in collaboration with Tissages Mouline Thillot in particular, they are
developing new fabrics which require little water treatment and are rolling out their range of hemp
clothing.
They do not exclude cooperation with excellent craftsmanship beyond national borders as they work
with suppliers in Italy and Spain, who provide them with specific expertise, ecological responsibility
and a quality that they can sometimes no longer find in France. They are very transparent about who
these providers are, as well as how the cost of their products is justified.
They limit waste and unsold items as much as possible: they never have overstock to get rid of, there
are no cut-price sales and no waste. The only waste they have are products with manufacturing defects
(less than 1% of overall production) that they offer to their best customers.
For their packaging, they ship orders in recycled cardboard boxes, made in Toulouse, France. They can
be reused for exchanges or other shipping and then fully recycled 10 times before the fibre degrades.
Their flyers, washing instructions etc are all printed in France, just a few kilometres from the workshop,
on paper bearing labels that guarantee environmental standards and sustainable forest management.
Their products are guaranteed with labels. They are certified GOTS – Organic, OEKO-TX, CLEAR
FASHION, and produced respectful of REACH standards; the company has an Entreprise du Patrimoine
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Vivant label (EPV, living heritage company) and has both “Made in France” and “Origine France
Garantie” certification. Their buildings are modern with low energy consumption, designed with local
and ecological materials and built by local artisans.

3.2. The success story of 1083 a start-up reducing the jeans footprint
The basic concept on which this French company 1083 [9] was founded by two brothers in 2013 was
to relocalise at less than 1083 kms (the maximum distance between cities in France) all the process of
jeans production, while the production of conventional jeans makes them travel up to 65000 kms to
be produced. 100% of their jeans are made out of biological cotton or recycled materials and are
totally produced in France.
The company has known a double-digit growth since its creation and has multiplied by 40 its original
turnover with short production and delivery circuits and 50% of its production sold on the web and has
managed to attract 1,7 million euros of capital in 2018 to finance its growth.
Concerning the water footprint of their jeans, they pledge, correctly, that water used for cotton does
not disappear entirely but the problem is that the over-consumption or pollution of water in a region
needing it for other usages (notably for drinking) can have dramatic consequences and that OGM
cotton consuming a lot of water and pesticides must be replaced by cleaner, biologic cotton. For this
they use bio cotton from Tanzania, Benin and Mali produced without pesticides and dying is processed
in units respecting fully EU legislation and are washed using laser without using any litre of water.
They are pioneers in the circular economy: in 2018 they started to recycle cotton to create 011, their
bio jeans made with recycled materials for children. They will soon propose to their customers to
produce jeans using the materials of their recycled old jeans.
Finally, they are also engaged in an interesting collective initiative: the rebuilding of linen value chain
in France (which has been broken since 2005 when the last spinning unit closed).

3.3. Review of Denim companies worldwide offering green jeans options
Denim companies in the last few years have offered some excellent green jeans options to the
consumers globally. Some make jeans that use 100% organic cotton, while some use natural indigo
dyes and others use bamboo buttons for jeans. There are denim companies that not only make trendy
organic cotton jeans but give away some part of their profits to charitable organizations.
Some brands new or old make ethical and eco-friendly jeans from more earth-minded materials such
as organic cotton (which uses less water and zero synthetic pesticides compared to conventional
cotton), surplus or deadstock fabric (unused fabric that would otherwise be tossed out), or up-cycled
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textiles (fabric re-constructed from trashed clothes). They also are more mindful of their
manufacturing processes, minimizing the use of toxic dyes and chemicals while maximizing water and
energy efficiency where possible. The following review uses different searches on the web and notably
the list provided by the website The Good Trade [10], 11 Sustainable Denim Brands You Should Know
Exist…
ABLE
ABLE is an ethical fashion leader, being the first to publish their wages on their website, offering an
unprecedented level of transparency to consumers and citizens. And ABLE is also committed to
offering the best styles and fit too — their fashion-forward ethical jeans have just the right amount of
stretch and come with the guarantee of unlimited exchanges to ensure you'll get that perfect fit.
Highlights: Ethically made, transparent production
ARMEDANGELS
Armedangels is a German brand that has broken down the denim creation process to #detoxdenim.
The brand curates its denim from 100% organic cotton, dyes with artificial indigo containing no toxic
solvents, and lightens denim with modern laser and ozone washing technologies to keep volatile
chlorine-based bleach salts out of the environment and factory workers’ lungs. This PETA approved
vegan cropped jean is a staple that can be elevated or dressed down in any season.
BELLA DAHL
Bella Dahl made its way into this list because of its unique dedication to clothes made with Tencel, a
closed-loop fabric made from sustainably sourced wood pulp. Its "Tencera" collection includes
bottoms, dresses, and more all made in washes that mimic the look of conventional denim but with
lighter and softer textures.
BOYISH
Eco-friendly denim brand Boyish is committed to more ecological practices throughout every step of
their supply chain. From using conscious and innovative earth-minded fabrics like organic cotton,
recycled cotton, and REFIBRA™ (made from a blend of upcycled scraps from the fashion industry with
Tencel), to colouring their sustainable jeans with plant-based and low impact dyes, to implementing
water recycling, Boyish is one of the world's most environmentally friendly denim brands.
Highlights: Recycled and organic fabrics; water and energy efficient practices; eco dyes.
DL1961
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Committed to sustainable manufacturing, DL1961 sources earth-minded fabrics like Tencel and follows
circular practices — like recycling and treating 98% of their water, which saved nearly 900 million
gallons of water last year. The eco-friendly jeans from DL1961 are made transparently too with their
entire production done in-house.
Highlights: Vertically integrated; water-efficient; uses Tencel.
EVERLANE
Everlane has always been about transparency. In addition to prioritizing ethical labour practices, it has
made sustainability a major tenet of it its production process.
Apparel is made from recycled plastic in the ReNew Collection along with what the brand calls the
"world's lowest-impact sneakers" from its shoe line, Tread. But jeans are another area Everlane has
made huge strides in as far as sustainability goes.
The jeans are made in Saitex, the world's cleanest denim factory. The facility recycles 98% of its water
and uses clean energy. After the water is recycled, Everlane's jeans use 0.4 liters of water compared to
the whopping 1,500 liters of water per pair when using traditional production methods.
E.L.V. DENIM
E.L.V. DENIM's jeans and jean jackets are made using discarded vintage denim found in warehouses
throughout the UK. And the brand's zero-waste jeans are made in an ethical factory, where each pair
of jeans is cut by hand and crafted with care by makers earning fair wages.
Highlights: Ethical, transparent production; uses 100% recycled materials.
Frank And Oak
In 2012, childhood friends Ethan Song and Hicham Ratnani founded Frank And Oak with the simple
goal of helping men dress better with affordable clothing. After far exceeding its initial goal, the brand
launched a women's line and set out to actively reduce its carbon footprint — and denim is one of its
main areas of focus.
By teaming up with Hydro-Less Laundry, an eco-certified factory in Dubai, Frank And Oak's denim
production uses 79% less energy, 50% fewer chemicals, and 95% less water than traditional
manufacturing techniques. While its conservation efforts are comparable to other brands making
sustainable jeans, Frank And Oak stands out with its affordable price.
J. Crew and Madewell
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J. Crew (and its sister brand Madewell) teamed up with Fair Trade USA, a non-profit organization that
helps brands create better working conditions for employees and implement environmentally friendly
manufacturing processes.
In doing so, both J. Crew and Madewell launched their first Fair Trade Certified denim collections. Also
made in Saitex factories, the jeans use 75% less water, 65% fewer chemicals, and less energy.
Beyond the sustainability benefits, J. Crew and Madewell's jeans provide Saitex factory workers with
benefits, equal pay for women, and additional donations to support infrastructure in their local
communities in Vietnam.
JELT
Jelt makes eco-friendly elastic belts perfect for pairing with your sustainable denim. Not only are the
belts made from recycled plastic bottles, but they are manufactured in Montana in ways that empower
underserved women living on rural ranches. Feel good wearing a slim-fitting Jelt knowing you are
supporting a Woman Owned Small Business that is B-Corp certified and a member of 1% for the Planet.
Highlights: Recycled materials; responsible manufacturing, gives back to charity.
KAPORAL
This brand from Marseille is not an eco-friendly label strictly speaking, but has made many efforts to
reduce its impact on the environment. One of the most impactful was to launch a whole collection of
eco-designed jeans for men and women. The latter are made of a denim with organic cotton, recycled
cotton or recycled polyester fibres, making possible to limit the consumption of water and energy by
25% and 15% respectively, and the use of chemicals by 20%. Several cuts are offered for men and
women, from slim to regular through straight and skinny. Another commitment, the brand has been
offering for a few years is a program allowing the redemption and recycling of jeans from its customers.
KUYICHI
Launched in 2001, Kuyichi is the first organic denim brand. The brand uses a high proportion of ecofriendly materials including organic cotton, which cuts carbon emissions by 60% compared to
conventional cotton. In addition to being eco-friendly, the Dutch brand is a member of the Fair Wear
Foundation, allowing the brand to support its suppliers in creating fair working conditions for all its
employees.
LEVI'S
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In 2010, Levi's launched the Better Cotton Initiative, which trains farmers to use less water, pesticides,
insecticides, and synthetic fertilizers when growing cotton plants. Currently, more than 20% of the
cotton Levi's uses — not just for its denim, but for its apparel as well — is qualified as Better Cotton,
and they're rapidly growing that percentage. By 2020, the brand hopes to use cotton from sustainable
sources in 100% of its products.
In terms of manufacturing, Levi's Water < Less techniques have done a lot to benefit the environment.
So far, Levi's has saved more than 3 billion liters of water and recycled more than 2 billion liters of
water. To date, more than 67% of Levi's products are made with Water < Less techniques and by 2020,
the goal is to increase that to 80%.
The brand also recently teamed up with Cotton's Blue Jeans Go Green program to save old denim from
landfills by turning it into insulation for homes and buildings.
MUD JEANS
This guide to sustainable jeans wouldn't be complete without eco-friendly denim brand MUD Jeans!
This industry-leading label uses earth-minded fabrics like certified recycled cotton and organic cotton,
follows water-efficient practices (each pair of MUD Jeans uses just 8% of the water that a typical pair
of jeans requires), and energy-efficient practices (they emit nearly 70% less CO2 per pair of jeans than
the industry average. And, if you want to refresh your wardrobe more frequently but still want to do
it sustainably, you can also lease a pair of jeans from MUD Jeans!
Highlights: Organic and recycled materials; water and energy efficient; carbon-neutral (and working
towards being carbon positive).
NUDIE JEANS
Nudie Jeans is the go-to shop to find denim for men or boyfriend jeans for your own closet. Offering
free repair services and store discounts when you turn in old jeans you no longer want, Nudie Jeans
has really thought of the entire life-cycle of what they make, proving their expertise in the industry
and thoughtfulness for the people and environment they serve.
Highlights: Organic cotton; full transparency reports; free repair services.
ORGANIC BASICS
On a mission to create circular denim, Organic Basics has a collection of denim jeans and jackets made
from 90% GOTS-certified organic and 10% recycled cotton.
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In addition to using partially recycled fabrics, the sustainable denim from Organic Basics does not
contain synthetic blends, so it can be more easily recycled at the end of its life.
Highlights: Organic and recycled textiles, designed for recyclability; worldwide carbon offset shipping
OUTERKNOWN JEANS
Founded by professional surfer Kelly Slater, Outerknown is self-described as "For the people and the
planet." The brand makes every decision with the highest regard for people that manufacture their
products and planet on which they're produced.
Outerknown's S.E.A. Jeans are made with 100% organic cotton and are also produced in Saitex's clean
factories. Despite putting a lot of focus on being eco-friendly, Outerknown didn't cut any corners in
terms of quality — and the brand fully stands behind its products with a lifetime guarantee. If your
S.E.A. Jeans ever wear or break, you can send them back and Outerknown will repair or replace them
for free.
OUTLAND DENIM
Founded initially to create employment opportunities for women survivors of sex trafficking, Outland
Denim adheres to strict ethical manufacturing standards for its sustainable jeans.
Browse from a range of classic cuts and washes to find your perfect evergreen pair and make these
organic cotton jeans staples in your wardrobe for the years to come.
Highlights: Use of organic cotton and water-efficient practices; B-Corp Certified; 94% traceable supply
chain with zero exploitation
PATAGONIA
Known as a pioneer in sustainable outdoors apparel, Patagonia's eco-friendly jeans are no different
than the rest of their collection. Their denim is designed for performance, built for durability, and
crafted with conscious materials, such as organic cotton. The brand also has a number of certified fairtrade jeans too.
Highlights: Organic cotton; Fair Trade production, water- and energy-efficient indigo dyeing.
PRANA
As a brand dressing mindful yogi, travellers, and explorers of our planet, you can be sure Prana is taking
sustainability very seriously. In its denim guide, you'll find six different styles all made with organic
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cotton. If you're looking for classic, comfortable jeans made consciously in a wide range of earthy
colours, look no further.
Highlights: Organic cotton; wide range of colours.
RE/DONE
Re/Done makes jeans that were literally re-made. The team collects vintage Levi's and re-constructs
them into modern fits, thus on the one hand showcasing the durability of Levi's jeans and on the other,
making flattering styles with pre-existing, otherwise trashed materials. Because every piece is made
with reclaimed textiles, yours will truly be one-of-a-kind.
Highlights: Up-cycled textiles; every piece one-of-a-kind.
SÉZANE
Sézane's “Eco-Responsible Denim” is made from environmentally friendly fabrics like GOTS-certified
organic cotton for the main fabric and recycled polyester for added stretch. The sustainable denim
jeans come in ultra-flattering and on-trend cuts, too. For their production, Sézane works with longterm trusted partners and their workshops are audited annually.
Highlights: Uses organic and recycled fabrics
STELLA MCCARTNEY
Where luxury fashion meets conscious fashion lies Stella McCartney, a designer brand that's long
embraced using eco-friendly and leather-free materials in its collections when nobody else was doing
it. Naturally, you'd be able to find thoughtfully made jeans here. Just be careful of draining your wallet
with the steep price tags.
Highlights: Organic cotton; leather-free.
Taylor Stitch Organic '68 Denim
When Taylor Stitch first started producing its signature '68 Denim in 2011, the brand teamed up with
Cone Mills in Greensboro, North Carolina. By relying on the legendary cotton textile company, Taylor
Stitch was guaranteed the highest quality American-made selvedge denim for its jeans — but when
Cone Mills closed doors to its last White Oak plant and the existing supply finally ran out, Taylor Stitch
went back to the drawing board with the goal to reproduce the jeans to be more sustainable and better
than before.
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After spending more than a year looking for the right materials and manufacturer, Taylor Stitch
collaborated with ISKO mill, the world's largest producer of denim in the world, and re-released the
'68 Denim — this time using 100% organic cotton (no pesticides) and sustainable production methods
that use far less water, energy, and chemicals.
Warp + Weft
Founded by Sarah Ahmed, Warp + Weft has made an impact on the apparel industry with its ultrainclusive range of sizes and inseams, but it's also touted as the world's cleanest vertically integrated
denim company (meaning it owns its own factory).
Since the brand's launch in 2017, they've sold more than 477,000 pairs of jeans and saved more than
572.4 million gallons of water.
To be completely transparent about its manufacturing process, Warp + Weft gives a look inside its
factory, highlighting elements like responsibly sourced cotton, eco-friendly dye, water-saving
techniques, and solar power.

4. Conclusions
Manufacturing jeans in the conventional method may not seem to be a big issue in terms of
sustainability, but if the size of the sector and the methods of jeans production are considered, it will
make a big difference. One can imagine the impact of the denim sector on the environment, if all the
jeans in the world are produced using eco-friendly methods.
Many denim companies today are striving hard to embrace greener methods and are also making an
effort to develop new techniques of producing jeans, as a part of their business strategies to protect
the environment. They have understood the importance and the need to build a sustainable business.
The denim companies start to have a clear understanding of the practices carried out by the suppliers.
Although the supply chain is spread in different countries, when they compromise on their ethical and
environmental standards, the brand reputation is damaged.
Currently, cotton prices are all time high and there is a rising demand from the customers for jeans. In
this tricky situation, manufacturers also need to adhere to the concept of sustainability. Sustainable
jeans are not a concept that has been introduced in developed nations only, but also in developing
countries like India and China. Indian designers have come up with eco-friendly denims for their
customers.
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New developments like waterless jeans and growth of the organic cotton industry have helped to
maintain the sustainability approach. One must make sustainable choices while purchasing denims
such as organic cotton, natural dyes, rivets and buttons made from natural or recycled materials. Avoid
washes that require harsh chemicals like distressed, stonewashed, bleached jeans. Always buy classic
styles that will remain in fashion.
The denim industry will soon witness drastic improvements from its latest innovations. Denim
companies need to measure their environmental footprint to protect the environment, as the answer
to the call of sustainable jeans, at the same time benefit from the business.
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Questions for the evaluation of the lecture

1. Question 1: What is one of the major trends of an eco-friendly jeans production?
Please choose the one correct answer from the three choices below.
a)

The use of cotton or other fibres (like hemp) requiring less water to grow (correct answer)

b)

The use of cotton 100%

c)

The use of polyester and cotton

2. Question 2: The budding green process in the jeans production consists on?
Please choose the one correct answer from the three choices below.
a)

The use nano-sized air bubbles (correct answer)

b)

The traditional dyeing methods

c)

The use of colourants & chemicals
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Lecture 3.1 Technical specifications of finished products and product
conformity
A. A. Tsoutseos
UNIWA

1. Summary and targets of this learning unit
Compared to other fields like manufacturing and mechanics, technical specifications were not
particularly applied in textile manufacturing, especially in the clothing industry. This happened because
garment creation is often viewed as art for which aesthetics rule over technology and item description.
The exception has been the military where there are detailed technical specifications of clothing items
for more than fifty years. The move to open markets and globalised production has made the technical
specifications necessary so that the items designed in one part of the world are the ones that will be
finally produced in another part.
Garments have a large number of desired properties examined at purchase and during use. These
properties are aesthetical, utilitarian and even related to its ability to remain in proper condition during
subsequent usage. Mapping this complicated set of properties is difficult and requires a high level of
knowledge of the materials, textile properties, standards and customer behaviour among others.
In this learning unit there will be an introduction to quality and its control. The desired quality will be
translated to technical specifications. Some examples will be given towards the end.

2. Quality aspects of Technical Specifications
2.1. Defining the term quality
Quality is a term that has many definitions since it often involves subjectivity but also because it is
applied in a wide range of products and operations. For example, there is a different understanding of
the term in manufacturing and a vastly different one in services or fashion products. For the scope of
clothing products, the ISO definition [5] is commonly accepted where:
“Quality is the totality of features and characteristics of a product or service that bear on its ability to
satisfy stated or implied needs”. In the ISO definition it is interesting that it describes both products
and services. These are not to be understood as two distinct aspects of application. When the
definition is taken synthetically, a product “carries” services.
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For instance, manufacturers A and B might supply exactly the same product, but B provides quick
response in additional orders and very good troubleshooting support. Product B in this example carries
services that add to its value and quality. The parameter of services is often overlooked in textile
manufacturing and commercial co-operations that are commonly based on the lowest price. It is also
something that is rarely addressed in technical specification but is sometimes referred to in contracts.
Other services that a clothing product carries are, among others:
-

Design uniqueness
Fashionable colour gamut
Brand name and brand awareness
Customer support
Quick response
Fairness of production
Sustainability aspects of production

A significant part of the very concise ISO definition is that of needs [2]. Stated needs are the ones that
are clearly defined by the customer. Sometimes, they are also referred to as explicit needs. For
example, the customer might ask for a jacket made of 100% wool. This is a stated need, well defined
and it can be incorporated in the technical specifications of the product. The same customer expects
that the woollen jacket will keep its form after cleaning along with its mechanical properties. This is an
implied need that is harder to predict or technically describe in the specifications. Implied needs are
sometimes referred to as implicit needs. The services as described earlier are also part of implied
needs although the developments in legislation and standards is gradually transforming them to stated
needs.

Figure 1. Quality cannot be applied to heritage, antique, art and extra luxury items
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Quality cannot be applied everywhere. There are items that cannot be described as quality items. The
areas unreachable to quality are art, antiquities, cultural and heritage items, remarkably high value
products like some jewels, but also very luxury products. The last category is interesting in clothing
because it means that a very expensive designer dress is not limited in the bound of conventional
quality.

2.2. Stakeholders defining quality needs
Products are made in a complex environment, so their quality is defined by an array of different
stakeholders or actors. For garment manufacturing the most common stakeholders are the following:
•
•
•
•
•

Final consumer
Internal customer
The organisation
Governmental bodies
International bodies and organisations

The consumer is traditionally the principal stakeholder defining the quality of a product. The basic
aspects a consumer looks for in a product are usually centred around the cost of the product along
with its design, fashion and image making. Often performance is needed, and time endurance is
implicitly expected. Other quality aspects of consumer’s understanding of quality are related to
materials, availability and of course health and safety of use.
Textile products are made in vertical industries where the product of one part is the input of another.
In this case we have the internal customer. In the usual supply chain, the most important stakeholder
is the client for a subcontractor. These clients are between the final consumer and the garment
manufacturers, so they are most of the time the brands. Internal customers and clients define quality
in the most technical and specific terms, so they are the ones that usually define the technical
specifications or a great part of them. The internal customer or client also seeks price competitiveness
of the product along with safety. A factor of increased importance, nowadays, is that of conformity to
national and international regulations and initiatives or standards [3].
The production company can be viewed as the organisation in a general sense and as such it might
have its own quality needs for its products. The larger the company, the more complicated these
internal needs become. First, the company might have its own internal technical specifications purely
on operational basis to enable the best operation of its production line. These are also related to
service availability targets and safety standards of operation. Additionally, the company might have a
specific ethos and external image or status that dictates certain quality needs. Of growing importance
is that the companies now have internal and external auditors that impose quality needs for the
products and their ways of production in order that the company meets certain demands for
standardisation or awarding bodies.
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The Government of each country is also a stakeholder in quality. This could happen for several reasons.
One could be that the government could be the customer of some textile industries via clothing for
the public and healthcare sector for example. In this case the government dictates the technical
specifications and usually these are detailed and well defined. In all other cases the governments are
usually more interested about the environmental and ethical aspects of product manufacturing, so
that the companies stay in compliance with international law, treaties, and environmental standards.
Finally, stakeholders defining quality are international bodies like the EU, UN, ISO, the Fair-Trade
Foundation, and others. The international bodies play a significant part these days since products
aiming at some markets should be compliant to certain rules. For instance, textile products dyed with
some categories of azo dyes cannot be imported in the EU. Similarly, the REACH certification which is
much wider and more complicated is demanded for textile production. The UN has several demands
that products should not be produced by child labour or unfair labour practices. These demands are
not exactly technical characteristics of the products, but they relate to the wider aspect of quality
where services are a part of the product, as described earlier.

Figure 2. Stakeholders of quality needs for a product.

Not all stakeholders are analysed here, rather the main ones. However, it is obvious that the technical
specifications mirror the summation of demands of all stakeholders and this is making them quite
complicated.

2.3. Quality Control
Quality control is defined in ISO 9000 [4] as: “A part of quality management focused on fulfilling quality
requirements”. Practically in textiles quality control is a well-developed area. Quality requirements are
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expressed generally, or with more accuracy in technical specifications. These requirements are then
translated to laboratory methods that enable the testing of production samples in accordance to their
compliance with these demands. The easier to define quality requirements are these of the client for
a subcontracting partner and of the final customer. These requirements are classified in to the
following categories:
−
−
−
−
−
−
−

Mechanical and material properties
Dimensions and design
Chemical and wet properties
Colour matching
Functional
Health and safety of the product
Legal and other requirements

Each category contains several properties according to the complexity of the product and its functions.
For example, a T-shirt obviously has a smaller set of quality properties than a winter jacket. Translating
these requirements to laboratory methods and tests has been a great challenge over the years and it
continues to be a work in progress. Fortunately, this process is materialised by large national or
international institutions like ISO, therefore it can be objective and applied worldwide.
Quality control of textiles is better performed in specialised laboratories although the production
companies can also carry a set of testing methods using some laboratory equipment. The extent of
quality control testing that can be done in-house depends on the scale of the producer and the
demands of quick response. Large producers can have enough financial power to establish their own
in-house laboratories but even in that case it is difficult to have all the specialised equipment for all
demands. Especially, some legal certifications like azo free or REACH compliant need very specialised
accredited laboratories to be performed so these tests need to be outsourced even for large producers.
On the other hand other tests are time dependent for a production line, so there needs to be an
investment on equipment so that the feedback of quality control can be quick. There is a balance
between what needs to be done in-house and what is beneficial to be outsourced.

3. Analysing quality specification categories
3.1. Mechanical and material properties
Mechanical and material properties usually refer to the fabric properties of the garment. Some
properties that are examined under this category are:
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−
−
−
−
−
−

Fabric composition e.g., 100% wool, 70% Polyester/30% Cotton etc
Fabric weight (g/m2)
Type of weave or knit
Fibre or yarn titles
Tensile strength
Pilling resistance

The mechanical properties are very basic and are well understood in textile manufacturing so they are
the easiest to incorporate in technical specifications.

Figure 3. A tensile strength laboratory machine

3.1.1. Dimensions and design
Specifications relating to design and dimensions relate to the overall shape characteristics of the
garment. They can be communicated in various ways. In technical specifications the most usual way is
via photographs, fabric samples and tables containing various part lengths according to desired sizes.
For simple items like T-shirts there are universal size-charts. The best way to objectively communicate
quality characteristics related to design and size are via computer files generated by specialized CAD
systems.
Sewing patterns and sewing thread quality are also described under the dimensions and design
category, as also the labelling and accessories.
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Figure 4. Universal size chart for men’s and women’s T -shirts

3.1.2. Chemical and wet properties
Quality demands relating to chemical and wet processes are mainly the following:
−
−
−
−
−
−
−
−

Dye or pigment specifications
Wash fastness
Rub fastness
Fastness to perspiration
Light and weathering fastness
Description of finishing requirements for aesthetics or function
Water resistance (if necessary)
Dimensional stability

The methods of accessing these properties are commonly based on ISO standards, specifically on EN
ISO 105-XXX family of standards for textile analyses.

Figure 5. Rub fastness machine [Courtesy of James Hill]
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Each EN ISO 105-XXX standard has ratings that help the user define the desirable fastness or
performance standard in technical specifications. On formal layouts of technical specifications as those
written in military or government organisations [5], the standards used to describe quality control
methods are listed in the preceding text of the specification, right after the scope. In other cases the
standards are either in the Appendix or in line with the text.

Figure 6. Unclassified page of a NATO Standard for Light pixelated rain suit

3.2. Colour matching
Colour specification is a quality category of its own. In the past the only way to specify colours was by
exchanging existing samples. This was a highly unreliable method and when the client is not in the
proximity of the producer it is also ineffective. Currently there are two ways of defining the desired
colour:
-

Using a colour atlases like Pantone
Using colorimetric data like CIEL*a*b* colour coordinates or reflectance values

Most clients use the two ways in parallel because each one has its own advantages.
The colour atlases are relatively cheap and convenient since the designers are accustomed to choose
between colours with subjective and aesthetic criteria so they feel quite comfortable to choose while
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browsing the atlas. Atlases are produced with extreme repeatability and accuracy and on various
materials including textiles. Their disadvantage is that they are subjective when viewed because the
perceived colour depends upon the viewing conditions and sometimes from the colour acuity of the
observer. Additionally, since they are material, they can get dirty or suffer ageing.
The sample coding of the colour atlases are quite common colour descriptions in technical
specifications. As mentioned, they are a convenient way to describe the desired colour. However, they
cannot be used to describe tolerances or pass/fail limits. In this case the colorimetric values are the
best choice.
The colorimetric values of a desired sample are measured via a colorimeter or via a reflectance
spectrophotometer. The colorimeter can give colour coordinates like CIEL*a*b*. These values are
adequate to pinpoint the exact colour. Additionally, when these values are known then colour
difference tolerances can be specified which is a very valuable aspect in technical specifications and in
pass/fail decisions. The tolerance is described by colour difference equations like ΔE* or ΔECMC and
others. Common limits of acceptance in technical specifications are colour difference values <1.5 but
these may vary according to the client and the purpose of the product. For instance, if the product is
part of a sports brand collection, then the tolerances are usually very strict with colour difference
values of <0.8 (well below what the human eye can perceive as a difference), whereas for fashion items
the limits are much more relaxed sometimes reaching colour difference values in the measure of 2
units.

Figure 7. Pantone ™ system for textile materials [Courtesy of Pantone]

The reflectance spectrophotometers are more expensive instruments and they produce spectral
reflectance values in addition to the colour coordinates produced by the colorimeters. The reflectance
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values can be used by the producer in a computerised recipe match prediction system to obtain a
dyeing recipe for the product. Generally, these values describe the colour with better accuracy and are
more versatile.
Reflectance values are uncommon in most commercial practices but they are used in military and
governmental technical specifications in the form of tables placed in the Appendix.

Figure 8. Portable colorimeter [Courtesy of X-Rite]

Figure 9. Benchtop reflectance spectrophotometer [Courtesy of Datacolor International]

3.3. Functional properties
The functional properties are specific desired characteristics of the textile or clothing product. These
properties are usually related to special finishes. Some examples are:
-

Softening
Water repellency
Moth proofing
Flame retardancy
Stain release properties
Antibacterial properties
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The functional properties are very specific and are demanded according to the final purpose of the
garment. Simple items like T-shirts or blue jeans rarely have any functional properties. On the other
hand hiking jackets have a set of functional properties that need to be described and assessed
objectively. Properties of specialised products go hand-in-hand with good knowledge of technology
and the standard methods that can assess their properties. This means that it is almost impossible to
demand a certain property on the technical specifications if there is no standard method to measure
it and judge its conformity.

Figure 10. Textile fabric with water repellent properties tested with a standard laboratory machine for spray
testing [Courtesy of James Hill]

Fortunately, for the most common of functional properties there are ISO standards for testing and
setting some grading in the technical specifications. These tests require special equipment to be
performed so functional properties are generally assessed in specialised laboratories.
If the property is very novel or very specific for a certain client, then an in-house method can be
developed from the client to assess it. This is generally uncommon but can happen in large global
brands.

4. Health and Safety of the product / Legal requirements / Sustainability
Health and safety along with legal obligations relating to the properties of the product were quite
uncommon a few years ago. Today, they are of major importance, especially for products that aim at
the EU market.
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Probably the earliest such quality requirement was that the textiles should not contain certain dye
categories, mainly reactive dyes, chemically based on azo structures that potentially can break into
carcinogenic amines. This requirement led to a set of chemical tests that can provide the azo-free
certificate for textiles. This is a compulsory requirement for EU imports. In this way EU clients demand
in the legal paragraphs of the technical specifications that the textiles are azo-free. The azo-free
certification is provided by an accredited laboratory so, most of the time, it cannot be performed inhouse.
In the same vein, a more recent legislation is that of REACH - ECHA of the European Chemicals Agency
[6] where basically a large set of chemicals have restricted usage and circulation in the EU, so imported
products, included textiles, should not have traces of these chemicals. The REACH legislation affects
dyes, finishes and other products used mainly in wet processes of textiles around the world so it is the
responsibility of producers to use REACH compliant chemicals, to avoid having residuals of restricted
chemicals on their products, if they want to export to the EU. Similarly, to azo-free the client requires
REACH conformity on the technical specifications and this conformity is assessed by accredited
laboratories. The certificate is included in legal and commercial documents of the product like
proforma invoices.

Figure 11. The REACH-ECHA compliance mark [Source ECHA]

There are certificates or demands that are not legally obligatory but rather demanded by the client for
managerial or marketing reasons. Managerial quality certifications relate to Total Quality Management
and most of the time the customer requires conformity to a standard of the ISO 900X family. Marketing
requirements demand labelling for ecological or sustainability issues. The ecological labelling is usually
either the Oeko Tex ™ or the EU Ecolabeling mark. These labels for the product are provided after
subjecting the product to a series of tests performed by specialised and accredited laboratories. This
accreditation involves a significant cost so it is not applied in fashion items or small runs but rather in
large homogeneous productions where the cost is justified.
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Figure 12. The Oeko Tex ™ mark [Source: Oeko Tex]

Sustainability of production and fair labour practices are of currently of importance and it is expected
that they play a significant role in the future. Labelling schemes similar to Oeko Tex are developed to
address these issues. Currently, these are loose and voluntary, like the Organic Cotton badge or the
Fair Trade certification, but with changing consumer behaviour it is expected that they will become
increasingly important with time.

5. Summarising aspects of developing technical specifications for textile and
clothing products
Quality for a textile product is, more or less, the degree that this product meets or exceeds customer
stated or implied expectations, as already analysed. Textile products are currently produced worldwide
so the clients need to communicate these particular expectations to the producer. Additionally, the
client has legal restrictions relating to laws governing imports. The technical specifications are the key
document that enables the mapping of the aforementioned demands and expectations. Writing a
technical specification document, describing a product is a difficult task. If a company starts from
scratch, then the best way is to start making such documents for the simplest and less demanding of
its products like pants or T-shirts. Having in hand some technical specifications of larger brands or the
government could be beneficial as this will provide a structure. The quality categories as analysed in
this document are also a good starting point. Once the technical specification document is created for
a simple product, then the format can be kept as a template and enriched to describe more
complicated products.
The analysis of quality demands of this chapter shows that the creation of technical specifications is a
multidisciplinary task. It is necessary to be created by a textile technologist with good knowledge of
the materials and the processes, especially the ones relating to wet processes. The technologist should
also have a good overview of the relevant standards describing the desired properties. Additionally,
collaboration is necessary between production and the designers so that their input will be
incorporated in the technical specification documents. There is also the constant need to remain upto-date with the ever-changing legal environment governing standards and certifications.
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The benefit of the effort is that technical specifications enable the correct communication between
client and producer for a fair and objective cooperation. The technical specifications should be realistic
and map the logical expectations without extremities that sometimes are unobtainable or might raise
the cost of the product significantly.

References
[1] P.V. Mehta, S.K. Bhardwaj, Managing Quality in the Apparel Industry, p.5, India, New Age
International Ltd Publishers, 1998.
[2] A.R. Roach, “Meeting Consumer Needs for Textiles and Clothing”, The Journal of the Textile
Institute, 85:4, pp. 484-495, 1994.
[3] K. Niinimäki, L. Hassi, “Emerging design strategies in sustainable production and consumption of
textiles and clothing”, Journal of Cleaner Production, Volume 19, Issue 16, pp. 1876-1883. 2011.
[4] ISO 9000:2015 (en) Quality management systems — Fundamentals and vocabulary. [Online].
Available at: https://www.iso.org/obp/ui/#iso:std:iso:9000:ed-4:v1:en [Accessed: April.10, 2021].
[5] NSPA APPLICATIONS EPORTAL. Flame Retardant Maritime Jackets. NATO. [Online]. Available at:
https://eportal.nspa.nato.int [Accessed: May.15, 2021].
[6]
Reach.
Understanding
REACH.
ECHA.
[Online].
Available
https://echa.europa.eu/el/regulations/reach/understanding-reach [Accessed: May.12, 2021].

Unit 3 Quality aspects and Laboratory practices

at:

Page 162

This project has been funded with support from the European Commission. This publication reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein

Questions for the evaluation of the lecture

Question 1: Some of the stakeholders defining quality demands are:
Please choose the one correct answer from the three choices below.
a) The Government - the customer - the organization
b) The EU - the Textile Technologist - The final customer
c) The client - International Bodies - the production
Question 2 Environmental certifications as Oeko Tex ™ is:
Please choose the one correct answer from the three choices below.
a) Voluntary unless otherwise stated by the customer
b) Obligatory for products imported to the EU
c) Always voluntary

Unit 3 Quality aspects and Laboratory practices

Page 163

This project has been funded with support from the European Commission. This publication reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein

Lecture 3.2 Colour Science and objective colour communication and
control
A. A. Tsoutseos
UNIWA

1. Summary and targets of this learning unit
Colour Science or colourimetry is a multidisciplinary scientific field that studies the human perception
of colour, the materials that impart colour properties, optics, physics of electromagnetic radiation of
the visible range, along with computational interpretation of the aforementioned [1]. This learning unit
makes an introduction to colour perception with special focus on its objective numerical expression.
Subsequently, the expression of colour difference is analyses along with its application to aspects of
technical specifications and textile quality control.

2. Introduction to Colour Science
Colour (Commonwealth English) or color (American English) is a characteristic of human visual
perception, whereas a human with average vision describes viewed objects with distinct names as red,
orange, yellow, green, blue and purple.
For materials, as textiles, in order to have colour perception, it is necessary to have three contributing
factors, that is:
•
•
•

A light source
The coloured material
The human observer

Of course, there is also the case that colour is generated directly from a luminous source, as it happens
in computer screens, for example, and in this case the light source coincides with the object. However,
for materials as textiles, colour perception depends on the three contributing factors described above.
Colour perception depends on an array of things, involving electromagnetic radiation, its interaction
with materials and the human eye along with the interpretation of the signals generated by the eye in
the human brain. Therefore, Colour Science consists of various disciplines or concepts that deal with
colour perception, to name some [2]:
•

Physical and chemical concepts
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•
•
•

Physiology concepts
Psychological concepts
Numerical and mathematical interpretations

3. Physical and Chemical concepts
From a physics standpoint, colour science deals with the analysis of light interaction with matter. Light
(or better visible light) is a small range of the electromagnetic radiation spectrum that can be perceived
by the human eye [3]. It is generally accepted that visible light is having wavelengths from 400 - 700nm.
Laying below that range is the UV (ultraviolet) spectrum and above that range there is the IR (infrared)
spectrum. Both UV and IR are invisible to the average human observer although UV can be noticed by
its interaction with fluorescent materials and the IR can be felt as heat.

Figure 1. The visible spectrum [CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=2521356]

Light in nature is produced by the sun and in human environments by artificial light sources. The light
sources are characterized by their spectral power distribution (SPD) in the visible part of the spectrum.
The SPD describes the power per unit area per unit wavelength of an illumination. [5] In Colour Science,
light sources are standardized via organizations like Commission internationale de l'éclairage (CIE)
using their SPD. This happens because human visual response integrates over all wavelengths and the
relative spectral power distribution will provide colour appearance modeling information as the
concentration of wavelength band(s) will become the primary contributors to the perceived colour. [6]
When the visible light falls on a coloured item then an interaction takes place that is described by
optics and physics in general. Specifically, to textiles, a relatively small fraction will be surface reflected
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and the rest of it will be absorbed and scattered inside the material. The absorption and scattering
properties are determined by the fibre and fabric structure along with the colourants that are used to
dye the material. The word colourant is often confused in various languages with colour, although
colourants represent something different.
Colourants (or colour additives as described in the food industry) are substances added or applied to
materials in order to change their colour. Colourants have the property of absorbing, usually selective,
range of the light spectrum, transmitting or reflecting the remaining. For textile applications,
colourants are classified as dyes or pigments, a helpful classification that determines the method of
application for each class.

Figure 2 Normalized SPD over visual spectrum of CIE Illuminants and the photopic v isual response for
reference [Source: Wikipedia commons]

Dyes are usually considered molecular and they are formulated in aqueous solutions for their
application on substrates. Pigments, on the other hand, are typically solid particles that are generally
suspended in a vehicle liquid.
In textile materials dyes are applied via the conventional dyeing methods of the industry, where
pigments are either incorporated in the synthetic fibres or applied via printing methods. Due to their
physical form, dyes most often uniformly penetrate the material during the dyeing process, whereas
the pigments are bound to the material surface via additives called binders.
On the physical-chemical level both dyes and pigments have the ability to selectively absorb certain
wavelengths of the visible light that interacts with them, while leaving other wavelengths unaltered.
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The unaltered wavelengths are generally reflected from the material via a light scattering process and
then reach the observer giving rise to the sensation of colour.
The selective absorption character of dyes and pigments, in the molecular level, is explained by modern
electronic structure theory which states that the colour in dyes is due to excitation of valence πelectrons by visible light [4].
Table 1. Absorbed wavelengths versus colour perception

Wavelength (nm)

Absorbed light colour

Observed light colour

400 – 420
420 – 450
450 – 480
490 – 510
510 – 530
530 – 545
545 – 580
580 – 630
630 – 720

Purple
Purple - Blue
Blue
Blue - Green
Green
Green- Light Yellow
Yellow
Orange
Red

Green - Light Yellow
Yellow
Orange
Red
Magenta
Purple
Purple - Blue
Blue
Blue - Green

In practical terms, increased concentration of colour molecules in a substrate enables greater
interaction with light, therefore increased colourfulness, in general.

Figure 3. Ball-and-stick model of the indigo dye molecule, a historically significant dye, used in blue jeans
(Carbon, C: black, Hydrogen, H: white, Oxygen, O: red, Nitrogen, N: blue) [Source:
https://commons.wikimedia.org/wiki/File:Indigo_dye_3D_ball.png]

The light interaction with a coloured material can be assessed, via a reflectance spectrophotometer
that practically measures the ratio of reflected light intensity for each wavelength of the visible
spectrum versus the incident light intensity. A typical set of reflectance curves is shown in Figure 4.
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Figure 4. Typical reflectance curves for cotton and linen [Source:
https://www.researchgate.net/figure/Reflectance -spectra-of-undyed-cotton-and-linen-textiles-beforeReference-gray-and-black_fig6_269995691]

The reflectance spectrum is more or less the “fingerprint” of the colour appearance of an opaque
material, like a textile. The colour that will be perceived depends of course by the other members of
the triad, i.e., the observer and the light source, but the material contribution is characterized by its
reflectance.

Figure 5. Typical benchtop reflectance spectrophotometer [Source: Datacolour]
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4.

Physiology concepts

The third part of the colour perception triad is the human observer. Colour perception is a part of the
larger visual system and is mediated by a complex process between neurons that begins with
differential stimulation of different types of photoreceptors by light entering the eye [7]. Those
photoreceptors then emit outputs that are propagated through many layers of neurons and then
ultimately to the brain. Perception of colour begins with specialized retinal cells known as cone cells.
Cone cells contain different forms of opsin – a pigment protein – that have different spectral
sensitivities. Humans contain three types, resulting in trichromatic colour vision. A range of
wavelengths of light stimulates each of these receptor types to varying degrees. The brain combines
the information from each type of receptor to give rise to different perceptions of different
wavelengths of light.
The eye contains also rod cells that are inactive in relative bright light, therefore do not contribute to
colour vision, rather they operate during the night giving scotopic vision.
Cone cells are densely packed in the fovea centralis, a 0.3 mm diameter rod-free area with very thin,
densely packed cones which quickly reduce in number towards the periphery of the retina. Conversely,
they are absent from the optic disc, contributing to the blind spot. There are about six to seven million
cones in a human eye and are most concentrated towards the macula. [8] Cones are normally one of
the three types, each with different pigment, namely: S-cones, M-cones and L-cones. Each cone is
therefore sensitive to visible wavelengths of light that correspond to short-wavelength, mediumwavelength and longer-wavelength light.
Table 2. Cone peak response to light wavelengths

Cone type

Name

Range

Peak wavelength

S
M
L

β
γ
ρ

400–500 nm
450–630 nm
500–700 nm

420–440 nm
534–555 nm
564–580 nm

Colour blindness (colour vision deficiency) is the decreased ability to see colour or differences in colour.
It can impair tasks such as selecting ripe fruit, choosing clothing, and reading traffic lights. The most
common cause of colour blindness is an inherited problem in the development of one or more of the
three sets of the eyes' cone cells. Among humans, males are more likely to be colour blind than
females, because the genes responsible for the most common forms of colour blindness are on the X
chromosome. Females have two X chromosomes, so a defect in one is typically compensated for by
the other.
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Figure 6 Normalized response spectra of human cones, to monochromatic spectral stimuli, with wavelength
given in nanometres. [Source: https://commons. wikimedia.org/wiki/File:Cone-fundamentals-with-srgbspectrum.svg]

Red–green colour blindness is the most common form, followed by blue–yellow colour blindness and
total colour blindness. Red–green colour blindness affects up to 8% of males and 0.5% of females of
Northern European descent [9].
Although roughly 10% of the population has a form of colour perception, since this is genetic, the
remaining 90% percent can be assumed to have normal colour vision. This normal colour vision can be
mathematically expressed via the CIE Standard Observer colour matching functions as shown in Figure
7.

Figure 7. The CIE XYZ standard observer colour matching functions [Source:
https://commons.wikimedia.org/wiki/File:CIE_1931_XYZ_Colour_Matching_Functions.svg]
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5.

Psychological concepts

When light enters the eyes, the cones produce signal that travel towards the brain. It is in the brain
where these signals are translated as colour sensations. In 1801 Thomas Young proposed his
trichromatic theory, based on the observation that any colour could be matched with a combination
of three lights. This theory was later refined by James Clerk Maxwell and Hermann von Helmholtz. At
the same time as Helmholtz, Ewald Hering developed the opponent process theory of colour, noting
that colour blindness and afterimages typically come in opponent pairs (red-green, blue-orange,
yellow-violet, and black-white). Ultimately, these two theories were synthesized in 1957 by Hurvich
and Jameson, who showed that retinal processing corresponds to the trichromatic theory, while
processing at the level of the lateral geniculate nucleus corresponds to the opponent theory [10].
In practice the brain does some classification of the observed colour characterising it via the following
attributes:
•
•
•

Hue: is the attribute of a visual sensation according to which an area appears to be similar to one
of the perceived colours: red, yellow, green, and blue, or to a combination of two of them.
Lightness: is the brightness relative to the brightness of a similarly illuminated white.
Chroma (or saturation): is the attribute of a visual sensation according to which the perceived
colour of an area appears to be more or less chromatic or saturated.

Figure 1. Hue - Lightness - Chroma representation [Source: toyoink: Gravure Ink]

This is an important aspect of colour perception and its understanding is the basis of creation of
mathematical and sample-based colour spaces that enable the objective representation of colour
perception.
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Currently, there are several studies on colour perception that examine the role of the brain in
understanding colour. These studies check the role of the brain in colour perception due to the fact
that the brain constantly compares viewed colours with the environment to adjust the perception.
Several optical illusions have derived checking these boundary conditions which indicate that colour
vision is difficult to be absolutely objectively expressed.

Figure 2. The checker shadow optical illusion where the upper disk and the lower disk have exactly the same
objective colour, and are in identical grey surroundings; based on context differences, humans perceive the
squares as having different reflectance, and may interpret the colours as different colour categories.
[Source: https://commons.wikimedia.org/wiki/File:Optical_grey_squares_orange_brown.svg]

6. Numerical and mathematical interpretations - Establishing Colour Spaces
Summarizing the concepts analyzed in previous paragraphs, the colour perception of the average
observer can be expressed objectively via the corresponding objective expression of the light source,
the coloured material and the observer response. The light sources are expressed via the SPD
functions, the coloured material is expressed via its reflectance values and the observer by the CIE
Standard Observer functions. The mathematical combination of these three, results in the
representation of the colour stimulus in a 3-Dimensional space called colour space. The mathematics
of this combination is outside the scope of this review. What is significant is that the colour sensation
can be described by a set of three coordinates called tristimulus values. A graphical representation of
a colour space is shown in Figure 12.
The initial expressions of the colour space were important for the numeric representation of the colour
stimulus. However, there was an additional requirement that the colour space should be optically
uniform in order that the colour coordinates can be used in practical applications where the distance
between two colours may represent the analogous perceived colour difference. A uniform colour
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space is critical for colour quality control and the establishment of colour tolerances in production,
among others.

Figure 3. The CIE 1931 colour space chromaticity diagram [Source:
https://commons.wikimedia.org/wiki/File:CIE -1931_diagram_in_LAB_space.svg]

The diagram is rendered in terms of the colours of lower saturation and value than those displayed in
the diagram above that can be produced by pigments, such as those used in printing. The colour names
are from the Munsell colour system. The solid curve with dots on it, through the middle, is the
Planckian locus, with the dots corresponding to a few select black-body temperatures that are
indicated just above the x-axis.
The most widely accepted colour space is the CIEL*a*b* (1976) which is expressed by the following 3dimensional colour coordinates:
▪
▪
▪

L* - expressing the lightness dimension
a* - expressing the red - green dimension
b* - expressing the yellow - blue dimension

The CIEL*a*b* colour space is based on the opponent colour perception theory described in previous
paragraphs. It is designed in such a way that a unit distance represents the just perceptible colour
difference of the average observer, although practically it later proved that the just noticeable colour
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difference is around 2.3 units. The distance of two colours in the colour space is expressed via the ΔE*
equation that corresponds to the Euclidean distance:
∗
∆𝐸𝑎𝑏
= √(𝐿∗2 − 𝐿∗1 )2 + (𝑎2∗ − 𝑎1∗ )2 + (𝑏2∗ − 𝑏1∗ )2

(1)

Figure 4. Front view of the CIEL*a*b* colour space [Source:
https://commons.wikimedia.org/wiki/File:CIELAB_colour_space_front_view.png]

The establishment of a colour difference equation based on a generally optical uniform colour space
has been a major breakthrough in the application of colour science. The colour difference equation
enabled the specification of objective tolerances and the unambiguous quality control pass/fail
decisions [11].
The expression of colour space via the L*, a* and b* coordinates lacks the relation between the
coordinates and the brain classification of colours as this was explained in the psychological aspects of
colour. To enable this relation the colour space can also be expressed by polar coordinates via the
following equations:
∗
𝐶𝑎𝑏
= √𝑎∗2 + 𝑏 ∗2
ℎ𝑎𝑏 = 𝑎𝑡𝑎𝑛2(𝑏 ∗ 𝑎∗ )

(2)
(3)

This enables the equivalent expression of CIEL*a*b* colour space with the polar coordinates as
CIEL*C*h. The values derived have correspondence to the colour categorization as follows:
▪
▪
▪

L* - lightness
C* - chroma (saturation
h - hue angle
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Figure 5. Chroma (C*) and hue (h) representations on the CIEL*a*b* colour space.

7. Colour difference equations
The establishment of colour spaces and of colour difference equations has been a major breakthrough
in Colour Science. It has to be noted that for decades the major developments in Colour Science were
made by research relating to the textile dyeing industry that had a great interest in establishing
objective quality control and specification of colours. Additionally, the textile industry had great
interest in the development of mathematical methods of recipe match prediction which is another
part of Colour Science. During the past decades, of course, Colour Science has expanded in various
other industries and applications like plastics, paints, automotive and digital imaging to name a few.
Newer demands, due to the aforementioned applications, along with stricter specifications demanded
better colour difference equations specific to particular industries and with improved accuracy on
pass/fail decisions.

7.1. CIE94
The 1976 definition was extended to address perceptual non-uniformities, while retaining the
CIEL*a*b* colour space, by the introduction of application-specific weights derived from an
automotive paint test's tolerance data [12]. ΔE (1994) is defined in the L*C*h* colour space with
differences in lightness, chroma and hue calculated from L*a*b* coordinates for 2 samples indicated
by 1 and 2 in the following equations:
∆𝐿∗ 2
)
𝐿 𝑆𝐿

∗
∆𝐸94
= √(𝑘

2
∗
∆𝐶𝑎𝑏

+ (𝑘

𝐶 𝑆𝐶

2
∗
∆𝐻𝑎𝑏

) + (𝑘

𝐻 𝑆𝐻

)
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where:
∆𝐿∗ = 𝐿∗1 − 𝐿∗2

(5)

𝐶1∗ = √𝑎1∗ 2 + 𝑏1∗ 2

(6)

𝐶2∗ = √𝑎2∗ 2 + 𝑏2∗ 2

(7)

∗
∆𝐶𝑎𝑏
= 𝐶1∗ − 𝐶2∗

(8)

∗
∗ 2
∗ 2
2
∆𝐻𝑎𝑏
= √∆𝐸𝑎𝑏
− ∆𝐿∗ 2 − ∆𝐶𝑎𝑏
= √∆𝑎∗ 2 + ∆𝑏 ∗ 2 − ∆𝐶𝑎𝑏

(9)

∆𝑎∗ = 𝑎1∗ − 𝑎2∗

(10)

∆𝑏 ∗ = 𝑏1∗ − 𝑏2∗

(11)

𝑆𝐿 = 1
𝑆𝐶 = 1 + 𝐾1 𝐶1∗

(12)

𝑆𝐻 = 1 + 𝐾2 𝐶1∗

(13)

and where kC and kH are usually both unity and the weighting factors kL, K1 and K2 depend on the
application (see Table 3).
Table 3. Weight factors of the CIE94 colour difference equation

kL
K1
K2

Graphic arts

Textiles

1
0.045
0.015

2
0.048
0.014

7.2. CIEDE2000
Since the 1994 definition did not adequately resolve the perceptual uniformity issue, the CIE refined
their definition, adding five corrections:
▪

▪
▪
▪
▪

A hue rotation term (RT), to deal with the problematic blue region (hue angles in the
neighbourhood of 275°)
Compensation for neutral colours (the primed values in the L*C*h differences)
Compensation for lightness (SL)
Compensation for chroma (SC)
Compensation for hue (SH)
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Going deep into the maths is outside the scope of this work. The equation is expressed as follows:
∆𝐿′ 2
)
𝐿 𝑆𝐿

∗
∆𝐸00
= √(𝑘

∆𝐶 ′ 2
)
𝐶 𝑆𝐶

+ (𝑘

∆𝐻 ′ 2
)
𝐻 𝑆𝐻

+ (𝑘

∆𝐶 ′ ∆𝐻 ′
𝐶 𝑆𝐶 𝑘𝐻 𝑆𝐻

+ 𝑅𝑇 𝑘

(14)

7.3. CMC l:c (1984)
In 1984, the Colour Measurement Committee of the Society of Dyers and Colourists defined a difference
measure, also based on the L*C*h colour model. Named after the developing committee, their metric
is called CMC l:c. The quasi - metric has two parameters: lightness (l) and chroma (c), allowing the users
to weigh the difference based on the ratio of l:c that is deemed appropriate for the application.
Commonly used values are 2:1 for acceptability and 1:1 for the threshold of imperceptibility. The
expression of the CMC l:c equation is the following:
𝐿∗2 −𝐿∗1 2
)
𝑙𝑆𝐿

∗
∆𝐸𝐶𝑀𝐶
= √(

𝐶2∗ −𝐶1∗ 2
)
𝑐𝑆𝐶

+(

2
∗
∆𝐻𝑎𝑏

+(

𝑆𝐻

)

(15)

where:

(16)

(17)

8. Application of Colour Science aspects in textiles
Colour Science has two major pillars of application in textile and clothing industries. The one pillar
deals with the recipe match prediction for dyeing of substrates. This aspect is fairly complicated
theoretically but for the final user the complexities are hidden behind the specific software used.
The second pillar is colour communication and technical specifications. The development of fairly
uniform colour spaces enables to characterise the colour perception of a given sample via its
trichromatic coordinates, usually the L*a*b* values. Additionally, if it is necessary to make a recipe
match prediction, the reflectance values of a sample are very representative for the software to make
a successful dyeing recipe.
Practically, a given colour can be described purely numerically or in a quasi - objective way using the
additional data of a colour atlas like Pantone.
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Figure 6. Practical form of the PantoneTM colour atlas [Source: Pantone]

The technical specifications can make use of the colour difference equations to establish pass/fail
decisions. For textiles a preferable equation is CMC 2:1 as it is well optimised for the application. A
limit of maximum colour difference of 1.5 ΔECMC is usually adequate for most applications, except if
otherwise stated by the customer of the dyehouse.
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Questions for the evaluation of the lecture
1. Question 1: Which are the three contributing factors of colour perception?
Please choose the one correct answer from the three choices below.
a) The light source - the observer - the coloured object
b) The observer - the wavelength - the colourant
c) The coloured object - the colourant - the reflectance

2. Question 2: The brain does some classification of the observed colour characterising it
according to:
Please choose the one correct answer from the three choices below.
a) Hue - lightness - chroma
b) Saturation - lightness - chroma
c) Light source - object - saturation
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Lecture 3.3 Colour management and testing
A. A. Tsoutseos
UNIWA

1. Summary and targets of this learning unit
Colour Management is related to the functions a company does to handle aspects of its production
and decisions that have to do with colour. Some aspects of colour management related to Colour
Science in general and some other to the establishment of Technical Specifications analysed on other
parts of this e-book. This learning unit will expand on Colour Science needed for colour communication,
incorporating aspects of colour archiving. It will examine the limitations of colour vision when dealing
with colour and the errors occurring. A good practice for colour measurement of samples will be laid
out along with the effects of environmental conditions on the colours of testing samples. Finally, the
novel challenges of measuring colour on patterned fabrics will be addressed.

2. The importance of colour in the textile and clothing industry
Every business is challenged to get the right product, at the right moment in front of their customers.
Colour is an important characteristic of the product in many industries but its importance to textiles
and clothing is exceptional. Colour and design is what transforms a commodity product like a T-shirt
to a fashion item with an added value. Its importance was recognised very early in the textile
production and this is the reason that the major developments that took place in colour science were
done from the textile industry and secondary from the paint and plastics industry. These developments
subsequently affected and were expanded by other industries, like the automotive and currently by
digital technologies like printing, photography and TV screens to name a few. All these 21st century
technologies are using colour spaces and mathematics that were initiated and developed majorly for
the textile industry. [1]
Generally, colour plays an important role in everyday life. Often it offers security making things highly
visible. For example, the school buses in the US are yellow because this colour falls in the middle of
the visible spectrum and it is always highly visible even to the periphery of the vision and to people
with some colour anomaly in perception. There are also regulated colours like stop signs or patented
colours like Coca-Cola red. People also take pride in colours related to their national flag or their
favourite team. In this way several colours are patented and connected with merchandising for
relevant products. [2]
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Another important factor for colour is that it is defined and it defines fashion which is the motivational
power for consumer spending. Fashion was always a strong driving force for textiles and its importance
was later discovered in other industries. For instance, the automotive industry only in the mid 1990s
realised that product development and differentiation does not only come by changes in hardware
and machine technology but also by design and colour trends of the cars

Figure 1. 16 of the best-known patented colours and their corresponding corporations

Conventionally, colour trends are made by designers who also take ideas during fashion and textile
exhibitions. These exhibitions take place much earlier than the season they aim to cover, so designers
can exchange ideas, learn about the global trends and give their input. Colour trends can be influenced
by several factors which are unpredictable to analyse but often they are influenced by society concerns
and technologies. For example, when the ecological concerns are on the rise, soft colour palettes with
green and earthy colours tend to be the trend. Technology can affect the colour palettes as new
products produce new design ideas that transform to trends. For example, when metal laminated
fibres were developed, they were incorporated as a novelty in women’s fashion.
With the advent of social media and especially Instagram, the creation of fashion and trends changed
rapidly. Before that fashion was seasonal and was designer - driven and marketed through the retailing
outlets. The social media and the so called “influencers” affect customers’ decisions making part of
fashion being customer driven with trends that spread rapidly or so called “viral”.
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3. The role of human colour perception
The way humans perceive colour has been analysed in the “Colour Science and objective colour
communication and control” section of this e-book. In this section we shall focus on the role of human
perception in colour management. To recapture what already mentioned, humans see colour thanks
to the photoreceptor cells in the retina of the eye, that generate signals towards the brain. The eye
also has some highly sensitive cells called rods which are not active during normal daylight and
generate signals on the greyscale. The cones respond to three different areas of the light spectrum
namely, the short wavelengths (blue) peaking around 445nm, the medium wavelength (green) peaking
around 535nm and the long ones (red) peaking around 565nm.
The colour of the dyed material depends upon light interaction with it and it is characterised by its
reflectance spectrum, since some wavelengths are absorbed by the material and some are reflected
and interact with the eye. So, the perceived colour depends upon the reflected light of a coloured
material.
A material retains its reflectance values relatively stable but they appear differently as the set of
viewing conditions change, since colour perception depends upon the light source, time of day and
other factors. This is an important point because it makes colour appearance judgment highly
subjective. Considering the fact that colour perception is based on a triad, that is light source - coloured
material - observer, it is quite remarkable that we see the same colours. This is due to a phenomenon
called colour constancy which is an example of subjective constancy. This is a feature of the human
colour perception system that enables the brain to perceive the colours relatively the same
irrespective of the varying illumination conditions. This is very helpful because it helps identify objects
correctly irrespective of the lighting, something very helpful for human survival. However, this
phenomenon helps us generally see the same colours but fails to apply to subtle colour variations or
deal with changes of colour due to changes in light intensity.
Studies have shown that matching colours of material samples is complicated when many people are
involved and the conditions vary. In summary colour matching and colour difference decisions depend
upon:
•
•
•
•
•
•
•
•

Lighting conditions
Sample background
Distance from the eye
Noise
Observer age (older people have yellower eye lenses)
Medications or consumption of substances
Memory
Mood
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Figure 2. A characteristic image showing the phenomenon of colour constancy. This image contains only
tones of red and grey however when viewed in the dark after a while the viewer sees blue and white [Source:
Wikimedia commons]

This subjectivity of colour judgment led to:
−
−
−

the creation of mathematical representations of colour perception in the form of colour spaces
the establishment of colour difference equation to enable pass/fail decisions
the development of colour measuring instruments in the form of colorimeters and
spectrophotometers.

4. Factors affecting Colour Data and assessment
The fact that there are objective methods of colour perception and colour difference evaluation does
not mean that any company owning a colour measurement instrument can produce reliable colour
data with accuracy and reproducibility. There are several factors that may introduce variability and
inaccuracy. To ensure confidence in the quality of colour data the sources that introduce variation
should be identified and controlled.
The first step is to identify the standard that will be used for colour matching in the production. This is
usually a swatch of fabric. This should be kept properly and in a clean environment
The standard should be measured and converted to digital colour data. If the sample is to be used for
recipe match prediction, then the reflectance data is the only way to enable colour matching systems
to operate reliably. Therefore, the standard should be measured using a spectrophotometer rather
than a colorimeter.
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Textile materials have several factors influencing their measured reflectance and there is a certain
methodology that should be followed in order to obtain the most accurate results possible. This
methodology will be analysed in the following paragraph.
The spectrophotometers of the client and the supplier should have a high degree of inter-instrument
agreement meaning that they should give the same reflectance values for the same samples. This level
of agreement is obtained via calibrating them using some standard ceramic tiles.

Figure 3. Colour performance of a spectrophotometer before and after calibration with a standard
instrument. [Source: Datacolor suite]

Colour matching should be done instrumentally using special software for that purpose. When the
supplier has reliable reflectance colour data then a recipe can be derived for any substrate.
Instrumental colour matching has the great advantage of speed and flexibility on the applied substrate.
So, a given shade can be reliably produced in cotton, polyester or other types of fabric. Another
important factor is that the phenomenon of metamerism can be avoided with instrumentally derived
recipes [3]. Metamerism is the phenomenon where two colours appear the same under a given set of
conditions, usually lighting but no longer match when these conditions change.
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Figure 4: Metameric pairs that appear the same in daylight and differ in tungsten lighting. [Source: Eclat
digital]

When fine-tuning the colour communication, colorimetric and mathematical aspects should also be
standardised. A general guideline is that supplier and client should agree on the CIE Standard
Illuminant that should be used and the preferred colour difference equation. For textiles CIE Standard
Illuminant D65 and the ΔECMC (2:1) equation for colour difference are good for all purposes. Not
determining these two parameters can result in wrong pass/fail decisions.
Since many assessments are done on screens it should be noted that screens used for colour proofing
should be calibrated via special software with the use of a dedicated chromatometer.
Finally, the visual assessment should be done in a controlled environment. The best would be to have
a light cabinet with different standardised light sources and make the basic visual assessment using
the daylight lamp. If there is no light cabinet, samples should be assessed in a room lighted with
daylight on a north facing window and never under the usual fluorescent lights of an office.

Figure 5: X-Rite / Pantone colour cabinet [Courtesy of X-Rite]
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5. Sample conditioning
When measuring textiles, it should be understood that a reliable measurement is that of an opaque
material, otherwise the reflectance will be a combination of the textile and the backing (usually the
sample holder). In this case the data is unreliable. A good guide is to fold the sample to four layers (fold
it two times) and then measure it.
The measuring software has the ability to average measurements and store the average of reflectance
data. Since textiles often have directionality, it is beneficial to make two measurements on the same
area of a sample, each one different to the other by 90o and store the average.
Sometimes samples have non uniformity. In this case the measurement should be made in different
areas of the sample and then be averaged. Generally, the more areas measured on a sample the better
the accuracy. Practically though there is no serious benefit to measure more than 6 areas.
Colour measuring instruments may have different apertures. If the coloured area is large enough the
larger aperture gives more accurate results. Sometimes though the colour is in a print pattern or the
sample is too small, so a smaller aperture is used.
Sample should be used carefully. Some colours can get dirty and change very easily. Usually, this
happens to whites and very bright colours. Especially in whites the measured areas should not be
touched because the FWA effect can easily be suppressed.

Figure 6. Measuring a fabric folded twice - four layers [Courtesy of X-Rite]

Generally, a good measurement procedure, agreed between the client and the producer, taking into
account all factors that may introduce variation, can result in very accurate digital colour
communication, providing all the benefits described earlier.
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6. The “unmeasurable” colours
Digital colour communication, when dealing with solid colours is attainable and rather commonplace
nowadays. However, textile fabrics can be floral, printed, dotted, with stripes and many other printed,
woven or knitted designs. The analysis of lace, zippers and multicoloured designs are still done
manually with all the disadvantages of the manual/visual evaluation. [4]
The measurement of such colours can be performed by various technologies. The most notable one is
hyperspectral imaging, developed by Datacolor International where a special spectrophotometer is
used that produces various different images across the electromagnetic spectrum. These images are
prepared for objective colour measurement being combined in a hyperspectral data cube.
Hyperspectral imaging is used in Astronomy, Geology and other surveillance sciences but its
application to textiles is novel and under development [5].
Simpler approaches deal with digital images but still the measurement of “unmeasurable” colours is
an aspect of colour management under research.

Figure 7. Non-solid colours on textile materials and accessories [Source: Knitting Creative]

7. Brand Colour management and digitalisation advantages
Designers find inspiration everywhere. The colour execution often lies in the intersection of art and
science. This is because colours envisioned by the designers may not be available chemically for specific
substrates. This works the other way round in the sense that new colours can inspire designers for new
products.
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Brands sometimes have some special colours or characteristic patterns associated with them with one
of the most notable examples being BurberryⓇ. Other brands use specific paletes associated with their
overall image, for instance a brand with an ecological profile uses soft and earthy tones as opposed to
a brand with a sport profile that can accommodate very vivid and “fast” colour palettes with yellows,
reds, and electric blues.
At the designing stage there is a collaboration of colour specialists with the designer team so that the
technical limitations are communicated and the feasible palettes can derive. This is beneficial and can
accelerate the production process.
The advent of colour technology and the measuring instruments, like portable chromatometers, has
accelerated the digitalisation of colour palettes and this can reduce delays in production. This is widely
accepted in the industry but still more than 50% of the products are evaluated manually with subjective
visual assessments. This happens because many textiles are non-solid colours, that is they are either
prints or multicoloured woven or knitted fabrics. These colours are a challenge and special colorimetric
solutions have been developed as hyperspectral spectrophotometers.
When colour assessment is done visually, the colour development can span weeks or even months. It
is necessary to create physical samples that are sent to production and then back to the brand for
approval. Often the production samples are not approved so the process has to be repeated. This has
a significant economic cost and causes time delays.
Digital colour management and control enables trust between the mills and the client side so that
production can proceed quickly without the fear of colour inconsistencies. The assurance that the
correct colour will be obtained enables the producers to give realistic times of delivery to their
customers and saves them from the additional cost of airfreight in the case some products need to be
corrected. Production with no offsets enable better workflow and mills can focus on other issues of
the production like quality control and proper textile finishing.
On the part of the brands, shortening of production cycles provides agility to fashion trends and quick
response to desired changes. For example, if it is known to the brand that there is a short production
cycle, it can create short production runs of a fashion palette for a given product and renew them
quickly, during the selling season according to which colours of the palette are mostly preferable from
the customers, reducing excess inventory and price mark-downs for the undesirable colours. Flexibility
and responsiveness is the current challenge for brands. The acceleration of online shopping, especially
due to the COVID related lockdowns, is a trend that will remain in a sense in the post-COVID era.
Additionally, the fastest growing markets are not the traditional “Western” ones but those of South East Asia, North America and Africa. In this changing environment flexibility and agility are a key factor
for a brand’s success or even survival.
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Digitisation not only helps communicating efficiently, but also makes the archiving process simpler and
less time consuming since samples are computer files, browsed in the way digital photos do, without
the need for physical samples that need space and organisation.
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Questions for the evaluation of the lecture
1. Question 1: Metamerism is the phenomenon where:
Please choose the one correct answer from the three choices below.
a) Samples appear the same under one light and differ under another
b) When the observer retains the same colour impression
c) When the instruments are not correctly calibrated

2. Question 2: Textile are better measured:
Please choose the one correct answer from the three choices below.
d) Folded twice in two orientations and multiple areas
e) In two layers and two orientations
f) Using a calibrated spectrophotometer
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Lecture 3.4 Introduction and overview on the laboratory equipment
described in WINTEX project
Mònica Ardanuy, Diana Cayuela, Heura Ventura
Ioannis Chronis, Luminita Ciobanu, Adrian Buhu
UPC, UNIWA, TUIASI

1. Introduction
The equipment described on the WINTEX project has been selected to cope with the regional needs of
the Innovation Textiles’ Centres to be developed. The equipment will be used for teaching and research
purposes, and also to provide R+D+i services to the regional textile industries. In this sense, the
equipment is intended for quality control (in order to offer testing of advanced textiles) and for
production (to improve the quality of the products and increase competitiveness).
In this lesson, this equipment is overviewed to provide a general understanding of their working
principles as well as the opportunities that they arise in textile applications. For the sake of clarity, they
have been grouped according to four main categories:
−
−
−
−

Equipment for textile fabrication
Equipment for textile finishing
Equipment for textile design
Equipment for textile characterisation
Table 1. Equipment described on the WINTEX project

Equipment for textile production and quality control
Category
Equipment for
textile fabrication

Equipment for
textile finishing

Equipment
Electrospinning
Extrusion and melt blown / Web forming
Winding unit
Edge cutting
Warping machine
Automatic flat knitting machine
Hand tufting equipment
Sublimation printing machine
Digital printing machine
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Fibres/nonwovens
Nonwovens
Complementary for yarns
Auxiliary for woven fabrics
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Knitted fabrics
Other textile structures
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Equipment for
textile design
Equipment for
characterisation

Vacuum furnace
Ultrasonic bath
Calendering machine & Manual hot press
Head Laser Engraving cutting machine
Digital embroidery machine
3D simulation textile clothing design software
3D Body Scanner
3D Printer
Scanning electron microscope

Auxiliary for finishing
Complementary for finishing
Physical finishing
Physical finishing
Other finishing
Garment design
Complementary for design
Complementary for design
Textiles analysis

2. Equipment for textile fabrication
2.1. Electrospinning equipment
Electrospinning is a spinning technique (i.e., fibre/filament formation technique) that uses high
electrostatic forces to produce continuous fibres with diameters ranging from microns to nanometres
in size.
The key of the process is applying a high voltage to a liquid droplet (which is pumped out a thin
capillary) so it becomes charged. The electrostatic repulsion counteracts the surface tension of the
fluid polymer. The droplet is then drawn, forming a Taylor cone from which a fluid polymer jet erupts,
this resulting in the continuous nanofiber (Figure 7).

Figure 7. Scheme of the electrospinning principle [1]

In the electrospinning process, nanofibers are collected in a grounded surface, giving as a result a
randomly distribution of very thin fibres, in the shape of nonwovens or membranes with very small
pore size. The shape and size of the collector, as well as the possibility to use rotating drums as
collector, will affect the nanofiber random distribution, allowing certain orientation in some cases.
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The electrospinning equipment mainly consists on:
•
•
•
•

A nozzle or needle (such the needle of a syringe) connected to a pump. The polymer fluid is
pumped out the capillary, which is charged owing to its connection to the power supply.
A high voltage power supply, which provides the high voltage electric field necessary to form
nanofibers.
A grounded collector where the nanofibers are collected.
An insulation chamber to keep the electrospinning process in the required atmosphere, which
varies depending on the polymer used and the processing conditions.

There are many factors that influence the electrospinning process, such as the electric field intensity,
the work distance, the polymer concentration, the viscosity of the solution and its flowrate, the relative
humidity, etc. Therefore, it is important to control all the environmental parameters, as well as the
equipment settings and the polymer solution conditions in order to be able to detect and correct any
undesired effect found in the resulting fibres. The typical defects are the lack of definition of the fibres,
the melting between fibre joints, or the appearance of beads (diameter irregularities) or porosity on
the fibres.
Uses of electrospun nanofiber membranes
Electrospun fibres or the membranes produced (Figure 2) can have many applications such as filters,
sensors, high specific area catalytic substrates, protective clothing, thermal insulation or, in the
medical field, as scaffolds, wound dressings, etc. [5][6]. For instance, nonwovens made of nanofibers
can be of a great relevance in the production of masks for Covid-19 protection.

Figure 2. Electrospun membrane (adapted from [2])

Unit 3 Quality aspects and Laboratory practices

Page 194

This project has been funded with support from the European Commission. This publication reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein

2.2. Melt blowing equipment
Melt blowing, together with spun bonding are two similar and widely known nonwoven production
techniques. Both of them are conventional high-speed fabrication methods that allow the production
of nonwovens from thermoplastic polymers. The main difference between them is that in melt blowing
the size of the fibres are smaller, typically in the low microfiber range (Figure 3).

Figure 3. Comparison between a spun-bonded nonwoven (left) and a melt-blown nonwoven (right), where
the difference in fibre finesse can be appreciated (UPC Textile Division 2021)

This is because, as its own name points, in melt blowing, the polymer is heated up to melting and then
extruded through small nozzles, being this process assisted by hot gas blowing at a high speed, what
allows the reduction of the initial diameter of the extruded fibres, reaching microscale-size diameters.
These microfibres are deposited randomly in a conveyor belt or similar surface, what produces the
web of the nonwoven (Figure 4). However, due to their similarity, melt blowing is sometimes
considered as a derivative process from spun bonding, and they are often combined for the production
of a certain type nonwoven product defined as SMS (spun-bonded/melt-blown/spun-bonded).

Figure 4. Melt-blown nonwoven formation [3]
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For melt blowing production, the key points of the process are [5]:
-

-

-

-

The extruder, a barrel equipped with a heating system and a rotating screw responsible of the
polymer melting. Then, the polymer is driven to the die assembly by means of a gear or metering
pump. At this point, the rotating speed and temperature profile are key to obtain the adequate
viscosity of the polymer.
The die assembly, which mainly consists of three components: the feed distribution plate (which
must create an adequate flow of the polymer), the die nosepiece or die tip (responsible of the fibre
diameter and regularity of the web, whose design may avoid clogging), and the air manifolds or air
knives (that supply the air at high-speed leading to fibre drawing). This system is the responsible
of the fibres’ quality.
The web formation step, since there are multiple parameters that affect the final properties of the
nonwoven. The primarily hot air system draws the fibres, which can affect in fibre crystallinity, and
hence, to the fibre strength. The secondary or surrounding air system cools down and entangles
the fibres producing a self-bonded web, which can affect the fibre entanglement degree and
hence, the strength of the nonwoven structure. Also, the collecting system can be a moving screen
or a drum, which can lead to certain fibre orientation (web anisotropy).
The processing variables, which must be optimised for ensuring the quality and regularity of the
nonwoven. In general terms, parameters such as the feeding polymer and feeding gas rates, the
polymer, gas and die temperatures, the polymer viscosity, the air angle and gap or the die-tocollector distance, among others.

Melt blowing technique, being a process simply based on temperature and gas blowing, presents some
advantages such as a high production speed and solvent-free operation. And despite the raw materials
available to process are limited (owing to the need of being able to be conformable with temperature),
the current availability of thermoplastic polymers and further finishing treatments allow covering a
wide range of requirements, being polypropylene the most commonly used polymer in nonwoven
production by melt blowing [3]. Besides, another advantage is the properties of the own resultant
nonwoven since, as mentioned before, the thinner fibres achieved by melt blowing generate finer
porous structures, which is of great interest for certain application such as filtration.
Uses of melt-blown nonwovens
Melt-blown nonwovens have many applications. Due to their low cost, they are used in disposable
diapers and feminine hygiene products. However, they are also used in other high-added value
applications. For instance, due to their fine porous nature, they present a great interest as sorbents
(can retain oil and other contaminating substances/particles within their structure), or as filters of
gases and liquids (water treatment, air-conditioning filters, air filtering masks, etc.). Moreover, due to
their thermal insulation and breathability, they are also used as inner layers in technical clothing for
harsh environments. Moreover, there are other highly technical possibilities for melt-blown
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nonwovens, since they can be produced by special fibres loaded with medical drugs and be used in
controlled drug delivery.

2.3. Edge cutting and winding equipment
Edge-Cutting & Winding Unit is compatible with the Extrusion & Melt-blown Assembly to produce
nonwoven fabric by the melt blown method. Meltblown is a kind of ultrafine electrostatic nonwoven
with fiber diameter of about 2 microns, which can, in particular, be used for the manufacture of
medical face masks. The diameter of the ultrafine fiber is only the one-tenth of that of the fiber used
for the outer layer of mask, so it is effective in trapping dust. Droplets containing the virus will also be
electrostatic adhered on the surface of meltblown, unable to pass through it. The melted polymer is
extruded through an orifice die with a jet of hot air to form fibrous web. The molten polymer is
extruded through an orifice die with a jet of hot air to form a fibrous web. The latter will then undergo
an antistatic treatment and a finishing of the edges before being rolled up.

Figure 5. Edge cutting and winding machine (Aimix group co)

2.4. Warping equipment
The woven fabrics is obtaining by joining at least two yarn systems, warp and weft. Warp cannot be
obtained in the woven fabrics production process without the existence of a warping machine.
Warping is an inevitable process for preparing warp for weaving process. Mainly, there are two systems
of warping: direct and indirect (or sectional). Both systems have their own application areas and are
used for making different varieties of fabrics.
Direct warping is used to process large quantities of yarn, requiring a later stage of producing the warp
fed to the weaving machine (beaming machine or sizing machine). This system is not recommended
for buildings with small areas (surfaces).
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Sectional warping is recommended to be used for processing all types of yarns, it takes up a small area,
it can get the weaving warp on a single machine and can be realized colour ratios in creel. At the same
time, personnel who set the machine's parameters must be very careful about the values entered to
avoid winding defects. Warps with small lengths can be obtained, the maximum length being limited
by the dimensions of the winding drum.
Single-end warping machines have the advantage of small size, small capacity creels, obtaining warps
with suitable lengths for samples or warps with lengths of up to 1500m, complicated colour ratios can
be achieved and it is recommended for clothing fabrics.
Direct and sectional warping are recommended for obtaining warps for technical fabrics.

2.5. Automatic flat knitting machine
Automatic flat knitting machines (weft knitting) present different technological possibilities that
recommend the knitted products for a large range of applications – garments, decorative products and
also different technical/smart applications.
The main producers automatic flat knitting machines are Shima Seiki from Japan and STOLL, part of
the Karl Mayer group from Germany.
These machines can produce the entire spectrum of weft knitted patterns (tuck, miss, transferred
stitches, intarsia, jacquard, etc.) and can process all types of yarns (mainly wool, cotton, acrylic ad
blends), including fancy yarns. The new generation of flat knitting machines have the possibility of
introducing in-lay yarns (along the course direction) that will give the fabric an aspect similar to woven
fabrics or can be exploited for technical application
Apart from their structural versatility, flat knitting machines have the advantage of 2D and 3D
fashioning. This means that they can produce panels to the shape and dimensions of the garment
pieces. Currently, this is the preferred way garments are knitted, as it cuts out the industrial waste
resulting from cutting. In the last two decades, flat knitting machines capable of integral knitting were
developed to produce the entire product (garment or other applications) without cutting and sewing
which makes flat knitting suitable for the zero-waste requirements of sustainability and circular
economy.
In the case of technical/smart applications, raw materials (like glass and carbon, yarns with metallic
content) and fabric structure must be selected considering the end-use, the knittability of these highperformance yarns and required characteristics. Flat knitting is well suited for non-implantable medical
products (wound dressing, bandages, orthopaedic products, compression garments/bandages), but
also for smart fabrics (especially e-textiles) where knitting presents the advantage of introducing
special yarns in certain regions from the product and along preferential direction. Industrial
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applications like gaskets, protective housing, composite preforms (spacer fabrics and knitted shells
with complex 3D geometry) are well documented.
The knitted panels for products are programmed using CAD systems particular to each producer – SDS
One APEX for Shima Seiki and M1+ for STOLL. Regardless of the differences in interface, all
programming applications must define the followings:
•
•
•

the fabric structure and the panel shape (fully-fashioning),
the knitting process (knitting sequence)
technological parameters (especially the position of the stitch quality cam, take-down, knitting
speed)

An important trend is currently the virtual prototyping based on realistic rendering of fabrics and
products. The most advanced in this direction is the APEX program from Shima Seiki, offering a
complete set of modules that allow the artistic and structural design of the product, fabric simulation
(working with a large library of yarns) and product 3D simulation using an avatar. This way, the
companies can easily and efficiently interact with clients, saving time and money in designing a
collection.
Another versatility characteristic to be considered for flat knitting is the possibility to enlarge the range
of products a machine can produce by using multigauge series. Multigauge machines can knit in two
different gauges, the highest one by employing all needles, the other one, reduced to half by working
with selected needles (1x1). Needles and needle grooves are adapted to allow this change and facilitate
the knitting of coarser yarns required by the lower gauge.

2.6. Hand tufting machine
Hand tufting machine (also called hand tufting gun) is a hand-held device that can be used to create
tufts onto a substrate (back cloth). The tufts are created by the repetitive motion of the needle that
carries the yarn, penetrates the back cloth creating the thread and the scissor that cuts the yarn and
finalizes the tuft threat. The gun is activated by means of a trigger and can be electrically or
pneumatically operated.
The gun must be firmly pressed on to the back cloth, so that tufts are stable. The tufting procedure
starts by creating the design on the back cloth-usually be drawing the design on the back cloth, or by
means of a video projector. The worker of the gun can then follow the design and create the tufts.
Tufts can be lines or filled-in shapes, or various colors, depending on the yarn color.
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Figure 6. Hand Tufting machine (Hofmann Handtuf Technic, https://hofmannhandtuft.de/category/handtuftmaschinen/)

Operational Parameters
•
•
•

Yarn color, material and diameter
Speed of the needle
Height of the pile

3. Equipment for textile finishing
3.1. Sublimation printing equipment
Under high temperature, some solid dyes can pass directly into the gaseous form without first being
converted to a liquid. This natural process is called sublimation or thermal dye sublimation. Nowadays,
thermal sublimation printing has become a popular and flexible process used mainly for printing
various types of fabrics.
A thermal sublimation ink consists of a solid dye or dye suspended in a liquid carrier. An image is
printed on a transfer paper, which is contacted with a polyester fabric by means of a heat press. Under
heat and pressure, the solid dye sublimates and diffuses into the fabric, stabilizing it on its fibers. Thus,
the image becomes part of the substrate.
In recent years, systems have emerged that can print directly onto fabric without the need for transfer
paper. Both methods (with or without transfer paper) have their advantages and disadvantages.
The biggest benefit of using the transfer paper method is the image quality, that provides a more
detailed image, with sharper edges, clearer text and more vivid colors. With this process, the ink does
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not penetrate deep into the substrate, remaining close to its surface. On the contrary, with direct
dispersion, the ink penetrates further into the fabric, which, like inkjet printing on plain paper, means
that the detail is lost and the colors become less intense.
The difference lies in the fact that with transfer paper the result is always clearer and consequently in
jobs that require detail, transfer paper is used.
Another advantage of the transfer method is that it is flexible method, that works on any surface with
a polyester coating. On the other hand, most non-flat applications require different presses to fit their
shape [7].
The biggest advantage of direct sublimation printing is the reduction of costs, since transport paper is
not needed. It is difficult to generalize, given the variety of machines, substrates, etc., but the need to
use specially coated polyester in direct printing does not fully offset the paper savings. Sublimation
direct printing inks are about the same price as portable inks, but most of the time the amount
consumed in direct printing is larger, depending on the job. But in general, with direct printing there
are margins of cost savings.
The primary advantage of direct dispersion is the deep penetration of the ink into the fabric and its
saturation. So, when you print a big red flag, the color will reach the back as well, with the result that
- even if the text or the image on the back is upside down - someone will recognize it by looking at it
from a distance.
Direct printing also offers advantages over garment printing. In most garments that are printed, the
substrate is white, resulting in the so-called "smile" in the print when the fabric is stretched. With
direct printing this problem does not exist since the color penetrates deep into the substrate. Of
course, in the case of depositing a larger amount of ink and if the fabric has not dried well, there is a
risk that the ink will "run" in case it gets wet.

3.2. Digital printing machine
Digital printing is new technology for textile substrates, with the most important advantage that is is a
fast and easy process, compared to the conventional print methods for textiles. It can also print a more
detailed pattern, due to the inkjet technology. The print pattern is introduced as a digital file and is ink
jetted by the printer heads onto the substrate. Digital printing can be applied to cotton as well
polyester textiles. Reactive dies are the best solution for cotton textiles and acid or dispersion dyes are
used as well.
Digital printing has a fixed cost per item, so it is most favorable for small to medium batches, compared
to conventional dying processes, therefore it suits better the needs for custom products (e.g. luxury
garments).
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Important characteristics of a digital printing machine are the speed of printing and the size of the
printing area, as well as the interface for the control of the device.

Figure 7. Textile digital printer (EPSON Co )

3.3. Ultrasonication equipment
Ultrasonication, often referred to just as sonication, uses sound waves with frequencies of 20 kHz or
higher to produce vibrations. Its working principle is based in the alternating low and high pressures
combined in a sound wave, which produce a vibration of the substance’s particles when it passes
through it. When the appropriate frequencies of sound are used in a solution, the vibrations generated
are capable to produce thousands of microbubbles in the solution, which collapse producing a
cavitation effect. This cavitation is very useful to agitate fluids, disperse mixtures or clean the surface
of samples immersed in a bath.
Ultrasonication equipment are provided with a transducer which, by means of piezoelectric crystals, is
able to transform an electric signal produced by a generator into a mechanical vibration. This vibration
is typically amplified and passed to the probe, which transmit it to the solution. However, sonication
can also be performed in an ultrasonic bath. In both cases, ultrasonic bath and probe sonicator (Figure
8), there is a certain degree of heating due to the own vibrations, so it is important to control the
temperature increase for certain applications.
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Figure 8. Sonication equipment: (left) Probe sonicator (Source DBCLS 統合 TV, CC BY 4.0
https://commons.wikimedia.org/w/index.php?curid=55202149); (right) ultrasonic baths in different sizes
(Source Vozyno – Vlastní dílo, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=29584293 )

Uses of ultrasonication
This technique can have multiple uses such as: extraction of compounds (e.g., from plants, microalgae
or seaweeds); cleaning (e.g., to detach samples glued in sample holders or jewellery cleaning); agitate
mixtures, disperse nanoparticles, produce nano emulsions, accelerate dissolutions, etc.; or degassing
samples if the sonication is produced under vacuum, among others. In the textile sector, more
specifically, ultrasonication can be used to produce sol-gel or nanoparticle functional solutions for
textile coating, or to perform wet processes in a more efficient way (greener washing, dyeing, scouring,
etc.), for instance. Moreover, sonication can be of interest in the research about treatment of textile
wastewaters.

3.4. Calendering equipment
Fabric Calendering Machine is used in dyeing and finishing process in laboratory. It is mainly used to
help to adjust the formula of fabric and auxiliaries. It can be applied to calendaring process of pure
cotton, polyester cotton, silk fabrics, chemical fiber, wool spinning and other combination fabric, as
well as roll compacting process of building materials, plastic packing materials and paper products.
It is equipped with a pair of rollers, the upper one is nylon roller which can resist temperature up to
180℃, the lower one is chrome plate heating roller which can let the fabric have different luster by
heating, friction and press. Hydraulic pressure module can make the lineal pressure up to 5T. Equipped
with emergency stop to protect the machine and operators.
Key Specification:
•
•
•

Roll size Upper: Nylon Roller Φ150×400mm
Roll size Lower: Chrome plate Roller Φ150×400mm
Working speed 0~6m/min
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•
•
•

Pressurizing method Max. 5T, applied by oil pressure
Heat method: Steel roller max temperature heat by electricity with 3KW 210 ℃,
Driving motor specification AC380V 3-phase 1.5KW

Figure 9. Calendaring machine (FANYUAN INSTRUMENT (HF) CO., LTD.- DOWELL SCIENCE AND TECHNOLOGY
(HK) CO., LTD.)

3.5. Hot press
Hot press is an essential part of the hardware for sublimation. It heats the ink that will be sublimated
onto the textile substrate. The press ensures a firm and stable pressure of the transfer paper onto the
textile substrate for the required time, because otherwise the result will not be satisfactory.
The most common types of manual press are clam-shell or swing-away type. Clam shell presses save
on space in the working place, since their configuration is vertical and this is quite important if
sublimation is to be applied on large surface. Clam shell presses also give to the user a feeling of a
firmer press. Swing away presses provide more free space in front of the user, are more favorable from
the ergonomics point of view but require more space in the facility. Furthermore, swing away presses
are safer, concerning the risk of injury.
Manual heat press should provide reliable conditions of a pressure of around 40 psig and temperature
of 400 oF. For this reason, mechanical parts should of adequate quality and reliability. The material of
the pressing surface, should also afford a firm and uniform press, as well as a long-lasting operation.
Another important feature relates to the ergonomics of the press handles and the operation in general,
especially if big volumes of sublimation works are to be executed [8].
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3.6. Laser engraving & cutting machine
Laser engraving and cutting of textile products or fabrics is a convenient and easy method, that
provides detailed results and can be automated for fast production. The cutting or engraved patter is
introduced to the device as a digital file and the laser head is driven by the software in order to execute
the pattern. The usability and functions of the software, is one of the important features of the
machine, because it relates to the usability of control functions and the speed of operations. The
machine is coupled with a feeder device that affords for faster automated processing of big volumes
of products.

Figure 10. Laser cutting and engraving machine for textiles (MimoWork Laser )

The main operational parameters of a laser engraving and cutting machine, are the number or laser
heads, the available processing area and the speed of processing. Furthermore, the level of detail that
it provides and the smooth finishing of the edge of the cuts [9].

3.7. Digital embroidery machine
The embroidery technique is a type of needlework used worldwide to embellish textiles mainly for
decorative and communicative purposes. It basically consists on adding colour, texture, and dimension
by applying different yarns, despite it can also incorporate other materials such as sequins, pearls,
beads, etc. Typically, this ancient craft was made by hand and was highly time-consuming, therefore
also of a high added value and expensive. However, the automation of textile processes led to the
development of embroidery machines during the industrial revolution, and further steps to the
digitalisation of such machines, thus leading to the digital embroidery concept.
Nowadays, digital embroidery machines can have a high level of automation. Hence, when accordingly
equipped, current machines are capable to place a sequin in the desired position and sew it, or to lay
fibre tows in specific directions while sewing them to the textile substrate with auxiliary threads, for
instance. However, the most common digital embroidery machines work with the same looped
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interlock stitch of conventional sewing machines (Figure 11). In any case, digital embroidery is a
CAD/CAM (Computer Aided Design/Manufacturing) process that starts with a specific software where
the user develops the design and defines the embroidery parameters. Then, the digitalised design is
transferred to the digital embroidery machine, which embroiders the design onto the fabric in a short
amount of time (depending on the size and complexity of the design).

Figure 11. Digital embroidery machine (Source CC0 Public Domain)

To do such a process, digital embroidery machines are capable to switch to the embroidery required,
select the thread to use, cut it, when necessary (e.g., before switching to a new position), applying the
selected type of stich (strain stitch, typically) or filling stich (zig-zag, flat fill, satin, bean stitch, tatami
stitch, etc.), control the thread tension, stitch density and direction, resolution, etc. Other parameters
to take into account in digital embroidery are the type of needle used, the canvas placement and
tension, or the bobbin thread tension, among others.
Uses of digital embroidery
The main use of digital embroidery is in the fashion field, for garments and apparel, where is typically
used in the incorporation of aesthetic colourful designs and patters, or logos, herald badges and brand
names, over fabric or leather substrates (such as decorations in caps, t-shirts or bags, for instance.
However, the embroidery technique also allows the integration of functional threads, such as
conductive ones. Therefore, one of the fields of application with a higher potential for digital
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embroidery is the design of embroidered circuits for e-textiles, but also of resistive sensors, antennas,
etc.
Moreover, other possibilities arise from the technique due to their capabilities to obtain threedimensional light-weight structures and to lay threads in all directions. For instance, digital embroidery
can also be used for the production of fabrics with patterns with a certain volume that can act as sound,
heat and impact insulators; or for the fixation of oriented fibre-tow preforms [4] to produce fibre
reinforced composites.

4. Equipment for textile design
4.1. 3D clothing design software
3D Body scanner software is a sophisticated software application that converts visual data into a 3D
model. the model can be used for various applications and can be of great utility in the fashion and
garment industry. The 3D body scanner software is acquiring data from a 3D body scanner, is directly
coupled with this device and both are usually from the same vendor. Alternatively, data of human body
metrics can be uploaded in the software and a 3D model of the body will also be created by the
software.
A realistic and detailed avatar of the human body is created and special garment features like fittings
and draping simulations can be simulated, which allows for tailor made products.
The 3D avatars create improved customer experience, since customers can virtually try on clothes,
thus reduces the returns, a feature that is vey important for the upcoming trend of e shopping. This
option is also useful in retail shops, because it eliminates the necessity of the apparel try on by the
potential buyer in order to ensure a perfect fit. Furthermore, this technology allows for better custommade apparel and reduces effort and time for tailors.

4.2. 3D body scanner
3D body scanning technology uses several images of a body, in order to create a 3D avatar of the whole
body. The output is a file in formats .xls, .csv or proprietary files that are going to be used by specific
applications for apparel design. Captures are in the magnitude of some millions and are taken by laser,
or infrared sensors in a short period (a few minutes). The scanned object (e.g., human body) is placed
into a frame that contains the caption sensors.
The basics of scanning are based on light triangulation, and the light is usually a laser or infrared
radiation.
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The body scanner always works in combination of a software, usually from the same vendor and the
power and usefulness of the system depend on both the scanner and the software.

Figure 12. 3D body scanner cabin [10]

4.3. 3D printing machine
The term 3D printing or additive manufacturing refers to a variety of bottom-up processes in which
the 2D layers of material are slowly consolidated to physically model a digitally designed 3D volume.
Therefore, there are multiple 3D printings techniques, which are based in different approaches, such
as: deposition of material layers (e.g., by thermoplastic extrusion), solidification of material layers (e.g.
by photopolymer curing), or joining of material layers (e.g. by metal welding or powder sintering),
typically. However, one of these methods is the most common due to its simplicity, availability and low
cost: the Fused Deposition Modelling (FDM) that uses a thermoplastic filament as raw material, also
known as Fused Filament Fabrication (FFF).
In the FFF 3D printers (Figure 13), the thermoplastic filament is fed into a heated extrusion head,
responsible of the filament melting and its deposition over the bed. To that purpose, the extrusion
head has a guiding system capable to position the extrusion head in any point of the XY-planar printing
area, which is limited by the own construction of the device. Therefore, the continuous deposition of
the fused polymer with the desired shape allows obtaining a layer of the 3D volume. Then, to produce
the following layer, a displacement in the third dimension (Z axis) is required. This is achieved due to a
vertical displacement of the bed or of the extrusion head guiding system, depending on the machine
construction, although the latter is the most commonly found. After the small displacement on the Zaxis, a new layer of fused filament is deposited according to the desired shape, forming another layer
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of the 3D printed object. Repeating these steps, the subsequent layers are deposited forming the 3D
volume.

Figure 13. FFF (fused filament fabrication) 3D printer (Source Eva Wolf, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=19895987 )

Typically, the filaments used are made of polylactic acid - PLA, acrylonitrile butadiene styrene - ABS,
polyethylene terephthalate glycol – PETG, or polyamide - PA, among others. According to the material
used, some parameters need to be adjusted. For instance, the printing temperature range varies
depending on the nature of the filament material, some materials require a heating bed to avoid
deformations in the 3D object, some materials are especially hard to fix in the bed (bad fixation and
so, bad stability may lead to deformation and failures in the printed piece) hence special adhesives are
required, etc.
Moreover, there are other parameters that must be taken into account in FFF 3D printing, such as: the
printer resolution, which defines the degree of accuracy of the printed object, especially in the surface;
the infill degree (i.e. how solid or dense is the 3D printed volume inside the external walls); the 3D
geometry itself, given that 3D printing allows the easy reproduction of geometries that would not be
possible to be achieved, or that would be too expensive to manufacture; or even the 3D object
orientation during printing, since in certain cases it is necessary to print auxiliary structures to
withstand the structure during the own process (later these are removed)
Uses of 3D printing in the textile field
3D printing, as rapid prototyping and small-scale production technology, has stepped into many
sectors, from the medical for production of custom-made prosthetics, to the industrial for the
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production of special pieces of impossible geometries. However, due to the availability of 3D printers,
their relatively low cost and their easy settings, 3D printing has a huge relevance in the do-it-yourself
concept, and is though as a suitable tool for product personalisation.
In the textile field, 3D printing has been used to produce, among others:
-

-

3D printed fabric-like structures (e.g., structures similar to those of a “chain mail”)
3D printed fashion garments, with certain limitations in the comfortability and that are,
typically, only decorative or structural layers of the garment
trimmings (like zippers, buttons or other decorative details) 3D printed directly on the textile
substrate (caps, t-shits, dresses, etc.), where the main challenge is ensuring a good adhesion
between the 3D printed trimming and the fabric substrate
shoe soles (in fact, there are sport shoes available in the market with 3D printed soles)

Despite certain evolution of the technique and the materials is still required, this technique has a great
potential for garment customisation and also, owing to an optimal use of the materials (is considered
to be a zero-waste technique), for alternative sustainable garment design.

5. Equipment for textile characterisation
5.1. Scanning Electron Microscope
Microscopy is the technique that allows the
enlarged observation of objects that could not
be observed with the naked eye. The most
typical microscopy technique is optical
microscopy, which uses visible light and a system
of lenses to generate a magnified image of the
sample under observation. However, the
magnification power is limited (around 1000x)
owing to the own resolution possibilities of
visible light. Therefore, to achieve greater
magnifications, another type of microscopy
technique is used: the electron microscopy,
which uses an electron beam as illumination
source instead of visible light (Figure 14). The
wavelength of electrons can be up to 100,000
times smaller with respect to the visible light
(Visible light wavelength range is between 400 to
750 nm.), this allowing a much higher resolution
(hence higher magnifications).
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There are two main types of electron microscopes: Transmission Electron Microscope (TEM) and
Scanning Electron Microscope (SEM). The second type, SEMs, are the ones most commonly used in
research and also in quality control in multiple fields (being the textile sector between them), since
they provide topographical observations of the surface of the sample.
Basically, a SEM swaps the surface of the sample under observation with an electron beam, which is
focused with a system of electromagnetic lenses and guided by scan coils. Due to the interaction of
the electron beam with the sample, many signals arise at the same time: secondary electrons,
backscattered electrons, characteristic X-rays, etc. (Figure 15). The information and images that can be
obtained with a SEM depend on the detection modules available in the SEM equipment, since each of
these signals require its own system. These signals are treated by the controlling computer and
displayed on the screen in real time, although the quality and resolution on the image depends on the
rastering frequency, so once the area of interest is selected, the micrograph can take few minutes to
be obtained.

Figure 15. Diagram illustrating the results of the interaction of highly energe tic electrons with matter
(Claudionico~commonswiki, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=44224781 )

The most basic detection in a SEM are the secondary electrons, which provide topographical
information of the sample (i.e., the shape of its surface). However, quite often they are equipped with
backscattered secondary electrons detectors (BSEM) that allow to differentiate differences on the
composition of the sample (mainly high contrast due to differences in the atomic number); or with Xray detection modules that allow to determine the atomic composition of the first nanometres of the
surface.
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It is worthy to mention that, for a proper observation, samples must be electrically conductive and
under adequate vacuum conditions. However, the extent of these two conditions highly depends on
the equipment, the intensity of the electron beam (voltage of the electron gun), etc.
Uses of SEM in the textile field
As previously mentioned, SEM is applicable to many fields. In textile R&D, SEM also have multiple
applications: to observe the fibres topography, or the regularity of a finishing applied to a fabric, or the
entanglement of fibres in a nonwoven, or the topography of a nanofiber membrane produced by
electrospinning; to verify the correct shape and distribution of microcapsules, or of calendaring
process of a fabric; to determine if a chemical treatment has damaged the fibres surface, or the
adhesion between the matrix and the fibres in a composite, etc.
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Lecture 4.1. Digital Fashion Design – CAD/CAM systems
George Priniotakis, Eleni Gialinou
University of West Attica (UNIWA)

1. Introduction
Digital Fashion design is a branch of the Textile industry that includes the creation of garments and
accessories, using computer technology and following the current fashion trends. It is about the way
of transforming the inspirations to industrial products. This learning unit makes an introduction to all
the relevant terms, like “fashion design”, “Computer Aided Design”, “Development of a collection
using CAD”, “online clothing stores”, “virtual try-on”, etc. Exploitation of CAD systems is analysed by
referring to the effectiveness of their use at industrial level.
Due to the conditions of pandemic COVID 19, there was noticed a great increase in the visiting of online
clothing stores. So, we will focus on the online applications related to fashion design and to some
aspects related to online clothing stores.

1.1. Fashion Design
A common term for “Fashion design”, according to Wikipedia [6] is the following:
Fashion design is the art of applying design, aesthetics, clothing construction and natural beauty
to clothing and accessories. It is influenced by culture and different trends, and has varied over time
and place. "A fashion designer creates clothing, including dresses, suits, pants, and skirts, and
accessories like shoes and handbags, for consumers.
It constitutes a specialized branch in the textile and clothing industry and its main object is the design
of garment and accessories.
It usually divided into several areas of activity, like:
● Fashion forecasting;
● Informing of the fashion trends;
● Presenting of concepts and inspirations;
● Design of fabrics (design/pattern/structures);
● Design of garments and accessories;
● Definition of the technical parameters for the manufacturing of the garments and accessories;
● Marketing-Promotion of the fashion products.
Nowadays, when we say “fashion design”, in most of the cases we mean “digital fashion design”. Digital
Fashion is the representation of garment and accessories, using Computer technology (ICTs).
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Digital fashion is the interplay between digital technology and product manufacturing. Information and
Communication Technologies (ICTs) have been deeply integrated both into the fashion industry, as
well as within the experience of clients.

Figure 1. Fabric samples and colour palettes for fashion design (Source: https://www.pexels.com/)

Such interplay has happened at three main levels [7]. ICTs are used to design and produce fashion
products, while also the industrial manufacturing leverages onto digital technologies
•
ICTs impact marketing, distribution and sales of products
•
ICTs are extensively used in communication activities with all relevant stakeholders, and
contribute to co-create the fashion world.

1.2. Fashion Design using CAD – general aspect
Computer Aided Design (CAD) systems constitute the basic tool in Digital Fashion Design, and more
analytically [1]:
● a useful tool for the creation and presenting fashion products before their entry in the fashion
industry,
● a creative tool, as they provide to the user, except of the designing tools, numerous libraries
and palettes, so as the fashion designer also has the ability to import new libraries with the
current trends, every season, and to adapt the inspirations and abilities to ongoing changes in
global fashion industry
● the basis for implementing new technologies of design development, selection of materials
and colours, the planning of the manufacturing stages and distribution of the new collections;
● a tool to adapt their evolving design point-of-view and individual aesthetics to various types
of new challenges;
● through the development of computer aided design skills, designers can create digital garment
collections and presentations based on the analysis of trend and market research. It must be
remarked that even with the use of common software packages for designing, users can
develop colour palettes, and design fashion products.
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The application of CAD/CAM systems [1] is considered to be a major step in coping with the constant
changes in the textile and fashion industry. Some of the advantages of the CAD CAM used in an
industrial unit, are the following:
●
●
●
●

Increasing the precision (the designer can zoom and edit in any area of the design).
High versatility in the storage of a large number of patterns and designs.
Great possibilities in the presentation of the collections/projects.
Remarkable increase of productivity in total.

2. CAD systems – general principles (Design and manufacturing)
There are numerous CAD systems, which are used at all the stages of fashion design and garment
manufacturing in industrial level. Indicatively, it is referred the contribution of CAD systems to every
stage of designing and manufacturing:
●

●

●

Creation of the moodboard (presentation of concept): When this table of inspirations is
created using a specialized software package, there are numerous tools and databases, so as
to create impressing results for the presentation of the concept. The most sophisticated
programs provide different templates as a basis for the objects which represent the different
elements of the inspirations.
Fabric design: the creation of fabric patterns, structures and printings using amazing filters,
libraries and designing tools. They can be used only for the presentation of the collection or
in combination with sheets for the technical specifications and the necessary parameters for
the production of the corresponding fabric design.
Garment design (technical sketch): Design of the garment styles, which constitute the
collection in the form of model and in technical sketch. Models then can be edited in order to
be coloured or patterned, using the appropriate tools and libraries of the program. Usually, a
separate program is used for the creation of the fabric pattern. Technical sketches of garments
in flat form constitute an essential part of the garment specification sheet, as they give all the
relevant technical information, like the position of the auxiliary parts, the type of the seams,
the number of pleats, etc. so as the garment to be manufactured according to the model. The
technical parameters of the designs are in the appropriate form with the maximum precision
when using CAD programs, so as to be in comprehensive form for the staff of the production.
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Figure 2. Fashion sketches [Source: https://commons.wikimedia.org/wiki/File:Fashion_Sketches.jpg ]

Relatively the procedures of garment manufacturing, there can be implemented using CAD systems
the following activities:
●

Pattern design, a program which provides all the necessary tools for manipulating all the parts of
the garment in graphic form with infinite potentialities of storing the pattern in several variations,
like creating many new lines using the same base, changing the seam allowances, adding pleats or
auxiliary/decorative parts. Using such programs there are alternative ways of designing the
pattern of a new collection:
a. Creating a pattern from the scratch
b. Starting from an existent pattern file
c. Importing a printed pattern using a digitizing table (the pattern is appeared to the
graphical area of the program as interaction, after giving the coordinates of the points,
which are defining the geometry of the pattern via a special device)

●

Designation of different sizes of the garments: The user has the potentiality to create in a very
comfortable way the different sizes of the garments. After finalizing the basic pattern, the
appropriate points of the design are defined so as to generate the rest sizes of the pattern.
Cutting of the patterns - placement of the garment’s pieces to the cutting table: After generating
all the parts in all the sizes, which will be produced according to the production planning, the
patterns are generated in a separate program which simulates the cutting table, so as to find the
most effective way of laying the pieces. There are many constraints, which arise from the fabric
properties and the particularities of the pieces, so it is considered to be a complicated procedure.
Such programs have an algorithm, which executes the appropriate functions and proposes the
most effective solution for every case.

●
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Figure 3. Example of entering the coordinates of a pattern via digital table

Figure 4. Simulation of placement the pieces of the garment to the cutting table (example)

●

Virtual seaming of the garment: it is about an extra potentiality to simulate the garment seaming,
aiming to make the appropriate modifications and adjustments for the optimized manufacturing
of the product. So as to be executed this stage, there are some technical prerequisites:
a. Creation of the parametric model with the desired body dimensions, according to the target
group of the collection.
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b. Defining all the technical parameters, which are related to the stitching of the pieces.
In the following pictures they are presented two examples of virtual seaming. The first one is
the result of the right entering of the seaming parameters and the second is the wrong version,
so as to understand the philosophy of this procedure.

Figure 5. Virtual body seaming (a)Right (b)Wrong defining of parameters

c. Defining all the technical parameters of the fabric: The fitting of the fabric on the body is
influenced from the physical-mechanical properties of the fabrics, like: weight, resistance to
stretching, shearing and bending, thickness [3]. Therefore, the definition of these parameters is
considered to be determining for the fitting of the garment.
d. After executing the simulation of the seaming one time, the result is available on the screen
of the program. Most of the software packages provide the potentiality to make
modifications/adjustments on the garment, which is worn by the 3d model so as to achieve the
optimized fitting and these modifications to have an interaction with the patterns of the
garment.

Figure 6. Virtual seaming of the garment on the mannequin

Using these potentialities in the industrial environment, a wide range of problems are solved before
they occur [8]. As it is referred before, fitting of the garments can be tested prior to any cutting or
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sewing prototypes, therefore a very little room for error is left. At the same time, there is a huge
financial benefit to resources, which affects the price of the final product, and implementation of
environment friendly strategies.
Indicatively, they are referred to as CAD software package for fashion design and for garment
manufacturing.
Table 1. CAD software packages

Software Package
Kaledo Style
Corel Draw

Company
Lectra
Corel
Indel

Mind Clichet Software
Accumark

Gerber

Information
Fashion Design
Fashion Design
Nesting
Software
for
time
optimization and reducing of fabric
waste
Pattern making

3. Internet technologies in fashion design and presentation of creativity
In recent years, Internet technologies have played an important role in the wider field of fashion and
clothing design and accessories, both as a means of communication with the wider fashion and market
space, and as a promotional tool. It is about a very useful “tool” in order to:
●
●
●
●

anticipate challenges as you have a realistic view of the fashion market, and therefore envision of
solutions in existing fashion systems;
design sustainable products as a result of the market analysis in global level;
achieve the exploration of sustainability of a specified product before its production, as the
internet give a realistic view, so as the business risk to be reduced
collaborate in real time with people in every point of the world

Indicatively, in the present training session, they will be presented:
1. Exploitation of the internet for fashion design and trend analysis.
2. On-line clothing stores.
3. Virtual fitting room (Online clothing stores).

3.1. Exploitation of Internet for fashion design and trend analysis
Sources of information about the fashion trends are fashion forecast events and all the relevant
material uploaded to the specialized internet sites (forecasts about the colours of the season,
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information about the new styles, and generally any information which show the current market
direction). The most common types of sites that are widely spread are:
●
●
●
●
●
●

Trend Forecasting websites;
Fashion Magazines;
Fashion Shows;
Street Style Blogs;
Social Media;
Fashion Fairs/shows.

Indicatively, some fashion forecasting sites, which constitute a precious source of information for the
current trends, are listed below:
●
●
●
●
●
●
●

www.wgsn.com
www.fashionsnoops.com
www.fashiontrendsetter.com
www.peclersparis.com
www.trendstop.com
https://wwd.com
www.fashioninformation.com

Respectively, there are many sites about the colour forecasting, like the following:
●
●
●
●
●
●

www.pantone.com
www.colourassociation.com
www.colourportfolio.com
https://colourhive.com/
www. design-options.com
www.fashionforecastservices.com.au

After the analysis of trends and the relevant market research, the designer has the necessary
background to develop the moodboard of the collection. A moodboard is a collage or composition of
images, visuals and any other object that contributes to the illustration of the concept. Moodboard is
a panel, which represents the main theme using a collection of the inspirational ideas, like photos
(vintage models, landscapes, decoration elements), colours, materials, and textures revolving around
the selected theme and presented in an exciting and enlightening way. All this information is usually
displayed on a single sheet to highlight the essential aspects of the chosen themes.
It is about a great tool to explain a concept in a presentation to a customer, to the colleagues or for
personal use, as a summary of the inspiration prior to the design stage. Moodboard should reflect in a
way how the collection will look, so it must present at least some basic elements, like:
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●
●
●
●

Mood in general;
Lifestyle of the main target-group;
Colours-colour palettes;
Materials (fabrics and accessories).

A moodboard can be in paper or digital form. Obviously, it can be created using many programs for
graphic design, but the specialized programs provide the appropriate templates, tools and libraries for
an optimized presentation. Every template has a layout with the geometry of the constitutes, and the
user can create an impressive moodboard, only with importing the necessary images and making some
adjustments to the canvas.

Figure 7. Moodboard example

Except for the specialized software packages, there are even available sites for practicing in creating
digital moodboards.

3.2. On-line stores for clothing and accessories
Internet usage has increased rapidly in recent years. Necessities of modern life and simultaneously the
expansion of the use of the internet in all human activities have created new horizons. So, in the last
two decades, online clothing stores have had an increasing number of customers. At this point, it must
be noticed that the first online clothing store was initiated in the 90s, but their real common use started
after the 2000s.
According to numerous surveys, consumers choose online shopping because of:
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●
●
●

the easy access every time of the day
the wide variety of options,
the attractive prices in many cases.

The disadvantages of online stores are:
●
●
●

The cost and the time of deliverance of the products
The complicated procedures of implementation an order
The available ways of payment

A common clothing online store has the standard operation of an online store, with some extra
specifications, like:
●
●
●
●

Photos of the product in flat form
Photos of the product fitted on a mannequin (so as the client to has an idea of the
fitting/draping of the garment)
Possibility of size selection in most of the cases
Possibility of colour/pattern selection in most of the cases

Figure 8 Example of online clothing store: A garment fitted on a model – availability in fabric colours and
sizes of the garment, [Source: https://global.lacoste.com/en/lacoste/men/clothing/polo -shirts/shortsleeves/men’s-lacoste-regular-fit-fresh-cotton-pique-polo-shirt/PH9705-00.html?colour=LU5 ]

In order the above potentials to be available to the visitor-client they use large data bases, but the
algorithm is not complicated enough.
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Figure 9. Example of online clothing store: Selection of the desirable size

3.3. Virtual fitting room (Online clothing stores)
If we consider the online clothing store as a “system”, this will be extra complicated when the company
provides to the client a virtual fitting room. It requires large data bases and a number of complicated
algorithms so as to support such a system.
An online clothing store, when providing a virtual “fitting room”, is developed as a web-based
application with high requirements so as to be response to the high specifications of such an
application [3], like the following:
●
●
●

Flexible manipulation of different objects (body model, pattern of the cloth, adaptation of the
model to the dimensions of the client, etc.)
High speed, so as to support the real-time response to the selections of the client
Efficient storage of huge databases

One of the basic objectives for developing such a system is the creation of the parametric body, which
will be adapted to the private measurements of the customer, so as to implement the simulation.
●
●

The first way to achieve this is to use a 3d-body scanner, but something like that it requires
the presence of the customer to the physical premises of the store/company
A more suitable way is the online creation of the mannequin according to the given by the
customer body measurements.

The final form of the model arises as a result of pre-processing, so as to reduce the response time.
That means that there have been calculated ready combinations of parameters and the results have
been stored in a database.
In order to achieve the simulation of the garment fitted on a human body, the group "model-garment"
must be calculated according to the mechanical properties of the fabric and the garment. According
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to Frederic Cordier et al [4] the cloth is segmented into various sections, where different algorithms
are applied, so as to achieve a realistic simulation of the body movement when wearing the selected
garment. Studying the ways of the garment draping or fitting to the human body they are distinguished
the three following categories:
a. Garment fits to the body like “sticking” to its surface, so the fabric follows absolutely the body
movement.
b. Garment flows around the body, therefore the movement of the body has a different influence
to the movement of the garment. For example, in the case of a long skirt, the left side of the
skirt can collide with the right legs.
c. A more complicated category is when the garment regions move within a certain distance to
the body (e.g. the shirtsleeves), so the specific part of the garment has a restricted movement
according to the movement of the specific part of the body.
Therefore [5], it is used a model (human body) and a draped garment model, which are given as inputs
and a uniﬁed virtual human model, including a mesh, a texture, and skinning weights, according to a
given mesh and texture resolutions is generated.

Figure 10. Mapping of invisible vertices of the "cloth mesh" [5]

As it was mentioned in a previous section, mechanical properties of the fabric have a determining role
to the fitting of the garment on the parametric model, as the simulation has to be realistic. In such way
there is an algorithm which manipulates the fabric tension on the body, and uses specific colours to
point out the loose and the tight areas (in the following figure, the tight areas are coloured with red):
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Figure 11. Automatic generation of a dressed virtual human from a body model and a garment model [5]

Although advanced technologies have been a part of our daily life, it is obvious that potential
customers-visitors have to be familiar and to trust applications like a virtual try-on and this has not
been achieved in a desirable level until today. The new conditions arising from the Pandemic Covid-19
created the necessity to implement as many activities as it is possible, via the internet, so the customer
demand for such applications has started to be increased.

Figure 12. Fitting of the garment on model [Source: User Guide of Optitex PDS -Grading Module Version 9.2]

On the other hand, CAD systems used in Textile and Clothing Industry for fashion design and garment
manufacturing have undoubtedly a potential and determining role as they constitute the basic
prerequisite for the operation of such industrial units.
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Questions for the evaluation of the lecture

[1] Question 1: CAD/CAM systems exploitation contributes to:
Please choose the one correct answer from the three choices below.
a) The increase of productivity in total.
b) Only for fashion design.
c) Only for the simulation of garment seaming.

[2] Question 2: Mechanical properties of the fabrics:
Please choose the one correct answer from the three choices below.
a) Have a significant role in the simulation of garment seaming.
b) Affect the fashion design stage.
c) Constitute a basic parameter when designing the parametric model.
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Lecture 4.2. Digital textile printing for fashion applications
Diana Cayuela, Mònica Ardanuy, Heura Ventura
UPC

1. Introduction
In general terms, the main difference between dyeing and printing is that, in dyeing, the colour is
applied to the whole fabric on both sides, while in printing the colour is applied in localized areas of
one side of the fabric to create a design.
Depending on how the design is developed, printing systems can be classified into three categories:
●

●
●

Direct printing: the pigment or dye is applied onto the fabric in a single operation, by means
of many impression systems, from the oldest woodblock printing to the newest digital printing
(Figure 1 left).
Discharge printing: the fabrics are initially dyed in a colour, and then attacked by printing a
colour-destroying agent that bleaches the initial dyeing in the selected areas (Figure 1 centre).
Resist printing: the penetration of the dye into the fabric is limited, resulting in undyed areas
forming a design. This can be achieved by printing resist pastes or by strongly tying some
sections of the fabric as a previous step to the dyeing process (Figure 1 right).

Figure 1. Printing systems: direct printin g (Image credit: Pujadm,
https://pixabay.com/es/photos/impresi%c3%b3n-textiles-colorantes-453747/)(left), discharge printing
(centre), and resist printing (Image credit Maadhuri https://www.pexels.com/photo/white-red-and-bluetextile-2933650/)(right).

In any case, prior to colour application, all printing methods require fabric pre-treatments to ensure
that the fabric substrates are free-of-impurity uniform backgrounds. Therefore, it is necessary to
perform adequate pre-treatments to the fabric. Otherwise, an inappropriate fabric preparation can
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lead to many printing problems. Moreover, all printing methods require further appropriate fixation
and/or washing steps.
From these printing systems, the most common one is the direct printing. Within this category, there
are several widely known printing technologies: screen printing, transfer printing and digital printing.
●

●

●

Screen printing method is based on stencil techniques, and consists of squeezing a printing
paste through a mesh or perforated screen that allows the pass of the paste in the areas of the
design, but blocks it on the rest of the surface. Therefore, the characteristics of the printing
paste and the type and characteristics of the screen are highly influencing factors.
Transfer printing method is a two-step process, in which the design is first printed onto a
flexible non-textile substrate, and then transferred to the fabric. There are different transfer
printing methods depending on the working principle, but the sublimation transfer (based on
the use of volatile dyes that are transferred to the fabric by heating) is the most common one.
Digital printing method is a CAD/CAM (Computer Assisted Design/Computer Assisted
Manufacturing) technology. Digital textile printing (DTP) technology is based on inkjet printing,
which consists of the ejection of ink droplets from the print heads or nozzles directly onto the
textile substrates. The process, therefore, does not require any screen or transferring image
systems to develop the design.

It is worthy to mention the particular case of sublimation printing. This method typically uses a transfer
paper substrate, so it should be considered a transfer printing method (despite many authors including
it in DTP since the paper is printed by digital means). However, a hybrid method between digital and
transfer printing has been recently developed. In “direct sublimation printing”, low-energy sublimation
inks are directly printed onto the fabric, and further sublimated with dry heat for fixation [1], [2]. In
this sense, such a sublimation printing process is closer to digital printing than to transfer printing,
since it does not use a transfer paper, and has been considered in this lesson under this approach.
Table 1 presents a comparative between these three direct printing systems, revealing the advantages
and disadvantages of digital printing systems with respect to their main competitors. There are several
limiting factors for digital printing, such as the limited production size, the production speed or the
equipment inversion costs. However, it has other positive factors such as the quick response time, the
easiness to set up, and the cost-effective easiness to customize the production.
Table 1. Comparative between screen printing, transfer printing and digital printing [3].

Screen printing

Transfer printing

Digital printing

Production batch size

Large-very large

Medium-small

Small

Response time

Slow

Quick

Very quick
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Set up process

Difficult and slow

Easy and fast

Easy and fast

Change of designs/colours

Difficult/Laborious

Easy/Easy

Easy/Easy

Equipment inversion

High

Low-medium

Medium-high

Storage cost of products

High

Medium

Medium

Required materials

Pastes

Transfer substrate, inks

Inks

Technology status

Most common

Well-established

Emerging

In summary, digital printing is a very flexible technology that allows a fast change between designs.
Hence, it has a huge potential for product personalisation, which is boosting the implementation of
this emerging technique in many textile sectors such as clothing & garments, households or technical
textiles, among others.

2. Inkjet digital printing overview
As defined before, inkjet digital textile printing systems consist of the ejection of ink droplets of
different colours from the print heads or nozzles directly onto the textile substrates. Ink drops are
deposited in a matrix of dots (or pixels) onto the fabric surface, combining different inks of pre-set
colours to form the desired pattern, which has been previously designed by digital means. The digital
file indicates to the printing machine which amount of a given ink (droplets size/quantity) should be
jetted at which location on the fabric.
Typically, the fundamental colours (cyan, magenta, yellow, and black) are combined to achieve the
desired colour. But the design software allows selecting colours from the screen gamut, which are
sometimes unprintable using CMYK colorants, and the printed colours might not convey the same
intensity and brightness, because it is subtractive colour (perceived by the absorption of light) rather
than reflected colour, this leading to frustration and/or confusion when the results do not exactly
match the expectations [4]. However, recent digital printing systems are able to use more than these
basic four colours to reach such a design, and can employ additional pre-set high-fidelity colours such
as golden yellow, orange, red, blue, green, violet, etc. [5].
Another important issue of digital printing is the ability to control the intensity of the colour on the
substrate. This is typically explained as the ability to print in grayscale since, in essence, it explains
which are the approaches to achieve different ink densities within a pixel. There are several ways to
achieve differences in colour intensity (Figure 2).

Unit 4 Design fashion for upscaling and differentiation

Page 235

This project has been funded with support from the European Commission. This publication reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein

Figure 2. Greyscales: a) 2-level grayscale; b) 5-level grayscale obtained with small drops; c) 5 -level grayscale
obtained with three different drop sizes. Adapted from [6].

In general, the 2-level greyscale is the simplest printing system (Figure 2a), a binary mode in which
there are two levels: coloured pixel (the drop reaches the substrate) or colourless pixel. However, to
produce a smoother transition from colour to colourless, it is necessary to control the size and/or
position of the drops to cover a larger or smaller area of the pixel. 5-level greyscales can be achieved
with single-sized small drops accurately located in the pixel (Figure 2b), or with small drops of three
different sizes (Figure 2c).

2.1. Production process of an inkjet digital printing
The typical production process of a fabric printed by means of inkjet printing is shown in Figure 3,
which involves the preparation of the design, the preparation of the inks, the preparation of the fabric,
the printing, and the post-treatment steps.

Figure 3. Typical production process of a digitally -printed fabric

Section 3 revises the printing machinery and the different technologies used, and the digital printing
inks are assessed in section 4. Besides, pre-treatment and post-treatment steps depend on the fabric
substrate and kind of ink used [7]. The need of pre- and post-treatments is discussed in section 5.
Finally, the potential of digital printing for the fashion industry is analysed in section 6.
Unit 4 Design fashion for upscaling and differentiation

Page 236

This project has been funded with support from the European Commission. This publication reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein

3. Inkjet digital printing machinery
As explained above, the digital printing process involves several steps, and so, equipment for the pretreatment or preparation of the fabric surface, digital printer devices that apply the ink droplets onto
the fabric surface, and post-treatment units for drying and washing. Nonetheless, pre-treatment and
post-treatment equipment is, in fact, machinery commonly used in the textile industry (stenters,
padding units, etc.), which are not specific to this technology. This section, therefore, focusses on the
different technologies available to produce the printing process, specifically.
In a digital printing device, the fabric (prepared for printing) is fed using a roller, and stuck onto a
conveyor belt. The conveyor belt is covered with a special thermoplastic layer, which acts as a glue,
sticking the fabric in order to ensure that it does not move during the printing process. Then, the
printing heads deposit the ink according to the design. Currently, digital printers can be [8]:
●

●

Multi-pass, in which the printing heads (of several colours) are mounted in a single carriage
that moves from side to side of the fabric to operate. The carriage moves to make one stroke
while the fabric is stopped. When the carriage arrives at an end, it stops and then the fabric
advances. Next stroke is then possible, with the fabric stopped and the carriage moving.
Hence, the movement of the fabric is synchronized with the carriage’s one (although not
constant), and the image is built up by printing partially overlapped horizontal lines. These
machines present slower production speeds but require lower investments.
Single-pass, where there is no moving carriage. The printing heads are mounted on fixed bars
(one bar per colour), covering the full fabric width. Then, when the fabric moves at constant
speed under those bars, the printing heads build up the image in one stroke. This leads to high
quality and much faster production speeds, but also machines that require a much higher
investment owing to the large number of printing heads needed.

Inkjet digital printing heads are divided into two groups. Despite both of them are based on squirting
ink through capillary nozzles, the drops can be produced constantly or when required: in Continuous
Ink Jet (CIJ systems) the ink is constantly dropping, but only directed to the substrate when necessary;
whereas in Drop-On-Demand inkjet (DOD systems), the ink droplets are only generated when
necessary.

3.1. Continuous Ink Jet
As pointed above, in the continuous inkjet (CIJ) technology (see Figure 4) the ink is squirted through
the nozzles at a constant speed, but the jet is unstable so it breaks into small droplets in a short time
after departing from the nozzle [6], [9]. The nozzle, of a diameter around 10-15 microns [6], is excited
under a determined high frequency which, in accordance with the jet velocity, produces a perturbation
of the jet fluid, allowing it to control the droplet size. This periodic excitation (0.5 to 1.0 MHz [6]) is
typically achieved by means of a piezoelectric transducer, which transforms electrical pulses into
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mechanical oscillations on the nozzle. However, other thermally based technologies, which vary the
ink viscosity, are also available [9].
However, depending on the image to be printed, not all the drops have to reach the fabric surface,
hence some droplets must be deflected to avoid them reaching the substrate. The selective deflection
of droplets is typically achieved by electrical means (although thermal CIJ can also use air or other
systems [9]), and consists of two steps. First, the drops are electrically charged by applying a voltage
of several thousand volts between the nozzle and a charging plate [6]. Then, the charged droplets
obtained at the exit of this electrode pass through an electric field that interacts with the charge and
deflects them [9]. The deflected droplets are collected by the gutter and returned to a recirculating
system for reuse.

Figure 4. Scheme of the Continuous Ink Jet (CIJ) working principle [3]

There are two deflection systems and a third method used in piezoelectric-driven CIJ:
●
●
●

Binary deflection, where each ink drop can be a) directed to a single point (pixel) of the
substrate, or b) deflected.
Multiple deflection, in which the deflection distance of the drops can be varied by changing
the applied voltage. Therefore, each single ink drop can address several pixels.
The Hertz method, on the other hand, allows the amount of ink (ink density) that reaches the
pixel to be variable. Given that the drops generated are very small, and their speed and
frequency very high, more than one drop can be deposited in the same pixel.

Due to the complexity of the technology, CIJ printing heads tend to be more expensive. However, the
production speeds achieved are very positive, hence CIJ printers are widely used for industrial
applications.
As a summary, Figure 5 presents a general classification of the CIJ technologies, adapted from [9].
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Figure 5. Main CIJ printing technologies

3.2. Drop-On-Demand inkjet
In the case of the drop-on-demand (DOD) technology (see Figure 6), the droplets are ejected from the
nozzles because of pressure pulses that are generated only when required.

Figure 6. Scheme of the Drop On Demand (DOD) inkjet working principle [3], [6]

There are different systems to generate these pressure pulses, such as thermal, piezoelectric or
electrostatic means, among others [9].
●

Thermal inkjet (TIJ) heads have an electrical heater inside the nozzle, which is heated by the
Joule effect of a current pulse. Due to this, the temperature of the surrounding ink (a very
localized volume) is quickly increased. This causes the nucleation and explosive expansion of a
vapour bubble, which on its turn, generates the ejection of an ink droplet through the nozzle
orifice [9]. There are several configurations of TIJ ejectors, but the most common are the “roofshooter” and the “side-shooter” types. An advantage of these heads is that they are produced
with semiconductor fabrication techniques, which allows them to incorporate the electronics
in their own head.

●

Piezo inkjet (PIJ) heads generate the drop by changing the ink chamber volume in the nozzle
channel. The volume change is produced by a piezoelectric transducer that can be attached to
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a membrane that forms the ink chamber wall, or that can be the chamber itself [9]. When
excited with an electric current, the piezoelectric element generates a reduction of the ink
chamber volume (by shearing, bending, pushing or squeezing), thus producing the ejection of
the droplet. PIJ heads are, in fact, subdivided in different classes according to their shape
and/or operation: shear mode, bend mode, push mode, squeeze mode, nozzle excitation, and
porous layer feed [9]. A very important feature is that the speed and size of the droplets can
be controlled by adjusting the waveform of the electrical signal applied to the nozzles [10].
●

Electrostatic inkjet heads induce the droplet ejection through the nozzles by electrostatic
forces. Their applicability for textile printing was highly limited [6] and may not be currently in
use [10].

Comparing the two main technologies of the DOD systems, PIJ heads present a limit of the nozzle
packing density due to the displacement that can be achieved by the piezoelectric material. Because
of this, the native resolution is higher in TIJ than in PIJ commercial heads [9]. Moreover, TIJ heads can
be produced more compacted and with less costly technologies, making them, generally, cheaper than
PIJ heads. However, TIJ heads typically work with water-based inks, whereas PIJ heads are more
versatile, and can easily work with any ink within a certain range of viscosity and surface tension, which
includes certain less common ink types. Also, the aforementioned capability of the PIJ heads to control
drop volume, and their higher durability are other interesting features that make the PIJ technology
the most widely extended in the market [9], [10].
As a summary, Figure 7 presents a general classification of the DOD technologies, adapted from [9].

Figure 7. Main DOD printing technologies

4. Inks for digital printing
Digital printing directly deposits the ink directly on the fabric surface, eliminating the need of auxiliary
transfer supports, oppositely to transfer printing. In general, inks for inkjet digital printing are
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composed by a colorant (dye or pigment), a carrier base, and various additives, but they do not contain
thickening or fixing agents, oppositely to printing pastes. The composition of the ink depends on the
fabric substrate to be printed, and both of them influence the further fixing process. In fact, some pretreatments and post-treatments may be required.
In regard to the colorants, digital printing inks can be classified into: reactive dyes, acid dyes, direct
disperse dyes, sublimation dyes, pigments and others, according to the colorant type used. Table 2
presents some information about the particularities of the main ink types. These inks are made
formulated with the same dyes and pigments used in conventional printing, but with special care in
the high purity, submicron particle size and high tinctorial strength, owing that these parameters are
key for the operation of the printing heads and the good quality of the result [11].
Table 2. Available fibre types, pre-treatments and post-treatments according to ink types [6], [12], [14].

Ink type
Reactive

Substrate type

Pre-treatment
Alkali

Direct disperse

Cellulosic fibres (cotton,
viscose), mainly
Proteic fibres (silk, wool)
Polyamide
Polyester

Sublimation

Polyester

n.a.

Pigment

All kind of substrates

Not required

Acid

Acid donor
Thickener

Post-treatment
Steaming
Wash-off
Steaming
Wash-off
High temperature
steaming
Wash-off
Sublimation by dry heat
Wash-off
Binder application (if
required)
Curing by dry heat/UV

Moreover, the formulation of inkjet inks must yield specific properties that enable optimum droplet
performance at very high speeds throughout the fine nozzles of printing heads. Such properties
depend on ink requirements such as: surface tension, viscosity, purity, particle size, conductivity,
stability, pH and foaming properties [6], [15]. Therefore, carriers, binders (in certain cases) and other
additives (such as surfactants and salts) are necessary to ensure the good jet performance, reliability
and stability during storage and use of the ink [6].
The carriers, which act as vehicles for the colorant molecules and that can be up to 80% of the ink
composition, may be water, oil, solvents, phase change fluids (i.e., hot melt), or UV curable fluids [6].
After the fixation of the colorant, the carrier must be evaporated or eliminated. Due to this, the most
convenient for most cases and most commonly used has been, typically, water, which is easy to
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evaporate and is not-toxic. However, this evaporation may be avoided in the nozzle, otherwise these
could get blocked.
With all this, inks must lead to good quality printed images, with good shades of colour and adequate
fastness, and all these parameters are also dependent on other factors of the process which will be
discussed later. Therefore, digital printing requires a holistic approach considering the ink, the
substrate, the printing head technology, and the pre- and post-treatments in order to produce digital
printed products of the desired quality.

4.1. Reactive dyes
Reactive inks are highly flexible and are widely used to print on cellulosic substrates including cotton
and viscose, which allow reaching bright shades with good fastness to washing and to light. The
chlorine radicals (–Cl) of the dyes react with the abundant hydroxyl groups (–OH) of the cellulose fibre
[6], forming stable covalent bonds with the fibres under alkaline conditions [13]. However, reactive
inks can be also suitable for digital printing of wool, silk and polyamide fabrics. Due to this flexibility,
the demand for high quality reactive inks is currently driving the market for DTP [15].
But not all reactive dyes are suitable for production of printing inks. They must present storage
stability, low substantivity (attraction of the dye for the fibre), and a good reactivity; but also require
low salt levels, since sodium sulphate and sodium chloride can cause corrosion of the nozzles [13].
From all types of reactive dyes, the most common ones used in inkjet printing are monochlorotriazine
(MCT) and vinyl sulfone (VS) dyes [16]. Apart from the dye, other components such as hygroscopic
agents to avoid the ink getting dry in the nozzles, surfactants and buffers.

4.2. Acid dyes
Water-soluble anionic dyes are commonly used for printing wool, silk, and polyamide fabrics. The
amino groups of the fibres get protonated when submitted to acidic conditions, whereas the acid dyes
gain a negative charge [6]. Therefore, instead of generating covalent bonds with the fibre, acid dyes
are attracted to the positive charged sites of the fibre, generating ionic bonds. This kind of dyes allow
to achieve deeper and brighter shades than reactive dyes in the aforementioned fibres. Similarly than
for reactive dyes, acid dyes must present high purity for ink formulations, which will also contain
hygroscopic agents and a surfactant [13].
Moreover, it is possible to use acid dyes in cotton whether a previous cationisation treatment or
crosslinking agent is applied to the fabric [6], [13].

4.3. Disperse dyes
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Disperse dyes are used for synthetic fabrics, typically polyester. Polyester is hydrophobic and also has
a high crystallinity, which limits the available interaction sites for the dye molecules [6]. However,
disperse dyes present only a limited water-solubility, and can be finely milled and dispersed [13]. Their
physical shape (small and planar), and their polar functional groups (–NO2 and –CN), allow the dye
molecules to reach the[6] polymer chains and to form stable bonds with polyester molecules [6].
The dyeing is produced at high temperatures and pressures where the crystalline structure of the
polymers chains is swelled, offering more sites for the dye bonding; bonded dye molecules remain
fixed after cooling [6]. In the case of inkjet printing, this is achieved with a post-treatment.

4.4. Sublimation dyes
Disperse dyes molecules are relatively volatile. This means that they are sublimable, so they can be
incorporated into the fibres from a transfer substrate via a dry heating process (performed at around
200 ºC) [6]. This, typically, has been used as a working principle of the sublimation transfer mentioned
before, where the patterns are printed in a paper first, and then transferred to the fabric. However, as
mentioned before, the current state of the art allows to directly print these kinds of inks over the fabric
(without the use of a transfer material), and then fix them by means of dry heat. Due to this, this kind
of ink has been included in this lesson.

4.5. Pigments
Dyes and pigments are both colorant substances that can be applied to textile substrates to impart
colour, although there are relevant differences between them. All the previous ink types (reactive,
acid, disperse and sublimation) are based on dyes, which are molecules partially soluble in water with
a certain physical-chemical affinity for textile fibres. Pigments, on the other hand, are insoluble in
water and do not have a direct affinity for fibre. They present a submicron particle size (typically less
than 0.1 microns of diameter [6]), and their fixation is achieved by means of a polymeric resin, which
is cured in a post-treatment. Depending on the working principle (whether the carrier is water, oil,
solvent, hot melt or a UV-curable resin), the post-treatment required may be based on heat or UV.
Ink viscosity and particle aggregation are major concerns, owing to the reduced diameter of the nozzles
and the high working speed; so it is important to know the machine specifications for selecting the
best ink to be used. Moreover, the binders (these self-cross-linking polymeric agent resins that fix the
pigment particles to the fabric substrate once cured) also increase the viscosity of the ink. Due to this,
in some cases the binder is added in a separate step, generally after the printing operation [6], [13].
Digital printing with pigments has a certain advantage, since the process is simpler. For instance, in
cotton inkjet printing, the use of pigment inks implies 3 steps (printing, drying and curing), whereas
the use of reactive inks implies two extra processes (printing, drying, steaming, washing-off and drying)
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[13]. Therefore, depending on the processing steps required, the use of pigment-based inks can be a
more economical solution.

4.6. Others
Although the main use of digital printing is for fabric coloration, digital textile printing can also offer
other interesting possibilities. The development of special inks has allowed us to propose some
innovative uses of this technique, owing to the new functionalities that those inks can provide to
fabrics. Some examples of these new functionalities are:
●

●

●

Conductive prints. Metal-nanoparticle based inks (e.g. containing silver or copper) have been
used in digital printing to produce flexible electronic devices with flexible substrates such as
polymer films, for instance. Therefore, accurately adjusting the ink composition (and the
printing parameters), DTP can be proposed to develop antennas, sensors and transistors over
textile substrates [17].
Antifraud tracers and markers. Using fluorescent brighteners as a component of the ink,
digital printing can help to distinguish between authentic and counterfeit products [18]. This
is of special interest for well-established brand names to identify their products, helping to
protect their new designs and fashionable items.
Antibacterial and bacteriostatic prints. Combining antimicrobial agents in the formulation of
disperse ink-jet inks for polyester and polyamide textile printing leads to a digitally printed
design that not only gives the aesthetic needs, but also can provide safer fabrics for medical
environments as well as surfaces more resistant to odours, microbial attacks or staining,
among others [15].

5. Fabric substrates for digital printing
From the chemical point of view, digital printing can be made on fabrics of any kind of nature, although
the most common textile substrates are cotton, silk and polyester. As explained before, the nature of
the fibre or fibre blends fabric composition will affect the type of ink to be used, but it is possible to
digital print almost any kind of fabric by matching the fibre material with the ink chemistry.
Regarding the fabric structure, all structures are potentially suitable for digital printing: woven fabrics,
knitted fabrics, nonwoven, etc., since there is no contact of moving mechanical parts with the substrate
(the ink is dropped onto it) [6]. This means that the textile substrates’ roughness, deformability,
stretching, or delicateness are not relevant issues for the printing process. In fact, despite woven
fabrics being the most typically used in digital printing, volumes of nonwoven and knitted fabrics used
in digital printing have been increasing in the last decades [11].
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Besides this, aforementioned, fabric substrates require to be clean and regular in colour before
printing, and must ensure optimal absorption of the ink drop at high speed and without spreading
(which is key to achieve good quality definition). Therefore, typically the fabric needs to be washed
and/or bleached prior to digital printing but, moreover, in many cases it is necessary to also pre-treat
the fabrics by applying thickeners and chemicals onto the surface, in order to adjust the ink absorption.
This section reviews the main concerns about the fabric substrates for digital printing.

5.1. Fabric pre-treatments
The interaction between the textile substrate and the ink is a major concern in digital printing. When
the ink droplet is jetted onto the fabric, it first wets the surface and then spreads (Figure 8). Therefore,
the inherent capillarity of fibres and yarns influence the wicking and diffusion properties of the
substrate, and must be controlled to avoid the spreading of the ink results in a poor image quality.
Moreover, fabric substrates also influence the ink drying time, the colour fastness, and other
parameters affecting the visual perception and image quality [11].

Figure 8. Ink-fabric substrate interaction. Based on [6]

Although viscosity is key to avoid the dissolved dyes from running on the fabrics, the inks used in digital
inkjet printing must present a much lower viscosity (of around 5 mPa·s) than printing pastes used in
conventional printing (around 5000 mPa·s) [11], in order to be suitable for the inkjet heads. Therefore,
to achieve comparable results in terms of sharpness and clarity of the patterns, as well as of the
accuracy of the colours (i.e., to control the ink-textile substrate interaction to improve print-quality),
fabrics must be prepared for digital printing with accurate pre-treatments.
In most of the cases, bleaching and washing are part of the fabric pre-treatment for its preparation,
prior to the digital printing. The first pre-treatment required is bleaching and washing, since the sizes
of woven fabrics, the oils in knitted fabrics, or the lubricants in nonwovens and carpets need to be
removed [13]. Then, pre-treatments to be applied (typically containing the thickeners and other
chemicals that cannot be incorporated within the ink) will depend on fibre contents of fabrics, on
whether the ink is based on dyes or pigments, and on the type of ink [11], according to the chemical
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nature of the substrate composition. The fabrics ready for printing are often labelled as “P for P”
(prepared for print).
5.1.1. Cotton and other cellulosic
Cotton and other cellulosic fabrics are normally digitally printed with reactive dye-based inks. Once the
fabric is free of impurities (sizing, contaminations, etc. eliminated by desizing and scouring), and the
desired white level degree and lustre are achieved regularly all over the fabric (bleaching and
mercerisation processes must be considered), the specific pre-treatment implies the impregnation or
padding of the fabric with: thickener, to avoid the natural wicking effect (ensuring sharpness and
definition of edges and outlines) and to hold moisture (which will help in the further steaming step);
alkali, to help the formation of covalent bonds between the dye and the fibres (which take place under
alkaline conditions); and urea, which acts as an humectant (hygroscopic agent). Then, given that the
fabric must present a moisture content around 5-7% for printing, it has to be dried [13].
A possibility that has been proposed to shorten production times while keeping flexibility on the design
printing, has been to integrate the fabric formation (weaving) and coloration (inkjet digital printing) as
a continuous process. Current state-of-the-art of digital printing has led to a machinery development
level capable of reaching production speeds fast enough to achieve such a thing. However, the
challenge lies in the sizing agents required to protect the warp yarns during the weaving, together with
the need for print fixatives to ensure a correct printing process. Due to this, a possibility is to use print
fixatives as sizing agents, such as for cotton fabrics printed using reactive-dye based inks [19].
5.1.2. Wool and silk
Wool or silk may be printed with reactive or with acid dyes, where reactive dyes provide acceptable
results but for deeper shades, acid dyes must be selected, although the use of reactive dyes in wool is
very unusual. The pre-treatment of silk fabrics for reactive printing would be the same as the pretreatment recommended for cotton [13].
In the case of the use of acid dyes in silk or wood, the pre-treatment would consist on three main
constituents: the thickener agent, such as gum-based thickeners in this case; urea; and an acid
(preferably organic acids) or a latent acid (generally ammonium salts) to provide the acidic conditions
during the steaming in order to protonate amino groups in the wood or silk [13].
5.1.3. Polyamide
For polyamide, given that it is typically printed with acid dyes, a pre-treatment like the one described
above but with adjusted amounts of urea and acid would achieve optimal results. However, other
alternative pre-treatments can be found in the literature, such as treatment with solutions of bisphenol
derivatives, incorporation of cationic compounds, or the incorporation of certain reagents [13].
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In the case of being printed with reactive dyes, sodium alginate is preferred as migration inhibitor [13].
5.1.4. Polyester
Polyester is printed with disperse dyes, which require temperatures over the glass transition of the
polymer to achieve the diffusion inside the fibre. Hence, the thickener must withstand these
temperatures, which are quite high for polyester. Commonly, sodium alginate is used for that purpose,
acting as migration inhibitor, although there are some synthetic alternatives and other alternative pretreatments can also be found in the literature [13].
5.1.5. Others
Regarding fibre blends, the pre-treatments must be adapted according to the ink to be employed,
which will depend on the fabric composition (fibre types and amount). In general, digital printing can
withstand mixtures of fibres of different nature in which one of them is present in a content up to 70%.
Lower contents can make the process difficult, since the ink must be suitable for only one of the
components, hence reaching much lower colour intensities than the expected. In any case, it all
depends on the mixture to be used.
To avoid affinity problems in blends, a solution may be to print with pigment-based inks. In some cases,
pre-treatment for fabrics that will be digitally printed with pigment-based inks is not required since
the chemicals can be incorporated into their own ink [6].

5.2. Fabric post-treatments
Although pre-treatment and ink formulation could reduce or even eliminate the need for posttreatments, in most cases post-treatments are required to fix the colour onto the fabric. Some general
examples are here collected [6], [13]:
●
●
●

●
●

In cellulosic substrates printed with reactive dye-based inks, the fixation requires atmospheric
steaming for 8-17 minutes at 102 ºC, followed by a washing-off step.
Fixation of acid dyes is achieved by atmospheric steaming for 30-40 minutes at 101-103 ºC,
followed by washing and drying.
For disperse dyes in polyester fabrics, fixation is achieved by high temperature steaming at
170-180 ºC under atmospheric pressure, or at 140-150ºC with pressure streaming, followed
by a wash-off cycle, including a reduction clear.
In the case of sublimation, dry heat at 190-200 ºC, must be applied for the sublimation process.
For pigment-based inks, in certain cases, post-treatments require the application of the binder
after. However, in all cases a further curing step is necessary. This curing can be achieved by
dry heat using hot air in a stenter, although some systems can also be cured though irradiation
with UV light.
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6. Potential of digital printing for fashion applications
Nowadays, the most commonly used is screen printing (around 90% of the quote), followed by transfer
printing. However, digital printing is an emerging technique that has experienced a large growth in the
last decades. The use of digital printing on textiles started in the carpet sector, with primitive devices
that provided low but sufficient resolution; but the continuous development of the technology allowed
digital printers to be popularised for other textile substrates around the 1990s [6].
From that point to now, the continuous improvement of the technology has allowed this emerging
technique to find its current place on the market, and the forecasts for digital printing are promising.
Digital textile systems have evolved to reach higher quality, higher definitions and higher printing
speeds. Besides, they are easy to set up, produce minimum fabric and ink remnants, and allow a very
easy customization of the process. Thus, digital printing can be considered as a sustainable alternative
for imparting colour to textiles, and has a huge potential for becoming the leading textile printing
technology in the future years.
According to Allied Market Research reports’ overviews, in 2019, the global digital textile printing
market was valued at $2.2 billion and was projected “to reach $8.8 billion by 2027, growing at a CAGR
(Compound Annual Growth Rate) of 19.1% from 2020 to 2027” [20], while the global digital textile
printing inks market was valued at $1,112.0 million and was projected “to reach $2,665.7 million by
2027, growing at a CAGR of 11.6% from 2020 to 2027” [21].
Owing to the worldwide crisis derived from the Covid-19 situation, these expectations were trimmed.
However, the forecasts are still positive in the future growth of the sector. According to Research &
Markets, “Amid the COVID-19 crisis, the global market for Digital Textile Printing estimated at US$1.5
Billion in the year 2020, is projected to reach a revised size of US$3 Billion by 2027, growing at a CAGR
of 10.3% over the period 2020-2027” [22].
The reasons behind the growth are, among others, the availability of a wide range of machinery, that
provide solutions for a large amount of specific needs, or the introduction of single-pass high-speed
large printers, which can help to reduce the gap between digital printing and other more conventional
technologies such as rotary screen-printing. However, there is another factor that is expected to gain
a greater weight in following years, since the impact of the “sustainability agenda” on the acceleration
of digital printing technologies has not been deeply evaluated yet, and this is a point in which this
technology is expected to play an important role [23].
The boom in digital printing has clearly affected the clothing sector (especially the fast fashion, but
also the sportswear), transforming the dynamics in terms of productivity, creativity and new
applications. An example is the direct to garment (DTG) technology, a phenomenon that has grown
rapidly because of its ability to satisfy the mass-market demand for original and personalized items
[23]. Because of all of this, digital textile printing is seen as an emerging technology of great interest
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for the textile industry, and has to be monitored during the next few years in search for new
developments and opportunities. The potential of digital printing for fashion applications can be
overviewed according to the main key drivers and challenges for this technology.

6.1. Key drivers
There are several benefits that digital printing offers over other conventional printing methods, such
as improved design aesthetics, customization options, efficient and fast set-up, flexibility, costeffectiveness, shorter lead times, workflow efficiencies, and even cost reductions, among others.
These benefits represent the main key drivers for this technology.
Aesthetics and customisation
The flexibility of the technique allows to quickly implement aesthetic changes in the colour and design
of the fabric. Moreover, there is no limitation in the number of colours or the repeat size of the design.
Therefore, this technique is experiencing a growing demand for garment and advertising industries,
but also from designers, who see the possibility to develop a wider range of designs and also more
intricate, but maintain their exclusivity with shorter productions.
Rapid changes in fashion trends
CAD/CAM alterations facilitate sample preparation and validation of the designs. Therefore, it requires
less time for achieving the desired output, which meets the expectations of the fast fashion market.
Also, modifications or required corrections can be made without additional cost, hence has
implications in the cost reduction of the design process and, thereby, on the final product.
High-quality cost-effective printing
Digital textile printing inks present a superior colour output, so the technology is extremely convenient
for production of small-batch good-quality products. In this context, for instance, DTP benefits the
production of limited editions while maintaining the product quality.
Reduction of the time-to-market (speed of delivery)
Currently, improvements on digital printers provide better production times, while the computer
assisted process ensures short product development times, both leading to shortened delivery times.
Moreover, the quick response of the technique allows consideration of an under-demand production
approach, cutting down risks of unused materials and unsold products, which the consequent cost and
environmental implications.
Reduction of the per-unit cost
Continuous technological developments are leading to more efficient processes that are reducing the
gap between digital printing and other textile printing techniques. Moreover, the flexibility of the
technique allows running short batches eliminating expensive costs (e.g. screen production, set-up
costs, sample production, etc.), which can be translated into a lower per-unit-cost.
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Increasing demand for sustainable printing
Digital printing saves energy and water compared to other conventional methods, since the ink drops
are directly applied to the fabric surface and there is a lower need for energy and water consumption
during the process. DTP saves around 30% of energy and 95% of water compared to conventional
printing methods. Also, due to the optimisation of pre-treatment chemicals and inks use, there is a
lower discharge of chemical products on post-treatment wastewater, producing less pollution.

6.2. Challenges
Despite this, digital printing still has some challenges to overcome, and requires further development
of the technology until reaching the maturity of the conventional printing methods. Some of them are
briefly revised here.
Colour accuracy
When developing the designs, the digital systems allow to reach any possible colour. However, this is
not always a reality when executing the printing step. There are colours which are difficult to achieve
due to the own limitations of the substrates and inks. This might generate the rejection of printed
fabrics due to an insufficient match between the design and the printed result.
Investment cost
The investment cost is very high, mainly due to the printing heads and the cost of the inks. However,
a reduction is expected in the near future, as the durability of the parts is improved (and hence the
amortisation time increased), the cost of the replaceable parts reduced, and the production speed
increased, allowing a faster amortisation of the capital invested.
Inks cost
Ink cost is a critical factor in the digital printing industry. Although the price of digital ink has dropped
over the years, being currently around 40 times less than the cost in the beginning of the DTP boom,
in the 1990’s, the cost of the inks must decrease in other to compete with other conventional printing
technologies, because a higher cost limits the possibilities of the DTP in the fashion industry sector.
Development and improvement of ink formulations
As an emerging technique, DTP requires further development and improvement. For instance,
pigment-based inks still have plenty of room for improvement, as well as there is also a wide range of
new inks to be developed in order to make DTP an even more flexible technique. Moreover, in order
to make the technique the most environmentally-friendly possible, there are certain chemicals
sometimes found during the processing that should be preferably substituted.
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Questions for the evaluation of the lecture

1. Question 1: What is DOD?
Please choose the one correct answer from the three choices below.
a) A digital printing technique in which the ink drop is generated when necessary, according to
the design to be developed.
b) A digital printing technique that prints the designs directly on the garments.
c) A post-treatment for digital printing technique that uses dry heat to sublimate the dyes,
transferring them from the transfer paper to the fabric.
2. Question 2: Which are the kind of fabrics that can be digitally printed with pigment-based
inks?
Please choose the one correct answer from the three choices below.
a) All fabrics can be potentially printed with pigment-based inks
b) Only cotton
c) Cotton, polyester and silk
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The role of accessories, functional items and packaging in garment
differentiation, Integrating Clothing, Leather and Jewellery
Evangelos Louris
University of West Attica (UNIWA)

1. Product differentiation
The concept of "product differentiation" was introduced by Edward Chamberlin in 1933 [1]. According
to this concept, product differentiation in economics and marketing is the process of distinguishing a
product or service from others, in order to make it more attractive to a particular target market. This
involves differentiating it from competitors' products as well as a firm's own products. Another
definition given on the website of Investopedia [2], considers “product differentiation” as a marketing
strategy designed to distinguish a company's products or services from the competition. The elements
of product differentiation include product design, marketing, packaging, and pricing [2]. Having this in
mind, we can easily understand that the first step in developing a successful product is to identify the
unique characteristics that the product must have in order to be attractive to potential buyers and at
the same time be significantly different from other products on the market. In other words, the
product must be a strong “value proposition” for the market. The second step is to introduce the new
product to potential buyers, communicating and highlighting the features that make the product
unique. A successful combination of product differentiation and marketing strategy is the prerequisite
for a company to become competitive, build market recognition and increase the value of its brand
over time. According to Michael Porter [3,4], establisher of modern business strategy science, the two
main “generic strategies” an organization can follow to achieve a competitive market position are
product differentiation and cost leadership. In a 2009 study by Spence and Joiner [5], it was reported
that between these two strategies, the most commonly used is product differentiation.
Product differentiation can be divided into three categories:
Vertical Differentiation: This category refers to product features that are tangible and measurable. In
such cases of differentiation, customers rank products based on measurable factors, such as price or
performance, and then select the product with the highest rating. Although the measurements are
objective, each customer may choose to measure a different factor [2].
Horizontal Differentiation: This category refers to product characteristics that are intangible and
cannot be measured objectively. In such cases of differentiation, customers choose between products
based on personal preference and not objective measurement. If different products have many similar
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features and cost about the same, the purchase decision is based on subjective preferences [2]. Some
examples of subjective preferences could be the color, texture, smell, overall aesthetics or brand name
of a product.
Mixed Differentiation: This category refers to cases that combine vertical and horizontal product
differentiation. In such cases, buyers decide based on a balance between both objective (measurable)
and subjective (non-measurable) criteria and of course each buyer considers a different weight for
each criterion [2]. Considering high-end fashion items, such as a luxury evening dress, we can assume
that they fall in the category of horizontal product differentiation. However, many other fashion items,
like sport pants or waterproof rain-jackets, fall in the category of mixed differentiation.
As suggested in the book Marketing Fashion [7], fashion design items consist of four basic elements:
▪
▪
▪
▪

Silhouette or form
Texture or pattern
Color
Style or total look

Taking into consideration that in many modern fashion products, their technical performance can be
also critical, we can add it as the fifth key element of modern fashion design (Figure 1). The technical
performance aspect can also be applied to product design requirements related to environmental and
sustainability issues. Accessories and functional items, as part of a fashion product, mainly affect its
style, but in some cases, they can also affect its silhouette, color and technical performance. For
example, a button can be used to change the shape of a garment, a belt can change the overall color
appearance, and a high-quality zipper can affect the mechanical performance of a jacket. The
packaging, although it is not an integral part of a fashion product, can affect the overall appearance of
the product at the point of sale and influence the decision of the buyers. In this aspect, we should
consider the packaging as a factor of product differentiation.

Figure 1. The five key elements in fashion design items
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2. Branding in fashion
In the book “Luxury fashion branding: trends, tactics, techniques” of Uche Okonkwo [9] we can read
that the first appearance of the “Branding” concept goes back to the early sixteenth century when
whisky distillers began to ship their products in wooden barrels with the name of the producer burned
into them. The purpose of this method was to differentiate their products from the products of their
competitors and to help consumers distinguish the original products from cheaper substitutes [9]. In
the 20th century, the concept of branding became a central component of all modern business
strategies and in the last years it became so important that it is referred to with the distinctive name
“Branding Strategy”.
It is very difficult to find a comprehensive definition for the two terms Brand and Branding. The reason
is that they include so many abstract concepts that are difficult to describe in a few lines. However, a
short definition could be:
Brand: all the tangible and intangible properties of a company and its products that are considered by
consumers as superior and create a unique image and a widespread reputation of the company in its
target market.
Branding: the sum of all the efforts of a company for creating and maintaining a unique image and a
widespread reputation in the market, as a superior company.
The key tools of branding that U. Okonkwo proposes for the luxury fashion market, but remain the
same in the entire fashion market, are differentiation and emotional appeal [9]. In branding strategy,
the term differentiation refers not only to product differentiation, but also to the differentiation in the
way a company uses to reach its customers and meet their needs. Branding requires a company to be
innovative and creative in marketing and retailing as well. The emotional appeal refers to the positive
feelings that a consumer has for the brand. These feelings come from the overall personal experience
or the experience of others who come in contact with the brand [9]. The values a company
communicates with its customers, including style, prestige, reliability and social values, are key factors
in creating emotional attachment of customers with a brand.
The first step in fashion branding, suggested by U. Okonkwo [9], is to answer three questions:
1.
2.
3.

What feature does my brand have that will appeal to customers?
What makes my brand unique, which competitors cannot copy?
What element do I need to make my brand better than others that offer similar products?

Accessories, functional items and packaging influence the overall style of a fashion product and
therefore play an important role in the processes of product differentiation and branding.
More specifically, accessories, functional items and packaging can be used in fashion products to
achieve:
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▪
▪
▪
▪

Functionality (for example buttons, zippers or other types of closure)
Differentiation and uniqueness of a product or an entire collection
Luxury appeal
Promotion of the company identity and branding

3. Embroidered jewels
We all know that luxury and bejewelled apparel is an expression of high social status. According to
Michael Carter [10], one of the first scientific references on this phenomenon has been made by
Herbert Spencer in his book “The Principles of Sociology” in 1924 [11]. Spencer suggested that personal
ornamentation, like tattoos, jewellery, bones, leathers, furs and clothing were capable of establishing
social status and authority [10]. He also suggested that fashion has evolved through the need of poorer
people in the lower social classes to imitate the appearance and status of the upper classes [10].
Veblen described this market behaviour in his book “The Theory of the Leisure Class” (first published
in 1899) [12]. He stated that each social class imitates the consumer behaviour of the class above it in
order to enhance their social status, which forces the upper classes to find more exaggerated ways to
differentiate themselves from the class that imitates their original consumer behaviour [10,12]. In the
modern economics, marketing and fashion theories, this is known as the "trickle-down” theory or
effect [13]. Embroidered jewels have been used in apparel for a long time to create a luxury appeal.
One of the most prominent examples in modern fashion is the case of the famous designer Mary
McFadden. Her work is presented with clarity by Therese Duzinkiewicz-Baker in the book
Contemporary Fashion [14]. Mary McFadden incorporates in the garment bold jewellery constructions
inspired from various artistic traditions. Her collection presented in the fall of 1992 was inspired by
African jewellery made from various metals, plastic, and coral [14]. Later she designed bolero jackets
with details from Portuguese tiles. Her work explores new creative ways in fashion, focusing on the
design of bold sculptured jewellery in large motifs that are integrated with the form and texture of the
garment. Many of her clothes can be worn both as jewellery and as luxury dresses and can easily be
described as wearable art [14]. The next figure 2 shows details of Mary McFadden’s dress [15].

Figure 2. 1970s Mary McFadden dress bejewelled with beads, sequins and pearls [15]
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The jewelleries that were used in the past to decorate a garment, were limited and expensive.
However, the evolution in the materials production over the last decades, provides us with a very wide
variety of much cheaper materials. Usually, the jewelleries that are used for garment decoration are
made of metal, glass or synthetic materials (figure 3).

Figure 3. Example of commercial materials for garment decoration: Golden glass pipe beads [16], Glass 2hole beads [17], Sequins reels for embroidery machine [18]

The old-fashioned method to add beads, sequins and pearls on a garment is hand-sewing. Although
this method can be applied in the production of expensive garments in small-scale, the modern fully
automated embroidery machines enable fast production in industrial scale. By utilizing extremely fast
feeding mechanisms, which bring the bead, sequin or pearl in a precise point under the embroidery
needle, they can produce even very large bejewelled motifs. Additional to the embroidery technology,
decorative jewels can be applied on garments by welding or gluing.

4. Combining Leather with textile
The use of leather parts in garment products can give a unique appearance. By using different types of
leather, we can achieve a look of luxury, strength, independence, robustness or simply to create
impressive motifs. Apart from their aesthetic contribution to the overall style of the garment, the use
of leather parts differentiates the mechanical properties of a garment, offering dimensional stability
as well as durability in long-term use. So, we can say that the use of leather parts in clothes combines
functionality and fashion.
In the next figures we can see examples of products that combine leather and textile materials. In
figure 4 we can see a jacket that combines woolen fabric and leather, resulting in a unique garment
style that is popular in the USA [19]. The body of the jacket is made of high-quality knitted fabric, which
allows the body to breathe, while the sleeves are made of leather that resists the friction and
deformation forces of everyday use. Figure 5 shows a jacket that combines leather and textile materials
in reverse [20]. The body of the jacket is made of suede leather to keep the wearer warm, while the
sleeves are made of acrylic knitted fabric for easier movement of the hands. Figure 6 shows a Gucci
jacket, which combines a suede leather body and knitted cotton sleeves [21]. We must note the
colored stripes and the detail of the metal chain ornament on the chest, which give a luxury and refer
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to the Gucci brand. Figure 7 shows a Gucci belt [22]. It is common in belts to combine a colorful and
modern fabric with the stability, durability and luxurious appearance of leather. In this belt, Gucci uses
a metal buckle that refers to the company logo, giving a unique luxury character and showing the
strength of the brand.

Figure 4. Classic American wool and leather
letterman jacket [19]

Figure 5. Men’s sweater jacket made of suede
leather and acrylic knit [20]

Figure 6. Gucci jacket which suede leather body and
knitted cotton sleeves [21]

Figure 7. Gucci brown GG belt with double G buckle
[22]
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5. Accessories
5.1. Buckles
Although buckles also play a functional role, their primary purpose is to give the garment a unique
decoration. They are used to differentiate and give style to the garment, and in some cases even to
present a brand [7]. Today, there are a huge number of different commercially available buckles that
fit different garment styles. An example of a luxury buckle is shown in figure 8 [23].

Figure 8. Metal Belt Buckle with Strass [23]

Figure 9. Clothing buttons for garment brand [24]

5.2. Buttons
Buttons are probably the most common accessory used in clothing. Their primary purpose is
functional. However, they can be used to differentiate a garment and give it a unique look. The big
brands use their custom-designed buttons to differentiate their products. Even when they use very
simple buttons, they use their logo to make them unique. In today's market it is very easy to find
buttons ready for delivery that give a unique style to a garment, while for large orders it is affordable
for a garment manufacturer to get his specially designed buttons. In the next figure 9 are shown some
examples of commercially available buttons [24].

5.3. Zipper pullers
Zippers are purely functional elements of garments. However, the zipper’s puller can be an element of
product differentiation. It is made from different materials, in different shapes and can reflect the
identity and the style of a brand. Figure 10 shows some examples of such zipper pullers [25].

5.4. Ribbons, tapes and braids
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A large variety of different types of textile-made ribbons, tapes and braids can be used to decorate a
garment. Tapes may also be used to reinforce the garment structure, and in many cases, they display
the brand name or the logo of a company. Figure 11 shows some examples [26].

Figure 10. Examples of commercially available zipper pullers [25]

Figure 11. Examples of commercially
available ribbons and tapes [26]

5.5. Laces
Lace is a very distinct and powerful element for the decoration of women's clothes. Traditionally, laces
are used in formal dresses and lingerie. However, in modern fashion design they are also used to create
a mix of casual and luxury. Figure 12 shows examples of lace trims [27].

5.6. Tassels
Tassels are not often found in clothes. However, they are sometimes used by fashion designers to
create a special aesthetic effect. In figure 13 it is displayed an example of silk yarn tassels [28].

Figure 12. Examples of commercially available lace trims [27]
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5.7. Decorative Chains
Decorative chains are another option to give a luxurious appearance especially to women's fashion
products. Examples of decorative chains are shown in the next figure 14 [29,30,31].

Figure 14. Examples of decorative chains, [29,30,31, in sequence of appearance]

5.8. Labels
Labels reflect the identity of a brand and influence consumers' perception regarding the value of the
garment. If displayed on the garment’s face they can change its appearance. They are usually made of
fabric, but some brands use leather or metal labels to enhance and promote the value of a product
and differentiate it from other similar. One such example is shown in next figure 16 [32].

Figure 15. Label of a luxury brand [32]

5.9. Hang Tags
Tags do not affect the appearance of a garment. However, they can affect the overall perception of
consumers about the character of a garment and contribute to its differentiation. Their variety in
materials and designs is unlimited. They can be fashionable in a way that follows or even enhances the
idea and style of any garment. Examples of label designs are shown in Figure 16 [33].
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special paper

PVC

canvas

leather

metal

wood

Figure 16. Examples of clothing tags [33]

6. Packaging
Packaging can differentiate and add value to a product at the end point of sale. As previously discussed,
branding is an ongoing process that includes a unique positive customer experience in every contact
with a firm. Carefully designed packaging can reflect a company's unique identity and influence the
overall customer experience. The outer packaging includes special boxes and bags, while the inner
packaging includes special types of wrapping paper, such as thin rice paper or recycled paper, and
heavier sheets of paper to hold the folded garment stable. To keep a folded garment stable, pins or
clips made of metal or plastic may be used. When designing garment packaging we must also consider
the impact on the supply chain. Larger and heavier packaging materials increase the cost in the supply
chain, while packages of smaller volume allow more items to be transported in the same container,
thus affecting the supply chain performance.

7. Complementary materials
Complementary materials that accompany a product,
like brochures, small books, additional spare parts for
replacement, such as buttons or threads, and gifts such
as keychains, keyrings or pendants, differentiate a
product and promote the image of a brand. In simple
words, complementary material is an expression of a
company that values its products and cares about its
customers.

Figure 17. Clothing tag with narrative [34]
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8. Express your brand’s values with text
Narrative is a powerful tool for communicating your values. By using carefully written texts on tags,
packaging materials or brochures that accompany a product, you can differentiate your company from
others, communicate the values of your brand and enhance the loyalty of your customers. An example
of this is shown in figure 17 [34].
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https://sinicline.en.made-in-china.com/productimage/asAmJzHoViVu2f1j00hfHYNyoWaEqG/China-Sinicline-Paper-Envelope-Hang-Tag-Label-with-Luxury-Design.html
[Accessed: May.3, 2021].

Unit 4 Design fashion for upscaling and differentiation

Page 266

This project has been funded with support from the European Commission. This publication reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein

Questions for the evaluation of the lecture

1. Question 1: Which of the five key elements of fashion design are influenced by the
integration of accessories and functional items in clothing?
Please choose the one correct answer from the three choices below.
a) style, silhouette, colour and technical performance
b) style, silhouette, texture and technical performance
c) style, silhouette, texture and colour

2. Question 2: Which of the following accessories do not influence the garment appearance?
Please choose the one correct answer from the three choices below.
a) packaging, tags and complementary materials
b) packaging, labels, tags
c) packaging, tapes and complementary materials
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Lecture 4.4. Designing for High Fashion and special sectors
Evangelos Louris
University of West Attica (UNIWA)

1. Design methodology
One of the most modern methodologies for the design and development of new products or services
is the so-called “design thinking” methodology. There are various versions of the design thinking
methodology, but the most widespread is the Double Diamond or otherwise 4D’s methodology, which
has been introduced by the British Design Council [1]. This methodology is represented by a diagram
in the shape of two joined diamonds. Each diamond is divided into two “design phases”, in total four
successive “D” phases: Discover, Define, Develop and Deliver. The diagram of figure 1 presents the
Double Diamond or 4D’s design thinking methodology, with the main activities that are performed in
each phase [2]. The two phases Discover and Develop correspond to “divergent thinking”, while the
Define and Deliver phases correspond to “convergent thinking”. In "divergent thinking" we try to
create as many ideas or gather as much information as we can about our new product. In "convergent
thinking" we limit the ideas and filter the information that come from the previous phase in order to
reach the best possible solution. The most critical step in the design thinking methodology is the first
phase of discovery. In this phase we must gather by all possible means any information that will help
us understand our customers (empathy of our customers) and our competitors. Based on the
knowledge we built in the initial phase "discover", we can continue in the next phases of the design
thinking methodology for developing products that differ from the competition and fit the needs of
our potential customers in a unique way.

Figure 1. The 4D’s or Double Diamond design thinking methodology
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The next Figure 2, presents an adaptation of the “4D design thinking” methodology to the Fashion
product development process.

Figure 2. The 4D’s or Double Diamond design thinking methodology in Fashion

To summarize the elements that differentiate a garment, we can define three general dimensions:
▪
▪
▪

Appearance
Quality
Functionality

Appearance concerns the aesthetics of a garment and includes the form, color, texture, and overall
style.
Quality concerns the materials and methods that have been used in the manufacturing of the garment.
In many cases, the quality is visible and affects the garment’s appearance. However, even if two
garments of different quality look the same, customers may choose based on the materials and
methods that have been used for their production. The touch and feel of a garment on the skin can be
considered as an attribute related to quality. The durability of a garment in long-term use is also
considered a quality feature because it is directly related to the materials used and the quality of the
construction.
Functionality refers to any special function that a garment may offer.
Depending on the type of product, a company can use a different combination of the above three
dimensions in order to achieve product differentiation. In a similar way, a company may focus and
invest in a different combination of the above three dimensions in order to create a unique brand
image in the market. For example, a luxury high-fashion company will invest in the dimensions of
Appearance and Quality, while a company that produces socks for athletes will invest in the dimensions
of Quality and Functionality.

Unit 4 Design fashion for upscaling and differentiation

Page 269

This project has been funded with support from the European Commission. This publication reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein

2. High Fashion items
As Elisa Giacosa [3] suggests, when studying luxury fashion, we must consider two separate market
categories, "Non-Affordable" and " Affordable" luxury fashion.
Non-affordable Luxury fashion refers to products that have been created in limited editions or in a
single piece. These products are handmade or semi-handcrafted and are often customized or tailored
to the needs of an individual. Such products are of exceptional quality and creativity and have a very
high price that is affordable to very few people [3].
Affordable luxury fashion refers to products that maintain a relatively high level of quality and some
elements of creativity but are produced in many copies and are affordable to many people. Affordable
luxury fashion products with the label of a non-affordable luxury fashion brand still reflect the prestige
of the brand and are considered superior by consumers. Even if the product is very similar to others
on the market, the label of a non-affordable luxury fashion brand makes this product more valuable.
Wearing an affordable luxury item creates a sense of belonging to higher social class [3]. Giacosa
analysed further the typology of the two categories as presented in Table 1.
Table 1. Typologies of luxury by Elisa Giacosa [3]

Non-affordable luxury

Affordable luxury

High quality
High creativity
Exclusivity
Rarity
Handmade (semi-handcrafted)
High price

Quality
Creativity
High availability
Affordable price

In both categories of non-affordable and affordable Luxury fashion, the main dimensions of product
differentiation are Appearance and Quality. Non-affordable luxury fashion brands focus on the
creation of unique designs, the use of expensive and rare materials, and in the very precise
construction. Affordable luxury fashion brands follow the general market trends regarding the style,
forms and colours of the garments, but try to differentiate them by applying some decoration or small
changes in the design and using more expensive materials that result in higher quality and different
texture. A further differentiation can be obtained by using innovative materials. Quality is related not
only to the materials but also to the construction of a garment. Luxury fashion brands need to invest
in an effective zero-fault quality control system to ensure the high quality of their products.
Functionality is not critical in luxury fashion, however the addition of some special function to the
garment can be positively evaluated by customers, for example adding easy-care functionality to a
luxury men's shirt.
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3. Childrenswear
Most childrenswear brands follow a product differentiation strategy like that of affordable luxury
brands, focusing primarily on the dimension of Appearance and then of Quality. They follow the
general market trends regarding the style, forms, and colours of the garments, but try to differentiate
them by applying decoration, using more bold colours, and making small changes in the design. A large
part of childrenswear imitates fashion for adults and many designs are miniature versions of trendy
womenswear and menswear (figure 3). Another large part of childrenswear for everyday use, includes
decorative motifs inspired by fairy tales, animation films and superheroes, which change the look and
make it more attractive to children (figure 4). Young boys wearing clothes with superhero figures,
imagine that they possess superpowers and are part of a fantasy world of superheroes. Young girls
who wear clothes decorated with jewellery or fairy-tale figures, imagine that they are young princesses
from fairy tales.

Figure 3. Burberry childrenswear imitating the
fashion of the brand for adults [4]

Figure 4. M&S Cotton T-Shirt Spider-Man™ with
Sequins [5]

Brands of expensive childrenswear focus more on the Quality dimension. They differentiate their
products by using high quality materials and more careful manufacturing. High quality materials mainly
concern natural fibres, such as cotton, which minimize the risk of skin irritation and offer durability in
daily use and frequent washing. In recent years, organic cotton is becoming the material that
characterizes high quality children's clothing. In addition, brands of high quality childrenswear invest
in their certification according to globally recognized standards such as OEKO-TEX®.
Regarding functionality, the most common feature that some childrenswear companies add to their
products is the protection against UV radiation.
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4. Lingerie
The term “lingerie” comes from the French language and means underwear. Today, it refers mainly to
women's underwear and other thin and light clothes intended for private indoor use. Lingerie include
a wide range of different products which can be grouped into the following types:
▪
▪
▪

▪
▪

▪
▪
▪

Bra, which is the abbreviation of the French word “brassiere”.
Panty.
Hosiery, which refers to any garment that covers feet and legs. Although hosiery is related to
lingerie, it can be considered as a separate garment category.
Garter and suspender belt, which are used to keep stockings up.
Shapewear, which refers to tight underwear used to give a better body shape, like corset or
girdle.
Teddy, which is an undergarment in the shape of a one-piece bathing suit.
Sleepwear, like camisole, chemise, baby doll, negligee, nightgown, pyjamas.
Robes.

Lingerie is made of lightweight soft fabrics, which usually are satin-woven, plain-woven or warp-knitted
fabrics. The materials used for lingerie are natural fibres, such as silk or cotton, or synthetic fibres,
such as lycra, nylon, polyester or spandex. Depending on the material used and the fabric structure,
lingerie items are stretchy, glossy and shiny, sheer or even transparent. It is very common to use laces
for decorating and giving them a different appearance.
Although sometimes it is difficult to distinguish between the different types of sleepwear, each type
has some certain characteristics. Camisole or Cami is a loose-fitting sleeveless undergarment extending
to the waist. Camisole normally is not sheer or transparent and can be worn also as outer garment.
Babydoll is a loose-fitting sleeveless undergarment extending to a length that partially covers the panty
and is generally sold as a set with a matching panty. Chemise is a longer sleeveless undergarment
extending to a length that covers the panty. It is the only type of sleepwear that has a tighter fit around
the waist. Negligee is a loose undergarment, usually longer than the three previous types and often
has sleeves. Nightgown is the longest of all the other types, extending below the knees and can be with
long or short sleeves or sleeveless. Traditionally, the nightgowns are used by both men and women
and are made of opaque fabrics. However, some modern nightgowns for women are shorter and made
of sheer fabrics, thus look like negligees. The most critical attribute of sleepwear is comfort. For this
reason, the forms of sleepwear are loose and the materials that are used offer a soft and pleasant skin
touch.
Lingerie brands focus mostly in the dimension of Appearance in order to differentiate their products.
Exclusive brands of expensive lingerie take into consideration also the dimension of Quality and prefer
to use natural materials like silk or organic cotton, instead of cheaper synthetic yarn substitutes.
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Figure 5. Camisole or Cami [6].

Figure 6. Chemise [7].

Generally, the dimension of Functionality is not a key factor in lingerie. However, in certain lingerie
types it becomes more critical than the other two dimensions. Underwear designed to support and
enhance the shape of the body, such as bras and shapewear, must first be designed for functionality
and then for appearance. Because of this, some brands mainly invest in the Functionality dimension to
differentiate themselves from the competition. These brands combine new engineering approaches
with innovative materials to create products with superior functional performance.
Another source of differentiation in underwear in recent years, is the trend of using underwear as part
of the external appearance. Traditionally, underwear was not visible to others. However, according to
modern trends an underwear can be part of the external appearance or even worn as an outer
garment. This gives fashion brands the opportunity to design new products that can be used both as
underwear and as outerwear.

5. Hosiery
Hosiery refers to any garment that covers feet and legs. Hosiery products are made of weft-knitted or
warp-knitted fabrics, due to their inherent properties of flexibility and elasticity, or otherwise of their

Unit 4 Design fashion for upscaling and differentiation

Page 273

This project has been funded with support from the European Commission. This publication reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein

ability to bend and take easily the shape of the body. Hosiery products are divided into the following
categories:
▪

▪

▪

▪

▪

▪

Socks. It is the most common category of hosiery. The different types of socks are presented
in figure 7 [8].
Tights or pantyhose (American English). They cover the lower part of the body to the waist
and are used mostly in women's fashion.
Stockings. They reach a height above the knee and are held by "stay-ups", which are elastic
bands on the top of the socks, or by a garter belt (suspender belt), which is worn around the
waist. Today they are not so common, since they have been replaced by tights.
Bodystockings. They cover the whole body and are special underwear that are mainly used to
create a special sexual look.
Leggings. They follow the form of tights but are made of thicker fabric and are used as
outerwear for both women and men.
Compression stockings. This category includes special hosiery products designed to apply
pressure to specific areas of the legs in order to enhance certain physiological functions of the
human body.

Toe socks

Invisible

Ankle

Quarter

Crew
or Mid-calf

Over the calf

Knee high

Over the knee
or Thigh high

Figure 7. Types of Socks [8]

Generally, hosiery products are part of the fashion styling, and therefore the dimension of Appearance
is the most critical factor for differentiation. Exceptions to this general rule are certain hosiery types,
such as socks and leggings for sports and outdoor activities or compression stockings, in which the
functionality is more critical than the appearance. Such hosiery products are called functional
underwear or functional sportswear and are discussed further in the next section.
The second most important general dimension of product differentiation in hosiery is the Quality.
Companies in the hosiery sector may use more expensive natural materials, like merino wool, silk or
organic cotton, or more advanced man-made fibres, to differentiate their products and enhance their
brand name in the market.
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A good example of product differentiation based on the
combination of the two dimensions of Appearance and
Quality is the so-called "Jeggings", a registered trademark of
the company ISKO of the Sanko Group [9]. The name
"Jeggings" is a combination of the words “Jeans” and
“Leggings” and refers to leggings that have the appearance of
jeans, as shown in figure 8 [10]. ISKO, one of the largest
manufacturers of jeans in the world, has developed a
lightweight super-stretch denim fabric that is ideal for
leggings. Using new materials and weaving technology instead
of the traditional knitting for leggings, ISKO has created a
unique product with a completely different quality and
appearance.
In addition to the materials used and the respective feel they
give, like for example a soft touch, Quality is also related to
other important characteristics, such as how good is the
garment construction or how well it fits the body. Especially in
hosiery items, good fitting is very important. They should be
tight enough, but not to a degree that becomes unpleasant or
creates difficulties in the normal blood circulation.

Figure 8. Example of Jeggings [10].

6. Functional Underwear and Activewear
Both functional underwear and activewear focus primarily on the dimension of Functionality.
Activewear refers to all garment types that are designed for use in sports (sportswear) and outdoor
activities. According to a survey by Cotton Incorporated Lifestyle Monitor™ [11], 83% of female
consumers and 79 % of male consumers prefer cotton underwear, while the majority of both men and
women (70%) say they prefer to pay a little more for cotton instead of synthetic underwear. Although
cotton seems to be the most preferred material for everyday underwear, it is not suitable for intense
sports or outdoor activities in extreme weather conditions. New lightweight fabric structures, made
entirely of synthetic materials or also combining natural fibres, are engineered in a way that offers
superior functional performance compared to that of everyday clothes. Depending on the activity, the
intensity of the exercise and the environmental conditions, different types of functional underwear
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and activewear are designed. Some basic types of activities that require different types of functional
underwear and activewear are:
▪
▪
▪
▪
▪
▪
▪
▪

Gym and Fitness training
Sports and long-distance running
Cycling
Mount hiking and climbing
Skiing
Sailing
Firefighting
Military and tactical operations

The key features that can be found in functional underwear and activewear are:
Moisture control or moisture wicking. This property allows sweat to be transferred from the inner to
the outer surface of the fabric. Sweat is removed from the body and then evaporates, while the skin
remains dry. Underwear and active clothes with this function maintain a high level of comfort and help
the wearer to have better performance for a long time. Moisture control is usually achieved with twolayer fabrics consisting of an inner layer of hydrophobic synthetic fibres and an outer layer of
hydrophilic fibres such as cotton. Sweat is transferred through the hydrophobic layer to the hydrophilic
layer and gradually evaporates, thus leaving the skin dry. This function also reduces odours because
bacteria cannot grow on dry skin.
Temperature or climate control. It refers to the thermoregulation of the microclimate that develops
between body and clothing. It is the combined effect of thermal insulation and breathability of the
fabric and is also affected by the moisture control. Thus, we can use the term climate control to
describe the combined effect of both moisture control and temperature control. Functional garments
for hot weather must keep the body cool (figure 9), while functional garments for cold weather must
keep the body warm (figure 10). This can be achieved by balancing the thermal insulation and
breathability of the fabric.
Antimicrobial control. Special finishing that applies silver particles to the fibres results in the
antimicrobial functionality of a fabric. Another option is the addition of Bamboo Charcoal nanoparticles
into cotton or polyester fibres. These Bamboo Charcoal fibres exhibit antimicrobial function and
eliminate bad odour.
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Figure 9. BMW functional undergarments for warm weather [12]

Figure 10. Kids functional
underwear for cold weather
[13]

Abrasion control. It aims to reduce the abrasion that can cause
irritation and Injuries of skin. An example of this is the toe socks that
reduce friction between toes and eliminate the risk of blisters when
walking or running long distances [14] (Figure 11). Another example
is the sport pants for cyclists.
Compression control. Compression stockings have been used for
medical and orthopaedic purposes for many decades, but today they
are also used for increasing the performance of athletes. The legs are
the most distant body parts from the heart. By applying pressure, the
diameter of the leg veins decreases, resulting in increased blood flow
velocity and heart valves efficiency. By using compression stockings,
the heart requires less effort to circulate blood to and from legs, thus
the overall performance of the body is increased [15].

Figure 11. Toe socks [14]

The most critical dimension in the design of functional undergarments and sportswear is undoubtedly
the Functionality. The second most important dimension is the Quality, which is related to the
materials, the quality of the construction and the durability of the garment in the long-term use. The
dimension of Appearance has been underestimated until recently. However, the emergence of the
“Athleisure” clothing style in recent years, moves the interest in differentiating products also in the
dimension of Appearance. Athleisure refers to functional sportswear designed to be worn in both
athletic and daily activities. Examples of Athleisure are gym pants, leggings, elastic T-shirts, shorts and
sport bras (Jogbras). The idea behind Athleisure is to offer different products that combine
functionality and fashion.
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7. Differentiation through Technology
The evolution of technology creates new opportunities for product differentiation. Such technological
examples are, the seamless knitting, the body dimensions scanning, the visual simulation of clothing,
and the smart garments.
Seamless knitting affects all the dimensions of the design. It can create a continuous and more uniform
shape that fits better on the body and gives a better overall appearance. It eliminates construction
defects and failures in the use of the garment due to defective or weak seams, thus improving the
quality. Finally, it can increase the performance of functional underwear and sportswear, such as
reducing skin abrasion due to the absence of seams. An example of seamless sportswear is shown in
figure 12 [16].

Figure 12. Seamless-sports-bra of the company Liv Cycling [16]

Body dimensions scanning, together with an advanced supply chain system, enable the industrial
production of garments tailored to individual consumers. An efficient supply chain system is required
to ensure that the right product reaches the consumer at the promised time.
Clothing visual simulation, although it does not change the garment, can be offered by a brand as a
service to its customers, thus creating a competitive advantage.
The expected evolution of smart and electronic textiles in the forthcoming years will create new
possibilities in the differentiation of garments. The primary target of smart and e-garments is the
achievement of new functionalities (figure 13). However, this evolution can also affect the appearance
of future garments (figure 14).
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Figure 13. Burton Shield iPod Snowboard Jacket [17].

Figure 14. Couture LED dress [18].
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Questions for the evaluation of the lecture

1. Question 1: What are the two most critical dimensions of differentiation that a high fashion
brand that produces lingerie should focus on?
Please choose the two correct answers from the four choices below.
a)
b)
c)
d)

Appearance (more appealing look)
Quality (more expensive materials and better garment construction)
Functionality (better functional performance)
Technology (e.g., seamless or custom manufacturing based on actual body dimensions)

2. Question 2: What are the two most critical dimensions of differentiation that a brand that
produces compression stockings should focus on?
Please choose the two correct answers from the four choices below.
a)
b)
c)
d)

Appearance (more appealing look)
Quality (more expensive materials and better garment construction)
Functionality (better functional performance)
Technology (e.g., seamless or custom manufacturing based on actual body dimensions)
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Lecture 5.1 Overview of the technical applications of textile materials
Anastasios Tzerachoglou, Eleni Gyalinou
University of West Attica (UNIWA)

1. Introduction
Technical and functional textiles is a global knowledge-based research-oriented sector within the
textile industry. In technical and functional textiles, the emphasis is on the technical aspects and
applications of textile materials. It is a multidisciplinary sector within textile industry sector, where
textile products are designed specifically according the needs of the technical end-use.
The sector is gaining steady growth worldwide due to its technical performance and functional
properties in the global textiles industry. Technical textiles are special types of material or product
designed for specific applications, while offering unique & exclusive characteristics. They are textiles
that have been developed to meet the demanding high-performance requirements of a particular end
use that is different from conventional clothing and furniture. They are specially manufactured so that
they incorporate enhanced properties of the fabric.
Technical textiles are estimated to account for about 21% of all textiles. The main markets of technical
textiles are industrial fabrics, such as Transportation and cars (23%), Medical textiles (10%) Canvas,
tents, etc. (43%), Sports and Leisure (12%), Geotextiles (10%); and Protective textiles (2%).

Figure 1. Airbags in Car [1]
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1.1. Materials used in the Production of Technical and Functional Textiles
A broad set of raw materials are used in order to produce technical and Functional textiles so that they
acquire advanced properties and present multi-functional performance. These materials are either
natural, mineral, metal, or specially developed synthetic, regenerated and cultivated to produce fibres.
Some examples are shown in Table 1 below.
Table 1. Fibre materials for Technical Textiles

Natural
Wool
Cotton
Hemp
Sisal
Bamboo
Jute
Fruit
Protein

Mineral
Glass
Ceramic
Carbon

Metal
Copper
Silver
Gold
Steel
Aluminium

Synthetic
Polyamide
Polyester
Aramid
Acrylic
Polyolefin

Regenerated
Viscose
Rayon
Acetate

2. Production processes of technical and functional textiles
2.1. Weaving and knitting
Woven and knitted fabrics in technical textiles are common for applications that require high strength
and durability. Heavy technical fabric such as airbags, conveyors, sailcloth, bulletproof fabric, bolting
fabric, artificial woven grass, cement bags, filtration fabric as well as the light technical fabric used in
medical apparel, sportswear is woven fabrics. Both warp-knitted and weft-knitted structure fabrics
find applications in technical textiles, commonly in sportswear. Multiaxial stitch-bonded fabrics are
used in aircraft, automotive, ship and boat building, sports equipment, and rotor blades for wind
power generation. Elastic and non-elastic bandages, abdominal bandages are also made of a knitted
structure.

Figure 2. Weaving and knitting of technical and functional textiles [5]
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2.2. 3D Weave and Knit
3D woven fabrics are tough, lightweight alternatives to metals They are used in a broad range of
applications. 3D woven fabrics provide extra strength and stiffness, thus making it suitable for use in
the transportation, heavy industrial, ballistics, aerospace, and marine sectors.

2.3. Nonwoven
Nonwoven fabrics are a versatile material finding application in a wide range of industrial, health, and
consumer products that extend from single-use disposable items such as teabags and wet wipes to
highly durable products such as synthetic leather, automotive components, and roofing membranes.
One of the main advantages that nonwoven production processes hold is that labour costs in
manufacturing are low compared to traditional textile processing as there is a high degree of process
automation.

2.4. Braiding
Braiding is a simple form of narrow fabric construction. It is done by an intertwining of yarns in
whatever direction suited the maker's purpose. Braiding can be two-dimensional or threedimensional. These fabrics function as tension textiles. The braided yarns are used as cordage,
webbings, strappings, belts, tapes, nets. This structure also finds a use for medical applications such as
sutures, stents, ligaments, tendons, floss, and scaffold.

2.5. Finishing and Coating of Technical and Functional Textiles
The finishes and coatings of textiles can modify the appearance, the feel, the properties, and the
performance so that to satisfy the functional requirements. Finishes that may be applied to technical
textiles are shown in the table below:
Table 2. Types of Finishing Processes

Mechanical Finishing Process
Embossing
Brushing
Sanforising
Decatising
Singeing
Raising
Cropping
Heat Setting

Unit 5 Technical and Functional Textiles

Chemical Finishing Process
Antistatic Agents
Flame Retardants
Oil and Water Repellents
Photo Protective Agents
Softeners
Antimicrobial and Antifungal treatment
Plasma Treatment
Nanotechnology Finishing
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3. Classification of technical and functional textiles
Technical Textiles are mainly classified into the following thirteen categories:

3.1. Transportation Textiles
Products range from carpeting and seating through tire, belt and hose reinforcement, such as safety
belts, mats, seat covers, and air bags, to composite reinforcements for automotive bodies, wings and
engine components, civil and military aircraft bodies and many other uses.

Figure 3. Aircraft seat and seat belt [2]

3.2. Medical and Hygiene Textiles
Medical and hygiene textiles include products such as drapes and gowns, sterile wrap, wound
dressings, protective apparel, bedding, protection masks etc.

Figure 4. Silver coated fibre antimicrobial medical textile [6]
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3.3. Industrial Products and Components
Industrial products and components include products for mechanical engineering and for chemical and
electrical industries such as ﬁlters and filtration media, conveyor belts and abrasive belts as well as
reinforcements for printed circuit boards, seals and gaskets, electrical components, noise absorbents,
cordages.
1. Agriculture, Horticulture and Fishing
Technical textiles are used extensively during the production of food. They are also used in the fishing
industry as nets, ropes and lines. Technical textiles are used in agriculture and horticulture for a variety
of covering, protection containment and cultivation applications.
2. Home Textiles
Technical textiles in home are used in the manufacture of furniture, upholstery, floor coverings, and
carpets, carpet backing, air and water filtration, drapes, awnings, shades and more.
3. Clothing Components
Clothing Components include innovations in shoe and clothing manufacture. Some examples are
cleanroom garments, interlining, leather goods applications, wearables, textile electrodes and sensors
etc.
4. Packaging and Containment
Technical textiles in packaging, covering, and transportation such as bulk packaging, packaging spacers,
infusion bags, packaging sheets and belts and more.
5. Construction – Building and Rooﬁng
Textile products for membrane construction, lightweight and solid structures, earthworks, hydraulic
engineering, and road construction. Products include roofing and tile underlay, thermal and noise
insulation, pipe wrap, reinforcements etc.
6. Geotextiles in Civil Engineering
Technical textiles include products in road construction, civil engineering, and dam and waste site
construction such as products for erosion prevention, asphalt overlay, drainage, offshore land
reclamation.
7. Sport and Leisure
Textile innovations in the sport and leisure world applied in sportswear, sport equipment, camping
equipment, trekking, mountaineering etc.
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Figure 5. Sport technical textile [6]

8. Protective and Safety Textiles
Technical textiles in personal and property protection. Products refer to chemical and biological
protection, flame retardant clothing, cut resistant clothing, hazardous waste control etc.
9. Ecological Protection Textiles
Products for environmental protection, waste disposal, and recycling. Applications include wastewater
filtration, dust collection, oil absorbent textile products, gas and odour removal textile products.
10. Aerospace Textiles
Textiles for aerospace construction and space travel. Products include heat shields, engine intake and
exhaust filters, silencer pads, covers, mats, seat covers, airbags

Figure 6. Space suit costume [2]
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4. Applications of technical and functional textiles
Technical textiles have diverse application areas. Some of them being aerospace, construction,
furniture, food, medical, automotive, defence, sports, apparel, civil engineering, mining, electrical,
agriculture, etc.
Some cases:
Wearable Solar Concentrators a polymer that is applied on textile fibres functions as solar collector
and thus a wearable energy source.

Figure 7. Luminescent Solar Concentrator (LSC) [7]

High-tensile polymer woven geotextile. A permeable geosynthetic material made from high-modulus
polyester yarns by weaving and warp-knitted technology. The function of the specific geotextile is
reinforcement, filtration and separation.
It presents the following features: High tensile strength, Low strain, High water permeability, High
resistance to chemical, biological and thermal effects, Straightforward installation.

Figure 8. Polymer woven geotextile [4]
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The applications of the geotextile include: building of reinforced earth structures, reinforcement of
earth subgrade on soft soils, layer by layer reinforcement of high roadway embankments, separation
of roadway subgrades.
It offers a range of advantages such as Improvement of road base stability, uniform redistribution of
load and layers separation, increase of base load-bearing capacity, improvement of embankment
stability, inert materials saving.

4.1. The advantages of Technical and Functional Textiles
The advantages offered by technical and functional textiles can be summarized below:
▪
▪
▪
▪
▪

They have lighter weight while being durable
They render the product multifunctional
The production of technical and functional textiles can be flexible, continuous, and versatile
They are cost-effective and user friendly
Their production and use make them environmentally sustainable
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Questions for the evaluation of the lecture

1. Question 1: Technical and functional textiles are textiles used for:
Please choose the one correct answer from the three choices below.
a) Specific technical applications
b) Formal clothing and fashion
c) Bedding and furniture

2. Question 2: The benefits of technical and functional textiles are:
Please choose the one correct answer from the three choices below.
a) All the below-mentioned
b) Functionality, durability, user friendliness
c) Continuous production, cost-effectiveness, environmental sustainability
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Lecture 5.2 Advances in composite textile materials
Savin Dorin Ionesi
TUIASI

1. General aspects of textile reinforced composites
According to Mallick [1], a composite is a combination of two or more structurally and chemically
different materials, with an interface between them. The constituent materials maintain their identity
in the composite material (at least at macroscopic level), but their combination gives the system
properties and characteristics different from those of each component. One material is called a matrix
and is defined as the continuous phase. The other element is called reinforcement and is added to the
matrix in order to improve or modify its properties. The reinforcement represents the discontinuous
phase, distributed evenly in the matrix volume. It gives the ensemble strength, while the matrix
ensures the composite unity and transmits the strains.
Textile materials (fibres, yarns, fabrics) are used as reinforcement, while the matrix is commonly a
polymeric resin or concrete (in building/civil engineering). Though there are different possible
reinforcements and matrices that can be combined to obtain different types of composites with
tailored characteristics [2], only textile reinforced composites with polymeric matrices will be
discussed in this chapter.
The advantages of the textile reinforced composites (TRCs) are:
●
●
●

●

the possibility to control anisotropy, as the textile structure can be designed so that the fibres
are placed on preferential directions, according to the maximum strain during use;
the use of textile reinforcements allows better weigh/strength ratio compared to classic
materials, such as steel;
these composites maintain their integrity and behaviour under extreme conditions – for
example, they do not corrode in an outdoor environment, nor vary their dimensions when
there are significant temperature variations, nor are they sensitive to electro- magnetic fields;
TRCs present an improved fatigue during their life.

There is a large range of applications for TRCs, the most significant including automotive, aerospace
industry, chemical industry, but also sports and leisure and consumer goods.
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1.1. Textile reinforcement for composites
All types of textiles can be used to produce composite reinforcement which offers a vast range of
possibilities of tailoring the properties and behaviour of composites. The literature has a large number
of classifications that reflect the need for multicriterial approaches. Fukuta et al. [3] classifies textile
reinforcements based on the material dimension (1D, 2D or 3D) and specific geometry.

Figure 1. Classification of textile reinforcements for composites [3]

1D textiles (fibres, short or filaments or yarns) are used to produce nonwovens (independently or in
combination with other textile fabrics) or are placed directly on a mould or on a surface. Textile fabrics
(2D) are used in general to produce laminates as the applications require more layers to create
strength. Weaving, non-weaving, braiding and knitting (weft and warp) are the most common
manufacturing processes, but most applications and research studies use woven fabrics due to their
versatility and superior mechanical behaviour. Braided fabrics (mostly tubular) have good mechanical
properties, but are limited in their dimensions, while knitted fabrics present challenges in terms of
mechanical behaviour, as the yarns are looped to form the fabric. The use of in-laid yarns for weft
knitting solves this problem, but they can be inserted mainly course wise. Warp knitted fabrics are
better suited for in-laying and therefore more common for composite reinforcement. Non-woven
fabrics are specific to applications that require lower mechanical strength. They are produced using
adhesive bonding, mechanical bonding (needle punch) and stitching.
Another important classification criterion is the direction of reinforcing, defined by the need to ensure
superior strength on preferential directions where strains are at maximum (the idea of controlled
anisotropy mentioned above). From this point of view, textile reinforcements (2D and 3D) are best
suited for composites with preferential strength, limiting production costs and increasing life cycle.
The geometry and position of the reinforcing yarns in the composite material depend on the textile
process (weaving, braiding, knitting) – they can be placed in layer/s or along fabric thickness, according
to requirements.
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Textile reinforcement requires the use of high-performance fibres (HPF), mainly glass, carbon and
para-aramid (Kevlar, Twaron). Other HPF for composite reinforcement are boron, carbide, graphite
fibres.
Glass fibres are the cheapest HPF and used for applications where lower mechanical strength is
required. Most applications of TRCs use glass fibres type E, but glass fibres type C are stiffer and
stronger. Glass fibres type AC (alkali resistant) are recommended for concrete composites. Glass fibres
are generally used as filaments (5-20 μm) - yarns and rovings (up to 12000 tex), but they can be
chopped to create a mat integrated in textile fabrics (woven, knitted). Carbon fibres (with acrylic, pitch
or rayon precursor) exhibit the highest mechanical behaviour and are used mostly as rovings for
applications where low/medium/high/ultra-high modulus or strength is required. Aramid fibres have
a higher strength and are lighter than glass fibres, are more ductile than carbon fibres and present high
thermal and chemical resistance. A general primary comparison between the main HPF
Table 1. Comparison of the main characteristics of HPF

Tensile strength (GPa)
Young’s modulus
(GPa)
Tensile elongation (%)
Density (g/cm3)
Thermal Conductivity
at 20 °C (Wm-1K-1)

Carbon fibres
2.0-6.0

Glass fibres (E)
1.9-3.0

Aramid fibres
3.5-4.1

125-400

4.127

70-130

<3.5
1.58

3-4.5
2.66

2.5-4.5
1.44

0.04

0.8

0.4

1.2. Matrixes for textile reinforced composites
If the textile fibres/yarns/fabrics are determining the composite’s properties, the matrix is essential
for the processing stage and the technological parameters to be set (pressure, temperature and
duration). There are two main types of resins to be used as matrix for composites: thermoplastic and
thermoset resins, each type with specific characteristics, behaviour and applications, synthesized in
Table 2.
Table 2. Polymeric matrixes used for textile reinforced composites

Matrix

Resin type
Epoxy

1. Thermoset
resins

Polyester and vinyl ester
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Applications
Aerospace
industry,
aviation,
equipment, automotive

sport

Automotive, shipbuilding, chemical industry,
electrical installations, consumer goods
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2. Thermoplastic
resins

Polyurethane and polyurea

Automotive (car components)

Phenols

Aerospace industry and automotive

Bismaleimide, polyimide, etc.

Aerospace industry, for applications
characterised by very high temperatures

Nylon
6,
nylon
6,6,
thermoplastic
polyesters
(PET and PBT), etc.

Composites with short fibres reinforcement
obtained using injection moulding

Polyetherketone
(PEEK),
polyphenylene
sulphide,
polyamide imide, polyether
imide, etc.

Composites with short fibres/filament
reinforcement, for applications at relatively
high temperatures

Thermoplastic resins can melt and then return to solid state without significantly altering their
characteristics. The liquid-solid transition is reversible which confers them a clear advantage in terms
of recycling. The composite materials are easily processed and present superior mechanical behaviour,
resistance to different environment conditions, including climate. Thermoplastic resins are used
especially for thermoplastic moulding.
Thermoset resins cannot transition from solid to liquid, so, once curing is completed, they stay in solid
state. They require the presence of a catalyst or a hardening agent to cure. The curing process depends
significantly on temperature. Thermoset resins are widely spread and the most common ones are the
epoxy and polyester resins. Thermoset polyester resins are obtained from alcohols such as glycol and
dibasic acids. Orthophthalic resins are most used, but isophthalic resins are used for applications
requiring resistance to water. In order to determine the curing process, polyester resins need catalysts,
accelerators and additives (like thixotropic pigments for colour, fillers, substances increasing chemical
resistance). Curing is controlled by the amount of catalyst/accelerator introduced. The epoxy resins
are considered to be of high quality in terms of processability and composite behaviour (mechanical
properties, high electric insulation, good resistance to chemical compounds, stable in different
environmental conditions), being used for performance applications, especially in aeronautical and
automotive industry. Epoxy resins have lower viscosity that facilitates the moulding process and they
create a strong interface with the textile material. Curing takes a short time, at temperatures ranging
from 15°C to 150°C and requires only a hardening agent, not a catalyst that controls the process.

1.3. Fibre volume fraction
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The fibre volume fraction (FVF) represents the percentage of fibre volume in the entire volume of a
fibre-reinforced composite material. It is a powerful indicator of the performance of composite
materials, showing the direct influence of the reinforcement. The FVF is calculated based on the fibre
and matrix density and the fibre mass in the unit volume, using the following relation:
𝑊𝑓
𝜌𝑓
𝑊𝑓

𝐹𝑉𝐹 =
𝜌𝑓 +

(1)

(1−𝑊𝑓 )
𝜌𝑎

Where: Wf = mass of fibres in composite (g); ρf = fibre density (g/cm3); ρa = resin density (g/cm3)
Table 3. Fibre and resin specific density - examples

Reinforcement fibres

Density (g/cm3)

Matrix (resin)

Density (g/cm3)

E glass fibres

2.56

Epoxy

1.1–1.4

Carbon fibres

1.75–1.95

PES

1.2–1.5

Aramid (Kevlar 49)

1.45

PA (Nylon 6.6)

1.14

The optimum value of FVF of a textile reinforced composite should vary between 50% and 70%. Lower
FVF values affect the mechanical behaviour, while for FVF higher than 70%, the matrix cannot
completely penetrate the textile reinforcement, again affecting the composite’s performance. The
structure of the reinforcement has the most important influence on FVF through the specific fibre/yarn
geometry and material density/porosity.

2. 3D textile reinforcements
Three-dimensional (3D) textile materials are materials with fully integrated continuous fibre
assemblies, having multi-axial in-plane and out-of-plane fibre orientation. In other words, the fabric
structure is built along all three axes. The advantages of 3D textiles for composite reinforcement refer
to:
●
●

●

increased complexity of the shapes that can be obtained without any assembly, thus eliminating
cutting and assembly operations and resulting waste.
strict control of the material behaviour along all 3 axes through fabric architecture and yarn
characteristics. This means the material strength is controlled along all directions from the
beginning, its design stage.
in the case of composites, there is no risks of delamination (when layers of 2D materials are used
in composite reinforcement, delamination is a significant problem).
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●

the possibility of developing hybrid structures that combine textile fibres with other materials with
specific properties (like plastics, ceramics, etc.) that can play the role of matrix.

The 3D textile preforms can be classified according to the intrinsic geometry and cross section as: solid,
hollow, shell and nodal [4]. A general comparison of the structural/technological possibilities for the 4
main types of fabrics is presented in Table 4.
Table 4. Comparison of 3D reinforcement possibilities

Material

Solid

Hollow

Shell

Nodal

Woven

Multilayer
Interlock ortho
Interlock angle

Multilayer

Single layer
Multilayer

Braided

3D rotary (solid,
hexagonal)
Cartesian (2/4/6step)
Multiaxial

Tubular/triaxial 2D
braiding
Multilayer 2D circular
braiding
Spacers (weft/warp
knitting)

Overbraiding

Multilayer
Interlock
ortho
Interlock
angle
3D rotary

Knitted

Nonwoven

Multilayer (needle
punch)

3D shaped weft knit

Tubular
weft/ warp
knitting

Cylindrical/conical
fibre deposition; Fibre
deposition on a mould
(meltblown / fibre
spray / air laying);
Thermobonding

3. Advanced manufacturing processes
There is a large range of manufacturing processes for TRCs that requires a multicriterial classification
that includes
●

●
●

how the reinforcement and matrix come into contact -direct processes (the reinforcement and
the matrix come into direct contact only during composite manufacturing) or indirect
processes (the matrix is included in the reinforcement – hybrid materials)
type of reinforcement – short fibres or continuous fibres (filaments)
type of resin – thermoset or thermoplastic
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●

type of mould – open (single mould) or closed moulding

Most common manufacturing processes are compression moulding (thermoforming), resin transfer
moulding (RTM), pultrusion, reinforced reaction moulding, filament winding, vacuum bag/autoclave,
contact moulding. Figure 2 presents a comparison of some production processes considering some
aspect of the manufacturing process [5].

Figure 2. Comparison of some of the most used composite manufacturing processes [Potter]

The selection of the production process depends on the type of application, level of performance and
dimensions. Certain advancements in the composite manufacturing processes are discussed below.

3.1. Hybrid reinforcements
Hybrid reinforcements are characterized by the presence of the high-performance reinforcement
fibres (glass, carbon, aramid) and other types of fibres. Hybrid materials have two purposes:
●
●

to reduce the consumption of HPF by using natural fibres like linen, while maintaining the required
level of performance (to be discussed in 5.2.5)
to eliminate the introduction of matrix into the textile reinforcement during the composite
manufacturing stage, cutting production costs and time. This is done by introducing in the
reinforcement material fibres that later under temperature become the matrix (thermoplastic
polymers like polypropylene or PEEK). Such hybrid materials are called prepregs. Figure 3
illustrates some types of hybrid yarns produced for composite prepregs, each with its specific
distribution of the matrix fibres within the yarn cross-section. Hybrid prepregs are specific to
indirect manufacturing processes like thermoforming.
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a) Doubled

b) Twisted

c) Wrapped

d) Sheath/core

e) Commingled textured

f) Commingled

Figure 3. Hybrid yarns used for composite prepregs (black represents the matrix filaments)

3.2. Automated Fibre/Tape Placement
This indirect process developed mainly for the aerospace industry allows the deposition in successive
layers of hybrid fibres/rovings (automated fibre placement AFP) or tapes (automated tape layering
ATL) controlled by a robotic arm. The rovings/tapes are heated before their placement to form the
composite in-situ. The difference between fibre and tape placement is given by the width of the bands
– the tapes vary between 75 to 300 mm, while the width of rovings is up to 30 mm and the fact that
multiple heads are used for AFL. The main advantages of AFP/ATL are given by the accurate deposition
along preferential directions that can be different from layer to layer, the in-situ composite
manufacturing and the CAD systems. AFP is used for more complex geometries. Figure 3 presents an
example of an AFP equipment (Trelleborg) producing a panel obtained by placing graphite/epoxy
hybrid rovings [6]. Recently, dry fibre tapes suitable for automated deposition by conventional AFP
machines were developed as a direct process, where the resin is introduced at a later stage, after the
material deposition process.
Another process called Tailored Fibre Placement (TFP) has the fibres (rovings) placed on a textile
support using embroidery techniques. The process is developed by the Leibniz-Institut fur
Polymerforschung Dresden [7]. The textile material that is used as support can be made of hybrid
yarns, so that it also includes the matrix. The guide feeding the roving (Figure 4) is fixed and the table
with the textile material is displaced according to the deposition path.

Unit 5 Technical and Functional Textiles

Page 302

This project has been funded with support from the European Commission. This publication reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein

Figure 3. Equipment for automatic fibre placement –
production of a graphite/epoxy panel [6]

Figure 5. Principle of laying-in of the roving
through embroidery techniques [7]

3.3. Additive technologies
Additive technologies are becoming more important in the production of textiles in general and
composites in particular. In these manufacturing processes, thermoplastic materials (ABS or nylon) are
deposed in layer-by-layer technique to create a geometry that is defined in the design stage. Common
additive manufacturing technologies (AMT) include: fused deposition modelling (FDM), direct ink
writing (DIW), directed energy-based deposition, binder jetting process, vat photopolymerization,
powder bed fusion with a laser sintering process [8]. Sitotaw et al. [8] presents an exhaustive review
of the additive manufacturing for textiles, including design tools, common thermoplastic materials
used in the additive processes, types of 3D printing and possible applications.
An example of additive manufacturing process for composite materials with short carbon fibres and
acrylonitrile-butadiene-styrene is exemplified in [9]. The process involves the design and 3D printing
of the 3D orthogonal preforms using short fibre carbon / thermoplastic ABS wires, followed by the
introduction of a silicone elastomeric matrix. The layer-by-layer nature of additive manufacturing
enables the fabrication of 3D orthogonal preforms with certain topologies which are not achievable by
conventional preforming techniques. The complexity of the preforms is defined in the design stage and
it can be improved by using different systems of coordinates. Additive technologies present the
advantage of generating topologies not possible to create using conventional textile technologies.
Lyu and Chou [10] review the possibilities of using AMT to produce composites with shape recovery
properties. They also point out some future challenges related to the transition one-step 3D integrated
manufacturing technique, preserving the yarn interlacing when printing preforms using continuous
fibres and developing printed preforms with high shape memory performance and elastic matrixes.
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4. Smart composites
Textile reinforced composites are best suited to exploit the vast array of possibilities offered by the socalled smart textiles that can sense different stimuli and have a dynamic response to their action. This
capacity of adapting to environment variations over a critical threshold can be used in composite
materials for monitoring the health of these materials, improved functionality, sensor/actuator
functions and assessment of their life-cycle.
There is already a high diversity of textile sensors for chemical, biological, electrical, mechanical,
physical stimuli, obtained using conductive fibres/yarns/materials (metals, carbon inherently
conductive polymers) or deposition/coating of conductive substances (metals, carbon, graphite, ICP)
on fibre/material. Textile sensors are already used to monitor the textile reinforcement during its
manufacturing (weaving, knitting, braiding) and matrix penetration process in order to avoid defects
affecting the performance of the composite [11, 12].
Nano fibres can be used as fillers to create a reinforcement network with exceptional properties even
at very low concentrations [13]. The presence of carbon nanofibers improves mechanical strength, as
well as electrical and thermal conductivities. They can also be used as sensors to identify
environmental changes.

5. Sustainable composites
There have been a great deal of discussions in the last few years over the adaptation of the textile
reinforced composites to the principles of circular economy in terms of sustainability and recyclability.
Currently, most composite materials go to landfills, with only a small portion being grinded for fillers.
This transition in design concepts regarding manufacturing and end-of-life becomes imperative with
the new legislation already existing or to be adopted in the near future. Two main topics can be
emphasized in this discussion:
1. the sustainable design of TRCs
a. replacement of HPF (especially the very expensive carbon fibres) with natural fibres (like
linen and hemp) while maintaining the general performance of the composite [14]
b. use of textile industrial waste as reinforcement with thermoplastic matrix from waste
(thermoforming) [15]
c. increased use of thermoplastic resins to facilitate recycling at the end-of-life
d. development of 3D textile preforms to eliminate waste
2. recycling of TRCs [16]
a. mechanical recycling: grinding
b. thermal processes: pyrolysis, fluidised bed pyrolysis, microwave assisted pyrolysis
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Questions for the evaluation of the lecture

1. Question 1: The main advantage of 3D textile reinforcement (preforms) refers to
Please choose the one correct answer from the three choices below.
a) Elimination of the operations required to place the textile material/s according to the final
geometry of the composite
b) Facilitates the introduction of resins
c) Shorter production time for the preforms

2. Question 2: The sustainability of the TRCs refer to
Please choose the one correct answer from the three choices below.
a) The sustainable design of the composite materials and recycling technologies
b) Composite behaviour during the life cycle
c) Methods to eliminate the composite materials at their end-of-life
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Lecture 5.3 Advanced and intelligent textiles
Heura Ventura & Mònica Ardanuy
UPC

1. Forewords
This Lecture 5.3 about Advanced and intelligent textiles is enclosed in Unit 5, which corresponds to
Technical and functional textiles.
First of all, for a better understanding of the lesson, it is worth explaining briefly the general context in
which the lesson is framed, since there is no general agreement for classification and differentiation
between the technical, functional, advanced and intelligent textiles, which sometimes leads to certain
confusion. Those concepts are clarified in the introduction.
Then, the different working principles of the main smart textiles available are explained (i.e. chromoactive textiles, electroactive textiles and shape memory textiles). Afterwards, in order to provide the
future perspectives for this kind of materials, some applications of the medical, automotive, building,
leisure and personal safety fields are reviewed.

2. Introduction
Technical and functional textiles can be considered as those fabrics and/or textile products whose
performance goes beyond the established as conventional. In other words, they are high performance
textiles, whose properties are more specific and better than the classic characteristics of those fabrics
typically used as textiles for clothing and home textiles (Figure 1). As an example, a conventional Tshirt for clothing has no further performance besides aesthetics, covering the body, and providing
sweat absorption and certain thermal insulation, mainly. However, if this T-shirt is made of aramid
fibres that provide excellent strength and resistance to high temperatures, or if it has a finishing
capable of repelling insects (like mosquitoes), the T-shirt can jump into the category of technical and
functional textiles.
Nonetheless, advanced and intelligent textiles are here considered as some specific type of technical
and functional textiles, since they can provide interaction with the environment (Figure 1). In essence,
advanced and intelligent textiles (also called smart textiles) are fabrics and/or textile products that
interact with their surroundings, being be able to sense and/or respond to environmental stimuli,
where the origin of both the stimulus and the response can be either from an electrical, thermal,
mechanical, chemical or magnetic source.
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Figure 1. Contextual scheme of the lecture, differentiating the concepts according to their main functions.

Following the previous example, if the T-shirt has a PCM (Phase Change Material) finishing to provide
thermal regulation, or pressure and temperature sensors to monitor the vital signs of a patient in a
hospital, its functionality is a step further, interacting with the surroundings of the garment, hence can
be considered in the category of advanced and intelligent textiles.

Figure 2. Conceptual scheme for the definitio n of a smart textile.

Hereafter, for the sake of simplicity, they will be referred to as smart textiles.

2.1. Smart textiles classification
There is no general agreement for classification of smart textiles. They can be sorted according to their
interaction level (as a measure of “how smart” they are), their integration level (how the smart
function is introduced), or their working principle (depending on the kind of stimulus/response).
However, the former is the most typical. So, generally, smart textiles are classified according to their
interaction level into passive, active or very smart textiles [1]–[3].
2.1.1. Passive smart textiles
Passive smart textiles can only sense environmental conditions, and their interaction with the
surroundings is extremely limited. Therefore, they can be considered just as sensors. Some examples
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of passive smart textiles are fabrics with embedded optical fibres that can conduct light or conductive
fabrics, for instance. These and other examples are presented in Figure 3.

Figure 3. Passive smart textiles: (left) fibre optic fabric [41]; (right) electrically conductive embroidery.

2.1.2. Active smart textiles
Active smart textiles can both sense and react to the surroundings, and hence, they can be considered
both sensors and/or actuators. A textile that can remember a shape (shape memory effect) and switch
to it under certain conditions or a textile that is capable of transforming a mechanical input into
electrical current (piezoelectric effect) are two examples of active smart textiles.
2.1.3. Very smart textiles
Very smart textiles (or Ultra Smart Textiles), not only can sense and react, but also adapt themselves
to environmental conditions. This implies that they require a unit/part acting as the brain, capable of
performing cognition, reasoning and activating functions. The best example, in this case, are the etextiles (or electronic textiles), which combine several electronic parts to provide sensing and actuating
capabilities to a textile substrate.

2.2. Integration level of smart textiles
It is worthy to mention that there are multiple ways of producing a smart textile, since there are
multiple points of the textile value chain at which the “smart functions'' can be integrated. For
example, a conventional fabric can be transformed into a smart textile by printing a conductive paste
or applying a thermochromics finishing over it; but it can also be woven with functional yarns, such as
conductive or shape memory yarns, which allow to directly produce a smart fabric by itself; or there
can be embroidered over the fabric some conductive yarns connected to electronic parts to obtain a
smart textile... and the combinations are multiple.
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In general terms, there is a relationship within the stage at which the “smart condition” is introduced
and the integration level achieved (Figure 4). The lowest integration level would be the joining of parts
on a textile substrate (by embroidery, for instance), hence it is found in the later steps of the textile
value chain, whereas the higher integration level would be, for instance, to produce an engineered
filament, capable to contain all the elements required in a solar cell, in order to directly weave energy
harvesting fabrics.

Figure 4. General relationship between the integration level and the textile chain value

Although these integrations are clearly on different levels, all these options are considered within the
category of advanced and intelligent textiles. In fact, as mentioned before, the integration level is
another classification system used for smart textiles [4], defining the garment-level integration, the
fabric-level integration, and the fibre-level integration, typically. In this sense, high integration levels
(such as fibre-level or fabric-level integrations) are preferable, but the state of the art is limited by the
current technologies and knowledge. However, many efforts are being focused in developing smart
textile solutions and there are some that are already available on the market.

2. Main types of smart textiles
In this section, the most important types of smart textiles are reviewed. To that purpose, the sorting
has been structured according to the working principle (i.e. depending on the kind of stimulus/
response), since it is a more convenient approach for academic purposes, and four main categories are
established: chromo-active, electro-active, shape memory and electronic textiles or e-textiles.

2.1. Chromo-active textiles
Chromo-active textiles, sometimes known as “chameleonic” textiles, are all those textiles that react to
changes on the environmental conditions with a colour change. These environmental conditions can
be: the temperature (thermochromism), the electromagnetic radiation exposure (photochromism), an
electric stimulus (electrochromism), a solvent’s polarity (solvatochromism), or pH (halochromism),
among others. However, the two most extended chromo-active textiles are those photochromic and
thermochromic.
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2.1.1. Thermochromic textiles
As mentioned before, thermochromism is the property of certain substances to change their colour as
a response to a temperature change, and thermochromic systems are classified into two types:
intrinsic systems (where colour change depends solely on heat), and indirect systems (where the
environment is changed by heat and this, on its turn, causes the colour change). In textiles, the
thermochromic effect is mainly achieved by two approaches: liquid crystals (intrinsic system), and
leuco dyes (indirect system) [5]. Moreover, despite both of them being organic thermochromic
systems, the working principles of liquid crystals is based on changes in the structure, whereas in leuco
dyes is based on molecular rearrangement.
Liquid crystals are organic materials that remain in a stable intermediate phase between a solid and a
liquid (mesophases), where the molecules do not necessarily have a position order, but they have a
certain degree of orientation order. Despite there are three types of liquid crystals: nematic, smectic
and cholesteric, is the latter the one relevant for thermochromism. In the cholesteric phase, also
known as twisted or chiral nematic phase, the direction orientation changes gradually between layers
(Figure 5). Therefore, the molecules present a helical arrangement characterised by the distance of
one full helical rotation, defined as the “pitch length”.

Figure 5. Helical arrangement in liquid crystal cholesteric phase

The colour of these organic substances depends on the light that is reflected in this helical structure.
In fact, the pitch of the helical structure, which is temperature dependent, is what governs the
wavelength of the reflected light (Figure 6).
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Figure 6. Liquid crystal thermochromic effect: colour changes with pitch length in a liquid crystal.

Typically, liquid crystals provide a gradual colour change, as a response of a progressive variation on
the temperature (Figure 7). It is worthy to mention that, given that colour depends on the reflected
light, liquid crystal systems require a non-reﬂecting black background (ensuring that all the transmitted
light is absorbed and not reﬂected back, which would interfere with the coloration effects of the liquid
crystal) for optimal visualisation of colour [6].

Figure 7. Liquid crystal thermochromic surface showing a gradual colour change due to temperature.

Owing to the nature of thermochromic liquid crystalline materials, which are difficult-to-handle and
sensitive-to-contamination viscous ﬂuids, they require to be isolated from the external environment.
This is typically achieved by encapsulation processes, and for textile applications, liquid crystals are
normally microencapsulated and applied onto the fabrics like pigments, by using suitable resin binders
[7].
Therefore, liquid crystal thermochromics have been successfully applied into textiles by printing and
coating processes, creating textiles surfaces that can provide temperature mappings with colour
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variation. However, there are other interesting options to introduce liquid crystal thermochromics in
textiles. For instance, it is possible to produce composite fibres containing the liquid crystal organic
molecules in the core of a core-shell extruded fibre [6], this meaning that it is possible to produce
textile structures in which the own yarns/threads present the thermochromic effect.
On the other hand, leuco dyes are based on molecular rearrangements of organic compounds, which
result in an increase in the conjugation of the molecule and the formation of a new chromophore,
revealing the colour change [7]. Although molecular rearrangement can be affected by variations in
temperature, solvent’s polarity or system’s pH, the thermochromic effect of leuco dyes mainly rely on
a temperature-dependence of an acid-base equilibrium. In other words, leuco dyes are pH sensitive
dye-based indirect systems that change pH value due to heating.
In fact, leuco dye thermochromic systems require the interaction of three components: an organic
colour former (the leuco dye, a pH-sensitive ionochromic dye), a developer (which acts as proton
donor) and an organic solvent (which has to be non-volatile, hydrophobic and of low-melting point)
[5]. Owing to the need to have all these three components enclosed together in a controlled environment, leuco dye thermochromics are presented in a microencapsulated form (Figure 8).

Figure 8. Scheme of the composition of a leuco dye thermochromic microcapsule and its working principle.

Thanks to the closed environment, the three enclosed components can play their role in the reactions
that take place. On heating, the organic solvent melts, allowing a change in the interaction between
the colour former (leuco dye) and the developer, which leads either to colour revelation or colour loss
(in Figure 8, is a colour loss). On cooling, the solvent solidifies and the system reverts to its original
state and colour [7].
There have been many types of colorants used in thermochromic compositions such as N-acyl leucomethylene blue derivatives, fluoran dyes, diarylphthalide compounds, diphenylmethane compounds
and spiropyran compounds [7]. However, the most relevant ones are the crystal violet lactone (from
the group of diarylphthalide compounds) and fluorans.
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Similarly, to liquid crystals, thermochromic leuco dyes present the form of microcapsules, which are
not applied by exhaustion or impregnation methods (processes used with dyes), but by printing or
coating processes and using adequate binders, as would be done for pigments. However, it is also
possible to obtain thermochromic polymeric filaments by mass-colouration (i.e. the thermochromic
microcapsules are added to the polymeric system during polymerization [7]). Therefore, it is possible
to integrate this smart function at both fibre- and fabric-levels.
There are certain performance properties to be taken into account in thermochromic systems:
●

Colorimetric properties: such as the activation temperature or switching temperature (which
is the temperature at which colouration/discolouration occurs, mainly controlled by the
melting temperature of the solvent), or the colouration/discolouration hysteresis (related to
the differences in the colour change between the heating and the cooling cycle).

●

Colour strength: generally, is low. Liquid crystals require a dark background for a better
visualisation, whereas leuco dyes, given that only a small amount of colorant is present in the
final system, the thermochromic effect is often limited to pastel shades. In this sense, the
concentration of the microencapsulated material is key: for printing pastes, for instance, a
content of only between 15-30% of leuco dye microcapsules is recommended.

●

Fastness of thermochromic system to light, washing, rubbing, etc.: On one hand, the photochemical fading in leuco dyes can result in a poor light fastness for many systems. On the other
hand, the low affinity for the fibre of all microencapsulated thermochromics results in poor
wash and rub fastness properties, highly dependent on the binder used.

Thermochromic textiles are often applied for aesthetic purposes in fashioned clothes, workout t-shirts
and sweaters, and toys. However, thermochromics can have other more-functional applications such
as in the healthcare sector if applied on babies’ clothes or facemasks to detect fever, for instance, or
in the military field for camouflage uniforms.
2.1.2. Photochromic textiles
Photochromism is the property of certain substances to reveal a reversible light-induced colour change
[9]. It is produced by the transformation between two forms of a chemical compound (thermodynamically stable form A and induced form B, which present different absorption spectra), caused by
electromagnetic radiation (Figure 9). To be more precise, the reaction from the stable form A is always
triggered by light, but the back reaction can be induced also by light (photochromism of type P), or
rather thermally (photochromism of type T). Besides this, photochromic substances can also be
classified as positive or negative depending on the colour change effect. When the stable form A is
colourless and the induced form B is coloured, the effect is positive photochromism. When the stable
form A is coloured and the induced form B is colourless, the effect is negative photochromism.
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Figure 9. Schematic explanation of the photochromic effect

There are certain performance properties that, besides the economical and manufacturing issues, limit
the viability for commercialization of photochromic substances. In general terms, photochromic agents
should present [7], [9]:
●

●

●

Good photochromic absorption and efficiency: with a good level of optical absorption under
light irradiation (translated in terms of intensity, colour and band shape), but also capable to
reveal clear colour changes with minimum concentration of photochromic agent. In fact, for
positive photochromics, this can be related to the colourability, which is the ability of the
colourless or slightly coloured photochromic material to develop coloration. Moreover,
positive photochromics should preferably possess low residual colour in their inactivated
mode.
High coloration-bleaching speed: fast response to change from the colourless state to the
coloured one, or vice versa, when exposed to the triggering stimulus. In this regard, the halftime, which is the time necessary to half of the absorbance of the coloured form at a specific
wavelength in one cycle, should be low. However, in any case, the quick response must be
balanced with an attainment of a sufficient depth of shade (previous point).
Good stability. This term includes photostability (resistance to photodegradation with
prolonged UV exposure), thermal stability (minimal variation of the photochromic response
with temperature), and fatigue resistance (minimal loss of performance over time due to
chemical degradation, typically caused by oxidation during coloration-bleaching cycles).

From all the compounds that present photochromism, those which are worthy to mention as examples
are spiropyrans (T-type), spirooxazines (T-type), naphthopyrans (T-type), and diarylethenes (P-type).
Concerning the use of photochromic effect in textiles, there is a variety of commercial photochromic
dyes, pigments, and even microcapsules that can be applied over fabrics and yarns by dyeing, printing
or coating processes [7], [11].
As an example, Figure 10 presents the evolution of a photochromic printing paste to light exposure,
after the central area has been partially subjected to light blocking. It has to be taken into account that
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certain photochromic compounds can present technical difficulties or poor effects due to a lack of
compatibility with certain textile processes, though [10].

Figure 10. Evolution of the photochromic effect of a printing paste. After a partial blocking of the light in the
central area, a light exposure reveals the colour change

However, it is also possible to achieve mass-coloured polymers (the photochromic masterbatch is
mixed with the polymer pellets previously to the fibre formation), meaning that it is possible to
produce photochromic fibres and nonwovens with a very high integration level of this smart effect.
Given that the key interest of photochromism is the colour change, these photochromic textiles are
used: in the cosmetic and medical fields as UV-exposure indicators and UV protection; in the military
fields as protection and camouflage systems; for aesthetic purposes in fashion and promotional
apparel like T-shirts, caps, tote bags or embroidery decorations; or for authentication systems in logos
and brand names to prevent duplication, among others.
Nonetheless, there are other emerging possibilities. For instance, P-type photochromic compounds
have gained increasing attention because, as optically-switchable molecules, they have a potential
application as optical equivalents to electronic components [7]. Therefore, photochromic compounds
can also be applied over textiles for optical information recording/storage.
Moreover, as aforementioned, the photochromic effect is also connected to other physical changes.
Due to that, many other possibilities arise, such as the use of photochromic compounds to produce
textiles with tunable surface-wettability.

2.2. Electro-active textiles
Electro-active textiles are all those textiles that react to certain stimulus providing as response an
electric current. These stimuli can be: the temperature (pyroelectricity and thermoelectricity), solar
radiation (photovoltaic effect), mechanical stress (piezoelectricity), or friction between two dissimilar
materials (triboelectricity), among others. Given that the electric current generated could be ideally
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stored in a battery, these textiles are often mentioned as energy harvesting solutions. As an example,
the piezoelectric and triboelectric textiles are reviewed in this section.
2.2.1. Piezoelectric textiles
Piezoelectricity is the property of certain materials to develop an electric charge given a stimulus of
mechanical stress and vice-versa. Therefore, when subjected to pressure or vibrations, typically, they
generate an electrical signal of a limited magnitude. This is produced because of the formation of
dipoles due to their non-centrosymmetric crystal structure (for metal-based) or due to the distribution
of the polymer chains and its molecular orientation in the structure (polymer-based) when they are
mechanically deformed or subjected to an impact. Generally, this effect is reversible (i.e. can produce
a vibration or deformation as a reaction to an electrical stimulus).
In general material science, there are many materials capable to produce such an effect: natural
materials such as single-crystal quartz, piezoceramics such as lead zirconate-titanate (PZT), or
piezopolymers such as polyvinylidene fluoride (PVDF) [12], apart from the derived piezocomposites
and piezofilms. But not all of these materials are feasible to be applied in the textile field: they must
present low density, high flexibility (i.e. to adapt to body curvatures), and low cost. Due to this,
piezoelectric textiles are mainly based on piezopolymers.
Many synthetic polymers such as polypropylene, polystyrene, poly(methyl methacrylate), polyamide
nylon-11 or vinyl acetate can present piezoelectricity. However, the effect is so weak and/or unstable
that it has no practical significance [13]. Strong piezoelectricity is found in poly(vinylidene fluoride)
(PVDF), PVDF copolymers and polyimides, among others, but PVDF and its copolymers are the most
investigated owing to their thermal stability, good chemical resistance, good processability and good
mechanical properties [14].
Due to its atom configuration of fluorine atoms (which are negatively charged) and hydrogen atoms
(which are positively charged) along the carbon backbone, PVDF is inherently polar. However, the net
polar moment of the material in its original state is zero due to the random orientation of the individual
crystallites. But PVDF molecular dipoles CF2-CH2 can arrange into various conformations, leading to five
piezoelectric phases, being the α-, β- and γ-phases the most relevant ones (Figure 11). β-phase of PVDF
is the phase mostly responsible for the piezoelectric effect, in this case. However, the most common
phase is α-phase. Therefore, for an optimal piezoelectric effect, it is necessary to induce the β-phase.
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Figure 11. PVDF phases [15].

The increasing of β-phase content can be achieved during the processing of PVDF, by first stretching
the fibres (so they are oriented perpendicular to the oriented chains), and further subjecting them to
a sufficiently high electric field in order to orient the dipoles (polarization) [16]. This second step can
be performed in: a) contact mode, with two electrodes connected to a high voltage supply; b) noncontact mode, applying a high potential corona discharge in the vicinity of the fibre [17]. However,
polarization can be enhanced by doing this second step at high temperature, or by simultaneously
stretching the sample.
Besides this, good piezoelectric results can be achieved by producing electrospun membranes, since
electrospinning can lead to higher contents of β-phase; especially if the PVDF solution is previously
doped with electron donors (such as tri-ρ-tolyamine or TTA) and hole donors (such as 2-(4-tertbutylphenyl)-5-(4-biphenylyl)-1,3,4-oxidiazole or Butyl-PBD) and spun separately to form a bi-layer
membrane [18]. Although the sensibility of the membrane is good enough, the voltage signals are
relatively low, pointing to the usability of these membranes as sensors, but not for energy harvesting
applications.
However, other routes to achieve piezoelectric textiles with PVDF for energy harvesting have been
evaluated, such as knitted 3D spacers [19]. In this case, a knitted single-structure piezoelectric
generator was made, in which the outer layers (top and bottom electrodes) were made with silvercoated polyamide multifilament, connected with a spacer yarn of PVDF monofilament with around
80% β-phase content. The output power density and efficiency provided by the system was found to
be significantly higher than those of the 2D woven and nonwoven structures [19].
2.2.2. Triboelectric textiles
The triboelectric effect occurs at the interface between the surfaces of two different materials in
contact, mainly when they generate friction via rubbing. An electrical charge transfers from one
material to the other, producing a certain voltage. However, in order to achieve this, the two materials
need present opposite charging tendencies; i.e., they have to be materials widely separated from the
triboelectric series (Figure 12), with rank the materials according to their tendency to gain or lose
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charges (this is, negative and positive, respectively). The higher the difference between both materials,
the higher transfer during the friction.

Figure 12. Triboelectric series.

With this working principle, it is possible to obtain triboelectric generators, which based on repeated
cycles of contact and separation between two materials with opposite polarized triboelectric charges
(i.e., friction), can drive the electrons back and forth in the external circuit between the electrodes,
and hence, produce the conversion of mechanical energy into electrical energy (Figure 13). To this
purpose, a basic triboelectric generator is based on two electrification materials and conductive
electrodes.

Figure 13. Different working modes of triboelectric effect -based electronics: a) separation mode; b) planar
sliding mode; c) single-electrode mode; and d) freestanding friction layer mode [20]

In the literature, it is possible to find several approaches to reach such a device. For example, Cui et al.
[21] developed a textile wearable triboelectric nano-generator for harvesting body motion energy,
using polyester fabric (Dacron®) negative elements and polyamide 66 fabric (nylon) positive elements.
The elements, shaped as long fabric rectangles, were fixed intercalated onto a cotton fabric base, and
appropriately connected into the corresponding circuit end. The result was a textile-based nano-
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generator that, when tested placed in the forearm, could turn the mechanical energy of the arm’s
swing into electric energy to easily power an electroluminescent tube-like lamp [21].
Another approach was used by Yu et al. [22], who developed triboelectric nanogenerator textiles from
special core−shell yarns with stainless-steel conductive fibres as the core and polyurethane (Spandex®)
dielectric fibres as the shell. The core fibres were connected together as electrodes and the
polyurethane shell fibres served as the dielectric materials for triboelectrification. The yarns were
woven and knitted to obtain fabrics, and the fabrics were tested in the forearm but also applied to
socks, leading to positive results [22]. The interesting point of the approach is that other fibres can be
used as covering fibres (such as cotton, silk or polyester) or as core fibres (copper fibres, aluminium
fibres, or carbon-based composite fibres).
With screen-printing as approach, Cao et al. [23] produced a textile triboelectric nanogenerator based
on a single-electrode mode by printing with a carbon nanotube-based ink an electrode array over a
nylon fabric (the electrode), and then used a silk fabric as frictional material. Friction layers: Human
skin and silk fabric. In this case, the charge interaction is produced between the silk and the user’s skin,
which present different tribopolarities. The resulting textile device exhibited highly sensitive touch and
gesture sensing performance, pointing to its potential for human–machine interface applications [23].

2.3. Shape memory textiles
Shape memory textiles are fabrics, garments, or other textile-based products that, because of their
construction including shape memory material pieces or yarns, are able to recover a pre-defined
original shape under certain environmental conditions (this is, typically, by heating). There are two
main types of shape memory materials, which are potentially applicable to textile applications: shape
memory alloys (SMAs) and shape memory polymers (SMPs).
2.3.1. Shape memory alloys (SMAs)
Some metals present certain shape transformation capabilities derived from phase transitions. The
most common example are nickel-titanium alloys, also known as nitinol alloys, which have phase
transitions between austenitic and martensitic phases (Figure 14) within a favourable temperature
range. It is worthy to mention that, depending on the composition, the temperatures at which the
transition between these two phases occur can be varied.
Regarding the phases, the martensitic phase is the stable phase found at low temperature, generally
found in a twinned state. However, it can be easily deformed, which leads to detwinned martensite
and a retained shape deformation. On the other hand, the stable phase at higher temperatures is
austenite (Figure 14).
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Figure14. Phase transitions in SMAs that are induced by temperature or stress [24]

The known as one-way shape memory (Figure 15) occurs as follows:
●

●

●

Starting from the material in the original shape and at a cold temperature (hence in a twinned
martensite phase, corresponding to the origin of the axis in Figure 15), it can be deformed to
a new shape, leading to detwinned martensite (stress-strain plane, Figure 15). Both shape and
phase are maintained in time while kept at the cold temperature.
However, when heated, the material tends to change into this stable phase. The transition is
produced in a temperature range, between the austenite start (As) and the austenite final (Af)
temperatures. This diffusionless transformation, from the detwinned martensite to austenite,
is capable of undoing the deformation previously imparted to the material, recovering the
original shape (temperature-strain plane, Figure 15). During this process, the material is even
capable of doing some work, such as withstanding certain stress, in the process. (e.g. being the
original shape of the material a compressed spring, the enlarged spring could pull a certain
weight during the shape recovery).
From this point, during cooling), the material transforms again into the twinned martensite
stable phase (return over the temperature axis, Figure 15). The transition takes place in a range
temperature, too, between the martensite start (Ms) and the martensite final (Mf), although
with no shape change this time.

But these materials can present other effects that are strictly related to this. On the one hand, with an
appropriate tailoring process (which consists on submitting the material to cyclic shaping under the
hot and the cold conditions), the material is able to remember two shapes, the cold one shown by the
martensitic phase, and the hot one shown by the austenitic phase. However, the material could not
do much work during the shape recovery (for example, being the cold shape of the material a
compressed spring, and the hot shape of the material an enlarged spring, the spring could might not
push or pull a weight during the martensite to austenite and austenite to martensite transformations,
respectively). This is called the two-way shape memory.
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Figure15. Stress-Strain-Temperature diagram representing the one -way shape memory effect. Note that
there is a red bar representing how the shape would transform during the process (Image credits: Mmm -jun,
CC BY-SA 4.0. https://commons.wikimedia.org/wiki/File:ShapeMemoryEffect1.png )

On the other hand, the material is also able to induce detwinned martensite directly from the austenite
phase when deformed at hot conditions. This effect produces a characteristic plateau in the stressstrain curve. However, this deformation-induced martensite phase is not stable, and as soon as the
stress is released, the material transforms into the austenite phase, producing the immediate return
to the original shape. Thus, what it is observed, at the end, is a superelastic behaviour of the material,
which reaches high deformations with relatively low stress, but these deformations being totally
recoverable (elastic). This is known, as pointed below, superelasticy or pseudoelasticy.
In fact, depending on where the As-Af range (austenite transformation) is with respect to the working
temperature, the material will present shape memory or superelasticity. In fact, the hysteresis
behaviour shown in the stress-strain curves are similar if plotted using a third temperature axis (Figure
16).

Figure 16. Stress-Strain-Temperature diagram where both one-way shape memory and superelastic effects
have been represented [25]
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The use of SMAs for textile-based applications has been modestly studied in the literature [26], [27],
but there are few proposals for the use of actuators based on SMAs for some functional applications
such as insulation improvement in protective clothing [28], and other more conceptual than functional
examples such as the Oricalco fabric from Grado Zero [29], or the adaptable top from Mariëlle
Leenders [28]. Despite their high price, SMAs can still present certain potential in technical textilebased products, such as smart blinds and curtains or smart insulation solutions, for instance.
2.3.2. Shape memory polymers (SMPs)
In order to achieve more soft, comfortable and flexible solutions, shape memory polymers (SMPs)
might be used instead of SMAs. SMPs are polymeric materials which can be deformed and fixed in a
temporary shape, from which they recover their original shape only when exposed to an appropriate
stimulus. This change of shape is predefined and determined by the mechanical deformation leading
to the temporary shape. Generally, the trigger stimulus is heat or light, but the most common is the
thermally-induced type, which can be indirectly reached by irradiation with IR-light, application of
electrical current, exposure to alternating magnetic fields or immersion in water [30].
The shape-memory effect is not an intrinsic property in SMPs, but a functionalization of the material
that results from the combination of the polymer’s molecular architecture with a tailored processing
and programming technology. The thermo-mechanical deformation process required is the following
(Figure 17) [30]:
•
•
•

First, to heat and further deform the SMP above its transition temperature Ttrans.
Then, cool down the SMP below its Ttrans and remove the applyied force. At this point, the
temporary shape has been fixed.
To recover the original shape, the pre-deformed SMP has to be heated above the Ttrans, and
then cool the SMP below the Ttrans in its original shape to keep it.

Figure 17. Schematic of thermomechanical deformation process of shape memory polymers [31]

Figure 18 represents both the thermal and mechanical implications of the shape memory process in a
stress-strain-temperature diagram. From A to B there is the high-temperature deformation state,
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where the material presents low elastic modulus, large elongation and, in certain cases, viscoelastic
properties. From B to C occurs the constant-strain cooling state. With the decrease in temperature,
both the elastic modulus and the stress required to maintain the constant strain gradually increase.
From C to D corresponds to the low-temperature unloading state, where the stress is unloaded to zero.
Due to this, there is a certain strain recovery corresponding to the elastic part of the deformation, but
most of the pre-strain is stored. Finally, from D to A is the heating-up recovery state. The stress is zero
at this step, and the strain decreases gradually with temperature, until the original shape is fully
recovered [30].

Figure 18. Stress–Strain–Temperature diagram showing the thermomechanical process of the shape memory
effect in SMPs [31]

Such an effect is based on the formation of a phase-separated morphology, in which one of the two
phases (often called segments) acts as a molecular switch. The two different segments necessary are
the switching or soft segment, which temporarily fixes the programmed shape by a glass transition,
crystallization, or reversible bonds; and the permanent or hard segment, responsible for retaining the
original shape of the whole SMP. This hard segment can be attained through chemical cross-linking in
the polymer network, incorporation of interpenetrating networks, or crystalline phases.
As aforementioned, the shape recovery typically takes place when heating over the transition
temperature (Ttrans), which switches-off the soft segments. Therefore, depending on the polymeric
system, the Ttrans can be a glass transition temperature (Tg) or a melting temperature (Tm).
There are many possibilities in the use of SMPs for smart textiles, for example [32]:
●

In thermal and moisture control in garments, they can adapt to heat because the molecular
free volume of the SMP increases when the body temperature is above the Tg, allowing a better
water vapour and heat transfer.
● In shape-adaptable garments, capable to enlarge and adapt to the wearer shape and size
almost without applying pressure.
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●

●

In fabrics that can retain their shape, meaning that deformation derived for the use, wrinkles,
etc. can be avoided or eliminated thanks to the presence of SMPs in coating or even as a certain
fibre content.
Textiles present smart wettability, hence being able to adapt between hydrophobic and
hydrophilic behaviour, which leads to smart cleaning functionalities.

2.4. e-textiles
Electronic textiles or e-textiles for short, are textile systems that contain one or more electronic
components with the aim to fulfil one or more functions. Therefore, the review of e-textiles is
connected to the review of textile sensors, actuators, electrically conductive fibres/textiles and other
components.
A field in which e-textiles have a great but challenging potential, is in wearable electronics. In their
beginning, electronic devices were difficult to transport due to size and power requirements, but the
reduction for making them wearable has reached a point in which relatively small and flexible
electronic devices have been able to be integrated into our regular clothing (e.g., smartwatches, sports
bands, etc.).
Wearables are especially designed to be worn close to the body, and clothes can be really close, while
being flexible, lightweight, adaptable to the user activity and comfortable. These electronic devices
require many components to create systems with sensing, processing, actuation, communication and
energy harvesting and storage abilities (Figure 19).

Figure 19. Example of a Lilypad Arduino circuit composed of several components sewn on a textile substrate
(Image credits: Osamu Iwasaki, CC BY-SA 2.0. www.flickr.com/photos/26775981@N05/4199918875)

The potential of e-textile lies in that many of these components could be achieved with e-textiles, for
example:
●
●
●

Connectors, such as textile connexion cables
Batteries and energy harvesting components, such as triboelectric nanogenerators and
rechargeable batteries
Sensors, such as touch (capacitance) sensors
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●
●

Actuators, such as electroluminescent light emitting printings or heating textiles
Antennas, to communicate the wearable with an external device such as a mobile phone.

Many solutions are currently under development by both researchers and/or by leading companies all
over the world. However, many of those components require conductive layers. Therefore, textile
conductors are a basic need for e-textiles.
2.4.1. Textile conductors
Conductive textiles can be achieved mainly with conductive fibres or conductive printing pastes and
inks.
Conductive fibres
Some conductive fibres are inherently conductive, because their own material is conductive, such as
metallic or carbon fibres, for instance. Other fibres, typically polymeric, achieve their conductivity by
external means, such as by coating with conductive substances, or by adding conductive particles or
nanoparticles in the solution or melt prior to the fibre formation (composite fibres). However, their
conductivities will vary (Figure 20), and in some cases might not be enough to use them for electrically
conductive yarns and fabrics. This is the case of carbon fibres, whose low conductivity (high resistivity)
makes them useful for dissipation of electrostatic charges, but not electrical applications.

Figure 20. Indicative representation of the relationship between the cost and the resistivity of conductive
fibres.

In fact, the fibres most typically found in the yarns and fabrics’ composition for e-textiles applications
are:
●

●

Metal fibres. Typically made of stainless steel, copper, silver, brass or aluminium; produced by
wire drawing, that is a mechanical production process in which the diameter of a cable is
progressively reduced. They are the most conductive, but their stiffness makes them not
always suitable for textile applications.
Coated conductive polymer fibres: Polymeric fibres (like polyamide fibres) coated with metals,
galvanic substances or metallic salts, using processes such as sputtering or electroless plating.
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●

This last involves several simultaneous reactions generated in an aqueous solution without the
use of an external electrical power.
Composite conductive polymer fibres: Obtained by including in polymeric matrix small metal
particles, carbon nanoparticles (such as carbon nanotubes or carbon black) or even other
conductive polymers (e.g., polypyrrole, polyaniline). Often, they present the form of bicomponent fibres.

As aforementioned, these fibres can be used for the production of yarns and fabrics. Yarns can have
different constructions, twisting, etc. Then, fabrics generated with such yarns can be either woven or
knitted fabrics. However, conductive threads can also be used to directly embroider the desired shape
onto a different fabric substrate.
The washability of such solutions is good in general terms, although mechanical abrasion can produce
damage in the coatings or discontinuity on the conductive fibres, this reducing the efficiency of the
conductive media.
Conductive printing pastes and inks
Conductive printing pastes consist of a dispersion of highly conductive particles (carbon, silver,
silver/silver chloride, gold, copper, graphene…) and binders (i.e., suitable resins such as PES or epoxy)
in an organic or inorganic solvent. In the case of the inks, the concept is basically the same, but the
viscosity of the solution must be lower, this meaning that the conductive particles must be of a very
fine diameter, and the binders controlled (or even eliminated to be applied in a separate process).
Printing pastes are often applied by screen-printing techniques, while inks are intended for inkjet
printing. Due to the stretching capability of textiles, rigid paste/ink systems should be avoided. To that
purpose, some stretchable conductive pastes, based on silver or PEDOT-PSS polymers, are available in
the market. Moreover, in some cases, the printings may require proper encapsulation for being
washable.

3. Applications of smart textiles
Advanced and intelligent textiles (or smart textiles) present such an interesting and broad range of
properties and performances that have potential applications in all the technical textile sectors. Here,
a small insight of 5 different sectors is given. The sectors were chosen according to the current interests
of the EU and the European research and innovation centres for smart materials (CONTEXT EU Cost
Action [33]). Therefore, the main applications of smart textiles are found in the medical, personal
protection, transportation, leisure and building sectors.
Medical sector
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The healthcare and medical sector has one of the biggest research and investment budgets owing to
the general and worldwide interest in the field. Moreover, this sector has one of the greatest
acknowledgments for solutions of high added value. Due to these facts, medical smart textiles are
experiencing a fast expansion, and nowadays there are many research projects and also developed
products available in the market that are based on smart textiles. There are many possible applications
within the medical field, where smart textiles can play an important role [34].
In sensing and monitoring, smart textiles allowed developing products such as: smart globes for
monitoring patients with Parkinson’s disease; bed matts for controlling the time spent at a sedentary
position to avoid sores in hospitalized patients or elders; t-shirts with positioned sensors for biosignals
measurement (heart rate, breathing, etc.); devices for pH and moisture control chronic sores and
fabrics that change their colour when detecting an infected wound; or smart socks that detect and
monitor the pressure applied while standing, among others.
On the other hand, in medical treatment area, research has been carried to develop products such as:
textile-based drug-release therapies that allow a better and more localized release of the drugs
required for treating diseases (like cancer, for instance), increase effectiveness while even reducing
secondary effects; medical devices for phototherapy treatments for skin diseases, neonatal jaundice,
skin regeneration, etc.; antibacterial fabrics; or textile-based products for active wound-care and tissue
regeneration, among others.
Personal protection sector
Personal Protection Equipment (PPE) has the aim to cover and protect body parts (hands, eyes, head,
limbs, feet, etc.) against different threats such as air pollution, extreme heat or cold, electromagnetic
radiation, chemicals, fire, electrical discharges, etc. Owing to the high added value of this kind of
products, largely used in hazardous workplaces, the integration of smart functions is possible.
Moreover, certain specific fields, such as military protection, use large budgets for research and
development in this regard.
Some examples of smart textiles-based PPE are shock-absorbing smart knee protectors; heating fabrics
for temperature control; colour-changing smart gloves that detect and warn about contact with
hazardous substances; smart lightning garment capable to sense a lack of light and emit if when
required; or IoT connected suits, capable to collect and send data for safety analysis (of firefighters,
for instance) or capable to prevent collisions with other moving connected elements for increased
security in warehouses, among others [35].
Transportation sector
The transportation sector is a great application area for smart textiles [36]. In aerospace, water and
ground transportation vehicles such as airplanes, spaceships, boats or cars, for instance, there is a
constant evolution towards efficiency, sustainability and durability. This converges on the
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development of lightweight and durable vehicles able to consume minimum fuel/energy needs,
pointing to composite materials as an interesting option to cope with these needs. Owing to the
manufacturing technologies of composite materials, it is possible to integrate sensors in the textile
reinforcements, and these embedded sensors can allow the internal monitoring of structures to detect
when maintenance is needed.
Moreover, textiles in transportation vehicles have other functions. In seats and interior panels, textiles
provide comfort during the trip, act as cladding, and are also provide of the interior aesthetics. In inner
parts, textiles are used to avoid noise and vibration, again helping to the user's comfort. Moreover,
they play a key role in parts related to protection such as belts, shields, filters, airbags, etc. Many of
those applications can also benefit from the inclusion of smart functionalities. For instance, smart
fabrics can: detect an occupant’s size, weight or temperature; provide thermal regulation (heating or
cooling) in seats; do thermal management in the vehicle’s interior with textile surfaces containing
PCMs; counteract fatigue; participate in the energy harvesting and storage systems; control the
illumination; insulate ambient noise; or simply change colour for a different experience [36].
Leisure sector
Together with the medical sector, the leisure sector (and more specifically smart textile-based
wearables for sports) is probably the area in which smart textiles have received a better acceptance,
despite the delay that took to shift from the research level to the industrial level. Nowadays, smart
clothing is becoming popular among the younger sports professionals [37]. In fact, smart textiles can
help athletes during training or rehabilitation. There are suits for professionals that can monitor their
performance (and even their emotional responses), what allows them to improve their technique
during trainings; but also there are available in the market smart garments (t-shirts, tops, shorts, bras,
etc.) intended for amateurs, capable of monitoring vital signs, for instance.
However, there are many other possibilities of application for smart textiles in the leisure sector. These
include: sports garments for improved comfort, such as smart heating and cooling systems to control
body temperature; jackets and vests for riders and cyclists that incorporate led lights to increase
visibility; swimming suits for reduced friction in water or protection from UV; smart shoes capable to
trace and guide the runner through a certain route; inflatable airbag systems for cyclists; smart socks
for measuring shoe fit; yoga mats that detect your posture; smart inflatable life vests for nautical
sports; gloves that allow controlling the mobile phone during the practice; or backpacks equipped with
solar-powered batteries, among others [37].
Building sector
In the building sector, textiles are applied as geotextiles, thermal and acoustic insulators, illumination,
tarpaulins for sun protection, tensile architectural structures, and home interiors, among others; and
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as in the previous cases, some of these solutions can benefit from the functionalities provided by smart
textiles, mainly sensory, actuator, communicative, heating/cooling and luminescent [38].
The future of smart textiles in interior applications (such as pressure detecting or energy harvesting
carpets, smart curtains that can control illumination even emitting light if needed, or wall covers that
help ensure safe environments, for instance) seems promising. However, there are other highly
technological interesting applications (such as sensing textile reinforcements for geotechnical or
building monitoring of stability, damage/stress or heat changes) that have not found enough support
yet.

4. Challenges and opportunities for advanced and intelligent textiles
As a conclusion, a brief summary of the challenges and opportunities that the sector of smart textiles
can face should be done.
Regarding the opportunities, it is worthy to mention that this research area has widespread support
from both the research and commercial sectors [4]. According to the Smart Textiles - Global Market
Trajectory & Analytics report, published by Global Industry Analysts Inc. in 2021, the global market for
Smart Textiles, amid the COVID-19 crisis, has been estimated at US$1.8 Billion in the year 2020, and is
projected to reach a revised size of US$5.9 Billion by 2026, growing at a CAGR of 22%, hence a
considerable growth is expected for the following years [39].
However, the expansion of the application of smart textiles faces some challenges too. First of all, there
are technical challenges. Smart textiles should be able to operate under any environment without
losing performance during the user activity, regardless of the humidity, temperature, pressure or
mechanical stretching conditions. Moreover, for many applications but specially for smart garments,
the washability of the product is a must, even if it contains electronic components. Besides, the safety
and compliance with the regulations is another factor to be taken into account [34].
On the other hand, there are other risks to evaluate, such as the high capital investments required for
certain technologies, the large technical development required (which implies expensive research and
development stages), or the market availability and acceptance of the product, since an unsuccessful
launch can be a terrible end to years of development and investments, but also an unexpected exit can
lead to problems in the fabrication capabilities, the availability of the product, and hence, in the
customers’ evaluation. Moreover, the lack of standardisation and regulations, and ethical and social
issues, are other barriers to be overcome [4].
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Questions for the evaluation of the lecture

1. Question 1: What is a smart textile?
Please choose the one correct answer from the three choices below.
a) A textile product that interacts with its surroundings, being capable to sense and/or respond
to environmental stimuli.
b) A textile product that must contain electronics.
c) A textile product that is produced with advanced textile techniques.

2. Question 2: Which of the following smart textiles is more adequate to develop a touch sensor
in the sleeve of a jacket for controlling a mobile phone?
Please choose the one correct answer from the three choices below.
a) A piezoelectric fabric
b) A shape memory polymer fabric
c) A thermochromic fabric
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Lecture 5.4 Advanced protective textiles (biological protection,
health and safety)
Luminita Ciobanu
TUIASI

1. Textiles for Personal Protective Equipment
According to the site of the European Commission, personal protective equipment (PPE) can be
defined as “products that the user can wear or hold, to be protected against risks either at work, at
home or whilst engaging in leisure activities” [1].
Figure 1 shows a general classification of the risk factors for which PPE is required, as defined by the
new EU regulation 2016/425 [2]. Category II intermediate PPE includes all risk factors not included in
category I and category III.

Figure 1. Classification of risk factors for PPE

A general classification of PPE must take into account different criteria:
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1) Type of equipment – clothing, helmets, goggles, gloves, footwear, etc.
2) Use of equipment – work, sports and recreational activities, military and police, public health crisis
(epidemics, pandemics)
3) Scope
a) Protect the wearer from hazards
b) Protect other people from transmission (especially biological hazards)
c) Protect the environment from contamination (cleanrooms)
4) Body protection
a) Protection of body parts – head, hand/arms, eye and face, upper body, foot/leg, skin
b) Protection of body functions – respiratory, seeing and hearing
5) Type of risk factor – physical, chemical, biological, electric, heat, mechanical (see Figure 1)

2. Textiles for biological protection
Biological risk factors are defined as living or dead biological material that may have harmful effects
for humans or the environment. The European directive 2000/54/CE [4] divides biological hazards
(pathogens) into four groups, where hazards from group 3 and 4 can severely affect the health of
people. It is not only the healthcare workers that are exposed to biological hazards, but workers in
other sectors, such as researchers working with pathogens, pharmaceutical industry, food plants,
agriculture and refuse disposal plants (waste handling and sorting plants), sewage purification
installations, etc. For the working environment, PPE for biological protection overlaps with PPE for
chemical protection. Biological hazards are also specific to military activities, in war or in acts of
biological terrorism. They are a threat to the public health in case of epidemics and pandemics.
Of course, biohazards are most common in medical activities, where the risk of infection with different
pathogens (like viruses, bacteria, fungi) or of transmission from/to patients is very high. The current
COVID-19 pandemics is underlining these risks and the importance of proper and efficient PPE.
The type of PPE to be used in potentially contaminated environments depends on the characteristics
of the pathogen agents: type of transmission (airborne transmission, droplet transmission, direct
physical contact, indirect physical contact, faecal–oral transmission), infectious dose, environmental
stability, consequences of exposure and/or release, and availability of vaccines or prophylaxis.

2.1. Respiratory protection
As airborne transmission and transmission of infectious agents is common in medical facilities, as well
among population, respiratory protection is of utmost concern. Respiratory protection is also
important in working environments where particles and/or chemicals are hazardous to workers.
2.1.1. Medical face masks
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EN 14683:2019+AC defines face masks as “medical devices covering the mouth and nose providing a
barrier to minimise the direct transmission of infective agents between staff and patient”. There are
two types of medical face masks (Type I and Type II) according to bacterial filtration efficiency, whereby
Type II is further divided according to whether or not the mask is splash resistant in Type II and IIR.
Type I medical face masks should only be used for patients and other persons to reduce the risk of
spreading infections, particularly in epidemic or pandemic situations, while type II and IIR are to be
used by medical personnel (including in operating theatres). Table 1 gives the performance
requirements stated by EN 14683:2019+AC. Most important characteristics are the bacterial filtration
efficiency (BFE) and differential pressure. Filtration efficiency can also be determined for viruses (VFE).
Table 1. Performance requirements for medical face masks (EN 14683)

Characteristics

I

Bacterial filtration efficiency BFE (EN
14683)
Breathability - Differential pressure
(Pa/cm2) (EN 14683)
Splash resistance (ISO 22609:2004)
Microbial cleanliness (Bioburden) (ISO
11737-1:2018)

Mask Class
II

IIR

≥ 95%

≥ 98%

≥ 98%

< 40 Pa/cm2

< 40 Pa/cm2

< 60 Pa/cm2

Not required

Not required

≥ 16.0 kPa

≤ 30 cfu/g

≤ 30 cfu/g

≤ 30 cfu/g

2.1.2. Respirators
Respirators are respiratory protective devices used in working environments for protection against
different hazards, including biological, chemical, dust. A general EU classification of respirators [5, 6] is
presented in Figure 2. During the COVID pandemics, the filtering face pieces against particles are widely
used by medical staff, as well as the entire population, to prevent airborne and droplet transmission.

Figure 2. EU classification of respiratory devices
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The performance level for the filtering respirators is given by EN 149:2001+A1:2009, dividing the
filtering efficiency into three groups (P1, P2 and P3). Table 1 presents the performance requirements
for respiratory protective devices against particles (the standards also call them filtering half masks).
Table 1. Performance requirements for respirators (EN 149)

Testing
Leakage Total inward
leakage
Penetration
of
filter
material (EN
13274-7)
Breathing resistance

Characteristic

Respirator Class
FFP1 FFP2 FFP3
22%
8%
2%

Maximum penetration of test aerosol – NaCl, 95 Max Max Max
l/min
20%
6%
1%
Maximum penetration of test aerosol – paraffin Max Max Max
oil, 95 l/min
20% 6%
1%
Maximum
permitted
resistance
(mbar) 0.6
0.7
1.0
Inhalation, 30 l/min
Maximum
permitted
resistance
(mbar) 2.1
2.4
3.0
Inhalation, 95 l/min
Maximum
permitted
resistance
(mbar) 3.0
3.0
3.0
Exhalation, 160l/min
Flammability
When tested, the particle filtering half mask shall not burn or not
continue to burn for more than 5 s after removal from the flame. (ISO
6941)
Carbon dioxide content The carbon dioxide content of the inhalation air (dead space) shall not
of the inhalation air
exceed an average of 1.0 % (by volume).
Note: Total inward leakage (TIL) is an estimate of the performance of a respirator, which is measured as the leakage of
contaminants through the filter media and through the face seal interface and exhalation valve of respiratory protective
devices under laboratory conditions.

2.2 Body protection
Apart from respiratory protection, general medical activities and/or the presence of infectious agents
in the environment require body protection to prevent contamination and/or transmission. Protective
clothing against infective agents has two main functions: to prevent infective agents from reaching the
(possibly injured) skin and to prevent the spreading of infective agents to other people and other
situations.
2.2.1. Medical gowns
Medical gowns are garments used by medical staff during their day-to-day activities, including in places
where there is a high biological risk, such as operating theatres. There are different types of medical
clothing, including surgical scrubs (reusable)/clean air suits, isolation gowns, surgical gowns and
coveralls (suits). In the EU, medical surgical gowns, together with surgical drapes and clean air suits are
considered medical devices and regulated by EN 13795. The standardized characteristics of surgical
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gowns are presented in Table 2. It differentiates between standard and high performance, with critical
and less critical areas.
Table 2. Characteristics to be evaluated and performance requirements for surgical gowns (EN 13795)

Characteristic

Test
method

Microbial
penetration — Dry
Microbial
penetration — Wet
Cleanliness
microbial
/
Bioburden
Particle release

EN
ISO
22612
EN
ISO
22610
EN
ISO
11737-1

Liquid penetration
Bursting strength
Dry
Bursting strength
wet
Tensile
strength
Dry
Tensile
strength
Wet

EN ISO 811
EN
ISO
13938-1
EN
ISO
13938-1
EN 29073-3

EN
ISO
9073-10

EN 29073-3

Unit

CFU
IB
CFU/
100cm2

Standard performance
Critical
Less
product
critical
area
product
area
Not
≤ 300*
required
≥ 2.8*
Not
required
≤ 300
≤ 300

High performance
Critical
Less
product
critical
area
product
area
Not
≤ 300*
required
6.0*
Not
required
≤ 300
≤ 300

log10
(lint
count)
cm H2O
kPa

≤ 4.0

≤ 4.0

≤ 4.0

≤ 4.0

≥ 20
≥ 40

≥ 10
≥ 40

≥ 100
≥ 40

≥ 10
≥ 40

kPa

≥ 40

≥ 40

N

≥ 20

Not
required
≥ 20

Not
required
≥ 20

N

≥ 20

Not
required

≥ 20

≥ 20

Not
required

2.2.2. Bio/chemical suits (coveralls)
These types of clothing are included together with chemical PPE and are treated as such. They are
divided in 6 types according to the level of protection, each corresponding to a type of hazard, as
presented in Table 3. Each type of PPE can be full body (B) or partial body (PB) clothing. ISO
16602:2007+A1:2012 Performance requirements for protective clothing (Types 1 to 6) regulates the
performance of all types of protective clothing listed below. Type 3 and 4 PPE and above are best suited
for protection against infective agents, but type 5 and 6 are also used for less hazardous situations.
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Table 3. Classification of bio/chemical PPE

PPE type
Type 1
Type 2
Type 3
Type 4
Type 5
Type 6

Protection against
Gas
Liquid
Jet or splash
Spray or light splash
Airborne solid particulates (dust)
Light spray

Performance standard
EN 943-1:2015 and EN 943-2:2002
EN 943-1:2015
EN 14605:2005+A1 :2009
EN 14605:2005+A1 :2009
EN ISO 13982-1:2004 +A1:2010
EN 13034:2005+A1: 2009

PB option
No
No
No
Yes
No
Yes

In terms of biological protection, all types of bio/chemical PPE must be considered together with the
performance requirements for protection against infective agents, illustrated in Table 4 are regulated
by EN 14126:2003, as part of the requirements related to materials (together with mechanical and
flammability and chemical requirements), seams, joint and assemblages and whole suit. The standard
indicates 6 levels of performance.
Table 4. Performance requirements against penetration by infective agents (EN 14126)

Property

Standard

Resistance
to
penetration
by
contaminated
liquids
under
hydrostatic
pressure
(Hydrostatic pressure,
kPa)
Resistance
to
penetration by infective
agents
due
to
mechanical contact with
substances containing
contaminated liquids
(Breakthrough time, t,
min)
Resistance
to
penetration
by
contaminated
liquid
aerosols
Resistance
to
penetration
by
contaminated
solid
particles

ISO/FDIS
16603 and
ISO/FDIS
16604

5
14 kPa

ISO 22610

t > 75

60 < t ≤ 45 < t ≤ 30 < t ≤ 15 < t ≤ t ≤ 15
75
60
45
30

ISO 22611

Penetration ratio (log)

log > 5

3 < log ≤ 1 < log
5
≤3

ISO 22612

Penetration (log cfu)

≤1

1 < log 2< log
cfu ≤ 2
cfu ≤ 3
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Other important aspects of the PPE suits for bio/chemical protection are the seams used to create the
garments. Serged and bound seams are used for suits type 5 and 6, while more sealed seams are
needed for type 3 and 4 and above – stitched and taped or welded, to ensure there is no penetration
of a contaminated liquid. The overall design of the suits must also take into consideration details such
as hoods, cuffs, boots, etc.

3. Textile materials used for PPE for biological hazards
The type of raw material, fabric, finishing treatments/functionalization, product structure and
assembly technology depend on the type of PPE – disposable or reusable and for what type of hazard
is it used. Certain materials are patented by companies and therefore little information is available in
their case.
Regardless of structure, several material characteristics control the efficiency of the biological filtration
[7] and are to be considered when designing products for respiratory protection:
●
●
●

At fibre level – fibre length and surface and fibre absorbency
At yarn level – yarn twist
At material level – pore size, surface characteristics, fabric thickness, wicking, repellency,
penetration/permeation characteristics

Nonwovens (thermal, chemical, mechanical bonding) are most suited for disposable products, as they
are easy and cheap to produce in large quantities and are characterised by low porosity. Polypropylene
fibres (due to their low absorbency/hygroscopic behaviour) and the spunbond and spunlace
technologies are most commonly used to produce these fabrics.
Multilayer nonwovens are used for respiratory PPE and antibacterial/viral PPE clothing. Most simple
structure is SMS: an outer layer of spunbond (S), a middle layer of meltblown (M) and an inner layer
of spunbond (S). These very thin layers are made of polypropylene, though other raw materials are
used to a lesser degree. The spunbond layers give mechanical strength, while the middle layer ensures
the protection against particles, as meltblown layers are made of finer nano fibres and the pore
dimension is smaller [8]. For increased filtration characteristics, the meltblown layer is electrically
charged (Corona treatment). Finishing treatments can be used to control characteristics required for
protection, such as alcohol and blood repellence, resistance to hydrostatic pressure, and flammability.
Different successions of layers can be employed to develop multilayer fabrics that will respond to
requirements, like SMMS, SSMSS or SSMMSS. A carbon layer can also be added to ensure increased
filtration efficiency.
For environments with high viral charge, such is for medical staff working with contagious patients, the
nonwoven support (spunbond) can be coated/laminated with a film, commonly polyethylene (PE) and
PTFE. The resulting composite materials are waterproof and impervious to viruses/bacteria, but
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present poor comfort characteristics. In order to improve comfort, microporous membranes were
developed. This type of coated/laminated materials, developed by different companies (3M, DuPont,
Lakeland, Micrograd, Dereduck, etc.) satisfy the requirements of EN14126.
Electrospinning has already shown excellent potential for medical applications, including tissue
engineering and regenerative medicine. Electrospun materials (solvent electrospinning) have been
developed as nanofibrous membranes for PPE for biological protection with the advantage of
controlling pore and fibre size at nano level [9]. These microporous membranes require a textile
support and exhibit excellent filtration efficiency (due to their high area to volume ratio) and
breathability resulting in increased comfort for the users.
Reusable PPE use tight woven fabrics made of cotton, PES or cotton/PES blends, as they must
withstand several washing cycles.

4. Functionalization of textiles for biological protection
In order to enhance their antimicrobial characteristics, all these materials are subjected to
functionalization, as will be discussed in the following. Antimicrobial treatments are common for the
products used for medical textiles, including equipment for biological protection (protective garments,
masks) [10, 11]. The antimicrobial treatments should also satisfy the following requirements [10]:
suitability to textile processing; durability to laundering, dry cleaning and hot pressing; being ecofriendly; no modification of the quality or appearance of the textile product. There is a large range of
antimicrobial agents, most of them destroying the pathogens (biocides), while others inhibit the
growth of microorganisms (bacteriostatic activity). The main groups of antimicrobial agents are listed
below in Table 5.
Table 5. Main antimicrobial biocide agents used for protective equipment

Antimicrobial agent
Protection against
Observations
Quaternary ammonium compounds large range of gram Losing in time the biocidal
(QACs) are cationic agents attachable positive/negative bacteria, effect due to the lack of
to the anionic fibre surface through fungi and certain viruses
physical bonding
ionic interaction

Triclosan is a synthetic chlorinated large range of gram
bisphenol used mostly for chemical positive/negative bacteria,
fibres
and certain fungi and
viruses
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Metals and metallic salts based on large range of gram Difficult textile processing;
very low concentrations of silver positive/negative bacteria
problems
related
to
(most effective), zinc, copper, cobalt
sustainability

Chitosan is a natural copolymer large range of gram Poor handling;
resulting from the deacetylation of positive/negative bacteria
depending on
chitin. Used by itself or with other
temperature
antimicrobial agents (to increase
efficiency)

efficiency
pH and

N-halamines are heterocyclic organic large spectrum of bacteria, Long-term stability and low
compounds
fungi and viruses
cost, possibility of constantly
recycling their antimicrobial
effect by recharging the
inactive substance

Natural-based agents are obtained large range of gram No
adverse
reactions,
from plants (terpenoids, lectins and positive/negative bacteria, complete biocompatibility
polypeptides, flavonoids, quinones, fungi and viruses
tannins, coumarins)

There is a large range of antimicrobial treatments currently developed, presented schematically in
Figure 3, that can be divided into depositing antimicrobial agents (AG) on the materials (fibres, yarns,
fabrics) and incorporating the AG in the polymer matrix. Surface grafting is the most common
treatment, well developed for textile functionalization. Plasma-induced grafting is a viable alternative
to the problems related to the wet processing used for chemical grafting. In respect to AG
incorporation in polymer matrixes, there are already a number of antimicrobial fibres on the market
[10].
HeiQ Viroblock NPJ03 [12] is an example of a microbial agent (silver particles and vesicle technology)
that inhibits the growth and persistence of bacteria and viruses. The vesicle technology targets lipidenveloped viruses, such as coronavirus, providing rapid virus deactivation, while the silver technology
inhibits the replication of both bacteria and viruses. The Viroblock agent proved very efficient when
used in respiratory protection against SARS-COV-2.
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Figure 3. Antimicrobial textile treatments

The use of nanoparticles shows an interesting potential for antimicrobial treatments, as the control
over antimicrobial and other characteristics can offer tailored and unique properties. This type of
membrane is still in the development phase, but their potential for efficient respiratory protection has
already been proven.
De Sio et al. present the concept for the development of multilayer membranes with light-triggered
self-disinfection ability [13]. The multifunctional membranes are characterized by the presence of
nano-clusters and plasmonic nanoparticles arranged in a hierarchical structure. Another example of
nanofibrous membranes exhibiting rechargeable antibacterial and antiviral activities under daylight is
based on the idea of storing reactive oxygen species during the day and releasing them later [14].
In another example, De Mayo et al. [15] demonstrates the capacity of bidimensional nanoparticles
such as Graphene nanoplatelets (G) and the derivative Graphene oxide (GO) to interact with and bind
microorganisms as well as RNA and DNA with potential applicability in respiratory protection for cotton
and polyurethane materials.
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Questions for the evaluation of the lecture

1. Question 1: What are the characteristics in evaluating the performance of medical face masks?
Please choose the one correct answer from the three choices below.
a) Bacterial filtering efficiency and breathability-differential pressure
b) Splash resistance
c) Microbial cleanliness

2. Question 2: What is an SMS material?
Please choose the one correct answer from the three choices below.
a) SMS is a 3-layer material, inner and outer layer made of spundbond nonwoven and an
intermediate meltblown layer
b) SMS is spunlace nonwoven
c) SMS is a tight woven fabric
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Lecture 6 .1. Market opportunities in Africa and US
Matteo Paradisi
CIAPE

1. General introduction on Textile and Clothing market opportunities in the
World
1.1. Some key-trends
It is expected that the demand of textile products will grow up over the next years [1] thanks to:
-

increase of income
increase of population and urbanisation in emerging markets [2] (China, India, exc.)
the growing numbers of retail outlets and supermarkets will allow an easy availability of clothing
products to clients.

All these drivers will lead to a growth of the textile and clothing market in the next few years.
Some key-trends
-

-

-

Technical textile is expected to emerge as a major product in the overall textile sector as well as
the advanced materials industry owing to its rapidly rising application scope across various enduse sectors especially automotive and construction
Rapidly expanding textile sector owing to growing penetration of textile products in broader range
of applications is leading the global players to integrate across the value chain in both directions
covering production of precursor material stage to the distribution of the final products
Impact of COVID-19 has severely impacted the textile industry both from the demand as well as
the supply side. The production has been impacted owing to global supply chain disruption while
on the other hand demand is impacted due to economic crunch across the globe

2. Focus on Africa Economic Outlook
2.1. General overview of textile sector in Africa
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The textile and fashion sector will have a generalized growth in Africa, both in terms of consumption
and production [3]. With regard to this last aspect, today many African countries are adopting district
creation policies that offer competitive advantages compared to other areas of the world, due to both
the lowest cost of labour internationally offered by the African continent, both for the increasingly
significant need to diversify the production chains (also in the light of Covid-19).
The continent’s impetuous demographic growth means that millions of people enter the job market
every year and that governments become a priority to respond to the growing supply of employment.
Textiles are among the production sectors identified by African governments as the best for the
workforce / specialization absorption ratio [4]. Another advantageous element, in the light of the trade
tensions that have emerged in recent years and which seem to be alone in the future destined to
increase, is the fact that almost all African countries enjoy preferential agreements for exports to
important markets, such as the US and the EU [5]. Even as a market in the medium to long term, Africa
will develop more and more, in parallel with its economic growth (for the past 15 years it has been the
second largest region of the planet for economic growth after Asia) and the rise of the middle class.
The African luxury goods market [6], although still relatively small in size, is one of the most growth a
global level, even if the wealthier Africans citizens prefer to shop abroad (in Dubai, New York or the
large European capitals). Two major trends have emerged and are extensively underway for the
medium-high end of the African market: online sales and shopping centres. The large-scale retail trade
is concentrated at the moment mainly in food, but in some countries the offer in textile is getting more
and more aligning with international standards. For the medium-low segments of the market
(numerically preponderant) Chinese low-cost products e import and second life used in clothing
dominate the market.
However, these are trends that will go to run out:
-

governments aim to support local industrialization and production, by fighting more and more
import processes;
African governments are fighting against the import of used clothing.

Additional elements of relaunch:
-

Africa is becoming fashionable and trend in style;
Africa is more and more improving in organic production and in sustainable production;
Looking ahead, the pandemic shock could act as a progressive accelerator displacement of the
centre of gravity of the global value chains towards Africa, benefiting from the good demographic
dynamics and the infrastructural development of part of the continent.

Within these general trends, two countries have been identified which stand out by tradition: Ghana
ed Ethiopia.
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2.2. Focus on Ghana
It is an early-stage market, but with interesting opportunities. Ghana is one of the countries with the
greater political stability of the continent and for years has the best Doing Business ranking of all of
Africa Western. The latest governments stand consistently pushing for a deep economic diversification
and a growth in industrialization. Ghana also plays a crucial role to the regional integration processes
of West Africa and it is perhaps the main gateway to the region, with its 350 million people. Here the
manufacturing sector is booming. In addition, the AfCFTA is contributing to decrease the tensions
between Ghana and neighbouring Nigeria and that could open spaces to enter the Nigerian market.
Fashion & Textile is a market in the initial phase. Currently this sector sees the preponderant presence
of the informal both in the production than in consumption, but the Country presents medium-longterm prospects very interesting in both of them. With regard to the production, Ghana can rely on the
presence of important raw materials such as cotton, leather (although currently they are not wellvalorised).
With regard to fibres and fabrics they were re-launched by private individuals or by the government
through some initiatives such as improvement of the Volta Textiles group or the African European
Textiles. Regarding the packaging in Ghana, we have the preponderance of handmade / local
production. Talking about industrial level of production it highlights the advantage of enjoying a better
positioning on the local market, but it also stands out fierce competition on low-cost segments.
Opportunities for the textile industry are definitely a chance to aim at a grower regional market, but
also the preferential access lines and duty free to certain important markets; first of all the United
States thanks to African Growth and Opportunity Act (AGOA). In reverse, the risks associated with the
sector are represented by a poor training local staff technique, the upgrade technology, including the
needs of ensuring adequate quality controls.
In terms of technological supply, the main market is represented by cheap machinery coming from
China and India. The local market is looking at lower levels of industry by focusing on cheap products
from Asia or a second-hand market, while the upper segments prefer to shop in the big European or
international capitals.

2.3. Focus on Ethiopia
With over 100 million inhabitants and a population growth rate among the top ten states in the world,
Ethiopia is the one of the biggest countries in Africa by number of the people. In addition it has a young
population, a pro income capita in strong growth, a low cost of labour and a strategic geographical
position.
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The challenge for the country will be to continue on the road of the rapid growth recorded in the last
decade following a different development model, able to stimulate competitiveness of the economy
by privileging private initiative. The plan provides rapid industrialization and a structural
transformation of the Ethiopian economy that puts it as an industrial and manufacturing global hub.
Industrial Parks and Free Zones to attract investors and to create the so-called Value Chains and focus
on exports. On the other side, the new administration aims to open (gradually) the national economy
(so far very linked to public or semi-public national companies) to the international market. The textile
sector has been identified as one priority by the government. Ethiopia is a promising country for the
future of clothing production, considering the young age of its population (110 million inhabitants),
solid growth prospects, cheap labour costs and preferential conditions in trade with the United States
and European Union.
Foreign direct investment in the textile and clothing sector are growing, as well as exports. Companies
see in Ethiopia a potential new destination with low supply cost where production can be set in
accordance with international standards. The country, the region and the entire continent represent
the future market of expansion for consumption.
However, the country also offers challenges, both in terms of commercial and in terms of
environmental sustainability. Cotton, fabrics and accessories must be imported and the regulations on
import-export are not always of simple understanding. Problems with logistics, relatively unskilled
workers could lead to low quality product and long time in delivering.

3. US market penetration
3.1. Market overview
The textile industry in North America is estimated to grow at a CAGR of 3.21% over the forecast period
of 2019-2024.
-

-

-

The US is a major market in the North American textile industry. North America as a whole
accounted for more than 41% of the exports in the global textile industry in 2018. The technical
textiles industry in North America is one of the largest in the world.
Trade agreements, particularly NAFTA and the CBI agreements, have caused revision in
business strategies. NAFTA (the North American Free Trade Agreement) is the most prominent
one and concerns primarily Mexico, Canada, and the United States.
The CBI (Caribbean Basin Initiative) involves more than a dozen near-by countries and allows
US textiles or components to be shipped for sewing and fabrication and shipped back with
duties only on value added.
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3.2. Key market trends
Technical textile industry in North America
-

-

-

-

-

The technical textiles industry in North America is one of the largest markets in the globe.
Majorly the non-woven fabrics are expected to drive the textile market over the forecast
period.
The end use markets for non-woven textiles are classified as either disposable or durables. The
disposable end use markets are made up of product categories such as absorbent hygiene,
wipes, filtration, medical and surgical and protective apparel, while the durable end use
markets are comprised of geo-synthetics, home and office furnishings, transportation, building
construction, and other durables.
Nonwovens are being used to make products lighter, more efficient, and cost-effective. More
and more of these lighter and long-lasting non-woven fabrics are being introduced in a variety
of fields including packaging and autos.
The specialty and industrial fabrics serve an array of markets, everything from awnings to auto
airbags. As the U.S. specialty fabric business has continued to grow, some areas are seeing
rapid advancement, for example, the base fabric used in road construction, erosion control,
and spoil containment in landfills. Automotive textiles represent the most valuable world
market for industrial textiles.
Also, medical textiles are one of the most important, continuously expanding and growing
fields in technical textiles. The medical textile industry has been improving existing products
and creating new ones with new materials and innovative designs. Some of these new
products are being designed for less invasive surgical procedures, infection control, and
accelerated healing.

Expansion of United States Textile Industry
-

-

-

-

The U.S. textile industry supply chain—from textile fibers to apparel and other sewn
products—employed 594,147 workers in 2018. The U.S. government estimates that one textile
manufacturing job in this country supports three other jobs.
U.S. textile and apparel shipments totalled USD 77 billion in 2018 and it is the fourth largest
exporter of textile-related products in the world. Fibre, textile and apparel exports combined
were USD 30 billion in 2018.
Excluding raw cotton and wool, half of U.S. textile supply chain exports went to our Western
Hemisphere free trade partners in 2018. The entire U.S. textile supply chain exported to more
than 200 countries, with 27 countries importing more than USD 100 million
The United States is the world leader in textile research and development, with the U.S. textile
complex developing next-generation textile materials such as conductive fabric with antistatic
properties, electronic textiles that can monitor heart rate and other vital signs, antimicrobial
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-

fibres, lifesaving body armour, and new fabrics that adapt to the climate to make the wearer
warmer or cooler.
The U.S. textile industry invested approximately USD 23 billion in new plants and equipment
from 2006 to 2017. Recently U.S. manufacturers have opened new facilities throughout the
textile production chain, including recycling facilities to convert textile and other waste to new
textile uses and resins. U.S. textile mills have increased labour productivity by 60% over the
last two decades.

3.3. Preliminary approach to US market
The United States is a large, complex and highly competitive market, very different from other markets.
So, it is very important to not underestimate this diversity in terms of business habits, tastes and style.
Successes and experiences acquired in other countries do not guarantee similar results in the USA.
Succeeding on the American market requires planning, patience, research and continuous
management, resources and skills that are essential for accessing the market and consolidating the
position. Preliminary aspects to take into the account:
-

Preliminary in-depth analysis
English language
Experience in export
Technical standard, certification
Knowledge of local businesses
Consumers habits
Logistics: delivery timing
Post-sales assistance
Social media and digital communication
Marketing strategies
Storytelling
Direct supervision of the market with continuous presence
Long-term approach

3.4. Key factors for success
The key factors of success can be summarized in quality, cost, time, flexibility, location, reputation and
research.
-

Quality: In the United States, quality products are now seen as the norm. Customers will not
tolerate clothes made of poor materials, which break easily or which do not stand the test of
time.
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-

-

-

-

Cost: in view of the huge number of suppliers around the world competing to reach American
customers, having competitive prices is also very important. This is certainly a problem for
those manufacturing companies that have a high labour cost and that produce goods of a
quality level similar to that offered by nations that benefit from low labour costs.
Timing: the time factor consists in the ability to quickly fulfill an order, in delivering on time
and in the ability to introduce new products according to customer requests. Styles and trends
change rapidly and distributors in the United States require considerable responsiveness to be
able to meet this demand.
Flexibility: to meet these needs, the customer's flexibility in reacting quickly to changing
consumer needs plays an important role.
Location: the location factor consists in being a neighboring country. This factor could affect
both cost savings (lower transport costs and lower tariffs) and time.
Reputation: accompanying business with a post-sales service is certainly a quality that the
American market (extremely customer service oriented) appreciates. Retailers expect their
suppliers to offer them a high level of professionalism. In the event that this professionalism
is not found, they will easily look in another direction.
Research: perhaps the most important aspect is precisely that of carefully researching which
market to target, with its related needs. The search for potential distributors before entering
the market is also essential.

3.5. Main characteristics of the import, distribution and sales channels
-

-

Buyer: resource within a distribution company responsible for the acquisition of goods and
services essential for commercial activity
Participation in specialized trade fairs: it is an effective way of approaching the market to acquire
new contacts or consolidate the presence in the important appointments for the reference sector
Agents / brokers: an agent or a broker has powers of representation and promotes the product
by facilitating the stipulation of sales contracts with local distributors or final buyers
Joint venture: setting up a joint venture has the advantage of making use of the market and
marketing knowledge of an American partner
Licensing: the foreign company grants a local company a license for the use of its brands, patents
and technological know-how, in exchange for royalties and / or other financial benefits
E-commerce: allows to get in direct contact with the final consumer. While avoiding the traditional
distribution chain, savings on traditional costs are usually reduced. On the other side there is an
increase in costs related to digital marketing and logistics solutions to visibility and ability to reach
the customer by ensuring high quality standards in the service. Fundamental investments in
specific skills are needed compared to traditional trade
TV sale channels: their use is relevant in the sales strategy of medium-large companies not well
established in the market. It is a very strategic way to reach numerous buyers
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-

Franchising: it is a channel that can allow rapid growth in the market but it is necessary to invest
in terms of time and have a brand already known internationally
Public contracts: each state, county and municipality of different size has public contracts

4. References

[1] Grand View Research. News from the book Textile Market Size, Share & Trends Analysis Report By
Raw Material (Wool, Chemical, Silk), By Product (Natural Fibers, Polyester), By Application
(Household, Technical), By Region, And Segment Forecasts, 2021 – 2028. Grandviewresearch.com.
[Online]
Available:
https://www.grandviewresearch.com/industry-analysis/textile-market
[Accessed: May.27.2021].
[2] OECD (2020), “Business Insights on Emerging Markets 2020”, OECD Emerging Markets Network,
OECD Development Centre, Paris. [Online]. Available: http://www.oecd.org/dev/oecdemnet.htm
[Accessed: May.27.2021].
[3] Servizi. E-AFRICA Business Lab. ITA Italian Trade Agency. [Online] Available:
http://www.exportraining.ice.it/it/attivita-e-servizi/lista-corsi/369-africa-business-lab.html
[Accessed: May.27.2021].
[4] Groupe de La Banque Africaine De Développement (2018.08.22) Textile and Clothing industries
can drive Africa’s industrialization, benefit women. Afdb.org. [Online] Available:
https://www.afdb.org/fr/news-and-events/textile-and-clothing-industries-can-drive-africasindustrialization-benefit-women-18427 [Accessed: May.25.2021].
[5] USAID East Africa Trade and Investment Hub. Overview of the Cotton, Textile and Apparel Sectors
in East Africa Region (Kenya, Uganda, Tanzania, Ethiopia, Madagascar and Mauritius) and
Benchmarking with Sri Lanka and Bangladesh. February 2018
[6] McKinsey & Company. The State of Fashion 2019 – The Business of Fashion and McKinsey &
Company, 2019
[7] Mordor Intelligence. News from the book North America Textile Industry – Growth, trends, covid19 impact and forecast (2021-2026). Mordorintellegence.com. [Online]. Available at:
https://www.mordorintelligence.com/industry-reports/north-america-textile-industry---growthtrends-and-forecast-2019-2024 [Accessed: May.27.2021]

Unit 6 Current Management and Marketing of T&C Industries in a Global Environment

Page 361

This project has been funded with support from the European Commission. This publication reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein

Unit 6 Current Management and Marketing of T&C Industries in a Global Environment

Page 362

This project has been funded with support from the European Commission. This publication reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein

Questions for the evaluation of the lecture

1. Question 1: Which are the two emerging trends for the medium-high end of the African
market?
Please choose the one correct answer from the three choices below.
a) online sales and shopping centres
b) online sales and second-hand clothes
c) second-hand clothes and shopping centres

2. Question 2: Please identify key factors for success in US market
Please choose the one correct answer from the three choices below.
d) quality, cost, time, flexibility, location, reputation and research
e) quality, cost, time, location and research
f)

quality, cost, standardization, location, reputation and research
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Lecture 6.2 Competition in a globalized environment
Matteo Paradisi
CIAPE

1. Competitiveness and innovation
1.1. Competitiveness and sustainable competitiveness
Recently due to the competition, which is getting more intense in the regional markets and in the
global market as well, the concept of competitiveness [1] has attracted special attention from scientists
and economists. The concept of competitiveness is used in political and scientific societies; that is why
it has a lot of meanings.
The concept of competitiveness in the literature has been explained well by many authors and in most
cases, they define the term based on the context of their point of interest. Some academic literature
demonstrates that while competitiveness is a major issue it has still not been well defined. Yet
competitiveness remains an important measure of benchmarking economic performance.
Competitiveness is the ability to provide products and services as or more effectively and efficiently
than the relevant competitors. Competitiveness usually refers to advantage obtained through superior
productivity of goods and or services and therefore this definition conceptualized as the firm’s ability
to remain in markets under conditions of almost free competition (Sanchez, Ron 2004).
Sustainable competitiveness
The concept of sustainable competitiveness [2] places more emphasis than the concept of sustainable
development does on the importance of productivity as a driver of prosperity and long-term growth.
We can define sustainable competitiveness as the set of institutions, policies, and factors that make a
nation productive over the longer term while ensuring social and environmental sustainability. Social
sustainability, in turn, is defined as the institutions, policies, and factors that enable all members of
society to experience the best possible health, participation, and security; and that maximize their
potential to contribute to and benefit from the economic prosperity of the country in which they live.
Fundamental to the concept of sustainable competitiveness is the notion that, although
competitiveness can be equated with productivity, sustainable competitiveness can be linked to a
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broader concept that focuses on aspects that go beyond mere economic outcomes to include other
important elements that render societies sustainably prosperous by ensuring high-quality growth.

1.2. Innovation as driver to compete in the globalization
Definition of innovation [3]
According to the official definition of OECD Oslo Manual, “An innovation is a new or improved product
or process (or combination thereof) that differs significantly from the unit’s previous products or
processes and that has been made available to potential users (product) or brought into use by the
unit (process)”.
Innovation is central to improvements in living standards and can affect individuals, institutions, entire
economic sectors, and countries in multiple ways. Sound measurement of innovation and the use of
innovation data in research can help policy makers better understand economic and social changes,
assess the contribution (positive or negative) of innovation to social and economic goals, and monitor
and evaluate the effectiveness and efficiency of their policies (OECD, 2010).
Innovation is more than a new idea or an invention. An innovation requires implementation, either by
being put into active use or by being made available for use by other parties, firms, individuals or
organisations.
The economic and social impacts of inventions and ideas depend on the diffusion and uptake of related
innovations. Furthermore, innovation is a dynamic and pervasive activity that occurs in all sectors of
an economy; it is not the sole prerogative of the Business enterprise sector. Other types of
organisations, as well as individuals, frequently make changes to products or processes and produce,
collect, and distribute new knowledge of relevance to innovation.
Innovation occurs in all of the four broad sectors of an economy, as defined by the United Nations’
(UN) System of National Accounts (SNA):
✔ Business enterprise;
✔ General government;
✔ Households;
✔ Non-profit institutions serving households;
The main characteristics of innovation
The conceptual foundations for innovation measurement are primarily derived from the management
and economics disciplines. Management perspectives on innovation cover how innovation can change
a firm’s position in the market and how to generate ideas for innovation. Economic perspectives
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examine why organisations innovate, the forces that drive innovation, the factors that hinder it, and
the macroeconomic effects of innovation on an industry, market or economy.
Innovation is not a linear, sequential process, but involves many interactions and feedbacks in
knowledge creation and use. In addition, innovation is based on a learning process that draws on
multiple inputs and requires ongoing problem-solving. The systems perspective of innovation calls for
multidisciplinary and interdisciplinary approaches to examine the interdependencies among actors,
the uncertainty of outcomes, as well as the path-dependent and evolutionary features of systems that
are complex and non-linear in their responses to policy intervention.
Knowledge
Innovations derive from knowledge-based activities that involve the practical application of existing or
newly developed information and knowledge. Information consists of organised data and can be
reproduced and transferred across organisations at low cost. Knowledge refers to an understanding of
information and the ability to use information for different purposes. Knowledge is obtained through
cognitive effort and consequently new knowledge is difficult to transfer because it requires learning
on the part of the recipient. Both information and knowledge can be sourced or created within or
outside a relevant organisation.
Novelty with respect to potential uses
Knowledge can be used to develop new ideas, models, methods or prototypes that can form the basis
of innovations. These can be sourced externally or developed within an organisation. The novelty of
an innovation is related to its potential uses, as determined by the characteristics of a product or
process compared to alternatives, and by the previous experiences of its provider and intended users.
Implementation and actual use
In order for a new idea, model, method or prototype to be considered an innovation, it needs to be
implemented. Implementation requires organisations to make systematic efforts to ensure that the
innovation is accessible to potential users, either for the organisation’s own processes and procedures,
or to external users for its products. The requirement for implementation is a defining characteristic
of innovation that distinguishes it from inventions, prototypes, new ideas, etc.
Value creation
Viewed as an economic activity, innovation requires resources that could be used for other purposes.
The existence of opportunity costs implies the likely intention to pursue some form of value creation
(or value preservation) by the actors responsible for an innovation activity. Value is therefore an
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implicit goal of innovation, but cannot be guaranteed on an ex-ante basis because innovation
outcomes are uncertain and heterogeneous.
User needs and relevance of statistical evidence on innovation
User needs drive the construction of a system for measuring and reporting innovation and the
subsequent production of innovation data, statistics, indicators, and in-depth analyses of innovation
activities. There is widespread interest in understanding what drives firms, communities and
individuals to innovate and the factors that influence their innovation activities. The relevance of
innovation data for understanding innovation processes and drivers can vary across countries,
industries and institutional settings.
There are three main current or potential users of innovation data:
✔ Academics;
✔ Managers;
✔ policy makers or policy analysts.
Innovation types by object: Product and Business Process innovations
There are two major types of innovation by object:
✔ innovations that change the firm’s products (product innovations)
✔ innovations that change the firm’s business processes (business process innovations).
Product innovation
A product innovation is a new or improved good or service that differs significantly from the firm’s
previous goods or services and that has been introduced on the market.
The term “product” is defined in the System of National Accounts and encompasses both goods and
services. Products are the economic output of production activities. They can be exchanged and used
as inputs in the production of other goods and services, as final consumption by households or
governments, or for investment, as in the case of financial products. Product innovations must provide
significant improvements to one or more characteristics or performance specifications. This includes
the addition of new functions, or improvements to existing functions or user utility. Relevant functional
characteristics include quality, technical specifications, reliability, durability, economic efficiency
during use, affordability, convenience, usability, and user friendliness.
Product innovations can involve two generic types of products: goods and services.
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The dividing line between goods and services can sometimes be difficult to establish and some
products can have characteristics of both. A company can sell goods to its customers or rent their use
as a service, as is often the case for durable consumer goods and for assets for business production.
Business process innovation
A business process innovation is a new or improved business process for one or more business
functions that differs significantly from the firm’s previous business processes and that has been
brought into use in the firm.
The term business process includes the core business function of producing goods and services and
supporting functions such as distribution and logistics, marketing, sales and after-sales services;
information and communication technology (ICT) services to the firm, administrative and management
functions, engineering and related technical services to the firm, and product and business process
development. Business processes can be delivered in-house or procured from external sources.

2. Competition in the textile sector
2.1. The impact of globalisation in the textile and clothing production
Over the last years textile industry has become a global phenomenon, and, due to its complex
connections with many other areas including manufacturing, advertising, production of raw materials,
transport and retail, has pushed companies to expand worldwide and to constantly seek new markets.
The system of production and consumption of textiles is highly globalised with millions of producers
and billions of consumers spread across the world in highly linear value chains involving raw material
extraction, production, transportation, consumption and after‐use disposal.
Current production of textiles and clothing is characterized by the existence of several actors of
different sizes, in geographically dispersed locations [4]. It also includes production stages and various
activities to be carried out in a well-known order, in a limited period of time [11]. Textile and clothing
industry is characterized by high volatility, low predictability [12], as well as generally low profit
margins. Subcontracting is a frequent action in this industry.
Depending on the market to which it is addressed, it can be said that the textile and clothing sector is
divided into two main categories, each with its specific characteristics:
✔ In the market of quality products, the modern technology industry is characterized by a high
degree of flexibility, and relatively well-paid designers and workers. The competitive
advantage of the firms in this market segment, excluding the cost effectiveness, is related to
their ability to produce designs based on customer preferences, or influencing their choices.
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The basic functions of companies serving this market segment is largely found in developed
countries and frequently in limited geographical areas or clusters in these countries
✔ Firms oriented towards mass production or standard products are encountered particularly in
developing countries. The labour force is usually semi-skilled or unskilled, poorly paid and
mainly consists of women. These companies collaborate with retailers that have very high
purchasing power.
Given the globalized nature of the industry, companies and retailers must transport their goods and
raw materials across many countries. In addition, clothing collections change quickly: their lifecycle is
short and their commercialization is characterized by strong seasonal peaks. In this sense, textile
logistics are characterized by small stocks and short delivery times [5]. These goods and raw materials
are usually transported using a combination of land, sea, and air. Within this trade logistics context,
strong multimodal interlinkages are key to ensure just in time delivery.
E-commerce developments have further accentuated time-related logistics requirements, such as next
day delivery, as well as the capacity of handling a large volume of returns and offering the possibility
for manufacturers and dealers to check the location of their articles at any time.

2.2. The challenge for the future: moving to a circular production and
consumption system for textiles
The European Commission has identified textiles, clothes and fabrics, as a priority product category
that has significant potential for circularity (EC, 2019b). Additionally, the 2018 Circular Economy
Package and WFD contain a requirement for all Member States to implement the separate collection
of textiles by 2025 and to ensure adequate end-of‐life treatment.
According to the main policy makers and players of the sector, the future of the textile industry lies in
moving from a linear to a circular production, in order to be sustainable and in line with the future
trends [6]. What does circular production mean?
The Ellen MacArthur Foundation describes a sustainable, circular textiles system as a system “… that
is restorative and regenerative by design and provides benefits for business, society and the
environment. A system in which clothes, fabric and fibres are kept at their highest value during use,
and re‐enter the economy after use, never ending up as waste” [7]

A shift towards a sustainable and circular textiles’ system requires a profound systemic change rather
than just small‐scale initiatives and isolated success stories [8]. A circular system requires [9]:
✔ innovative production methods,
✔ new business models,
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✔ more sustainable behaviour
✔ supporting policy measures at all stages of the value chain.
Circular business models aim to create viable business offerings, while reducing the input of primary
resources and the production of waste by, for example, focusing on reusing products and materials
(OECD, 2018). In order to move production and consumption of textiles towards circularity, all players
in the value chain need to change their behavioural patterns and ways of thinking and working.
Key points for circular production
Choice of materials
The first step is about the choice of the materials. Different fibres are produced from different
resources and thus have different environmental and climate impacts.
For natural fibres, such as cotton, an improvement of agricultural practices is needed in order to reduce
the pressures on land and water resources. Cotton farming also is a large user of fertilisers and
pesticides, potentially polluting the surface and groundwater through runoff. Sustainable cotton
production means a more efficient use of water and agrochemicals, a shift to the use of less toxic
chemicals and the implementation of farming techniques that conserve soils, such as composting, crop
rotation and reduced tillage.
For synthetic fibres environmental impacts are mostly related to energy‐use and the use of fossil
resources as feedstock for production. By using recycled fibres, energy use and resource use can be
significantly lowered, providing both environmental and economic benefits. Recycling processes
generally use less energy than production processes for new materials.

Design
The design step is important as much as the choice of materials for the proper development of a
circular value chain for textiles. Indeed, very often in the design phase can be established the potential
for circularity in later stages of the product’s lifecycle. In general, product design should aim to
facilitate:
long use,
- reparability and reuse
- efficient production processes
The concept of longevity is essential in designing products. This concept can be summarised into three
designs principles:
✔ design for durability: creating products that are resilient to wear and tear
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✔ design for long-lasting style: creating products that users will wear for a long time. It means
taking into account behaviours and preferences of users in terms of style and changing fashion
[10].
✔ design for disassembly: assembling products in a way that can be easily taken apart to facilitate
maintenance, repair, component reuse and/or recycling.
One more way to increase the longevity of products is their personalisation. Adding a personal touch
to clothes can push users to keep their clothes for a longer time. It is proven that personalised designs
increase the emotional attachment of users to their clothes. They are more stimulating to repair rather
than throw away.
In order to improve this trend, new business models can be developed where consumers play a more
active role in designing. The concept of a prosumer (producer and consumer) is coming to the light
when the consumer is actively involved in different phases.
Production and distribution stages
An essential step for the future is to move toward a sustainable and circular production process. It
should be:
-

-

resource efficient: reducing production waste and energy, material and water needs of the sector,
while switching to healthy and renewable materials and energy at the same time, would reduce
the environmental impact of the textile industry.
avoiding overproduction. Overproduction makes enormous amounts of unused clothing articles
ending up as waste. In order to avoid it, one solution is to move from push to pull sales models
and support companies to deploy demand‐driven production models. The online retail and the
new technologies can help in improving the production process and in avoiding overproduction.

Use stage
One more important step is reducing the volume of textiles purchased. In order to do that it is essential
to encourage shared use, longer use and reuse of clothes. As a consequence, the need for resources,
production and distribution would be reduced by avoiding the environmental and climate negative
impacts. At the same time, the intensity of textile utilisation would increase, as items would be used
for longer, more often or by more people. Of course, this concept is linked to the quality of material
and design: clothes need to be more durable, easy to maintain and repair. And it is linked as well to
consumers' behaviours. Very often consumers are not aware of the full environmental and social
impacts of the textiles they buy, due to the complexity of global supply chains. They must be educated
on the importance of their own role in reducing environmental and climate impacts in this chain.
Collection, recycling and waste treatment stages
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Collecting, recycling and waste treatment represent the final step. Over the last years many players
(both public and private) have been involved in such activities.
The development of large‐scale separate collection systems, combined with manual and automatic
sorting processes, is a crucial step for improving textile recycling. Moreover, it is important to
implement waste collection awareness campaigns in order to educate consumers about the
importance of separate waste textile collection. Nowadays many companies often try to motivate
customers to return old clothes by offering reduction vouchers for new purchases or other types of
discounts. On the other hand, many charity organisations implement campaigns for disadvantaged
people.
A good idea is the introduction of the Extended producer responsibility (EPR) concept in the textile
sector. Extended Producer Responsibility (EPR) is a policy approach under which producers are given
a significant responsibility – financial and/or physical – for the treatment or disposal of post-consumer
products. Assigning such responsibility could in principle provide incentives to prevent wastes at the
source, promote product design for the environment and support the achievement of public recycling
and materials management goals (OECD). The introduction of EPR could facilitate collaboration among
different players in the sector, by leading to conscious material choices and design‐for‐recycling efforts
(EEA, 2014).
In case clothes can’t be reused, an alternative is the reuse of material. A typical application for waste
clothes is to cut them up into industrial rags and cleaning cloths. Over the last years many waste
materials have been reused to create a totally new and better product.
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Questions for the evaluation of the lecture

1. Question 1: What are the main characteristics of innovation?
Please choose the one correct answer from the three choices below.
a) Knowledge; novelty with respect to the potential uses; implementation and actual use; value
creation
b) Knowledge; implementation and actual use; value creation
c) Knowledge; novelty with respect to the potential uses; value creation

2. Question 2: What are the key points for circular textile production?
Please choose the one correct answer from the three choices below.
a) Choice of materials; design; production and distribution stages; use stage; collection, recycling
and waste treatment stages
b) Choice of materials; production and distribution stages; use stage; collection, recycling and
waste treatment stages
c) Choice of materials; design; production and distribution stages; collection, recycling and waste
treatment stages
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Lecture 6.3 Logistics and Supply Chain Management
Melina Azariadi, Tia Bilali
CRE.THI.DEV

1. Introduction to logistics
The term logistics is stated as:
1. the process of planning, implementing and controlling efficient and effective flow and storage of
goods, services and related information from point of origin to point of consumption in order to fulfil
customer requirements [11]
2. managing the flow of information, money and ideas through coordination of supply chain processes
and through strategic addition of place, period and pattern values.

1.1. The material flow and the information flow
The material flow aims to be a continuous and synchronous flow which assists the company in avoiding
narrow processes, intermediate inventory, failure of process completion, unnecessary interruptions
management, on-time delivery and proper sequence. An effective material flow enhances competitive
advantage for the company. The reduction of inventory and of the carrying costs; the demand-drive
(based on the market’s demand and requirements) will improve the visibility and traceability in the
supply chain.
The information flow aims to integrate data coming from customers’ feedback on the product or
service provided. Such information consists of the demand and supply data. The participants involved
in the information flow reach the aim operating activities commonly, efficiently and automated. The
alignment in the activities requires shared operating data and true collaboration between the
members of the supply chain.

1.2. Cash flow and other resources flow
It is arranged by the bullwhip effect, where there is a specific occurrence detected in between the
customers and the manufacturer, as seen in Figure 1. This occurrence is faced when the amount of
orders form manufacturer to supplier has a larger variance than the order demanded by the market,
meaning the customers. This effect can interrupt the smoothness of the supply chain process since the
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importance of the irregular orders will be over or underestimated by the links in the supply chain
(manufacturer, supplier, seller, etc.).

Figure 1. The bullwhip effect [12]

2. Supply Chain Management
Supply Chain Management (SCM) is the administration of the entire production flow of a
product/service. It includes all processes that transform raw materials into final products, using a
network of suppliers [3], [4]. By managing the supply chain, businesses control the production,
shipment and final distribution of goods which enables them to reduce excess costs and deliver their
products faster to the consumers. In general, the main concept of SCM represents the idea that every
product that is put out to the consumers is an outcome of the effort of multiple organizations [5]. This
is a very realistic concept given the fact that every product comes from the elaboration of raw
materials, has to be stored, shipped and finally distributed to the consumers. These are all difficult
processes that cannot be done by just one company.

2.1. Parts of Supply Chain Management
There are 5 parts of the Supply Chain Management systems [3]:
●

Planning

This part consists of planning and managing all necessary resources to meet customers’ demand and
expectations for the firm’s products/services.
●

Sourcing
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This part is about finding suppliers to provide the materials that are needed to create products.
Ordering, receiving goods, managing inventory and authorizing supplier payments are the basic
processes that take place in the sourcing part.
●

Manufacturing

This part is about organizing the activities of accepting raw materials, manufacturing the product,
quality testing, packaging and scheduling for delivery.
●

Delivery and Logistics

This part is about managing customers’ orders, scheduling the deliveries, dispatching the products,
invoicing customers and receiving payments.
●

Returning

This part includes all processes for taking back defective, excess or unwanted products.

2.2. Essentials of SCM
There are basic underlying concepts that define the practice of SCM, and have not changed much over
the centuries. Effective supply chain management requires simultaneous activities and their
improvements in both customer service levels as well as in the internal operating efficiencies of the
parties participating in a supply chain. On-time delivery rates, high-order fill rates and low products
returned from the customer are essential elements that define the customer service at its most basic
level [10].
On the other hand, the companies in a supply chain are increasing their internal operating efficiencies
by receiving back an attractive rate of return on their investments – in the form of different assets, i.e.
inventory, other assets – or by lowering the operational, sales and production costs [10].
In the supply chain of any sector, the companies, which are the parties participating in it, must take
decisions individually and collectively regarding the actions that need to be taken. These decisions will
cover the activities of five areas that summarise the flow of logistics in SCM. These five areas, also
called as supply chain drivers are:
●

Production

Market and consumers’ needs research. Additionally, the companies must have internal controlling
roles for creating and maintaining working schedules, workload balance, quality controls, equipment
maintenance
●

Inventory
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Inventory stockage and at what stage of the supply chain, efficient inventory locations, infrastructure,
premises, costs of keeping the inventory.
●

Location

The choice of location is of vital importance for the companies, because it will define among many
others two major factors in the SCM. The transportation and the costs. The placement of the facilities,
the warehouses for the inventories and their maintenance conditions that will be followed, lead to the
next step which will be the creation of possible paths available for the product flow from manufacturer
to consumer.
●

Transportation

In order for the production flow to “move”, the transportations and the means used for it will add up
to the smooth organisation of the supply chain. The how, when and what cost is there, lead the process
of the decision making in the transportation.
●

Information

Back in the days, the amount of data collected and the amount of date openly shared were the main
factors in the information flow of a supply chain. Nowadays, the sustainability thinking and focus addup the transparency of information sharing throughout the whole process of an SCM till the final
product reaches the end user.
The responsiveness and efficiency of the actions taken in the five supply chain drivers, will optimise
and develop the core competences of the company. Defining the role that the company wants to play
in the SC, i.e., producer, distributor, retailer or service provider is the next step in the SCM.

3. International Logistics and SC configuration
What drives the world if business in internationalising their activities is not just one driver. There are
various reasons for the global environment that companies create in the collaboration. Factor and
product costs; economies of different scale; material sourcing; management and labour procedures;
market opportunities are some of the major factors that attract companies’ international activity.

Enabling International logistics and SC configuration will be achieved by commoditising transportation
and information and using effectively and in an efficient way the communication technology.

Unit 6 Current Management and Marketing of T&C Industries in a Global Environment

Page 378

This project has been funded with support from the European Commission. This publication reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein

However, such action may bring upon risks in the results and implications in the processes. The faced
sectors of the SC that can come up with interruptions, are about handling inventory, time to market,
handling costs, bulk transportations, transportation breakdowns, geopolitical threats, concentration
at specific sites, extended arrival time and unreliable transits, customs and sourcing interruptions.
The activities and organisation of international SC are operated through efficient network design that
runs smoothly, effective risk management and good governance in order to be legally covered. Due to
the variety of geographical places included there has to be reconfiguration of the processes in order
to be able to perform in all different fields.

3.1. International SC optimisation
For improving the flow and the results of an international SC flow, the major factor that will require
reformation will be the transportation and the transits. Exemplary actions taken for optimisation are
the increase of vessel size (maritime transport), raising the number of high-speed lines, the
improvement of the delivery trip, the increase of frequency of vehicle refilling. There are two common
approaches for delivering the aforementioned:
●

●

Focused factories: The division, specialisation and focus in assembling one product through
different procedures of manufacturing its parts; for all of its products which leads to cost
reduction and product specialisation. Even though such action will require from the
transportation sector to cover longer distances and at higher rates, the localisation of the
market has been proven to bring positive results.
Centralised Inventories: Instead of applying changes in the production sector, this approach
focuses on inventory management. Depending on the requirements of the market and of the
time necessary for performing the activities of the SC, the demand sets the inventory division.
It is more preferable, when in large scale productions and channelling, the inventory to be
local, based on the fact that the availability of the goods is important to consider. Therefore,
the delivery time will be shorter.

4. Sustainable Supply Chain Management - SSCM
The management of supply chain operations, information, resources and funds in order to maximise
the supply chain profitability while at the same time minimising the environmental and sociological
impact and increasing the well-being is what according to Hassini (2010) consists the definition of
sustainable supply chain management [13].
An SSCM model requires a holistic approach of the issue, thus, designing products, processes and SC’s
independently and simultaneously. Apparently, there is a loop created, with no beginning and no end
for the processes since they are all connected. Such a loop is called circular business economy.
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This approach hides risks that appear in the form of conflicts about the type of value provided in the
market, and that the multiple decision makers and stakeholders in one SC might not have an effective
collaboration.

4.1. Challenges in sustainability
There are major challenges sourced by sustainable based thinking that nowadays must be faced and
overcome in a correct, transparent, clear and fair way. The process of production, promotion,
transportation and sourcing of the products must begin with a sustainable based thinking due to the
many environmental problems caused by textile production. The sectors where all these challenges
appear vary in content and come from the nature of the economies; the sources of pollution; the
deflation of natural resources and poverty. Few examples are stated in Table 1.
Table 1. Major Sustainability Challenges

Major challenges in Sustainability
Economies

Sources of pollution

Deflation of natural
resources

Poverty

Developed

Greenhouse gases,
toxic
material,
contaminated sites

Scarcity of materials,
insufficient
reuse,
insufficient recycle

Urban
unemployment,
minority rejection

Emerging

Industrial emissions,
contaminated water,
lack sewerage of
treatment

Overexploitation of
renewable resources,
overuse of natural
resources (i.e., water)

Migration to cities,
decrease
of
agriculture, lack of
skilled
employers,
inequalities between
hierarchy

Survival

Lack of sanitation,
destruction of the
ecosystems

Soil loss, overgrazing,
forest destruction

Population
dislocation,
inequality

growth,
women

The strategic measures for mastering the aforementioned challenges, in terms of reducing pollution,
is the prevention of causing it; the deflation of natural resources will be succeeded by increasing
responsibility and product stewardship; poverty will be prevented by opening up more job positions,
attracting human resources and providing social- responsible labour.

4.2. Natural-resource Based view (NRBV)
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Nowadays, it is important for SC management to take into consideration what human activities have
as impacts on a global scale. There are three interconnected strategic capabilities that are formed by
the consequences of production and consumption on the environment and on human existence. The
companies are able and obliged to contribute in the: Pollution prevention, Product Stewardship and
Sustainable Development for succeeding in the NRBV model as stated by Hart (1995) [14].
The NRBV model promotes that the strategic measures in a SSCM are divided in three categories [15],
[16]:
●

Pollution prevention

Achieved by better housekeeping, substitution of materials, innovative processes throughout the
whole SC instead of the end (sustainable processes in production, sourcing, manufacturing rather than
recycling reusing only). A proactive approach is enhancing the process and is according to a total
environmental quality management reach.
●

Product stewardship

By having, as driver, the “voice of environment” into the SC processes, manufacturers, retailers,
suppliers, consumers, recyclers act on a proactive approach in PD (product development) versus on a
reactive approach in the after-life of the product. Therefore, the product design is optimised, the
environmental risks are reduced and the communication is more transparent and accessible. Partly,
the product stewardship process is obtained voluntarily by the parties involved, i.e. the recyclers who
have no tangible benefit by doing so. On the manufacturers side, creating timeless designs, providing
high qualities, being service oriented rather than low-cost oriented and maintaining a service-oriented
product chain are some of the actions taken for a sustainable approach.
●

Sustainable development

The purpose of a SC obliges the parties involved, to have social and environmental purposes in the
general concept of sustainability. The latter is not only tangible but intangible and philosophical at the
same time.
On one hand there is the reduction of material and energy consumption in developed markets while
building markets in developing countries, and on the other hand there is the social sustainability that
circulates humans, labour, resources, unemployment and inequality.

5. Textile and Clothing Industry in Tunisia
Historically, textiles were a foundation of a lot of industrial innovations and revolutionary methods for
many countries. Even in the earliest days, the industry was global as raw material was sourced from
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the old empires, shipped to Europe and the finished products sent to the end consumer across the
globe [9].
Globalisation is a strong factor that has affected the textile and apparel industries of countries, since
it is dynamic because of the relative and comparative advantages of places, prices, and people that
change over time. The manufacture of textiles is being decentralised throughout the passing years,
moving to outside places, driven by the lower cost of labour and the ease of transportation.
According to research conducted in 2009, Bassem (2009) explains that since the textile industry plays
a major role in Tunisia mainly for employment and profits from foreign exchanges and in the last two
decades the country has had substantial growth in the sector. In 2007 the Tunisian textile sector
provided 30% added value coming from exports and 200.000 individuals found positions that were
opened by more than 200 enterprises representing 40% of all employment in the manufacturing
industry [9].
Tunisia nowadays has a large apparel industry consisting of approximately 1000 firms and 160.000
workers, which sells products to high-end brands in the European market. Tunisia is among the top 15
garment suppliers in the world and has the advantage of being close to the European market. It is the
fifth-largest supplier to the European Union, as well as the leading trouser supplier to the EU. In 2006
the industry’s exports were estimated to USD 2.1 Billion, as we can see at the chart of Figure 2. right
below [6]. The European market is the main customer for Tunisian exports, a fact that led to this
collaboration because of the latter’s actions taken in order to provide satisfactory services, such as fast
shipment of goods. According to CETTEX (The Tunisian Textile Technical Centre, 2007) the Tunisian
authorities introduced a flexible system to expedite the delivery orders [7]. Tax incentives appeared to
be a key motivation to keep investment in Tunisia.
Regarding years 2006 and 2007, Tunisia’s main exported apparel products were as mentioned in Table
2. below, as reported by CETTEX:
Table 2. The main exported Tunisian products of 2006-2007

Value:
million
Tunisian dinars

2006

2007

Evolution

Value

Volume

Value

Volume

Value

Volume

Jeans

719.31

36.71

811.22

37.89

12.80%

3.20%

Work clothes

430.22

30.34

473.17

29.90

10%

-1.50%

Lingerie

570.63

124.42

619.60

118.44

8.60%

-4.80%

City trousers

479.54

23.84

541.56

25.74

12.90%

8%

Volume: millions of
items
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T-shirts and vests

376.22

55.26

470.80

68.25

25.10%

23.50%

Pullovers, sweaters

256.47

22.11

280.39

22.79

9.30%

3.10%

Shirts and blouses

181.43

11.63

214.54

12.84

18.20%

10.40%

other

14475.97

215.52

1775.41

245.84

22.80%

14.10%

Figure 2 presents the chart of the evolution of the Tunisian exports in the apparel industry from year
2006 to 2007.

Figure 2. Evolution of the Tunisian exports volume chart

According to the International Trade Centre (ITC) and of the Global Textiles and Clothing Programme
(GTEX), in Tunisia T&C sector is the largest industrial sector and almost entirely export- oriented [17].
Latest research (of 2017) shows that the T&C industry includes approximately 1.592 companies; over
158.000 workers; contributes to 3% of the country’s GDP; exports mostly in the EU and as of 2017 the
country raised an amount of 2.6billion worth of exports [17]. The sector contains enterprises that are
owned by Tunisians or of mixed ownership. Since a little less than half of the industry is owned by
outsiders, the decisions are taken outside the country [17].

5.1. Supply Chain Management: Tunisian Textile and Clothing Industry
However, Tunisian Small & Mid-size enterprises’ weak point is the part of SCM, because of the lack of
the right capacities. As a result, the Tunisian Textile & Apparel (T&A) companies are very dependent
on their buyers in terms of sourcing & supplying. The Tunisian textile and clothing sector is facing
several adverse constraints that prevent it from expanding its activities. In fact, the textile and clothing
industry is limited by [7]:
●

The lack of training and supervision,
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●
●
●
●

Insufficient knowledge of export markets and the lack of marketing strategy,
Production costs remain relatively high,
Tunisia is not only a country that does not have raw materials but it is also unable to provide
inputs to the conditions of price and quality of competitor countries,
Most textile exports pass through subcontractors who are working under the orders received
from European manufacturers.

On the other hand, the T&C sector in Tunisia, continues to face three sources of weakness, according
to research conducted in 2004:
●
●
●

The lack of functional textile and finishing sector. The low quality of actions is driving towards
local sourcing problems which result in lack of having a functional textile sector.
There is a strong focus on low-added subcontracting labour.
High dependence on garment exports, especially to the EU market.

If the Tunisian T&C sector comes together to create joint and individual capacities in the SCM field, the
industry will be way more independent and powerful and the barriers created by the small size of most
companies can be overcome.
On the other hand, customers expect more environmental friendliness than traditional operations.
Industries need more motivation (enablers) for Sustainable SCM adoption to improve their
environmental performance. Textile organizations have notable environmental awareness and also are
interested in retaining their customers by improving environmental performance [7].
These goals could potentially be accomplished if a number of small sized firms worked together to
develop joint sourcing capacity buildings, while the medium & large sized firms create new sourcing
linkages mostly on a regional level.
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Questions for the evaluation of the lecture

1. Question 1: Which part of the Supply Chain contains the finding of suppliers for the materials,
ordering and receiving goods, managing inventory and authorizing supplier payments?
Please choose the one correct answer from the three choices below.
a) Sourcing
b) Planning
c) Delivery and logistics

1. Question 2: What are the strategic capabilities formed by the consequences of production and
consumption?
Please choose the one correct answer from the three choices below.
a) pollution prevention, product stewardship, sustainable development
b) pollution, product
c) product stewardship, sustainability
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Lecture 6.4 T&C Value Chains and Niche markets
Theophile CONTARGYRIS & Marianna MAGLARA MORNEAU
CEDECS-TCBL

Introduction
Setting the landscape and identifying the opportunities of T&C in a specific context is the core objective
of this course. The objective is to prepare those interested to “seize opportunities” offered in the T&C
value chain because of its specific challenges and evolution or new niche markets created by
technological discoveries, social innovations, market trends or political changes in a specific region and
country.
This course covers, indeed, two approaches that help one to “seize the opportunity”, to be ready and
catch it. Furthermore, this course offers another viewpoint in which opportunities are not sheer luck
and can be provoked through their identification. To begin with, one will learn about the textile and
clothing industry value chain, its evolution, its issues as well as its trends and future to be able to
analyze its possible strengths, weaknesses, opportunities, and threats. In a second part, one will
explore niche markets and the various concepts surrounding this notion, the strategies that may be
applied to handle them, the pros and cons for addressing them as well as examples of successful
companies which exploited some specific niche markets and that may inspire new ones.

1. Understanding the T&C industry value chains
A value chain can be defined by the series of stages involved in producing what is sold to consumers,
with each stage adding to the value to the product or service. Value chains tend today to become
circular as , more and more we want recycled materials to re-enter the value chain as raw materials.
Part of the T&C value chain are all the companies involved in the different stages of producing
T&C that is sold to consumers, with each stage adding to its value.
It is important to map the value chain actors in order to identify the critical points and to undertake
the corrective actions. The actors of the textile value chain are all individuals and entities that provide
or receive value from designing, making, distributing, retailing or consuming a textile product or
procure raw materials to make it, as well as providing services and technology to the above actors.
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In terms of permeability to innovations of a value chain and especially to digitalisation its digital
maturity matters. It can be measured along four dimensions:
1. How well are firms internally digitized and connected?
2. How well are firms digitally connected to their customers?
3. How well are firms digitally connected to their global supply chains,
4. How well do firms use these connections through predictive and other analytics to improve their
competitiveness (improve customer experience and value)?
T&C value chains are in the process of improving their performance towards these four dimensions,
notably due to the pressure for innovation their actors have to face the trends and problems affecting
the T&C value chains presented below.

1.1. Textile and Clothing Industry value chain

Figure 1. The textile industry

The value chain incorporates not only the physical processes, such as farms and factories, but also the
business models and the way products are designed, promoted and offered to consumers. These nonmanufacturing activities, including design, marketing, retailing, advertising and publishing, to a large
degree determine the way textile products are produced and consumed.
During the different stages of the value chain the risks are not the same and measuring the impact is
not so clear and transparent.
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For a textile product, the value chain starts with fibre production. This can either be sourcing of natural
agricultural materials and their subsequent processing to extract the fibre (cotton case), or crude oil
extraction and the manufacture of chemicals from which synthetic fibres are made (e.g. polyester), or
a combination of both, as textiles are frequently blends of natural and synthetic fibres or involve both
natural materials.
Fibre Production stage: the extraction and processing of fibres, transportation between raw material
extraction and processing, and between fibre production and yarn preparation is included.
Yarn Production stage: the spinning of yarn from both filament and staple fibres. Different spinning
techniques are taken into consideration (wet spinning and cotton spinning), as are losses incurred from
these processes. Transportation from yarn preparation to fabric preparation is also included.
Fabric Production stage: knitting and weaving yarn into fabric. Two different knitting techniques are
taken into consideration (circular and flat), as are losses incurred from these processes. Transportation
from fabric production to dyeing and finishing is also included. Dyeing and Finishing covers bleaching
and dyeing of the fabric as well as fabric finishing. Transportation from dyeing and finishing to assembly
is included.
Assembly stage: knitting and sewing of fabric into apparel products. Potential losses incurred from
these processes are included. Distribution covers the transportation of apparel products from their
assembly location to retail stores.
And after that the equally important, distribution phase and the under increased consideration,
maintenance, upcycling and recycling phases.

1.2. Major Issues of the T&C Value Chain: pollution C02 emissions, chemicals and
textile waste, Human Rights issues
In 2015, greenhouse gas emissions from textiles production amounted to 1.2 billion tons CO2-eq, more
than international flights and shipping combined (Ellen MacArthur Foundation Summit, 2017 [1]).
These greenhouse gas emissions occur all over the world and from many economic sectors, including
agriculture, the textile industry and the distribution sector. According to JRC (2014), 51 per cent of the
total impact of textiles on climate change occurs in the production phase, 44 per cent in the use phase,
and 5 per cent is due to transport. The climate change impact during the use phase is caused by the
use of detergents, washing, drying and ironing, each contributing an equal share of around 25 per cent
of the total impact from the use phase.
The textile sector, including the fashion industry, has a significant environmental footprint across its
value chain.
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Textile Industry alone is responsible for one-fifth of the total water pollution of the world. Because of
these, the environmentalists and cosmopolitans are rooting towards Sustainable textile printing and
because of that, Digital Textile Printing starts to be the choice. Moreover, as the 21st century is the age
of information, customers are aware of the diverse issues faced by the Textile Industry which impact
their purchase behaviour. To appeal to this type of customer with specific needs, a customer centric
system offers various advantages.
The textile industry can also have huge social impacts, as the Rana Plaza catastrophic incident proved
(April 2013) in Bangladesh when a textile factory collapsed killing more than a thousand workers. The
global community was shocked by the extremely low wages and dangerous working conditions
widespread in the textile industry in Asia and worldwide (The Eionet Report – 2019 [2]).

1.3. Globalization impact on the value chains in Europe and Tunisia
The global industry has undergone several production migrations and a transformation in production
network configurations over the last 30 years. As production and sourcing networks evolved and
expanded to different global regions, they embodied different kinds of governance structures and
upgrading opportunities in the apparel value chain.
T&C Industry has been the first exposed to these changes which had as a consequence to break value
chains in a lot of regions and countries provoking big losses of competitiveness of the remaining parts
of the value chain. The criticality of the resulting situation has been emphasised by the problems of
procurement of strategic T&C products during the recent Covid crisis. These problems had appeared
in the early 2000’s in the UK first and in other places later jeopardizing the survival of a lot of T&C
clusters, notably in the EU. Some initiatives aiming to rebuild part of the destroyed T&C value chain,
initiated in the UK in the 2010’s and other attempts to rebuild the Cotton Value Chain in Greece or the
Hemp value chain in Romania, made by the TCBL network more recently, show possible ways to
respond to this evolution.
China and India are the big winners. They increased their dominant position in all of the major
industrial economies (the United States, the European Union, and Japan). China has also diversified its
export reach by gaining ground in many of the world’s top emerging economies as well, such as Russia
for finished goods, and India, Brazil and Turkey for intermediate goods, such as textiles. Other
developing economies have also gained in the post MFA era, such as Bangladesh, India, Vietnam, and
Indonesia. But regional suppliers have been hard hit, especially Mexico and CAFTA-DR in North
America, and East European and North African suppliers to the European Union such as Tunisia or
Morocco. (Report World Bank).
Tunisia keeps a place for European countries. Tunisia is among the top 15 garment suppliers in the
world and has the advantage of being close to the European market. It is the fifth-largest supplier to
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the European Union, as well as the leading trouser supplier to the EU. Other important products are
workwear and lingerie. They start to have a confirmed know-how and short and respected deadlines.
The Clothing & textile sector is positioned as a cornerstone of the Tunisian industry and keeps an
important place in the national economy while maintaining a strong contribution to the country’s
socio-economic balance. We can talk about six categories of the main industry: 1. Spinning 2. Weaving,
3. Finishing, 4. Hosiery 5. Clothing 6. Various other related industries (accessories…)?

1.4. Re-building a value chain: Greek cotton business case
Greece has a long, ancestral tradition of cotton production, nowadays it represents the essential part
of European production. For centuries the agricultural fibre, yarn and fabric production of cotton as
well as the assembly of cotton clothes were done locally. In a bit less than forty years, globalization
took over and that local value chain gradually disappeared. Indeed, even though fibre production
continued, the cotton was exported mostly in the form of bales while the spinning, the weaving and
the big assembly lines of fast fashion were populating China and only artisanal production of high
know-how remained in Greece. A market that used to be self-sustainable disappeared in a few
decades. However, after years of lobbying the ecological cause finally achieved its goal of changing
minds and consumer behaviour in western countries at first and now in developing countries as well.
The T&C Industry cannot escape from this storm and a customer centric market change in its value
chain is needed. In this new context some projects like TCBL sought to dynamize again the value chain
with technology and sustainable values. That is how the project of re-building the used to be local
value chain of cotton came to be. It was an opportunity for all Greek actors of this industry to create
sustainable and Greek cotton products which one may refer to as niche products with higher added
value (cf. part 2 of this chapter). To make this project a reality, the first thing that was made was to
produce cotton that meets the challenging expectation of the market: fibres of high quality (long and
resistant) with a green process of production with less to no fertilizers, less water, and less energy.
Thanks to a ginning company with the willingness to meet these specifications, the project came to
life. The second phase was to find a yarn producer. Indeed, the main issue is that there is no demand
for ginned cotton locally, and almost all ginned cotton must be exported to the global market, where
the main criteria in this fast production and fashion world is price. So, while consumers expect quality
products, brokers do not give any price incentive for them. Therefore, reconnecting the remaining yarn
industry to the ginning one in Greece was an essential and perhaps the most challenging part of the
project. When the connection between the yarn productors and the ginning manufacturers was made,
a new and qualitative product was created, and it attracted actors of the next step of the value chain
such as a Greek luxurious fashion company that is also a fabric producer. Therefore, once spined during
the yarn phase, the yarns of cotton were sent to the knitting factory of the fabric producer. This
producer being able to handle within very restricted deadlines a short run of completely new samples
apart from the rest of production, permitted the creation of a fully traceable, Greek natural based
cotton fabric which presented a competitive advantage but also filled criteria to be considered as a
niche product. To add even more value, the dyeing and finishing process were done in a small factory
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in Athens; however, this phase needed some polishing as the refined product that was created at the
fabric phase was unfortunately tarnished by the additives and artificial substances needed to dye it as
no sustainable scalable natural dyeing was available. Finally, the Greek fashion company was able with
its know-how to sublimate the refined natural cotton to better convince its customers about the unity
of its collections and its strong compliance to sustainability concerns. Through this simple business
case, the idea of the used to be self-sustainable market was resurrected and appealing products with
a distinctive competitive advantage were made across the value chain which was re-connected and rebuilt through traceability and through the implementation of a specific certification. This Greek cotton,
quickly promoted as European natural cotton, could soon become Mediterranean natural cotton: this
shows how well a niche can grow. The infinite possibilities of transfer and replication of this strategy
to other natural fibres (hemp) and others regions (Mediterranean - or North East Romania for hemp)
demonstrate how from a limited basis of committed and reliable actors it is possible to create products
of unique value which contribute to the rebuilding of efficient value chains.

1.5. From a linear to a circular industry: towards circular T&C value chains

Figure 2. The circular value-chain of T&C
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The aim of circularity is to shift the “take make-dispose” linear value chain into a circular system, where
materials are not lost after use but remain in the economy, circulating as long as possible at the highest
possible value.

1.6. Complexity & opacity in the supply chains and blockchain responses
The complexity of the supply chains within the textile industry is still a big challenge and a lot of efforts
are focused on, in order to ensure transparency and traceability in the sector. Social auditing by
monitoring agencies is often limited to the operations of first tier actors, while actors further down the
supply chain remain relatively invisible and are much more difficult to identify and monitor (European
Commission, 2017). However, the major problems concern the third-tier level actors. Major EU
initiatives, such as the Blueprint for Sectoral Cooperation on Skills, aim to develop strategic
cooperation between key stakeholders within the textile, clothing, leather and footwear sectors. A key
challenge for companies operating in global textile supply chains is the balance between performance
and sustainability: meet different stakeholders’ expectations and preserve reputation, legitimation,
and credibility. Companies can face a high reputational risk of negative public perception by important
stakeholders such as regulators, shareholders, media, and non-governmental organizations, investors,
and customers. Companies are generally held responsible for their suppliers. However, social and
environmental issues constitute operational risk, including inconsistent and poor product quality or
supply chain disruptions. In case of a problem, sustainability issues along the supply chain leads to a
decrease in financial performance or a loss of competitiveness.
Through the different stages of the value chain the risks are not the same.
The wet processing stage of textile production (bleaching, dyeing and finishing) is related to the
respect to climate, human health and ecosystem quality impacts. This is due to the high use of fossil
fuel-derived energy and hazardous chemicals in these processes. Improvements in process efficiency
(including increasing resource efficiency through the recovery of chemicals in effluent streams,
implementing closed-loop processes, and recycling rejects and off-cuts), the use of clean energy
sources and the banning of hazardous chemicals (or enforcement of restricted substances legislation)
are actions needing to be taken.
Textile production, especially the assembly stage, is associated with high social risks. Human rights
respect is the major issue in this stage. As with yarn and fabric production, these relate to unsafe
working conditions, low salaries and poor enforcement, or absence, of legislation protecting workers’
and women’s rights.
A holistic approach and systemic change are needed, involving stakeholders on a large scale and not
only from the fashion industry, to overcome all the technological and economic challenges. Among the
different textile sectors, the fashion industry starts to take different initiatives to improve the
sustainability of its supply chains and processes. Short term priorities are the reduction of
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environmental negative impact: efficiency measures to reduce water, energy and chemicals use, and
the social negative impact related to the supply chain traceability and working conditions. Long term
objective is the transformation of the industry to a circular system, embracing the opportunities of
digitalization and the development of sustainable fibres (Global Fashion Agenda, 2019).
Because of these characteristics and the claim of final consumers, relayed by the value chain’s actors
in contact with them, for more transparency and tracing of the raw materials and of the production
processes, T&C can be expected to become a privileged field for the exploitation of blockchain
technology to add value to the T&C products by enriching them with a detailed history of their
production proving their conformity to ecological and social rules.

1.7. Future of the value chain in the perspective of Industry 4.0
The term “industry 4.0” stands for the fourth industrial revolution (after steam engines, mass
production, and the introduction of electronics). It stands for the technical integration of so-called
cyber-physical systems (CPS) into production and logistics, the use of the Internet in industrial
processes, and the consequences this has for the value-added chain, new business models, and further
processing and services. Such CPS are real-time sensors and actors that can also be operated via the
Internet. The following topics are to be put into practice within industry 4.0:
-

Horizontal integration along the value-added networks,
Digital permeability of engineering along the whole value-added chain, and
Vertical integration and cross-linked production systems.

Example: Perspectives offered by digital printing
-

-

-

Sustainable print Market Demand: Sustainable wear is the new USP that everyone wants to
tap into. The trend is basically customer centric as with the rising awareness of the
cosmopolitans about the environmental damage that the textile industry does, brands are
focusing to cut their pollutants and are redirecting towards Digital Textile Printing.
Extensive design possibilities: With ideal textile design software, the design possibilities are
almost endless. Not only can you print on many types of fabrics such as silk, cotton and others,
it is possible to create any type of design with multiple colour combinations and print it easily
and quickly on your choice of fabric.
Low Capital Investment: Compared to conventional dyeing and printing methods, installing a
digital textile printing facility requires much smaller space and resources.
Fast Sampling and Print on-demand: Also, one of the biggest advantages of employing digital
printing methods is to execute custom and personalized orders in really small quantities. It is
a print-on-demand business model.
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-

Less Wastage: In digital textile printing methods, there are no screens or plates that need to
be produced for screen print or rotary printing and equipment requirement is much lower as
the there is no loss of ink for a customized and tailored made production.

We’re in the midst of a significant transformation regarding the way we produce products thanks to
the digitization of manufacturing. This transition is so compelling that it is being called Industry 4.0 to
represent the fourth revolution that has occurred in manufacturing. From the first industrial revolution
(mechanization through water and steam power) to the mass production and assembly lines using
electricity in the second, the fourth industrial revolution will take what was started in the third with
the adoption of computers and automation and enhance it with smart and autonomous systems
fuelled by data and machine learning.
The world is at the threshold of a new industrial revolution characterized by Artificial Intelligence,
Internet of Things, next-generation robotics, 3D printing, wearables and gentle engineering,
nanotechnology, advanced materials, biotechnology and others. Industry 4.0 is the future of
manufacturing technologies and is an increasingly important trend of automation and data exchange.
This enhanced technology, digital systems and automated processes will make it optimum for
manufacturing of quality products. Industry 4.0 includes cyber- physical systems, the Internet of things,
cloud computing and cognitive computing which creates what is being defined as a "Smart Factory".
Textile 4.0 is an interpretation and application of Industry Revolution 4.0 in the Textiles Technology
and Textile Manufacturing Sectors across the supply chain in Spinning, Weaving, Finishing and
Garmenting.
It enables smart connected products to serve as a technological foundation for incorporating new
business models or data driven business models in textiles and thereby exploit new revenue pools.
Smart textile products hold large growth potential.
Industry 4.0 will lead to virtualization and modularization of the production process and supply chain,
achieving flexibility and personalization of production based on CPS with ERP, MES, PLM, SCM and
other software systems. CPS can monitor the production process and realize decentralized decisionmaking and self-optimize.

1.8. Other innovations and Trends changing the T&C value chain
In the textile industry, one main focus of digitalisation is on the design of flexible, autonomous textile
process chains within companies or value-added networks. Modern textile machines have open
interfaces, are highly flexible, and are able to adjust their status based on information provided by
platforms. Textile semifinished products such as cans, bobbins, or warp beams carry the information
for increased production flexibility (smart objects). By using the open interfaces of textile machines,
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new production planning systems for an integrative, self-optimizing process chain for multiscale and
additive manufacturing of textile products can be designed.
On the process level, the machines are enabled to optimize themselves. They can then independently
design process models and also determine an optimal working point under given boundary conditions.
A typical example is the AUTOWARP concept developed at the Institut für Textiltechnik of RWTH
Aachen University, Germany where wireless and web-enabled sensors are already being used for the
control of processing parameters during air-jet weaving.

1.9. Examples of IT innovative applications in T&C Value Chain:
Digital Information Transfer
●

Modelling/drawing the garment sketch in 3D format,

●

Examining the model in a digital environment supported by virtual reality technologies,

●

Sending the drawings/markers of the product to the cutting system via a wireless network in
a digital environment using the cloud technology infrastructure,

●

Protecting industrial devices against cyber-security threats, while implementing digital
information transfer by establishing reliable data communication on a secure and flexible
network infrastructure.

Intelligent Manufacturing
RFID Application in Textile Industry RFID technology can be used to build systems aimed at automatic
identification of tagged objects. In the textile sector, it will enable strict control over both production
and storage/sale processes. The best thing about RFID technology is that it is functional, with no need
to View the tag by the interrogator.
●

RFID readers placed in each production station are integrated with the system. By reading the
RFID tag of a product, the information on where the buttons are to be placed or the type of
the button is received and the button operation is performed via the cyber physical systems
based on this information.

●

By reading the RFID tag of a garment, the information about the water temperature for
washing operation and the optimum temperature for ironing operation is obtained, and the
machines set the degrees automatically for washing and ironing operations without any
human-machine interaction.

Automation of the Supply chain
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Suppliers are viewed as critical resources for the textile/apparel retailers. They have to be managed to
derive the maximum potential in the supply chain, and the selection of the supplier is the most critical
task in the supply management.
For instance, the automation’s ability to change order volumes and to change the mix of ordered items
(style, colour, size etc.) is very important in the fashion industry. The ability of handling quick response
(QR) orders is an important criterion however especially in the suiting category where the fabrics have
long lead times, it is often impossible to implement the QR system. The willingness to go to other
countries to make joint ventures or strategic alliances to pursue for trading and cost advantages is
another criterion important when widening the vendor base. One of the innovation dimensions is to
have an in-house design team to support the buyer firm with new ideas and details as per the latest
market trends. It is important that the vendor has a clear idea about the aesthetics of the buying firm’s
designer and executes it correctly on the product.
Wearable Technology
Wearable technology is a great evolution. Wearable technology has numerous expandable
applications, having enormous potential to grow on gigantic levels of innovation Wearable
technology is at the forefront of Internet of things (IoT), as it has been quickly adopted in smart devices
and computers.
Agile Supply chain methodology
The approach undertaken for agile is an iterative approach. Which means whenever new
developments or any form of requirements are discovered or needed, they are added to the software.
The agile supply chain is a very basic term for understanding and comprehending the flow of goods
and services. This can be various types of goods and services.
●
●
●

Build an agile team. Agile thinking has come from software developers. The agile method is an
alternative project...
Reward efficiency – and tolerate failure. Experimentation is at the heart of agility. And the
spirit to experiment only...
Build agile supplier contracts. A flexible supply chain has historically required redundancy.

Community building and social networking
Social networks can be described and analysed in terms of their diverse characteristics (how many
people or organizations belong to a network, how well the members of the network know each other,
and how equal their relationships are).
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The tools of electronic social media, such as Facebook and Twitter, can be used to track, support,
create, and mobilize social networks; these tools have significant potential to enhance community
engagement efforts.
Social networks can be a key factor in determining how healthy a community is.
Understanding a community’s social networks is essential because of their potential to affect
population health, preferences, awareness, and engagement. Social networks can also provide access
to a community and generate knowledge of its characteristics.
Enhancing capabilities through cloud
Choosing the right procurement tool Enabling an organization to reach its full potential begins with
spend management. Controlling and managing the purchase costs helps procure goods and services
that are value for money and cut down any extraneous costs. The most effective way to optimize the
procurement function is to automate key procurement processes. Adopting the right procurement
tools and techniques enable businesses to gain real-time insights into the procurement cycle and make
informed sourcing and buying decisions.

1.10. Conclusion on Value Chains
Major issues are still the environmental and social impacts of textiles through the value chain. Most of
them are manufactured in locations where labour prices are lowest. The result is that textiles are
predominantly manufactured in countries where investment and employment are most needed, but
where regulations protecting workers and the environment are weakest.
Currently, many efforts are still being made to further optimize the current linear system. A shift to a
circular system for textiles requires a fundamental systemic change throughout the whole value chain
of textiles supported by adequate policies. Technological innovation is needed to improve efficiency
and reduce environmental impacts, but social innovation and advancement in terms of working
conditions, equality and social justice are also needed, as well as a change to new business models and
policies and the provision of better information that enables and encourages consumers to make
sustainable choices.
Moving towards sustainable and circular textiles will require transformations at each stage in the value
chain, involving players of all sizes and market segments. The use of hazardous substances in textile
processing is needed to be eliminated, and resources will have to be used much more efficiently, with
a shift away from fossil fuels towards renewable sources of energy and materials. Sustainable and
circular textiles will ask new ways of doing business, but will deliver an industry that benefits business,
society and the environment.
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2. Niche markets: a base for opportunity-based strategies and innovation
As purchasing power increases people tend to buy more clothes: it has been the case in France where
people buy on average 9,5 kg of new clothes per year [3] which represents a consumption increase of
60% in the last 15 years [4]. This might be the result of a more sociological behaviour as clothes are the
first thing one can spot and elaborate a judgment on, “Clothing can signal many aspects of a person’s
social identity including socio-economic status, gender, religion, and occupation” [5] which leads
people to be careful when they buy and wear their clothes. Markets are more and more customer
oriented; fashion is no exception. Customers look for clothes that represent them, to which they
identify and that are personalized. Thus, the need for businesses in the fashion industry and in general
all across the textile and clothing value chain, to put up strategies focusing on one or a few market
niches as well as to create specific products to appeal to a unique set of customers (niche marketing).

2.1. Definition
In a business context, a niche is defined as “an opportunity for a business to offer a product or service
that is not offered by other businesses” [6]. The main idea behind this definition is that the opportunity
comes from a perceived gap between the offer in the market and customer’s demand, by covering this
gap a company seizes the opportunity to secure the customer that does not feel satisfied with the
existing products or services. The second fundamental thought of this definition is a need for
something new, it can be a service or a product, but in either case an innovation or research process
needs to occur to answer customer’s demand.
According to Kotler [7] a niche market is a market in which customers have a distinct set of needs and
are ready to pay a premium price to a firm that satisfies their needs. That firm is able to make
economies through specialization in the niche which has size, growth and profit potential even though
it does not attract competitors at first.
For Chalasani and Shani [10], the concept of niche marketing is a bottom-up creative process done to
match a unique customer need and from there build a larger customer base. However, many marketers
consider another approach that is considered more traditional, for them niche marketing is the final
stage of a segmentation process, “taking place in the following sequential stages: segmentation,
targeting, positioning and niching” [8]. To understand this top-bottom approach, it is key to master the
concept of market segment. A market segment is a set of people sharing common characteristics.
There are five main criteria that help one to identify the different market segment within a bigger
market:
●
●
●
●

Demographics including age of the consumer, size of the market etc…
Socio-economics criteria such as type of job, level of education of the final consumer
Psychographic criteria such as values, personality, interests of the final consumer
Geography has to be taken into account, from a country perspective to an urban one.
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●

Behaviour in buying of the consumer: attitude towards the product, knowledge, compulsive
buying…

Niche marketing being the last stage of the segmentation process, a niche is different from a market
segment in terms of size, it is obviously smaller, and it focuses on a specific need some individuals
independent from a homogeneous group have.
As for an example, the apparel market is one of the biggest markets in the world nowadays: it
represents 1.5 trillion US dollars. However, this huge global market includes different types of market
such as foot wear, formal wear, sportswear, casual wear and many others. The end consumer may be
a man, a woman, another gender or a child. Some consumers might also look for products made in
their country to help the local economy. One may go deeper in the analysis and look for sustainable
products made with a particular fibre respecting particular values. This process of going deeper and
deeper in the market or as some may say to divide the global market into smaller manageable and
homogenous markets regrouping consumers sharing identical characteristics is called market
segmentation.

2.2. Parrish specific niche marketing approach to the textile and clothing industry
Parrish [9] studied niches in the US textile and clothing industry, her research created a new approach
articulated around three key words: market, product, and strategy.
For Parrish, there are two ways to look at a niche to build up a strategy. The first one is to acknowledge
the gap between the existing offer on a market and a precise, individualistic demand of one or of a set
of consumers. Through a deep analysis of the market and of its consumers, one firm may be able to
find a market and from there develop a product that fills the existing gap thus creating a niche market.
Parrish refers to this approach as pull marketing: the market craves for a product and one firm delivers
it.
The second way to look at a niche is to create a new, unique product that creates a new set of needs
that the consumer was not aware he even had. Then, the firm positions its unique product into a
market segment and creates a niche. This approach is called push marketing as the firm pushes its
product on the market across the supply chain hoping that consumers will understand its purpose and
discover their unexpected new need, hence creating a niche.
During her research Parrish highlighted the fact that companies upstream on the supply chain of the
textile and apparel industry, such as fibre and yarn producers, tend to focus more on push marketing
approach as the characteristics of the product are the main competitive advantage these firms seek.
Moreover, to differentiate themselves from their competition, firms upstream invest their effort and
money into research and development, as well as innovation and new technologies and machinery.
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Therefore, products are developed, and niches are mostly found through trial and error. On the other
hand, companies lying downstream tend to monitor consumer trends, mostly with market analysis or
customer interviews or feedback, thus it is logical that more often than not they use a pull marketing
approach. However, these two approaches can be used simultaneously, and at some point, in time
every firm of the sample that Parrish studied did.

2.3. Why are niches appealing?
Niche markets are appealing for numerous reasons. First of all, profits tend to be larger in niches than
on global markets, indeed it has been found by the Strategic Planning Institute in its study of “Profit
Impact of Marketing Strategy” that the average return on investment on smaller markets, such as niche
market, is 27% whereas it is only of 11% in larger ones.
Moreover, the smaller the niche, the more difficult it is for big actors of large markets to compete on
it. If the first company discovering the niche protects its products, most importantly the technology
used as well as elaborated for the niche and federates customers, it puts up high barriers to entry.
Another strong point of niches is customers behaviour, once the niche is discovered and still in its
infant stage, customers are forgiving and are happy to contribute to the development of products
through feedback and even in collaborative development. Additionally, first customers that see their
need finally satisfied will also be strong advocates for the firm, they will defend it and also promote
products by word of mouth that will help the niche to grow in size.
Niches may also be seen as a means of survival for a large number of firms. Indeed, being able to count
on a loyal customer base in a market with few to no competitors where a premium price may be
charged without it being an issue is a gold mine and a formidable way for companies in bad shape to
survive.
On the other end, niches are also a great way to start a business as the creation of a sustainable
competitive advantage is easier while focusing on one specific customer need or on one specific
product. It also allows the firm to build up long lasting relationships with consumers and therefore a
loyal customer base whose interest needs to be at the heart of the vision of the firm.
However, niches also represent a challenge as they can go extinct if consumer preferences change.
Moreover, if the niche is attractive, it will attract various actors. Niches being the first stage of the cycle
of life of a market, competitors will try to enter the niche before the market grows too much and
matures. More importantly, because of the size of a niche a price war could end up destroying the
niche. Another important point is that a firm while offering products or services to a niche needs to do
it carefully as the new products should not make the previous ones obsolete, otherwise new products
will eat the market of the old ones which is referred to as cannibalization. Finally, the main challenging
aspect is the size of the niche market itself as it needs to be big enough to be sustainable, it is great to
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believe in the growth potential of a market, but it is even more important to stop a business activity
that cost more than it produces.

2.4. A good niche? Guidelines to set up a niche
According to Kotler [6], a niche is considered to be interesting to businesses as well as sustainable
when the following criteria are found in it:
▪
▪
▪
▪
▪

Customers have a distinctive set of needs
Customers will pay a premium price to satisfy these needs
The niche is not likely to attract other competitors
The firm gains economies through specialization
The niche has size, growth and profit potential

To be successful in a niche, Dalgic [7] put up some guidelines that can be summed up as follows:
▪

▪

▪

A firm must make the effort to know its customer better than anyone else: a firm shall never
hesitate in investing into information systems, social media that helps it to be in contact with
its customer and his business to understand his preferences, values to appeal to him. A niche
is customer driven, a firm needs to know the trends involved in its niche and follow them.
A firm needs to acknowledge its business environment and its place in it. A firm has to know
what its strengths and weaknesses are, its positioning, its distinctive competences, its
profitability and competitive advantage, however it also has to know the ones of its
competitors.
A firm has to protect itself from competition as well as from itself: the highest barriers to entry
there are the better for the firm, it has to use any means possible, a firm needs to look for
patents, copyrights, alliances and relationship marketing to capture the market. Nonetheless,
a firm should never be contemplative and look to thin, it shall always look for other niches with
potential synergy and efficiency gains, it also allows to increase customer base. Additionally,
avoid cannibalization.

2.5. Success stories of niche strategy in the textile and apparel industry
A push marketing success story
Veja was founded in 2005, and it started by attacking a market segment that has been flourishing in
the last 20 years, the sneaker market. To do so, Veja took into account the whole value chain of
sneakers and created a transparent agro-ecological sneaker, a niche in which the consumer knows
everything about the production of the product and where the product is green, that niche may be
referred to “absolute green”. It involves technological development as well as psychographic criteria.
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The technology is a main competitive advantage, an echo to the values the consumer has and thus a
barrier to entry in the niche. Even though, that niche was secured, through technology development
Veja was able to create vegan leather as well as B-mesh a new fibre coming from recycling of plastic
bottles. This allowed the niche to grow without eating away the spirit as well as the products of the
absolute green niche., but also to find new customers for which new values were involved such as
veganism, hence pushing a product into a new market segment and creating a new niche.
A pull marketing success story
From a simple observation that women struggled to find places to change clothes after workouts or at
the beach, the idea of the Undress was born in the mind of Dennis Caco and April Estrada. They wanted
to create a dress that helps solve this problem for active women. However, they could not launch and
invest in their product without being sure that it would appeal to consumers and that the niche they
had in mind truly existed. Therefore, they launched a crowdfunding. More than 7000 people
contributed, and The Undress could start off and already had an entire loyal customer base. The
crowdfunding success allowed The Undress brand to be exposed in media and win awards such as the
shark tank your life contest on ABC. By analysing feedbacks and comments from their customers they
design new clothes and dresses to address the issues that their customer face and most of the time
they launch a new crowdfunding which helps them in knowing better the production scale needed as
well as the targeted niche.

2.6. Conclusion on niche strategies
To put it in a nutshell, niche strategies are dominant and successful strategies mostly suited for SMEs.
They demand a long-term strategic commitment, the development of specific skills, a deep embedding
in demanding markets and an active policy in developing and protecting intellectual property rights
which create high barriers to entry in the niche. Through its proximity to the European market, the
existing know-how and machinery of the internal T&C Industry, its will to develop and protect new
technologies relative to that industry, Tunisia is a perfect platform to attract or educate entrepreneurs
in niche markets as those produce more revenue than broad ones and production is easily scalable in
them. Moreover, in this connected world it is far easier to collect data to get a thorough survey or
analysis of the market which helps detect trends as well as potential niches. It also easier to advertise
on a specific niche through influencers, social media and connect with a community of potential users
all around the world which is important as at the beginning a niche demands a dynamic export policy
because of its small size. Consumers are also more aware than ever before, technologies making their
life easier, respect of particular values such as environmental sustainability or fair production are
purchase criteria and thus segmentation criteria too.

3. Conclusions
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Knowledge of the value chain as well as niche strategies is a great asset to have in hand, it opens a full
new array of possibilities and opportunities. One may navigate on the trends of the T&C Industry and
find an interesting positioning in one or more stages on the value chain that will build the competitive
advantage of the company on an already existing market or while creating a new one, thus combining
the two approaches discussed in this course. New technology, specific know-how and innovative
business models may provide right answers to exploit the challenges revealed by the analysis of the
value chain in a specific context and the niche markets identification.
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Questions for the evaluation of the lecture

1. Question 1: Where do you think most of the yarn and fabric production stages of the value
chain in textile industry takes place
Please choose the one correct answer from the three choices below.
a) In Asia
b) In Europe
c) In North America
2. Question 2: Which niche strategy is mostly used by companies located downstream in the
supply chain?
Please choose the one correct answer from the three choices below.
a) Pull marketing strategy
b) Push marketing strategy
c) Both
Answer’s justification: Though all companies appear to use both strategies at some point in time,
downstream companies tend to use pull marketing more than push marketing
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Lecture 7.1 Global Sustainability initiatives and the footprint of T&C
Industry
Marianna Maglara Morneau
CEDECS-TCBL

1. Introduction
1.1. What is all that about?
The fashion industry is a major contributor to climate change and biodiversity loss, accounting for more
than 8% of the world’s greenhouse gas emissions and contributing to approximately 30% of the
microplastics that end up in the rivers and oceans each year. Through the complexity and opacity of
its supply chains, the textile & clothing industry is rampant with instances of child labour, unsafe
working conditions, and modern slavery.
As a result, the industry has a key role to play in tackling ESG issues head-on, and fashion companies’
sustainability efforts are critical to our planet’s health and wellbeing.

1.2. Setting the context
The traditional 2 seasons Spring-Summer and Fall-Winter launches have been morphed into 52 microcollections per year. This is due to the widely known term of ‘fast fashion’, where shorter lead times
and larger collections bring a pattern of over-consumption and a craving for newness. Shop ‘till you
drop’ phenomenon has become a common reality, with consumption levels rising year on year and
doubling the last 15 years.
The University of Stanford, MIT, and Carnegie Mellon studied the effects of shopping on the human
brain. As we know, when we find the perfect item, purchasing desired objects have a positive effect
on our brain’s pleasure centre, also known as our ‘nucleus accumbens’.
It was shown and proven that purchasing items on sale or ‘steals’ activates the nucleus accumbens to
an even higher level. This explains the unstoppable power of fast fashion which thrives on inexpensive
and unsustainable commodities.
The revenue-generating strategy of these players is thus not based on ‘high price x average quantity’
but a low price that can only be counterbalanced with a disproportionately high quantity forecasting
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model. As a result, companies produce 100 billion items a year for seven billion humans and 40% of
garments are not sold at full price, and another potential 10% never sold at all.
Another main repercussion of this strategy is the drastic drop of clothing with most women wearing
on average only 20% to 30% of the clothes they own and wearing each item of clothing around 7 times
before it gets tossed. It goes without saying that these garments will at some point end up as pure
landfills, except for the less than 15% being recycled or donated.
But the main repercussions of this strategy is the clothing & textile industry, and its production
schemes: raw materials use, energy choices, working conditions, carbon emissions etc. It is thus
important to define the main challenges the industry faces, as well as uncover the innovative solutions
that are being developed and deployed by different players.
To go further we propose
▪

▪
▪

An assessment of the impact of worldwide consumption of cotton products on the water resources
in the cotton producing countries of 2006 of Ecologic Economics [1]
A video on The environmental impact of textile production of 2021 on youtu.be website [2]
A page on Fashion environment statistics of 2021 on vox.com [3]

1.3. The importance of sustainability issues for the Tunisian T&C industry
Most of the research shows that production has the biggest impact on the climate. For that reason,
many efforts are currently underway to develop new ways to design, create new business models,
develop more sustainable materials and increase the efficiency of recycling used textiles.
1.3.1. For the Tunisian industry it is a question of competitivity
Tunisia is among the top 15 garment suppliers in the world and has the advantage of being close to
the European market. It is the fifth-largest supplier to the European Union, as well as the leading
trouser supplier to the EU. Other important products are workwear and lingerie. They start to have a
confirmed know-how and short and respected deadlines.
The Clothing & textile sector is positioned as a cornerstone of the Tunisian industry and keeps an
important place in the national economy while maintaining a strong contribution to the country’s
socio-economic balance. Six categories of this industry are predominant in Tunisia: Spinning, Weaving,
Finishing, Hosiery, Clothing, Various other related industries (accessories…)
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1.3.2. For the Tunisian industry it is an opportunity
Thanks to multiple assets, all these activities in Tunisia are increasingly competitive in the region and
make the Tunisian site more favourable to foreign direct investment.
The major advantages are the following:
▪
▪
▪
▪
▪
▪
▪
▪

Geographical proximity to Europe facilitating the just-in-time
Good quality level consistent with the requirements of contractors;
Short & respected delivery deadlines, high responsiveness to small series & to replenishment;
Competitive production costs;
Skilled human resources and confirmed know-how;
Support and training facilities;
Modernization and digitalization program
Compliance with social and environmental standards (on-going process)

Several Tunisian manufacturers are starting to specialize in certain niche markets that require knowhow and high technical skills, such as high-end underwear or high technology textile, which is used in
the automotive and aviation industries for security or medical purposes.
1.3.3. For the Tunisian industry it is a question of survival
In Tunisia, Clothing & textile industry is almost entirely export-oriented with about 1,592 companies
that contribute to 3% to the country’s GDP. In 2017, the sector tallied $2.6bn worth of exports, mostly
to the EU, which accounts for 96% of all textile exports, with France (38%), Italy (24%) and Germany
(12%) as the leading markets. The textile sector is one of the largest employers in Tunisia with over
158,000 workers. Tunisian-owned enterprises and enterprises with mixed (Tunisian-foreign)
ownership amount to about 60% of all enterprises, employing 61% of the sector’s employees. About
40% of all enterprises are entirely foreign owned where decisions are taken outside the country.
For Tunisia the sector needs to get more and more sustainable in order to keep all its advantages
economically and socially wised.

2. Issues & obstacles to overcome - Initiatives helping to overcome them
2.1. Issues & obstacles to overcome
2.1.1. Conflicts Between Performance and Environmental Sustainability
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The quality is the most important environmental attribute of a product, because the longer it is used
the less resources it takes to replace it.
At times, prioritizing quality comes at a cost to the planet, but companies examine all sides along the
way in their pursuit to build the best product causing the least amount of harm.
Environmental Issues - Risks - Standards
The fashion industry is the second-largest polluter in the world. Water pollution, with toxic wastewater
being dumped from factories into river streams, cotton fertilizers, and huge water consumption due
to the large amount of water needed for cotton growth and the dying process are two main concerns.
One important problem which kept silent for some time in the industry is the release of microfibers
when washing our clothes, that evidently end-up on our Oceans. With every wash of clothes containing
synthetic materials, approximately 2,000 individual micro-fibres are being released into our water
system. This is a key issue circular innovation is trying to resolve.
Greenhouse gases, chemical waste, and soil degradation present other serious dangers. Furthermore,
part of the rainforest is destroyed to be replaced with plantations for wood-based fabrics as viscose,
rayon and modal.
Currently, environmental issues are increasingly playing an important role in the textile industry, both
from the point of view of government regulations and consumer expectations. All products and
services have certain life cycles. The life cycle refers to the period from the product’s raw material
phase through to finished product’s first launch into the market until its final withdrawal. Although
textile sector is one of the biggest consumer intensive sector, recycling and reclamation practices are
not given much importance. Hence, Life cycle assessment needs to be carried out each time. Life Cycle
Analysis explains in detail the waste potential, energy usage and environmental effects of each stage
to address Green House Gas Emissions (GHG). Industry needs to review ways of achieving more
sustainable materials and technologies as well as improving recycling.
Raw materials - Pollution - Water – Energy- Waste management are the main issues to take into
consideration within the production phase.
The main items and questions to reply for each player are how to reduce the environmental footprint
and impact of operations in terms of:
▪
▪
▪
▪
▪

water use,
water quality,
energy choices
greenhouse gas emissions / climate change
microfiber pollution
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▪
▪
▪
▪
▪

chemical use, toxicity
waste management
raw materials
use of the public lands
regenerative organic agriculture

2.1.2. Conflicts Between Performance and Social Responsibility
In addition to environmental degradation, the fashion industry also has a notoriously bad reputation
in terms of labour conditions and human rights of its supply chain workers, particularly in South Asia.
Rana Plaza tragedy in 24 April in 2013 has started to pointed out the major social & human rights
issues. Low-wages and alarmingly high working hours of factory workers, poor health & safety
conditions, and forced / child labour are some of the high priorities in need of improvement,
transparency, and need of tracking in the industry.
Social issues - Risks - Standards
The major risk is: How to implement supportive working conditions in the supply chains, but sometimes
the most technically adept suppliers may not have the highest social responsibility standards.
How to repair? When faced with a conflict situation, one solution is to work with them to increase
their standards, always aiming for continuous improvement.
The main items and questions to reply for each player are:
▪
▪
▪
▪
▪

Safety & health issues
Fair wages
Human rights
Working conditions
Training

2.1.3. Other major challenges: ethical & transparency issues
Challenge: Provide information through the website and print catalogues that describe the
environmental impact of representative items across different product lines, based on the best science
and data practicably available.
2.1.4. The Fashion Pact has set tangible targets across the three areas of focus
▪

▪

Implementation of science-based targets (SBTs) for Climate to achieve net-zero carbon impact by
2050,
Protection of key species as well as the protection and restoration of critical natural ecosystems,
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▪

reduction of negative impact the fashion industry has on the ocean environment through the
elimination of problematic and unnecessary plastic in packaging and choice of fibres and methods
of productions.

2.2. Review of global sustainability initiatives in the textile & clothing
Brands, industry standards, certifications, and alliances, are all putting their focus on finding innovative
ways to make fashion a less harmful sector. For example, making production processes, material use
and consumer journeys more circular is a large priority.
2.2.1. Main drivers of a successful journey towards sustainability in T&C
▪
▪
▪
▪
▪
▪

Encourage the use of regenerative organic agriculture practices to combat climate change.
Data sharing
Social auditing
Innovative solutions
Production schemes
Blockchain

2.2.2. Textile and Fashion Certifications for a successful sustainable business
Fashion Supply Chain Certifications
A certification is a legal or contractual requirement. A standard is a performance benchmark and
framework establishing how something should be made. A material or process can be certified against
various standards that pertain to different environmental and social conditions. They are intended to
ensure that certain conditions have been met in the production process.
Key Certifications
There are many important certifications in the apparel and footwear industry. Covering a range of
topics, for example, recyclable materials and social issues in the supply chain, certifications can be used
to help reduce the unethical practices occurring in the workplace. While there are many certifications
possible for a company to receive these are the most common ones that are present in the industry.
▪

▪

Bluesign: A certification focusing on aspects of consumer safety, water, and air emissions and
occupational health. There is also a focus on the reduction of harmful substance usage at the early
stages of production. This places an emphasis on legal compliance and environmental health and
safety.
Content Claim Standard: A voluntary certification that can be used to trace material through the
supply chain.
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▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪
▪

▪

▪

▪

CMiA: Cotton Made in Africa is a certification that aims to combat poverty and promotes
protecting the environment while providing on-site training courses.
Consumer Product Safety Improvement Act: Enacted by the federal government of the United
States of America to establish consumer product safety standards and other safety requirements
for children’s products.
Cradle to Cradle: With a focus on eco-intelligent product designs, this certification awards based
on levels pertaining to 4 different areas, specifically eco materials, renewable energy, water
efficiency, and social responsibility.
EU Eco-Label: A voluntary scheme encouraging businesses to market products that are less
harmful to the environment. The criterion is based on the overall impact the product has on the
environment through its lifecycle.
Fairtrade Certified: An independent consumer label that signifies that fairer terms of trade, better
prices and longer lead times promote security and economic self-sufficiency as well as sustainable
production practices.
Fairtrade and Fair mined Gold Certification: A new certification, combining Fairtrade International
and the Alliance for Responsible Mining, that assures consumers that gold jewelry is responsibly
sourced, also allowing small-scaled minors to improve their living situation.
Global Recycle Standard: A track and trace system that verifies the number of recycled parts or
materials in a given product.
GOTS certified: Worldwide requirements that ensure the organic status of textiles, this however
encompasses the entire process, from harvesting of raw materials to labeling to provide credible
assurance.
IVN-Naturtextil: These 2 seals that are responsible for safeguarding and reviewing the entire
textile chain specifically environmental standards and social accountability.
LEED: A certification that verifies the sustainability of green building and development practices,
this demonstrates the building is without doubt environmentally responsible, profitable, and
healthy to live and work.
Made in Green: A label that also verifies that a product is made in a fully traceable supply chain
and has been manufactured in factories that are respectful to the environment and the workers.
Nordic Swan: A symbol that demonstrates a product is a good environmental choice.
Oeko-tex: An international association that tests for harmful substances in the various stages of
textile production. It has two certification labels: the Oeko-Tex Standard 100 and the Oeko-Tex
Standard 1000.
R Cert: An educational standard for recycled clothes that guarantees that brands recycled their
own textile waste into their own recycled textile clothing.
Recycled Claim Standard: Another standard to track recycled raw materials through the supply
chain and giving credibility to recycled claims on products.
SA8000 Certified: A social standard certification with the mission to advance the human rights of
workers around the world.
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▪

▪

▪

Sustainable Fair Trade Management System (SFTMS): The new overall universal approach for the
certification of production, trading, and communication.
Textile Exchange: A non-profit, member-based organization, focused on the expansion of the
organic cotton market who offers benefits to its members, especially those working in the areas
of organic farming engagement and public education.
ZDHC Manufacturing Restricted Substance List (MRSL): Zero Discharge of Hazardous Chemicals is
a list of chemical substances banned from the intentional use in facilities that process textile
materials.

2.2.3. Initiatives & Alliances
Initiatives are a way to gain support and help to provide sustainability in the supply chain. While they
may have voluntary codes, they do not certify. Many initiatives were formed with the intention of
dealing with the poor practices that are especially present in major chains of fashion.
Key Initiatives
Initiatives are often used to combat problems that are prevalent in major brands, but not something
smaller brands have to deal with. They can have various purposes, from educating consumers to
providing goals for companies to strive to reach. These are some important initiatives that are
particularly making a huge impact on the apparel and footwear industry.
▪

▪

▪

▪

▪

▪

▪

▪

Better Cotton Initiative: An initiative to promote sustainable cotton production by covering 3
pillars of sustainability specifically the environmental, social, and economic conditions.
Business for Social Responsibility (BSR): Voluntary goals set by the organization in order to
improve and maintain wastewater quality in textile related operations.
Business Social Compliance Initiative (BSCI): A leading initiative committed to improving working
conditions in the global supply chain. This can assist in retail, trading, brand, and importing
companies toward an overall goal of social compliance.
Fair Wear Foundation: An independent verification that works to improve labour conditions in
supply chains.
Fair Labor Association: A non-profit organization dedicated to ending sweatshop conditions in
factories worldwide.
Knowlabel: A digital label that allows consumers to see the overall environmental and human
impact of the clothes purchased. The phone application allows consumers to scan the label thus
educating on the origins of clothing, and how to care for it in the best environmentally friendly
way.
Made-By: A European non-profit organization that aims to improve environmental and social
standards within the fashion industry. However, participation in Blue Button standards is
voluntary.
The Ellen Mc Arthur foundation: Leads the way on circularity.
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▪

▪

Fashion for Good: A good illustration of innovation investments to find sustainable solutions for
the industry.
Bcorp: A community of leaders of various industries, rallies to find solutions to common
sustainability concerns.

3. Sustainability and Circularity: pacts, business models, actors, cases
& solutions
3.1. Sustainable Fashion
3.1.1. What is all about?
Integration of Sustainability Development Goals – Fashion Pact and standards
Following the publication of the 17 Sustainable Development Goals by the United Nations, many
groups in textile & clothing industry put in place a process to analyse the SDGs based on coherence in
regard to their own sustainability values and relevance in regard to their own activities in the short,
medium, and long term. This process end with the identification and adoption of the Sustainable
Development Goals to be broken down into concrete actions to be developed internally and on which
to focus the Group's resources.
To go further: some video presentations on experiences related to sustainability in Fashion.
Table 1. Video presentations on sustainability in Fashion

Title

Speaker

Sustainable Passion
Designing a Sustainable
Future
Sustainable innovation
Sustainable Design

Veronica Tonini
Anna
Detheridge
Mark Shayler
Prisca Visbol

Market
trends
for
sustainable fashion
Sustainability:
from
niche to mainstream
Co-design
and
cocreation
for
sustainability

Organisation

Link

Ferragamo

https://youtu.be/C_w1DgZNmvE
https://youtu.be/hsbGiV3PSts
https://youtu.be/H1AnzfEUe9g
https://youtu.be/dQuEFWulFuQ

Danièle Clutier

thisisape.co.uk
Manufacture
Copenhagen
IFM

Elis Kiss

Kathimerini

https://youtu.be/NTmwdxLUw0g

Fiori
Zafeiropoulou

SOFFA

https://youtu.be/ZpUq-hqsrZg
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Sustainable
Fashion
Market
Ethical Fashion and how
to communicate your
sustainable brand

Jesse Marsh

TCBL project

Dimitris
Ethical Ode
Grammatikogia
nnis
and
Andriana Sakka

http://issuu.com/tcbl/docs/sustain
able_fashion_market
https://youtu.be/HQCoOJ5SgQs

3.1.2. Main business models and their limits
▪

▪

▪

▪

▪

▪

▪
▪

CLOTHING SWAP: One of the most sustainable solution is the clothing swap because you are not
only giving the pieces you get a new life, but also the ones you give away = double the save from
landfill.
SECOND HAND: Another super sustainable solution because the pieces already exist, so you are
saving the entire negative impact of production.
SLOW FASHION: Environmentally friendly by producing fewer new items.: slow fashion means
sticking with what you have for a long time, so this can get difficult to practice when your tastes
change. The philosophy includes reliance on trusted supply chains, small-scale production,
traditional crafting techniques, using local materials and trans-seasonal garments. It calls for a
change in the economic model, towards selling fewer clothes.
FAIR FASHION: Ensuring fair wages supports education and directly improves worker's quality of
life. If everyone had a living wage* we would see more happiness in the world = less conflict +
more love & peace. But certifications can be misleading and mean different things than one might
expect.
VEGAN: Environmentally friendly because it reduces the negative environmental impact caused
by animals. Preventing animals from dying or suffering for clothes. Bu some brands will use plastic
or other non-biodegradable fibres as a replacement to animal-based products. Unfortunately,
these materials often end up in landfills after a short amount of time.
LOCAL PRODUCTION: Minimize the carbon footprint! Garment transport puts out a huge amount
of C02, which can be reduced by minimizing the distances during production.
MINIMALISM: Having as little as possible = less consumption.
ORGANIC COTTON: Certified without pesticides it Is better for the health and land of the farmers,
and also protects wildlife. But organic cotton doesn’t mean less water usage in production, the
production conditions have to be checked (often working conditions are close to slavery) and it
can be misleading, to make us think it is good for our skin. Organic cotton can also be dyed and
treated with toxic chemicals.

3.1.3. Inspiring actors and cases
▪

Finisterre -. They started their journey in 2003 in a flat above a surf shop; with one core ethos. To
design clothing & wetsuits with functionality and sustainability at the core. Always remaining
committed to product, environment, and people. Finisterre is a certified B Corporation.
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▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

Patagonia -Another outdoor lifestyle company and this one need little introduction. Mainly
because they’re one of the most well-known global brands who’ve managed to uphold their
sustainable status.
Pact Clothing - Known for their affordable price point and high quality; Pact creates certified
organic clothing for all members of the family including both parents to toddlers and babies
(Organic, GOTS Certified, Fairtrade)
Everlane- Everlane are well known now for being advocates for radial transparency, allowing their
customers to know exactly how the product they purchase has been made.
Able- Womens apparel company and certified B corporation Able believes in ending generational
poverty, with a specific focus on the empowerment of women.
Tentree - This apparel brand celebrates its commitment to our planet with ethically crafted and
sustainably designed products. They also plant ten trees for each item purchased. With a motto of
“Buy one, plant ten,” The brand has now planted over 42 million trees around the world and is
well on the way to its goal of planting one billion trees by 2030.
Boden-Another wonderful British brand with strong sustainable and ethical values. Focused on fair
wages and conscious trading, they also package products in completely recycled and recyclable
materials.
Kotn-Famous for their soft Egyptian cotton pieces, Kotn focuses on the essentials, doing the basics
right. Beautifully understated pieces manufactured in safe working environments with fair wages
throughout the supply chain.
Alternative Apparel- Trying to bring bargains and sustainability together, to be an affordable option
without the negatives. This affordable brand uses recycled materials and processes when possible,
during manufacturing, and the company ensures employees work in safe conditions and earn fair
wages.
Thought Clothing-An eco-friendly clothing brand that focuses on organic ingredients/materials,
including cotton, bamboo, and hemp. Based in the UK but ships worldwide.
Ref Jeans by Reformation- A company aiming to reduce denim related waste by using a third of
the water used by competitor denim companies.
Isabelle Fox-A luxury brand, creating timeless & traditional garments with high-quality processes
and materials. They also create bags from leftover fabrics and remain direct-to-consumer to avoid
unnecessary waste from the supply chain.
Paper London – Swimwear - Paper London creates beautiful women’s apparel, but it’s their
swimwear that has received so many mentions. The pieces are made from recycled fishing nets,
which would have taken 600 years to decompose.
Tradlands - A brand born from creating women’s apparel designed on men’s apparel. For the
women who lean towards male styles. Tradlands hold themselves to high standards for both
quality and sustainability, with garments made in small batches by independent artisans.
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▪

Outerknown- An Apparel brand for both men and women, with sustainability at the core of every
stage of production. From fairer wages for garment workers to sustainable packaging. Outerknown
does understated and timeless pieces well.
Levi’s- One of the world’s most famous brands and for good reason. Their denim is timeless and
signifies durability and long-term use. They use ethical cotton, innovative water-efficient
processes, and recycle their denim wherever possible.
Cuyana - Focusing on the beautifully and consciously made pieces to last a lifetime. They also have
their ‘Lean Closet’ initiative, where they make it easy for you to donate clothing to women in need,
in exchange for credit towards your next Cuyana purchase.
Vetta- Vetta wants to help you in building a 5-piece capsule wardrobe that will serve you for years
to come. A long-lasting approach to how we dress rather than promoting mass consumerism. Their
partner factory also sources 70 per cent of their energy from solar power.
Hackwith Design House - HDH creates each piece to order, ensuring less waste and to make your
garment special. They believe in making each product, your favourite wardrobe item. They use
colour palettes that are always in style; for minimalists, lovers of the basics, they should be a goto for you.
Sezane - This brand was born in Paris and they look to be as close to zero-waste as they possibly
can. In 2017, Sezane created a philanthropic initiative, Demain, to help disadvantaged children
access education and equal opportunities.
Veja - Recently famous for its new range of ethical shoes, Veja has been running since 2005
creating sneakers with a positive impact at every stage of the supply chain. Ethically & sustainably
sourced materials, fair wages, and a conscious approach to marketing and consumerism. A brand
you can feel good about supporting.
Saye - Another brand for high-quality ethically made trainers. Their motto of “Meaningful Steps to
Inspire Change” is pertinent as they’ve already managed to plant 63,936 trees through producing
their trainers with organic and recycled materials. They’re also determined to be as transparent as
possible on their reforestation projects and production in Portugal.
Eileen Fisher- An industry leader in sustainable and ethical fashion and they believe in redesigning
a broken fashion industry. They produce the highest quality of durable garments and are inclusive
across many sizes. By 2025, the brand’s vision is to reduce its greenhouse gas emissions created
during the production and shipping of their garments by 25 per cent.
Mara Hoffman- Mara Hoffman is all about opening conversations about clothing manufacturing
practices and radical transparency. They use sustainable materials in abundances such as Econyl,
Tencel, Repreve, hemp, linen, and organic cotton. They also consider their collateral such as opting
for compostable poly bags for delivery, sustainably sourced buttons, and soy-based ink for
marketing initiatives.
People Tree- Sustainable fashion may seem like a young industry but People Tree has been around
for over 20 years, bringing fair trade clothing to the fore. Partnering with fair trade artisans and
farmers, they’ve built a reputation on ethical and sustainable practices.
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3.1.4. Inspiring holistic strategy and specific initiatives
▪

▪

▪

French brand Sezane which keeps items at full-price year-round, as sales promote overconsumption and volatile purchasing behaviours, while also pushing margins on all fronts of the
supply chain.
Transparency: Efforts are also being made in regard to cost transparency, with players as Everlane
and Nolabel who make it a priority to inform consumers about actual costs and markups, from
material costs to labour and transportation.
Moja – who support the production and distribution of sanitary pads alongside hygiene workshops
in Tanzania by selling underwear – place sustainability at the heart of companies’ business models.

3.2. Circular Fashion
3.2.1. What is all about?
Integration of Sustainability Development Goals – Fashion Pact and standards
“A circular economy is one that is restorative and regenerative by design, and which aims to keep
products, components and materials at their highest utility and value at all times, distinguishing
between technical and biological cycles.”
The Circular Economy concept has recently been adopted with great emphasis by the European
Commission, in a series of Communications and funding programs launched in December 2015.
This includes proposed directives on waste, packaging waste, landfill, and electrical and electronic
waste, the introduction of a specific “cross-cutting focus area” in the H2020 2016-2017 work program,
and policy frameworks for the ESIF (EU Structural and Investment Funds) with a particular eye on Smart
Specialization.
Since the Circular Economy appears to be emerging as a new policy framework, it is important to
underline its significant relevance for the T&C industry.
First, as a general model, the Circular Economy model transforms environmental policies from a
‘punitive’ to an ‘opportunity’ approach and can thus be used to leverage business innovation in a
positive light. Secondly, the Circular Economy provides a framework for many of the qualitative aspects
related to innovative T&C approaches: systems resilience, the role of diversity, emotionally durable
design, and so forth. Finally, the Circular Economy provides a unifying framework for many specific
fields of research and innovation that are ongoing for some time now in the T&C sector.
Underpinned by a transition to renewable energy sources, the circular model builds economic, natural,
and social capital. It is based on three principles:
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▪
▪
▪

Design out waste and pollution,
Keep products and materials in use,
Regenerate natural systems

Moving towards sustainable and circular textiles will require an holistic approach and changes at each
stage in the value chain, involving players of all sizes and from all market segments. New business
models will have to be adopted on a widespread scale, the use of hazardous substances in textile
processing will have to be eliminated, and resources will have to be used much more effectively, with
a shift away from fossil fuels towards renewable sources of energy and materials. But most of all,
textile utilization will have to be optimized, including a longer service life and more post-use options,
along with drastically improved recycling when materials reach their end-of-life.
To go further: presentations of examples on circularity in T&C from TCBL network
Table 2: Presentations on circularity in T&C

Title

Speaker

Organisation

Link

Circular Economy

Jesse Marsh

TCBL Network

Circular Economy Jade Wilting
Towards
the Véronique
circular economy Spitzer

TCBL Network
Allaire- TCBL Network

https://zine.tcbl.eu/circulareconomy/
https://youtu.be/o2IQuyAibYM
https://youtu.be/VBu60T6Lh-o

3.2.2. Innovative Solutions for a lower footprint
Using Alternative Fabrics
Some of the most common textiles are also the most harmful to the environment. Cotton necessitates
more pesticide use than any other crop in the U.S., and polyester requires the use of over 70,000,000
barrels of oil each year. Alternative textiles such as flax, hemp, and even “spider silk” are increasingly
being seen as an alternative to traditional fabrics, because of their increased sustainability. Many of
these textiles offer properties such as conductivity and high-tensile strength that make them ideal for
use in technical applications.
Technical Textiles Produced Using Fewer Resources
Traditional textiles require a great deal of resources to grow, procure, and process. Synthetic technical
textiles such as acrylic fibre can be produced in-house requiring only common chemical compounds
and specialized equipment. Additionally, these textiles can be made to exacting specifications making
them ideal for small-batch or custom orders.
“Up cycling” of Synthetic Materials Takes Off
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Up cycling is the new recycling. Advances in extrusion technology are creating new avenues for old
materials. Non-textile products such as polypropylene bags and beer bottles can now be broken into
a fine particulate which is then melted and extruded into usable fibers. Processes like these create less
waste and reduce the distance required for sourcing of some textile components.
Innovations in Textile Dyes Leading to Less Pollution
Dyeing is the most taxing to the environment of any textile-related process. Technical innovations in
the way dyes are imbued into fabrics, from “air-dyes” that blast textiles with color to pre-dyed resin
applications for composite textiles, reduce the carbon output of the entire process. Additionally, afterdye wastewater is finding new life through innovative processes that remove recalcitrant organic
compounds and produce less “sludge.”
3.2.3. Inspiring Actors and Players involved in Circularity
Girlfriend Collective - Girlfriend Collective use old, recycled bottles and fishing nets to create their
garments. All are made in Vietnamese factories where wages are fair and working conditions are
maintained at a high level.
Sirplus Clothing- A brilliant British brand that creates luxury garments with deadstock/ waste fabrics
wherever they can.
Tonle -Tonle champions zero-waste fashion. They want to alter the way we see clothing and use
reclaimed fabrics whenever possible. They’ll even use the small fragments left at the end to create tags
and labels. The production team is based in Phnom Penh and are paid fairly, go on retreats, and work
in a supportive environment where training is offered, as well as opportunities to be promoted. Tonle
also uses natural dyes, which are safer for workers and customers.
Sotela- Made by women, for women, they use eco-friendly materials and packages in recycled
materials.
3.2.4. Inspiring cases
Circularity in fashion: Mud Jeans, an Amsterdam-based jeans company, set-up a model of ‘leasing
jeans’ to promote circularity in fashion and create consumer awareness on the environmental effects
of the jeans creation process, one of the most water-consuming garments.
Platform efforts, such as Vinted and Vestiaire Collective, which endorse a more sustainable purchasing
behaviour, and nudges the consumer to think differently about fashion, the need for ‘new’ vs. secondhand items.
Rent The Runway A massive directory of brands and garments; RTRW is a platform for re-use. An
alternative to buying new, bringing in circularity to fashion. Garments can be rented on a subscription
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basis, delivered in reusable bags, and dry-cleaned sustainably once returned. Rental fashion is one of
the most exciting innovations in the industry and likely to feature more prominently over the coming
year or two.
Behavioural efforts, there are the more obvious efforts linked to the usage of recycled or organic
materials as Patagonia, Organic basics, Adidas, and a huge number of other players.
Green machine by H&M Foundation, tested in Hong Kong and now in Indonesia. It uses a hydrothermal
solution to recycle mixed cotton - polyester with the same water to dissolve fibers and respin them for
2 cents more than polyester [4]
Ralph Laurens circularity strategy exposed in the Fashion news of WWD.com [5]
FURTHER INPUTS FROM TCBL NETWORK
●
●
●
●

Up-cycling with the community by Darko Krainc: https://youtu.be/nnOgQcyflrU
Zero Waste design by Mylène L'Orgilloux: https://youtu.be/aami6n-imuM
Circular Services and Transparency by Nin Castle: https://youtu.be/WEauoCHabww
The Circular Double Loop by Ina Budde: https://youtu.be/hOkRJvQvGUQKey

4. Conclusions
To conclude, the main drivers of unsustainable fashion are our consumption patterns and behaviors.
Changing our individual behaviours remains the absolutely key in minimizing the environmental and
social degradation caused by the fashion industry. While younger consumers are showing a growing
appetite for more ethically sourced garments (60% of millennials and GenZ say they want to shop more
sustainably), more action is needed to turn the tide on sustainable practices in the sector.
Over the last few years, Environmental and Labour issues have come under deep scrutiny, which is the
starting point to finding long-term solutions. It is important that all players of the industry keep coming
together and find aligned answers to these key challenges. Change is inevitable and all parties – from
textile companies to suppliers, platforms, and even consumers – need to do their part to contribute to
making fashion more sustainable.
Learning from good practices and sharing knowledge is a key in the innovative sustainable production
schemes. The textile & clothing industry from the raw material they use, the chemical colors they
avoid, the respectful working conditions they offer, the carbon emissions they avoid, the long life run
products they produce, they participate to improve sustainability in this sector that for the moment is
trying to rationalize its methods and to offer better solutions for the future.

Unit 7 Sustainability and circular economy

Page 427

This project has been funded with support from the European Commission. This publication reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein

The natural fibres are the backbone of the textile industry, and climate change effects the growth and
production of these natural fibres.
There is also a push to return to slow fashion, with higher quality garments with longer product life
and utilization. The recent report from the Ellen MacArthur Foundation advocates for a shift to a
circular economy, where the value of products and materials is maintained for as long as possible, and
waste and resource use is minimized. This, alongside efforts to minimize negative environmental
impacts from production, will create a more sustainable industry. For suggestions such as clothing
rentals, and increased durability allowing reuse and resale, a shift in consumer behaviour and attitude
is required for them to gain traction.
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Questions for the evaluation of the lecture

1. Question 1: The T&C industry has to do a lot of efforts in order to reduce its contribution:
Please choose the one correct answer from the three choices below.
a) To the Oceans pollution
b) To the sustainable development
c) To the economic development of the countries

2. Question 2: What are the major trends of the circular fashion:
Please choose the one correct answer from the three choices below.
a) Second hand & multiple life cycles products, less waste
b) Organic materials, high prices, large-scale production
c) Industrial crafting techniques, synthetic textiles, energy intensive products
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Lecture 7.2 Case studies on Re-engineering processes for
Sustainability, CSR and Quality
Matteo Paradisi
CIAPE

1. Sustainability for companies
2030 Agenda and its 17 Sustainable Development Goals (SDGs) are taking the role of reference
framework and guide for the development of a strategic approach to sustainability in companies.
Keeping in mind the nature of the SDGs, the opportunity or businesses does not lie only in being part
of a change towards greater global sustainability, but also in having access to new opportunities for
market [1] and in driving growth and innovation by innovating business models.

1.1. Megatrends in 2030 scenario
Megatrends are disruptive forces that can lead to structural change in the global economy, driving
innovation, redefining company priorities and models of business. In other words, megatrends [2] are
complex processes that can influence society, the economy and people's lives.
One of the Reports highlighting the risks of the near future is the Global Risk Report published annually
by the World Economic Forum (WEF). In the 2020 edition Report for the first time since the start of the
investigation, the first five global risks are exclusively related to environmental issues.
Main current megatrends
●
●
●
●
●

Climate crisis
Technological revolution
New demographic structures
Geopolitical instability
Vulnerability of systems

1.2. Companies and 2030 Agenda
According to 2030 Agenda companies play an important role in implementation of the 17 Sustainable
Development Goals. By aligning the business strategy to the SDGs is possible to create a more inclusive,
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equitable and sustainable world. Companies from all over the world, of any size and production sector,
are called to give a contribution to the 2030 Agenda through the development of new models of
sustainable business, investments, innovation, technological development and activation of multistakeholder collaborations [3].
The key element for companies is represented by the innovation [4]; companies can and must find a
union between innovation (of product, of service or process) and sustainability, with the aim of
develop, through innovative technologies, new sustainable and online solutions with the SDGs [5].
In order to get the 2030 Agenda achievements, the involvement of companies is crucial; on the other
hand, companies can take a huge advantage by integrating these Goals. It is an important opportunity
in terms of development and growth. For companies it means:
-

to improve their ability to prevent and manage the risks
to have the opportunity to innovate their own business
to attract new and valuable resources
to build a trusted network of stakeholders

Quite the opposite, not undertaking this way means to be exclude by new opportunities in new
markets and, consequently, losing competitiveness.

1.3. A strategy for SGDs integration in the company
In order to be able to integrate the SDGs, companies must follow a strategy. Here is a potential model
towards a gradual awareness and integration of SDGs within the company dynamics. It is made by 6
steps:
AWARENESS
The first step is knowing in-depth contents of 2030 Agenda and the 17 SDGs. It is very important to go
through them in detail, to understand the specific declination of each Goal, understand in what terms
it may be relevant to the company and how to determine an impact.
INTERNAL ANALYSIS
Second step is to make an internal analysis to understand which are the most relevant SDGs for the
company, which are the areas of greatest impact and which are the possible objectives to be reached.
INNOVATION AS AN OPPORTUNITY
SDGs represent a huge potential in terms of market opportunities for companies; they must be able to
enhance their ambitions in terms of sustainability and innovation: new mindsets, business model
innovation, disruptive technologies, partnerships.
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INTEGRATION IN STRATEGY AND PLANNING
Next step is the integration of the SDGs into strategy and planning processes, by defining priorities,
objectives, actions and indicators for monitoring.
REPORTING
2030 Agenda and 17 SDGs represent a possible reference framework also for the
sustainability reporting. Regardless of what is the reference standard for reporting, it is possible to use
SDGs both in the definition phase of the contents and as reference for the description of the impacts
achieved and the objectives set.
COMMUNICATION
A communication strategy focused on the SDGs provides specific effects:
-

-

Within the company: the SDGs become the common language for integration of sustainability
and continuous improvement, and they are a reference for the strong commitment of the
company towards sustainability issues.
Towards stakeholders: it is a good way to create new and effective relationships and to create
opportunities for new collaborations, co-designs, partnership.

2. Case study: Eileen Fisher [6]
“Where others see waste, we see possibility. We’re taking our clothes back—over 1.5 million pieces
since 2009—to be resold or remade into new designs. It’s all part of our vision for a future without
waste”. This is the statement of Eileen Fisher at its homepage. The company is Certified B Corp since
2015. B Corps voluntarily meet high criteria for social and environmental performance, accountability
and transparency.
In 2017 the company made a legal commitment to work toward positive social and environmental
impact, in addition to profit. Since 2017 every year the company writes down a Benefit Corporation
Report. With the report the company is “legally committed to higher standards of purpose,
accountability and transparency… this means designing clothing with minimal environmental and
social harm; creating an inclusive workplace; empowering women and girls, supporting the fair
treatment of all people and preserving the environment; and advancing ethical business practices
through collaborations in the fashion industry”. (2019 Benefit Corporation Report)
Part of its purpose, the company embraced 4 benefits:
Benefit 1: committed to designing clothing that creates minimal environmental and social harm.
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Benefit 2: committed to creating an inclusive workplace that respects and honours differences in
gender, age, race, ethnicity, religion, sexual orientation and political views.
Benefit 3: conducting business in ways that empower women and girls, support the fair treatment of
all people and preserve the environment.
Benefit 4: We strive to work collaboratively and transparently with other companies in the fashion
industry to advance ethical business practice
In this training module we will focus on the benefit 1, taking it as case study of clothing company
dealing with sustainability.

Benefit 1: committed to designing clothing that creates minimal environmental and
social harm.
MATERIALS
The aim of the company is to use sustainable materials in 100% of its products. The goal is to source
raw materials from farmers who use organic and regenerative practices that help to restore
ecosystems and increase biodiversity and resiliency. The company set a Materials Ranking Tool (MRT),
in order to measure the key impacts of fibre production and textile wet processing and follow a strict
due diligence process to verify sustainability claims.
ECO-PREFERRED. Every year the company aims to increase the use of sustainable materials. In 2019,
73% of the materials used were eco-preferred—4 points higher than the previous year.
RESPONSIBLE WOOL. In 2019 the company increased the usage of wool certified to the Responsible
Wool Standard (RWS) by 25%. RWS wool comes from farms that support animal welfare and
environmental stewardship. The company made a partnership with Fox & Lillie, an innovative
Australian wool supplier that has invested in their network of wool growers by creating an RWS group.
In this way the supply chain is 100% traceable.
REGENERATIVE AGRICULTURE. Part of company materials sourcing strategy includes the use
regenerative fibres—fibre that’s grown in a way that helps to restore and support the ecosystem,
enabling the land to capture and store atmospheric carbon. Forty-seven percent of the total amount
of wool used in 2019 was sourced from farms using regenerative management. In the 2017 the
company started a cooperation with Ovis 21, a collaborative network of regenerative land managers.
In 2019 the company became a Frontier Founder under the Savory Institute’s Land to Market Program.
In collaboration with Ovis 21, the Land to Market program takes real world assessment using its own
pioneering methodology, Ecological Outcome Verification (EOV). This empirical instrument measures
ecosystem functionality, such as soil health and sequestered carbon, water infiltration rates and
biodiversity to promote and support the regenerative production of raw materials. In this way the
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company is able to understand and assess the overall health of the land and grazing systems in its
supply chain. Moreover science-based data offer critical information for livestock farmers working
toward more holistic farming practices.
CHEMISTRY
The aim is to prioritize safe chemistry, keeping high standards of product stewardship by building
chemical management into 40% of MRT score. Using this tool as a key lever to guide design decisions,
the company aims to scale sustainable chemistry practices across its value chain and ensure
responsible use of resources to minimize impact to the environment and safeguard the health of
customers.
BLUESIGN® CHEMISTRY. In 2019, 29.3% of units produced were made with chemistry that had been
screened through the bluesign® bluefinder tool.
RESTRICTED SUBSTANCES LIST (RSL). The company continues its effort to integrate stringent RSL
guidelines in its material sourcing strategy. The company conducted RSL testing on select styles to
ensure chemical compliance. Using its Chemical Management Guidelines as a foundational resource,
the company aim to reduce and eliminate chemicals of concern from production processes.
AUDITS. Audits provide a snapshot of a facility’s environmental management system, with a focus on
energy and water use, wastewater discharge, air emissions, waste disposal and chemical management.
Using this data, the company can identify areas for improvement and work with its dyehouses to
implement positive changes.
CARBON
The company aims to reduce its carbon emissions, using science-based approaches to measure impact
and investing in solutions that will help in achieve a low-carbon economy.
SCIENCE-BASED TARGETS. In 2018, the company focused on measuring carbon impacts in its supply
chain and setting a baseline. Following the Apparel and Footwear Sector Science-Based Targets
Guidance, the company were able to evaluate where its greatest impacts were and develop actionable
goals.
ENERGY EFFICIENCY. For the past 8 years, the company has been purchasing Green-e® Certified
Renewable Energy Credits (RECs) to support wind power for 100% of electrical consumption in its
stores and corporate spaces.
FOOTPRINT. To measure impact, the company follows the guidelines of the Greenhouse Gas Protocol
for carbon accounting and reference the Higg Materials Sustainability Index to understand the life cycle
impacts of its products.
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ENERGY EFFICIENCY. The company established a 2015 baseline to improve its energy efficiency 20%
by 2020. Indeed, the company recognized a greater need to invest in energy efficiency in order to truly
commit to its targets and combat climate change.
WASTE
“At EILEEN FISHER, we believe that making clothes is a lifetime commitment. We design our clothes to
last, but when our customer is done with them, we take them back to be re-worn or remade into new
designs. It’s how we’re taking responsibility for what we make—and where it ends up”.
RENEW. In 2009, the company introduced a take-back and reuse program that preserves the value of
its clothes and imagines a future without waste.
Here are some Renew highlights for 2019:
✔ In 2019, the number of garments taken back increased by 17%.
✔ 14% growth in the number of Renew units sold
✔ The company launched a new inventory system, Fishbowl, to support the ongoing tracking and
planning for 100,000 units of damaged inventory.
Roughly 25% of the clothes the company takes back are damaged beyond repair. Instead of sending
them to a landfill, the company deconstructs these pieces and resew the remaining fabric to create
entirely new designs.
WASTE NO MORE. Waste No More offers a unique scalable solution for repurposing damaged clothes
through needle felting. In 2019, the company used 11,000 units of damaged garments to create felted
wall decor, home goods and accessories. The company also launched a collection of Waste No More
fashion accessories and home goods.
PRODUCT LIFE CYCLE
The launched the Product Life Cycle (PLC) initiative to help reduce the time it takes for a garment to
be designed, manufactured and shipped to stores by creating more efficient processes. PRODUCT LIFE
CYCLE CALENDAR: in 2019, the company implemented a PLC calendar to map all high-level business
processes from the conception of a season until the product is available for purchase by the end
customer.
Main goals to achieve throughout the PLC process:
1. Provide transparency to all teams throughout the process as well as information on the
progress of the season.
2. Identify areas of opportunity for business process improvements.
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3. Balance time spent on each part of the process and prioritize tasks that will help the business
evolve and grow.
4. Understand what decisions are critical, when those decisions must be made and cost
implications.
5. Develop relevant Key Performance Indicators (KPIs) that allow the company to improve.
6. Move more goods by sea, which is less costly and more in line with sustainability goals.
7. Improve vendor well-being by giving them accurate information earlier in the process, allowing
them to better plan their workload.

3. Case study: Nudie Jeans [7]
The idea of sustainability has been part of the company since 2001.The first Nudie jean made with
organic cotton was produced in 2004. In 2006 the goal of 100% organic cotton was introduced to
suppliers. In 2012 Nudie Jeans launched the first denim collection made with 100% organic cotton.
Moreover, in the same year the concept of “Repair in shops” was officially launched. In 2013 the
company launched the Production Guide, a transparent way to view Nudie Jeans production. Reuse
jeans were introduced in Repair Shops. In 2017 the company reached 100% organic cotton products.
In 2019 Nudie Jeans began mapping the CO2 emission of its full supply chain.
Nowadays, with the industry on board and investing in sustainable materials and production processes,
Nudie Jeans is turning its attention to how it can integrate sustainable practices on the retail side. Next
step is improving its repair service. Through repairs, Nudie Jeans is prolonging the life of garments and
saving textile waste from being thrown away. The brand repaired 55,000 pairs of jeans in its own stores
in 2018. The company currently has 32 repair shops around the world. In the next future the business
will have to invest in additional training and find employees interested in the repairing process.
In its 2019 Sustainable Report the company declared to work with SDGs 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12,
13, 14, 15, 16, 17.
MATERIAL
Before circularity concept became popular on clothing sector, the company decided to work only with
organic cotton. This was a first step to mitigate the environmental impact on the fibre level. By using
organic cotton, the company embraces the SDG 15 “Life on land”. In particular the company can have
an impact on target 15.1 (conservation, restoration and sustainable use of terrestrial and inland
freshwater ecosystem and their services) and on target 15.5 (Halt the loss of biodiversity).

SUSTAINABILITY CONCEPTS EMBRACED
✔ Circularity
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✔ Recyclable fibres
✔ Recycled fibres
✔ Pre-consumer recycled
✔ Post-consumer recycled
✔ Biodegradable
✔ Compostable
PRODUCTION
“Our customers are not only interested in the quality of the products they buy; they also care about
the work behind the products and the social and environmental conditions of their production
processes”.
The production is thought according to this indication. So, Nudie Jeans production is linked to some of
the most relevant SDGs.
SDG 8 Decent work and economic growth. In particular target 8.5 (decent work for all); 8.8 (promote
safe and secure working environments). The company follows its Code of conduct to unsure a better
working environment in its whole supply chain. All selected suppliers are required to comply with the
Code of conduct. In 2019 the company had 96% of the suppliers under monitoring.
SDG 12 Responsible production and consumption. The idea is to influence customers to choose more
sustainable consumption (target 12.1). Moreover, the company aims to minimise the use of harmful
chemicals for create a safe work environmental in the factories and for securing access to safe and
clean water (in line with target 12.4 achieve the environmentally sound management of chemicals and
all wastes throughout their life cycle). The company has banned several harmful chemicals from
use in the production. Among others, phthalates, alkylphenol ethoxylates (APEOs) and perfluorinated
chemicals are banned from intentional use in Nudie Jeans production processes. Moreover, the
company revises and updates the Nudie Jeans Chemical Policy once a year. This policy is based on the
European chemical legislation REACH
SDG 13 Climate action. In 2019 the company joined the Swedish Textile Initiative for Climate Action
(STICA) and started to map all emissions in accordance with Greenhouse Gas Protocol methodology
(target 13.2 Integrate climate change measures into policies, strategies and planning).
USER PHASE OF PRODUCTS
The company in 2012 decided to do a further step toward sustainability by launching
“Repair in shops” initiative. Shops have in-house repair station. The Repair Shops in Sweden, UK, US,
Oslo, Amsterdam and Munich all have an integrated environmental management system called
Miljödiplom (Environmental Diploma) based on the Swedish standard.
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The company embraced the motto “Break-in, Repair, Reuse, Recycle”.
-

-

-

-

Break-in: jeans are not designed to be worn a few times and then thrown away. The
recommendation to users is to wear their dry Nudie jeans for at least 6 months before the first
wash. Not washing jeans too often is an important part of the break-in process. Airing instead of
washing will also save water, and this is the first part of the smart yet simple eco-cycle.
Repair: repairing is part of the jean DNA, by encouraging people to care about the true value of
the garment, which is a crucial part of a more sustainable consumption culture. The company offer
free repairs in its shops. If user can’t go to the shop, it is possible to order a free Repair kit from
the website. Moreover in 2018 the Mobile Repair Station initiative was launched in order to repair
more jeans.
Reuse: beyond repairing, garments use can be prolonged through exchanges with others, by gifting
them or dropping them off at thrift shops, or by redesigning or reselling them. The company offers
20% discount off a new pair when customers hand in an old pair of Nudie jeans. In this way,
customers have an incentive to be engaged not only in the repair service, but also in the circular
activity of returning jeans they no longer want or need. On the other hand, the company an obtain
post-consumer jeans to resell as Reuse, or to use in other circular projects, such as the production
of caps, hats, backpacks, rag-rugs and more.
Recycle: recycling is considered the last step of closing the loop. To scale up its circular ideas, the
company needs a steady inflow of its own denim to use as post-consumer raw material. In 2019,
the company collected over 11, 573 pairs of post-consumer Nudie Jeans in its Repair Shops. In this
way, the company can continue to prolong the life of the cotton fibre. In the 2019 it was launched
The Rebirth Capsule. It consisted of three pieces: a dry jean, a dry denim jacket and a T-shirt, all
made with 20% post-consumer recycled cotton. The recycled cotton fibres used in the denim
products came directly from pre- Nudie jeans, meaning the new Nudie jeans and jacket consist of
20% recycled Nudie jeans, hence the name – Rebirth. The rest of the material composition in the
denim products is 79% virgin organic cotton and 1% virgin elastane, while the fabric of the T-shirt
consists of 20% external post-consumer recycled cotton fibres and 80% virgin organic cotton.
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Questions for the evaluation of the lecture

1. Question 1: what are the main steps of the strategy for the integration of SDGs in the
company?
Please choose the one correct answer from the three choices below.
a) Awareness; internal analysis; innovation as opportunity; integration in strategy and planning;
reporting; communication.
b) Awareness; innovation as opportunity; integration in strategy and planning; communication
c) Awareness; internal analysis; integration in strategy and planning; reporting.
2. Question 2: what is the Nudie Jeans motto in the user-phase of products?
Please choose the one correct answer from the three choices below.
a) Break-in, Repair, Reuse, Recycle
b) Break-in, Reuse, Recycle
c) Break-in, Repair, Recycle
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Lecture 7.3 Circular economy and Climate Neutrality: a 21st century
challenge
Ilias Tsapogas
CRE.THI.DEV

1. On the verge of a crucial decision for humanity
During the last decades the world societies and governments are facing the increasing threat of climate
change and environmental pollution as a result of the current means of production and lifestyle. Both
the prevailing industry and traditional energy sources are based on products of carbon which releases
an enormous amount of greenhouse gases. Such atmospheric emissions affect climate and lead to an
increase of the global temperature. On the other hand, the current levels of consumption and
consumerist lifestyle produces billions of wastes which pollutes our environment, the land and the
water of our planet. United Nations state that “According to latest projections, the global population
could grow to around 8.5 billion in 2030, 9.7 billion in 2050. The equivalent of almost three planets
could be required to provide the natural resources needed to sustain current lifestyles” [1]. We should
always bear in mind such facts and scientific predictions.
We can trace the causes of the climate change and environmental degradation in almost every aspect
of production and consumption, to name a few: the way we produce our food, our clothing and
footwear; how we generally build our houses and other buildings; which are our means of
transportation; and how we entertain ourselves. Therefore, it is important to consider the way we
treat our consumables and the amount of trash we produce. The actual tendency has to change before
it’s too late! The European Commission has set its target to have zero greenhouse gas emissions by the
year 2050 and become climate neutral. The keyword to win this battle is circular economy.
To achieve the targets, the EU planning considers an environmental and social axis. It is essential to
stop being a threat to our environment and ourselves, while at the same time caution is needed to
understand the effects that the undertaken reforms in production and employment will have at a social
level, paying extra care to ensure the establishment of social justice. The changes in production and
consumption should be done, not only leaving no one behind but also increasing social equality and
improving the quality of life for all citizens in the world.

1.1. Anthropocene era
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In the previous section we spoke about the impact will have the growth of our population on our planet
ecosystem in case the current lifestyle is maintained. We have to boldly note that the true threat for
our ecosystem is not the plain number of population but the lifestyle of the citizens of the developed
world. In fact, just 8% of the human population is responsible for 85% of the climate change while the
rest of the people contribute very little to it. But this is going to change since more developing countries
are progressing and the means of production continue to be unsustainable. It is a great opportunity
now to make the leap to sustainable development and give a decisive solution to the problems of
poverty and social justice. Scientist are referring to the era we live as the Anthropocene Age.

Figure 1. United Nations infographic about responsible production and consumption [23]
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Anthropocene successes the Holocene era, which lasted for the last 12000 years, since the last ice age,
an era which was characterized by stability on planet’s climate and the predictable seasons. But this
age of stability that favoured the development of human societies and well-being finally came to an
end. By the year 1955, 10 years after the end of World War 2 humanity surpassed the threshold that
the scientist identified as the key point where gas emissions begin to have a negative impact and
destabilize the climate. In 1988 we passed 350 parts per million of carbon dioxide in earth’s
atmosphere. Ever since then we are at risk of triggering changes that lead to runaway warming [2].
Also, according to Professor Johan Rockstorm from Potsdam Institute for Climate Impact Research,
right now we are at a point of 415 ppm carbon dioxide concentration in the atmosphere. 350 ppm was
a threshold of entering the risk zone. 450 ppm is a threshold that if we cross it, we enter a high-risk
zone [3]. Since the industrial revolution we have emitted 2400 billion tonnes of carbon dioxide to the
atmosphere. To keep the rise of temperature below 1.5 degree Celsius we can release only 300 billion
tonnes more. With the current rate of releasing 40 billion tonnes of carbon dioxide each year we have
approximately only 7 years to reach that point of no return. The only way to survive is to bend that
curve by cutting down carbon dioxide emissions to half every decade.
During the Holocene period, the annual temperature on the planet was stable at +-1 degree Celsius.
In the last decades the temperature has begun to take a way up. The most alarming evidence of world
heating can be traced in the polar areas. Earth poles play the most important role in the stability of a
planet's climate, as the huge glacial masses are reflecting surfaces that bounce back about 95% of the
sun's heat back to space. But human activity during the last decades has led to the extinction of 40%
of the sea ice in the poles during the summer times than it was in 1980 [4]. As the huge glacial masses
continue to get decimated the temperature of the oceans becomes warmer and this triggers a series
of effects that create intense weather phenomena and make climate worldwide less predictable.
Another very important factor for the stabilization of the planet’s climate are the rainforests, like
Amazon’s, as the rainforests play a huge role for blocking carbon emissions and producing oxygen.
Amazon’s rainforest is heavily decimated and fragmented, and gradually its ability to store water
supplies gets lost, if that doesn’t stop it will eventually lead to the death of the trees, the conversion
of the rainforest to savanna and the release of huge amounts of carbon. Carlos Nobre from the
Institute of Advanced Studies University Sao Paulo states that 60% of the land left behind by world
deforestation was used to produce beef and 30% to produce crops, mostly soy in Latin America and
palm oil in South-East Asia. Carlos Nobre warns us that Amazon could release 200 billion tonnes over
the next 30 years which is equivalent to all carbon emitted worldwide over the last 5 years.
Environmental activist Hindu Oumarou Ibrahim tells us the story of lake Chad. 50 years ago, lake Chad
was 25000 square kilometres of water. By now 90% of water has evaporated.
It is estimated that the ¾ of the land of our planet and the 2/3 of oceans are impacted by human
actions. 90% of the populations of oceanic predators like tuna, sharks and swordfish have been lost.
On earth’s surface 96% of the mammals are humans and domestic animals, just 4% is wildlife. The
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biodiversity of our ecosystem, which is the one that stabilizes the weather, is heavily attacked by
human activities. We have stepped the threshold to the age of Anthropocene where we humans are
the ones who shape the entire biosphere. Now we are the ones that have the future of our planet and
ourselves in our hands. What gives us hope is that science, while was the driving force that put humans
on the role of affecting the planet and ecosystem, has by now advanced so much that can determine
the “boundaries” of our ecosystem and the impact our actions have over it and gives us a clear
message: “we change the way we produce and consume, we respect biodiversity and all living species
of the biosphere and we continue to live and thrive on a living planet, or we stubbornly continue our
unsustainable way of exploiting power and natural resources and lead to our extinct sooner than we
can imagine.

1.2. The Kyoto Protocol
The Kyoto Protocol was signed on December 11th 1997 where substantial decisions for the future
international actions on climate change were taken and after a complex ratification process, it entered
into force on February 16th 2005. By now the Kyoto Protocol is signed by 192 parties. The Kyoto
Protocol is based on the United Nations Framework Convention on Climate Change (UNFCCC), also
referred to as the Convention which entered into force on May 21st 1994, and which followed the
Montreal Protocol (1987). These protocols have the significance that brought up the danger of climate
change and the consequences of human activity at times where these were not as obvious as these
days and there was not all this scientific evidence available, so it’s of great importance that despite the
scientific uncertainty the parties agreed that there was actually a very important threat that should be
treated by the humanity as a whole and with the developed countries on the front of the struggle,
being responsible for the largest part of the human impact. Also, they set the time frame for the
strategy that will be followed in the coming decades, in order to let the economies and the ecosystems
adjust. The ultimate objective is to control Greenhouse Gas Emissions and keep them at levels that
they don’t constitute a threat to the climate. The developed countries under the convention are called
Annex I countries and belong to the Organization for Economic Cooperation and Development (OECD)
and also include 12 countries with "economies in transition” from Central and Eastern Europe [5].
Annex I countries agreed by the year 2000 to have cut down GHG emissions to 1990 levels. The Annex
I countries have committed to report on their climate change policies and measures on a regular basis
and also report their GHG emissions for each year since the base year 1990. On the other hand, the
Convention takes into consideration that the economic growth of the developing countries in also vital,
so the developed economies have to assist with funding the developing ones. Also, something that is
taken into account is the sector of food production that has to be protected.
The Annex A of the Kyoto Protocol sets the target to reduce emissions of the 6 main Greenhouse
Gasses: carbon dioxide (CO2), Methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs), and sulphur hexafluoride (SF6). On the Annex B of the protocol, 37
industrialized countries are committed to reduce their GHG emissions and during the 1st commitment
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period (2007-2012), the 37 countries have all succeeded in their goal and resulted in a 5% reduction of
the emissions compared to the year 1990. Despite this fact, in the year 2010 the global emissions have
increased by 32% compared to the year 1990 [6].
On December 8th 2012, in Doha, Qatar, was signed the Doha Amendment to the Kyoto Protocol, which
began the 2nd commitment period that will last from 2013 until 2020. The Doha amendment hasn't
been put into force yet because it required the ratification by 144 parties. As of October 2020, the
amendment has been already accepted by 147 parties so it will be put into force soon. Developed
countries that have been withdrawn from the Kyoto Protocol or not ratified it for the 2nd Commitment
period are Canada and the United States of America.

Figure 2. Kyoto Protocol to the UNFCCC [24]

Figure 3. Doha Amendment to the Kyoto Protocol [24]

1.2.1. The mechanisms of Kyoto Protocol
The Kyoto Protocol presented some market mechanics which would provide new ways to better fulfil
the parties’ targets. These mechanics are:
●

●

International Emission Trading: The allowed emissions for the Annex B parties are divided into
assigned amount units (AAUs). Countries that haven’t outrun their emissions units allowed
have the ability to sell the units they haven’t used to other countries that have overpassed
their targets.
Clean Development Mechanism (CDM): Annex B countries have the ability to execute an
emission reduction project in developing countries. By doing so they get saleable certified
emission reduction (CER) credits, each equivalent to one tonne of CO2.
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●

Joint Implementation: This mechanic allows Annex B countries to earn Emission Reduction
Units (ERUs) from an emission reduction project implemented in another Annex B country,
each equivalent to one tome of CO2.

1.3. The Paris Agreement
On 12th December 2015 took place in Paris the 21st session of the Conference of the Parties (COP) which
was also the 11th session of the meeting of the Parties to sign the Kyoto Protocol (CMP). This 21st COP
was ratified by 196 parties and entered into force on 4 November 2016. The main target of the Paris
Agreement is to limit the temperature rise well below 2 and if possible, at 1.5 degrees Celsius
compared to the period before the Industrial Revolution. The rise of the average planet temperature
in recent decades is significant. It takes an incredibly big amount of energy produced by humans to
increase the temperature of the oceans, whose size and capacity is so big. Earth’s temperature has
risen by 0.14° F (0.08° C) per decade since 1880, and the rate of warming over the past 40 years is more
than twice that: 0.32° F (0.18° C) per decade since 1981 [7]. Overall, there has been a 2-degree Celsius
increase in global average surface temperature since 1880.

Figure 4. History of global surface temperature changes since 1880 [25]

The Paris Agreement is significant as it’s the first time that all the nations get united with a binding
agreement to fight the common danger of climate change and undertake very important actions and
reforms in the economic and social fields. Only six UNFCCC members did not ratify the treaty, among
them Turkey and Iran, while the United States of America withdrew from the agreement in 2020 under
the leadership of Donald Trump but joined again in 2021 as soon as Joe Biden became president [8].
The plans that will be followed in this struggle will use the achievements of current technology in order
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to realise these global reforms in almost any way we humans interact with our environment. It was
decided that a 5-year cycle for the countries to undertake very ambitious actions against climate
change and in 2020 the countries had to submit their national plans for climate action known as
nationally determined contributions (NDCs).

Figure 5. Paris Agreement [24]

In their NDCs the countries will submit their strategy to reduce GHG emissions and also to build
resilience to adapt to the impacts of raising temperatures [9]. Then, by the year 2020 the countries
should submit their long-term vision for dealing with GHG emissions and building resilience to the
effects of the climate change. These long-term plans are called long-term low greenhouse gas emission
development strategies (LT-LEDS) and unlike NDCs they are not mandatory but they structure the
general frame in which the NDCs will be formed. The ultimate horizon for the LT-LEDS is the year 2050
by which the parties have committed that we should live in a planet with zero GHG emissions and the
climate and ecosystem will have been preserved.
1.3.1. The tools for achieving these goals
The tools decided by the parties to be used in order to achieve these ambitious targets could be
summed up into these: solidarity from the developed and economical stronger countries to the
developing ones and the full exploitation of the current advancements of technology. In particular the
Paris Agreement has developed a framework for assisting parties to fulfil these goals and this
framework includes:
●

Financial support: the treaty is built up on the foundation that developed countries should
have the lead role in this struggle by providing financial support to the less developed ones.
There is a necessity for large-scale investments in order to succeed to the migration to the new
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●

●

ways of production and this can’t be achieved without financial assistance to the most
vulnerable parties of the agreement.
Technology: it’s a big bet for the Paris Agreement to make full realisation of current
technology. Today technology has made huge steps forward and it’s up to the humanity to
make use of it for achieving a better life for us and protect our ecosystem.
Capacity Building: Another important factor is that there are developing countries that don’t
have the necessary capacities to deal with the challenges of the climate change. Again, the
Paris Agreement sets the developed countries to assist climate related capacity building in the
developing countries.

The Paris Agreement has set an enhanced transparency framework (ETF) to allow the countries,
starting by year 2024 to report transparently on the actions they have undertaken for reducing GHG
emissions and building resilience on the effects of the climate change, the support they have provided
or have received to and from other countries. The countries should provide these reports for
reviewing. Then these reports will be assessed by the Global stocktake in order to review the current
condition compared to the long-term goals. By doing this the Global stocktake will counsel the parties
to undertake more ambitious measures and plans where needed.
It’s true that the parties of the Paris agreement have not fulfil all the goals set, many countries still
struggle with the challenges of decarbonisation, however the achievements so far are notable. New
low carbon solutions and new markets have been founded. Especially in the least developed countries,
renewable energy has been provided to many millions of people, while new jobs and investment
opportunities have risen. To this day, zero-carbon solutions have become competitive in sectors
representing 25% of the total emissions, especially in the energy and transportation sector. It is
estimated that by 2030 this percentage could rise up to 75%.

1.4. The European Green Deal
The EU has committed to be climate neutral by 2050. The Commission's vision is in line with the Paris
Climate Agreement objective to keep the global temperature increase well below 2° C and to make big
efforts to keep it to 1.5° C.
In order to achieve Sustainable Development Goals, the Commission has set a number of policies and
initiatives which cover all dimensions of the problem, to find appropriate solutions at every sector of
production, in a holistic approach. All parts of society and economic sectors will play a role, from the
power sector to industry, mobility, buildings, agriculture and forestry [10].
The EU can lead the way by investing into real technological solutions, empowering citizens and
aligning action in key areas such as industrial policy, finance and research, while ensuring social fairness
for a just transition [11].
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As part of the European Green Deal, in order to fortify its strategy for climate neutrality by the year
2050, on March 4th 2020 the Commission proposed a European Climate Law.
President Ursula von der Leyen said: “We are acting today to make the EU the world's first climate
neutral continent by 2050. The Climate Law is the legal translation of our political commitment, and
sets us irreversibly on the path to a more sustainable future. It is the heart of the European Green Deal.
It offers predictability and transparency for European industry and investors. And it gives direction to
our green growth strategy and guarantees that the transition will be gradual and fair.” [12].

1.5. Designing sustainable products
While up to 80% of products environmental impact are determined at the design phase, the linear
pattern of “take-make-use-dispose” does not provide producers with sufficient incentives to make the
programs more circular [13]. Circular economy is in fact the imitation by humans of the natural
processes. In nature there is no waste, everything is recycled and it’s a process that work and we should
learn from this and replace our malfunctioning system. Kate Raworth from the Environmental Change
Institute states that “waste for one process becomes food for the next. There is no such thing as waste
actually, waste is just a resource in the wrong place. That’s even true for carbon dioxide, it’s true for
plastic, it’s true for everything we think we throw away, there is no away.” [14].
In order to proceed to a circular approach for EU economy, the EU legislation initiatives will give
incentives to both producers and consumers to adapt. In many cases this has to be done on a voluntary
rather than on a mandatory basis so it's up to companies and people to show responsibility. In some
cases, the EU legislation will fine and ban certain products, while in other cases will reward the good
efforts to provide sustainable products that are in line with the initiatives and the principles provided
by the Commission. Already EU has initiatives addressing product sustainability issues such as the
Ecodesign Directive, the EU Ecolabel and the EU Green Public Procurement (GPP) but they have to be
implemented by new and more complete initiatives – for example the Ecodesign Directive focuses on
energy products so it has to be widened to include all the key value chains and in overall the broadest
possible range of products. These legislative initiatives will focus on the following axes:
●

●
●
●

Extension of product life: creating better quality and more durable products that are easier to
repair, with focus on upgradability and reusability, so as to create a culture for the consumers not
to dispose the products soon but take advantage of their full and enhanced lifecycle. Also, for
achieving the best quality for products, the presence of hazardous chemicals will be addressed and
there will be a focus on products' enhanced energy and source efficiency.
Increasing the use of recycled materials in products while ensuring that the product's performance
and safety will be preserved.
Promoting and facilitating product remanufacturing and recycling waste to the highest possible
levels of quality.
Contributing to the reduction of carbon emissions at an individual, organizational or national level.
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●
●
●
●

●

●

Introducing and imposing restrictions to the production and use of single-use plastic products.
Tackling premature obsolescence through restrictions for products with built-in defects designed
to prematurely fail and be disposed of.
Establishing prohibitive policies for the destruction of unsold non-food goods.
Providing incentives for Product-as-Service business models which aims at the avoidance of use of
materials by allowing customers to purchase a desired result rather than the product that delivers
that result.
Mobilizing the potential of digitalization of product information, including solutions such as digital
passports, tagging and watermarks, in order to heavily reduce packaging and included user
manuals.
Rewarding products based on their different sustainability performance, including by linking high
performance levels to incentives.

Figure 6. Circular Economy Infographic [26]

There are many brands worldwide and also enough industry colossus that are adopting rapidly to the
circular economy model. Here are some examples:
●

Timberland has signed a partnership with tire manufacturer Omni United to make footwear soles
from recycled tires instead of using virgin rubber [15].
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●

●

●

Supermarket giant Tesco announced its plan in 2018 to remove hard-to-recycle materials from
product lines by working solely with branded suppliers. Tesco will have eliminated the hardest to
recycle materials from own brand products by the end of 2019, by removing over 4,000 tonnes of
materials from 8,000 lines [16].
Anand Mahindra, billionaire chairman of the Mahindra Group, one of the biggest corporations in
India has also chosen the sustainable way for his production lines and along with other companies
proposed a roadmap in order to achieve a beneficial for societies, post-Covid economy [17].
Josh Tetrick, CEO and co-founder of Eat Just is leading a food technology company that aims to
resolve the environmental and ethical issues of mass animal exploitation by producing plant based
and cell-based meat alternatives [18].

These companies work with branded suppliers to ensure the sustainable nature of the materials used
and the consumer, with the assistance of the digital technology will have the ability to identify and
choose the sustainable products by the use of digital passports and watermarks that we spoke of
before. That way people will have also important information about how to recycle their products.
1.5.1. Textiles
It is estimated that less than 1% of all textiles worldwide are recycled into new textiles [19]. Textile
sector is one of the largest in global economy. As production volumes have doubled over the past 15
years, clothing is now a USD 1.3 trillion global industry employing more than 300 million people along
the value chain [20]. Proportionally to the size and importance of the sector is the demand for raw
materials and also water, while the sector is the 5th among the key value chains in Green House Gas
emissions, as the sector follows a completely linear system of production, distribution and using, and
there is no recycling.
The EU textile sector has been on a crisis for a long period and is starting to recover, yet 60% by the
value of clothing in the EU is not produced inside the EU [21]. So, it seems like an opportunity to be
rebuild in a way to become sustainable. Some of the biggest challenges the sector has to face and solve
in order to adopt a circular approach is the great demand for raw materials, the transportation cost
and ecological footprint as not only most products have to be transferred but the raw materials as
well, also another important factor that has to be addressed is the way clothes are often used by
people, following short-term fashions clothes are used for a brief period and are disposed right after,
leaving behind vast masses of waste. Of the total fibre input used for clothing, 87% is landfilled or
incinerated, representing a lost opportunity of more than USD 100 billion annually. As much as 73% of
material going into the clothing system is lost after final garment use, 10% is lost during garment
production (e.g., as offcuts) and 2% is sent to landfill or incineration from garments that are produced,
yet never make it to market. An additional 2% loss occurs in the collection and sorting of discarded
clothing [22].

Unit 7 Sustainability and circular economy

Page 451

This project has been funded with support from the European Commission. This publication reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein

Figure 7. Global Material flows for clothing 2015 [26]

The same principles that were discussed in the previous chapter (Designing Sustainable Products)
should be applied for the textile sector as well to lead textile sector to a sustainable way. The proposed
measures include:
1. Developing eco-design measures for textile products to ensure that they fit for circularity,
ensuring the uptake of secondary raw materials, remove hazardous chemicals, and provide
incentives for business and consumers to choose sustainable textiles and have easy access to
re-use and repair services;
2. Also, extra care will be given regarding the regulatory environment for sustainable and
circular textiles in the EU. The Commission will incentivise the product-as-service models the
give the ownership of the product and increased responsibility to the producers, circular
materials and production processes, and put focus on increasing transparency through
international cooperation;
3. Another imperative goal is the collection of textile waste. EU will provide guidance to the
Member States to achieve the highest results possible. The Member States have to comply to
these guides by 2025.
4. Also important is to minimize the transportations. This can be achieved by using as much as
possible local materials.
5. Use of digital technology services like digital passports to provide customers with all the
important information about the products and how to recycle them.
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Questions for the evaluation of the lecture
1. Question 1: What is the threshold that the scientists identify as the key point where gas
emissions begin to have negative impact and destabilize the climate and humanity surpassed
on 1988?
Please choose the one correct answer from the three choices below.
a) 400 ppm
b) 350 ppm
c) 450 ppm

2. Question 2: On 12th December 2015, how many parties ratified the Paris Agreement?
Please choose the one correct answer from the three choices below.
d) 196
e) 192
f) 144
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Lecture 8.1 New technologies in teaching and collaboration
Jean-Francois VERMONT
CEDECS-TCBL SAS

1. Introduction
1.1. Target audience and purpose
The target of this lecture is composed by professors training students and professionals planning to
vit, visiting or having visited the innovation textile centres set up by the Tunisian universities and
institutes specialised in textiles and participating in the Wintex project.
Wintex project offers the opportunity to modernise the contents and formats used for transmitting
knowledge of the target population using the new technologies in teaching and collaboration.
This lecture presents a panorama of the technologies which can be integrated for this activity by
innovative high education institutions (HEI) interested in addressing their courses in a flexible way to
a target not only composed by students registered in some curricula and targeting to obtain some
diploma but also to a diversified audience, with multiple expectations, of different ages who is coming
to such centres to acquire skills and knowledge mainly in view to develop their career or their business.

1.2. Historical overview
The new technologies having an impact on training and on the transmission of knowledge started to
deploy at the end of the 70’s with
▪

▪
▪

The beginning of the diffusion of micro-computers in the USA and the development of Apranet,
the precursor of Internet as we know it today
The development of the telematics in Europe
The expansion of the power of telecom networks with the numerisation of the voice
transportation, the development of optic fibres for the long-range communications, the
development of the telecom satellites as well as of the technologies of compression of data

The big steps of this deployment were:
▪
▪

1950-1960: the television
1960-1970: Computer Based Training (CBT)
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1970-1980: the pedagogic games
▪
1980-1990: intelligent tutoring systems (ITS, hypertext
▪
1990-2000: elearning platforms
▪
2000-2010: MOOCs
▪
2010-2020: Mobile learning, Gamification, Adaptive e-textbooks, Learning Analytics, VR, AR…
Since 2020, the Covid-19 crisis has helped to the very rapid diffusion and adoption of the following
technologies: Zoom, Big Data in Education, Open Microcredentials…
▪

This historical summary sets the question of the diffusion of technologies, the rhythm of their
adoption, of the expectations they raise, of their real efficiency but also of their possible disappearance
(like it happened for diskettes, videodisks or CD-ROMs.
The American research, advisory and information technology firm Gartner has developed and using
hype cycle curves (a branded graphical presentation) to review periodically the maturity, adoption,
and social application of specific technologies and notably those used for eLearning.
According to the theory behind these curves the innovations appear with a low recognition at their
beginning and become progressively familiar until they reach the maximum hype and their maturity.
The five usual steps are : the excitement of innovation, the excessive expectations, the disillusion
phase, the recognition and the focalisation on productivity.
In 2021, after this long and continuously creative period both in technologic and entrepreneurial terms
which started in the Silicon Valley in the US and has deployed since in all the economically developed
areas, a wide range of digital services has appeared and is available today for exploitation and use by
the training and education actors of textile and clothing.

1.3. The technologic families which can be used to transmit knowledge
The first technologic families coming to the mind are :
The presentation tools
▪
The courseware
▪
The MOOCs
▪
Th Webinars
Beyond that list many others exist, with grouping according to other functionalities and uses.
▪

1.4. New technologies bring the flexibility required to adapt training and education
to different needs and contexts in T&C
While the possibilities are infinite it is important to select for each use and context the appropriate
technologies. The context of the HEI addressing students but also adults and professionals interested
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in textile and clothing and wanting to valorise the technology centres demonstrating the innovative
T&C technologies is the context to which this lecture focusses.
To face professional audiences, it will be important to respond to demands of information,
communication and networking but also to discover and teach technologies and knowledge ignored
by this audience and for which they have difficulties in understanding its potential and use.
1.4.1. The types of knowledge to be transmitted to T&C actors are very different
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪

Learn a job
Work in collaborative mode
Work in shared mode
Work in auto-disciplined mode
Manage peer-to-peer relations
Manage client-provider relations in both directions
Develop soft skills
Navigate in an adapted ecosystem
Master intercultural codes
Develop an innovation culture

1.4.2. The job profiles in T&C are various with specific training and education needs each
A list established by PASSAGE project in 2009 identified 114 strategic job profiles in T&C
This collection is based on the 10 to 30 short listed strategic regional job profiles identified by each of
the 5 Associations of T&C participating in this PASSAGE project (Bulgaria, France, Greece, Italy,
Romania). It is organized by chapters in line with the ILO’s ISCO classification of jobs; each job profile
described being attached to the general ISCO category to which it belongs. Descriptions are based on
existing and validated documentation provided in the databases of FORTHAC (French Observatory of
Jobs in Textile and Clothing) and ROME (maintained by the French Employment Agency). They have
been enriched to integrate documentation on related know-how, business strategies and market and
technological trends, demographic data and training information collected in PASSAGE for identifying
their strategic importance. This collection served as the basis for an online database aimed to serve as
an Online guide for the identification of strategic job profiles, offered through the PASSAGE Capability
Building Platform.
Each PASSAGE job profile is organized under three headings:
GENERAL DESCRIPTION OF THE JOB AND ITS CONTEXT
General definition (the title, objective and appellation of the job); Professional (s) context (s); Materials
used; Fields of application; General trends of the profession; Specific sectors and application areas:
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Information on specific evolution and trends in some specific sectors and application areas in which
jobs related to this reference job profile are occupied; Definition of the sector or domain; Type of
domain or sector; Trends; Dominant strategies against trends; Impact on jobs
REQUIREMENTS OF THE JOB AND SOURCES OF INFORMATION ABOUT THE JOB
Basic technical skills required (Skills: a combination of knowledge and know-how mobilized in work
situation and necessary for the implementation of activities after several years of professional
practice); Associated Know-how (Theoretical knowledge usually acquired through initial training
including: general knowledge, specific knowledge, socio-professional knowledge, procedural
knowledge, technical knowledge); Capabilities required (can be detected directly in a formative or
professional or indirectly through different tests). Experience, training and initial vocational leading to
the job (description of training courses and qualifications that allow access to the job). Additional
documentation (Demographics / Statistics, Available Educational materials, Bibliography, Other). Links
(to other databases used to describe the job).
ACTIVITIES - KNOW-HOW - STRATEGIC ASSESSMENT OF THE JOB
Standard activities: what are the activities that constitute the heart of the job; Technologies used;
Strategic technical, cognitive and relational know-how used; Activities for which there is a documented
know-how (Activity, Technology used, Know-how captured); Contribution to competitiveness
(Competitiveness factor concerned, Importance of the contribution); Strategic importance (Strategy,
Importance of the contribution); Risk of Loss (Type of Risk, Level (of risk)
Examples of jobs documented by PASSAGE
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

SME/SMI Manager in Textile, Clothing and Leather
Clothing products Manager
Textile products manager
Apparel manufacturing manager
Shop manager
Fabric waste and foam cutting machine maintenance technician
Textile production manager
Quality control staff (textile/apparel)
Methods-scheduling-planning manager
Industrial and environmental methods manager
Apparel merchandiser
Apparel-related market research specialist
Fashion designer
Industrial fashion designer
Apparel designer
Textile purchaser
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●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

Apparel purchaser
Model maker - textile designer
Apparel pattern designer
Model maker
Designer - textile designer
Textile supply controller
Apparel methods agent
Textile methods agent
Sales person (luxury items)
Brand Sales Person
Shop Assistant
Mechanic - adjuster of textile machines
Sorter-grader in the industries of flexible materials
Examiner-controller in the industries of flexible materials
Products controller
Workshop manager in apparel production
Shop manager in the textile industry
Textile line manager
Dyer-colourist/Dyer-colourist in the industries of flexible materials
Textile colourist
D Patternmaker-Pattern grader (industries of flexible materials)
Patternmaker
Patternmaker-Pattern grader for clothes
Seamstress
Product finisher in the industries of flexible materials
Automated process operator on spinning machines.
Spinning machine operator
Textile spinning machine operator
Nonwoven fabric machine operator
Weaving machine operator
Knitting machine operator
Embroidery machine operator
Lace machine operator
Industrial clothing sewer
Dry filling machine operator
Textile treatment agent
Textile dry filling machine operator
Textile article maintenance operator
Textile bleacher
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●
●
●
●

Cutting shop operator in the industries of soft materials
Textile conditioning machine operator
Apparel finishing agent
Assembling-mounting operator in the clothing industries and other fabric-based manufactures

Other repositories of jobs: the guide «Les métiers de la mode » (Fashion jobs)
On the site https://www.studyrama.com/formations/fiches-metiers/mode-textile/ you will find the
guide « Les métiers de la mode » (A guide offering a panorama of the jobs related to Fashion). Each
job is presented with the existing training and diploma required to exercise it. The guide is enriched
with a lot of advice and testimonies of professionals and provides all what is needed to choose a
curriculum and professional objectives in this attractive and exigent sector. Documented jobs are the
following.
Table 1. Jobs documented in the guide « Les métiers de la mode »

Production
Embroideress
Costumer
Quality controller
Cutter
Dress Maker
Lace Maker
Designer
Pattern grader
Picker
Folder
Finisher

Sales
Buyer in fashion
Shop director
Product Manager
Commercial manager
Visual merchandiser
Apparel sales person
Jobs of sales
Communication Jobs

Promotion
Press officer
Fashion journalist
Influencer
Mannequin
Fashion photographer

1.5. Focus used to select the technologies presented in this lecture
In this lecture our focus will be to review the education and training technologies for informing
teaching and collaborating, HEI can use when they:
●
●
●
●

Have an innovation and technology centre and want to valorise it,
Want to be able to choose between different types of teaching and collaboration,
Has a staff wide of professors and professionals, open to change and having a natural facility
to use the new information and teaching technologies, and
Deliver courses for curricula leading to diploma but also training

2. Technologies for valorising HEI’s Innovation & Technology Centres
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2.1. Tools for managing registrations
We remind that the target of this lecture is composed by professors training students and professionals
planning to vit, visiting or having visited the innovation textile centres set up by the Tunisian
universities and institutes specialised in textiles and participating in the Wintex project.
One of the first tools to put in place in the Centres will be a tool to manage the registrations of visitors
and the enrolment to the activities and events organised by the centre.
Example of a solution: Weezevent
Weeevent is an online registration solution designed to respond to all the needs of an event, an activity
or a service in 6 steps:
▪

▪
▪
▪
▪
▪

Publish with few clicks a mini-site for registrations or integrate on a website an online
registration module
Personalise your registration forms: mandatory information, addition of attached files…
Configure the tariffs and registration quotas by category of registrations
Display of periodic events as a list or a calendar
Add registration modules on your social media
Follow up the registrations in real time and manage registered users

The data belongs only to you. Weezevent has no access to them and does not exploit them. Intuitive
and easy to use dashboards are immediately available:
▪
▪
▪

Follow up the registrations in real time for better monitoring of your event or activity
Analyse the data of the forms completed by your registered participants
Send personalised emails from your CRM dedicated to events

A preliminary work has to be done for allowing your registration software to be able to qualify those
registering. It is possible to collect information on the educational background of the participant, his
fields of interest, the practical questions (s)he has (to reach the event, to pay or to prepare a payment
if the event is not free), how (s)he has been informed about the possibility to visit the centre.
Before that the HEI and the centre (if its management is independent) should define a « package » for
the visit and its content, with a lot of possible visit contents (for students, trainees, operational
managers of textile industries, start-ups, …)
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2.2. Presentation tools to welcome the visitors of a centre
During the visit, the centre could prepare a presentation of the centre and of the content of the visit.
According to the preferred display the centre can choose between different tools available for
preparing presentations.
PowerPoint is the most known, but many others exist with capacities to handle visual and graphical
resources which may have a strong impact. Below you will find some examples proposed by the
website codeur.com (https://www.codeur.com/blog/logiciel-de-presentation/ ):
2.2.1. Haiku Deck – the easiest?
Haiku Deck is stressing on the simplicity and the clarity to allow you to create presentations of
professional quality even if you are not an expert in design. You can choose between thousands of
models for any kind of use: report to social media, press release, presentation of a startup…
The software offers also a large catalogue of images free of rights which can be used as you like, as
well as numerous filters and fonts.
All these customisable elements are grouped by activity domains to help the users to create THE
presentation that fits to your needs.
2.2.2. CustomShow – the more aesthetic?
« Have impact. Obtain results. » This is the motto of CustomShow, a presentation software used to
promote institutions and brands with logos and graphic charts. It gives a strong personality to their
presentations and the promotion of their values.
Its powerful editor allows the creation of aesthetic and impacting presentations, which can be
displayed in any kind of visualisation support and which are easy to share. CustomShow provides a
consistent library of templates and an analysis tool to measure the performances of the slideshows
distributed online. PowerPoint presentations can be imported to be improved using CustomShow.
2.2.3. SlideDog – the more rich?
SlideDog follows a slightly different concept, as it combines all kinds of media and visual contents to
generate dynamic and captivating presentations. You can group in the same slideshow PowerPoint or
Prezi presentations, PDF documents, data visualisations and many others. This software is free with an
optional paid version which is more complete.
Other originalities: presentations can be diffused directly to the audience and the public can interact
with them through surveys, gallops and a chat.
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2.2.4. Slides – simple and efficient?
As its name indicates, Slides is a software online which allows the creation of elegant and aesthetic
slides thanks to a modern editor text, rich in functionalities. It can be used for preparing conferences,
meeting, face-to-face sales as it is easily transportable on all kinds of devices. The slideshows prepared
with it can be integrated in a website to attract visitors with an appealing visual and original content.
2.2.5. Slidebean – flexible et aesthetic?
Slidebean provides a selection of splendid templates allowing transmitting ideas and arguments with
an original and efficient manner. This software can adapt to a lot of needs: presentations, sales
arguments, marketing reports. In design terms lots of styles and various combinations are available
together with advice by Slidebean on how to succeed in preparing good presentations.
2.2.6. Visme – full and customisable?
Visme allows you to tell visual stories, in a way that the most boring information becomes interesting
and understandable. Millions of fonts and images are made available for making presentations easy to
remember and access from anywhere and from any device.
2.2.7. Google Slides – the simplicity according to Google?
Google Slides is the free Google alternative to Powerpoint. After Docs and Sheets Google proposes an
efficient and nice alternative to the Microsoft solutions. With a lot of themes and fonts but also
integrated animations and videos, Slides allows to create efficient presentations simply and easily.
2.2.8. Prezi Business – a reference
It is impossible to not make reference to the well-known Prezi solution for this category of software.
Prezi Business version is especially equipped for professionals and it is not only about making nice
interactive presentations. The software allows co-creating slideshows with collaborators dispersed all
over the world. It is equipped with analytics functionalities with which the performance of online
presentations can be evaluated in terms of time spent by the audience, its interactions, etc.
If a Centre organises a hybrid event through the use of some of the above software an online
presentation will be displayed at the side of the lecturer delivering his/her lecture.
Of course, technology will never substitute the author of the presentation of a lecture aiming at
transmitting some knowledge. Also, beyond the tools, there are also some useful tips for achieving a
successful presentation.
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2.3. Testimonials and advices for successful presentations
David Vellut of the Learning Lab of the Catholic University of Louvain, speaking of the experience we
all have had of bad and not understandable presentations uses the expression used by Angela Garber
as a title for an article she published on the website of Small Business Computing: Death by
PowerPoint. There is clearly a bad use of presentation software in general (using the name of the most
known of them PowerPoint de Microsoft) leading to the design of slideshows of low quality with them.
He confesses he has some very bad souvenirs of the university and of most of the professors of
psychology: they used tons and tons of slides, full of texts -sometimes not even readable - with very
few visuals for facilitating the assimilation of the information conveyed through them. The paradox is
that, as researchers in psychology, most of them should have known about the concepts of cognitive
load, working memory and sustained attention.
And he concludes his introduction on how to design good presentations by saying: « Unfortunately, as
the majority of professionals are creating not at all attractive slideshows – in universities or in
businesses – everybody is educated, by mimetics, to do the same: as all others do it, it is probably the
best to do! This has been the case for the first students’ works and presentations and later for
presentations in seminars or conferences. To a point it has become an automatism. And anyway, as
everybody does it, it’s very well like that…».
Fortunately, progressively, this is less the case today but this was very true at the beginning of
PowerPoint presentations…
2.3.1. 7 basic principles to captivate your audience from the beginning to the end
David Vellut proposes to apply these 7 principles for designing more efficient presentations, of better
quality, to captivate an audience.
TO START LET YOUR COMPUTER ASIDE
« We don’t know where we get out ideas from. We do know we do not get them from our laptops »
John Cleese
The design of multimedia presentations is first of all a creative process. And speaking of creativity we
speak of opening our minds. Most of the time, when someone is designing a slideshow, (s)he gets
refuge in software for designing presentations (PowerPoint, Keynote…). The problem is that the
models and templates provided by the software are often poorly conceived and reduce creativity.
Advice: go have a walk in a forest or to the seaside – hoping for a good weather forecast – and take
with you a notebook and a pen. Let your ideas come in disorder (stories, type of images and
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illustrations, sentences and keywords…). If you are familiar with the concept of « mind mapping » and
its associated technics this could be also helpful.
DESIGN THE SLIDESHOWS FOR YOUR AUDIENCE, NOT FOR YOURSELF
You must think about both the content and the form of your presentation. Concerning the content
avoid the abusive use of professional jargon or of too complicated words. Concerning the form, pay
attention to the readability of the fonts used, their size, the contrast with the background…
For instance, if you are new in the design of innovative presentations, it is better to start by using fonts
which have proven their efficiency (Arial, Helvetica, Garamond, Futura…). Later you may, progressively,
test more exotic fonts.
As font size is concerned, privilege a minimal size of 24. And for the contrast use a dark font on a clear
background (black text on white background) or a clear text in a dark background (white text on black
background). It is not more complicated than that, to start.
If you want to be sure that your slides are readable by your audience, make a live test: play your
slideshow in presentation mode, withdraw 2-3 meters back from your screen and look!
GIVE UP BULLET POINTS
Or use them only in some well-defined circumstances. But avoid overloading each slide with an infinite
series of lists with bullet points. Bullet points are useful to briefly describe a process or some
characteristics. They are inappropriate to describe an object, to present a product, tell a story, and
transmit an emotion.
The problem with lists is that rapidly we get blocks of text of 3 lines (even more) completely
unreadable. If you must use a bullet point, do it with parsimony and limit the length of each bullet
point to one line, to go to the point!
PRIVILEGE VISUAL ELEMENTS
In opposition to the ideas promoted by the movement Death By PowerPoint, slideshows can
accompany a presentation … provided they bring something more. If you use the slides to type the text
that you will present orally, stop immediately. You will lose your time and the time of your audience!
Privilege visual and graphic elements: images, illustrations, photos, diagrams, schemas, animations,
videos… by securing that they make sense and that they have a link with your content. Adopt a Zen
attitude and avoid any overload.
The philosophy of « Presentation Zen » adopted by Garr Reynolds to design multimedia presentation
can serve as a reference. It is inspired from the Zen arts and some elements of the Japanese culture
for design slideshows definitively uncommon both in terms of content and in terms of form.
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What characterises mainly this concept is to go to the point: privilege powerful keywords, use each
slide for presenting one only main idea… this avoids any cognitive overload and helps a digest
assimilation of the information by the audience.
PREPARE YOURSELF…AND REPEAT (BUT NOT TOO MUCH)
Against some received ideas, improvising can lead to a catastrophe. Unless you have years of
experience and an exceptional talent as a speaker, avoid improvisation. You will avoid a public suicide!
Nobody is able to improvise a professional intervention of 15min in front of 500 people in 5 minutes
before going to the stage. Thus, unless you are part of the few privileged who received the gift of being
a speaker from birth, prepare your interventions: prepare your plan (perhaps in the form of a mind
map) and review it the day before the D Day. Take care to not over-prepare yourself to stay natural in
front of the audience. If possible, test the display of the slides directly at the place of your intervention,
to be sure to be able to do some minor modifications at the last moment, if necessary.
MAINTAIN THE ATTENTION OF YOUR AUDIENCE
To captivate your audience and to keep it focussed like a laser on what you tell, you will need much
more than nice slides and the talent of a speaker. You will have to create interactivity with your public.
If you calculate that most of the people start naturally to drop out after 10 minutes, that means that
you will have to, ideally, plan a change of modality each 5 minutes to maintain concentration.
You may tell a story, make a rapid survey, ask the audience to take notes, clarify a concept…these are
the kind of techniques to use to build a proximity and an interactivity with your audience.
Some tools exist to help you in that. Notably some systems of electronic voting (able to display the
information live inside your slides), and some frame games from Thiagi, which fit well for conferences
and animations during events.
Succeeding a presentation is an art which is built through time and experience…

3. Technologies to manage hybrid events
The pandemic context must be taken into account. We could observe an explosion of more or less
successful ``attempts'', at distance courses, trainings. With the relaxation of the rules of physical
meetings, a training moments approach was developed. One part of the students is in one or several
given places, another part is at distance, using an individual online connection. In the case of a hybrid
event, the work of the video director is to set up. Indeed, the persons physically present will be able
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to see the facilitator moving, to see the equipment and software demonstrations, to ask their
questions directly.
The distant participants must be included in the construction of the event; otherwise, they will become
passive spectators of what happens in the distance, without having their presence taken into account.
Video feedback is to be implemented so that the face-to-face participants can see the distant
participants.
A series of animations must be set up with the distant participants in order to collect their reactions
and reinject them in the course of the event.
Several cameras are to be planned to record the presents (assistance, facilitators, demonstrations,
presentations). If one of the facilitators is distant, the face-to face participants can ask him questions
through their smartphone.
After the event, the centre can be interested in a quality approach, ask their feedback to the
participants, collect the suggestions for improvement and the requests for more information.
Before that, it has presented its training offer and can help the candidates to select among the different
formats. Within these different formats, the institutions of higher education will be able to deploy
different pedagogical strategies

3.1. The Master Class
The role of the training responsible changes, he becomes the « sourcing » of legitimate speakers to be
the focus of a Masterclass.
The Masterclass is a prestige event, based on the notoriety of a speaker. For a training center and its
clients, it is a guarantee of valorisation. For the participants, a privileged training and exchange
moment. This training, widely open to the public, is generally given to students selected by level. A
Masterclass is decided at least one year before its realization. A rigorous organization must be set up
in order to allow it to deploy all its potential.
The technical supports are the video conference platforms
For the selection among the different existing platforms, if there is no existing event manager, then it
is worth selecting a platform that manages the registrations correctly.
Then, the facilitator will select the format, the participants' questions will be communicated by chat or
by speaking with the help of the tool.

3.2. The webinars
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Unlike a Masterclass, work is expected from the participants who can be organized in sub-groups.
Engagement platforms present interactive activities (names clouds, votes, quiz) and are coupled to the
video conference platform. For instance, we can quote the platforms Beekast and Wisembly. Those, at
the end of the seminar, give the statistics about the activities, the attendance rate, etc.
An important work is required upstream to imagine the activities that will involve the participants and
will contribute to the objective of the training.
Balance must be built between the presentations of the speakers and the activities.

3.3. The hybrid seminars
The hybrid seminars are more demanding than the webinars in terms of preparation because you must
combine face-to-face activities, distant activities, present and distant speakers, and more technical
means are needed (video control, film set …)

3.4. Online courses
The teacher is introduced in this approach as an author and not an interpreter of his course. The author
of the course formalizes his pedagogical approach, valorises the tools existing on the LMS (Learning
Management System) platform, builds modules and sequences that alternate presentations and
exercises and publishes the whole course.
An administrative module allows registration of the participants, their evaluation and interaction with
them.
Some platforms are oriented towards collaboration with stakeholders to build a course with co-authors
(like the 360-learning platform), others are very focused on tests, exams, tracking of grades (like the
Moodle platform), others are focused on video (the content is on video format), like Udemy platform,
others are focused on online training sales and propose a workflow that covers from business
objectives through preparing the course to online sales and purchasing (Kajabi platform)

3.5. The hybrid courses
The Easy-LMS company in its website https://www.easy-lms.com/fr/base-connaissances/base-deconnaissances-lms/apprentissage-hybride-c-est-quoi/item10385 answers to the questions one can ask
about trainings hybridization, taking into account examples of employees’ trainings.
What is hybrid learning?
The hybrid learning is a king of training where the employees learn through online digital media, in
addition to the traditional face-to –face training [1]
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To put it simply, it combines the better of the two training environments and allows having both
synchronous and asynchronous activities.
During the face-to face training, the teacher supports the employee by providing him with context and
explanations, and facilitates the discussion among the participants. The online part of the hybrid
learning method allows the participants to do exercises on their own rhythm, during their free time.
This facilitates the information intake and helps the participants to be prepared or to assimilate the
face-to face training.
The hybrid training is also known as « blended learning ». It can be used in classrooms and in
professional environments
Advantages of hybrid learning
Multiple surveys showed that hybrid learning can be an efficient training method for the employees.
In addition, it also has advantages for the teacher:
Advantages for the employees (and more generally for the learners)
A better preparation and a better information feedback: As the employees perform the tasks in an
independent way, they start their mutual courses with the same level of knowledge. This facilitates
profitable discussions and practical feedback.
More flexibility: Each employee has its own style of learning. The possibility to define his own rhythm
facilitates the assimilation of information. The employees have more time to understand difficult
subjects.
It is more sympathetic. Variety helps to motivate [2]!
Advantage for the instructors (and more generally the teachers)
Well suited for large groups. You can touch a wide audience in a short time.
A better overview: you will see the employees who have difficulties with the training material. You can
help them by providing them with more explanations or with additional exercises.
Both types of learners are satisfied: the fans of technology and the others.
This reduces the costs like travel expenses, rental of premises, etc…
Of course, there are some cases of “low performance” with this approach, when the asynchronous
part has not been designed with support and stimulation logic. A variable portion of participants can
drop out of this phase, not get enough involved, and that can lead to lose the benefit of the approach
through two effects:
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▪
▪

Some participants have not acquired the pre-requisites and will not reach the targeted result
The facilitator will have to manage face-to-face the part of the participants who has increased
its level and the one that did not progress.

Hybrid Learning vs. Inversed learning
The terms « hybrid learning » and « inversed learning » are often used in an interchangeable way. But
these are not the same. The hybrid learning is the general term used for all the learning methods that
combine online training and face-to –face training. The inversed learning is a specific kind of hybrid
training. The teacher asks the learners to view some short learning modules online at home or during
their free time in order to be prepared to their face-to face training. This allows the learners to use the
on-line modules to learn the fundamental concepts and the lessons, so that they can assist in person
to the face-to-face sessions for answers to specific questions. For hybrid learning in general, the elearning modules can be used either to be prepared or to assimilate the training. The following
examples will help you to better clarify this difference:
Example of inversed learning
A sales consultant learns English as a second language in order for his company to develop its sales
activities all over the world. He must take an online course before he participates in his first face-to –
face training day.
Example of hybrid learning
A sales consultant learns English as second language in order of his company to develop its sales
activities all over the world. During his face-to-face training, he is given explanations on specific
grammar rules. Then, he has to perform on line work to review the concepts that were teached during
the training.
Hybrid learning models
Multiple models of hybrid learning have been developed to offer different possibilities to the
organizations [3]. Hereafter few examples:
Face-to-face training
In this model, the learners have to prepare activities by themselves to be prepared for their face-toface training. It is for instance online courses and exercises the learners have to perform ahead or after
the face-to-face training. The inversed learning is linked to this hybrid learning method.
Training in rotation
In this model, the learners go through different learning activities. They can either participate in
conferences with the teacher, either work in groups, or work on their computer. They alternate these
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workstations all day. The activities rotation makes the learning more fun and involving for the involved
people. But this also requires them to participate in the learning process at the same time.
The training told “computer lab”
In this method, the participants work on their computer while the instructor supervises. It works well
when there is a computer lab in the office. It is also a good choice if the company prefers keeping an
eye on its employees during the training.
Hybrid training can be a good solution for the people who are already well busy.
Online training
People generally answer that they have « a lot of work » when you ask them how are they doing.
Hybrid training can be a good solution for people who are already quite busy. They can learn a part
during their free time and the other part in face-to-face training. It is even possible to review a course
on your computer while you have dinner! This cannot be done in a traditional classroom. The
motivation can be an issue in this scenario. The learners can feel more motivated if the online training
is combined with face-to-face meetings with other participants or with the instructor.

3.6. Good practices in hybrid learning
The implementation of a hybrid training strategy is totally different compared to the design of a faceto-face or an online training. You will need a global approach to be sure that everything is efficiently
integrated. These six best practices can help you [4 and 5]:
▪

▪

▪

▪

Start from scratch. Do not try to adapt an existing course to a hybrid learning approach. Restart
and begin with the bases. Ask you questions. What is your objective? What material do you
need to achieve your objective? Which topics could be addressed online and which ones will
have to be addressed face-to-face? Which technology do you need?
Take into account your employee’s preferences. Organize a survey to know their preferences.
In this survey, you could study their needs in terms of discussions on line compared to
discussions in face-to-face, the ideal duration of online training, the use of video compared to
audio. The results will help you to define the tools you need.
Make it a memorable experience. Check out each element of your training and see how you
could make it more attractive. Can you make your material more personal or give it an
emotional attachment? Should you add videos to your training material to make it livelier?
Also, balance the pedagogical events and the online activities. If you distribute them in a
thoughtful way, this will help to anchor the content in the memory in the long term.
Concentrate on your results, and not on a specific technology. The technology should support
your objectives and address the results of the training, and not the opposite.
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▪

▪

Evaluate the program through a pilot project. It is your first time? Start with a small testing
group and actively evaluate your training program. For instance, send questionnaires to learn
what’s holding your employees back. Or follow them to see their obstacles in the real life.
Prepare your employees: a hybrid learning strategy will be something new for many
employees. Give them instructions on this new approach. This can be done through e-mail,
through a face-to-face meeting or an online course.

4. The MOOCs
This is the way for an institution of higher education to share a free training course with as many people
as possible in mode Massive Open On-Line Courses. Perhaps, within the context of Wintex, IHEI could
target international market and could be interested in the MOOCs.
As written on its site by the Revue de l’Etudiant (https://www.letudiant.fr/educpros/actualite/10points-clefs-pour-reussir-son-mooc.html), the MOOCs bloom day after day since a few months,
notably carried by the FUN (France University numerical) platform. The « massive open online
courses », MOOCs, took some time to be implemented in France, but the successful initiatives in some
institutions of higher education prove that this is not required to be named Harvard to innovate
pedagogically. Nevertheless, if everybody can know claim having his MOOC, many are those who did
not perceive all the stakes, thinking sometimes wrongly that this new mode of teaching is no more and
no less than a well-designed course filmed.

4.1. Expert advice for educators and trainers
1. Having a very good starting course
First advice that can seem obvious, «you need first a very good course as starting point» says Rémi
Bachelet, Lecturer in Centrale Lille, designer of the MOOC « Project Management ».
2. Take into account the time factor
« You need a great availability, much more than you can imagine when the project starts » according
to Christine Vaufrey, consultant and co-designer of several MOOCs, mainly for Telecom Bretagne and
Centrale Nantes.” Even when we have the chance to have a content that seems to be ‘ ready to use ‘,
the extent of the task is huge »
“The amount of work is one of the main difficulties I have encountered » Remi Bachelet confirms.
3. Do not confuse filmed course and MOOC
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This is the big error to avoid, as agreed by our three experts. « When you participate in a filmed course,
you are passive. You are not part of the course. This can be interesting when you discover a new topic,
but you cannot go further into details and of course you cannot ask a question » explains Philippe
Silberzahn, teacher in EM Lyon and initiator of the MOOC on entrepreneurship.
« A filmed course is a resource while a MOOC is a training program » adds Christine Vaufray. « And,
when one says program, this means a course content, but also learning activities and evaluation,
interaction with the other participants and with the instructor or the facilitators ».
This does not refrain from using filmed courses as resources in a MOOC. But, according Christine
Vaufrey, “I would say that once the courses in the box, 75% of the design work remains to be done”.
“To record a course does not make a MOOC” says Rémi Bachelet “At least, you have to add private
lessons under several sequences of 10 mn each”.
4. Do not fear to be exposed to critics
Take care, teachers who are susceptible or resistant to criticism, go the other way. « You will be faced
with thousands of people very demanding (even if they do not pay). You therefore have to be prepared
to the idea that they will have things to complain about in your MOOC” warns Phililippe Silberzahn.
5. Get well technically equipped
« You should not under-estimate the technical aspect, that must be reliable, and dot think that this
will be simple and rapid », insists Christine Vaufray, pointing that one should also check that the
technical possibilities of the platform feet with the pedagogical ambitions of the MOOC designer, and
inversely!
6. Interact with the participants
Think in terms of interactivity more than in terms of content: this is on the success key for a MOOC.
« It is at this level that the creativity will take place, that the pedagogical talent will be expressed »
emphasizes Christine Vaufray.
This interaction involves also a specific attention to the form and the way the teacher provides its
lecture. Philippe Siberzahn recommends « keeping in mind that we do not speak to a camera as we
speak to a class. In particular, this one does not allow to know in real time if the message has been
understood, unlike a class that we can ‘feel’ in face-to-face», he precise’. For this reason, it is important
to clearly articulate and to avoid overloading the content of the course.
One of the main aims of the MOOC, adds Christine Vaufay, is to succeed in” involving the learners in
the long term. Do not do as if it was obvious and try to avoid leaving someone behind ». With a benefit
on teacher side: « the main part of the learning and of the pleasure of the experience comes from the
interaction on the forums » reveals Philippe Silberzahn.
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7. Do not hesitate to experiment
One of the risks when we launch such a pharaonic experience that is the design of a MOOC is to be
overwhelmed by non-justified fears. Philippe Silberzahn remembers having feared that the correction
of the copies by the pairs would be a failure: « it was the start of the MOOC, so we did not have any
idea of the impact of any of the things we intended to do. But, regarding the correction of the copies,
this worked very well! ». So, it is better not to fear taking risks: “it is an emerging domain, the good
practices remain to be established », comments the teacher.
8. Do not go alone!
« You must build a team! », repeats Christine Vaufray, « Not only to share the tasks, but also and
mainly to think together, find new tricks, take turns in key positions, ensure mutual support when we
think that things do not progress”. These are the benefits, but there are also constraints in team work:
“need to be ready to learn, to change position, and therefore accept to abandon part of your
prerogatives” she also warns.
Philippe Silberzahn underlines also the importance of the support of a « good pedagogical team,
animated with passion for this new form of learning »
9. Have enough autonomy
For Christine Vaufrey, it is mandatory to get from the governance of your organization a liberty of
action and kindness, as for all innovative projects. « We are in a format of fully evolving online training
t and we should benefit from this dimension, forgetting the rigid specifications, the classical project
management ». “Consequently”, she declares, «when we design and animate a MOOC, we need a
comprehensible boss who gives us a large autonomy and trust, who will not drop us at the first
difficulty.
10. Get familiar with the MOOC culture before start
In order not to fall in the trap of a lecture course and to provide a good animation of one’s community,
Rémi Bachelet insists on the interest to have a good internet culture but also to « follow ahead of your
project a MOOC in order to understand what this specific pedagogical tool is ». As you have
understood, being a good MOOC designer can’t be improvised.

4.2. From trainee side: rules to respect to use efficiently a MOOC
As ONISEP says on its page https://www.onisep.fr/Choisir-mes-etudes/Suivre-un-Mooc-nos-conseilspour-reussir, there are some aspects to be considered before registration for a MOOC.
You have decided to follow a MOOC and this one will begin in a few days? To better follow it and
validate this first experience of an online course, you will have to define precise targets in terms of
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attendance and rhythm of work. Hereafter are our recommendations to take profit from this 100%
digital training.
GETTING TO KNOW THE PLATFORM
MOOC courses take place on specific platforms, the most famous of which are Coursera, Udacity and
edX (used by France Université Numérique). Each platform has its own user interface and features
(sometimes dense). It can take a long time to get used to them. This will obviously depend on your
initial skills in using the Internet. But even for the most experienced, a period of adaptation will be
necessary during the first week, the time to get used to it.
Tip: once you have familiarized yourself with a platform (and if you are satisfied with it), try to stay on
it, you will save time for your next MOOC!
PLAN YOUR WORKING TIME
A MOOC takes place over several weeks, sometimes more than a month. Check before you start that
this period will be convenient and calm in your student life or in your professional life. Evaluate your
available time, the workload required and block in your agenda time slots to devote yourself to your
MOOC each week. The courses are accessible 24 hours a day: it is up to you to find and define the
rhythm that suits you for your learning. But as with a face-to-face course, attendance and commitment
are essential!
Tip: beware; the curiosity of the beginning can quickly fade as the weeks go by: you must discipline
yourself and not lose sight of your objectives.
EXCHANGES WITH PEERS
Forums, discussion threads, chat rooms, social networks, hangouts: exchanges with peers, i.e. between
people who are following the same MOOC, are organized and encouraged by the educational teams.
These places of exchange allow you to ask questions, share your knowledge, and get together to carry
out group work or assignments. Quickly determine where you are going to contribute: the major risk
is to drown in information by reading all the posts, threads and tweets, which are often very numerous.
Finally, quickly identify several peers and get in touch with them for future group work.
Tip: don't spread yourself too thin in the exchanges, you'll save precious time!
ASSIGNMENTS TO BE HANDED IN
Each week, you will have to answer MCQs and sometimes hand in more substantial assignments (case
studies, missions). Please note that some assignments are mandatory for the final result, others are
optional. If you wish to obtain the certification (and if the MOOC proposes one), you must obtain the
average. On the other hand, if you are not interested in the certification and you are motivated
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Tip: beware, the curiosity of the beginning can quickly fade as the weeks go by: you must discipline
yourself and not lose sight of your objectives.
EXCHANGES WITH PEERS
Forums, discussion threads, chat rooms, social networks, hangouts: exchanges with peers, i.e. between
people who are following the same MOOC, are organized and encouraged by the educational teams.
These places of exchange allow you to ask questions, share your knowledge, and get together to carry
out group work or assignments. Quickly determine where you are going to contribute: the major risk
is to drown in information by reading all the posts, threads and tweets, which are often very numerous.
Finally, quickly identify several peers and get in touch with them for future group work.
Tip: don't spread yourself too thin in the exchanges, you'll save precious time!
ASSIGNMENTS TO BE HANDED IN
Each week, you will have to answer MCQs and sometimes hand in more substantial assignments (case
studies, missions). Please note that some assignments are mandatory for the final result, others are
optional. If you wish to obtain the certification (and if the MOOC proposes one), you must obtain the
average. On the other hand, if you are not interested in the certification and you are only motivated
by a few chapters, there is no need to force you to do the whole MOOC. No one will punish you.
Advice: do not engage in group work if you are not really motivated or available!
DROPPING OUT, FALLING BEHIND, CATCHING UP
If you don't have enough time to follow the MOOC properly, or if the courses don't suit you, you can
always unregister. If you take a MOOC that has started several weeks ago, be aware that it is very
difficult to catch up. The work to be done can be important and the work groups already formed.
However, many MOOCs offer new sessions: you will certainly be able to start it again next semester or
next year.

5. To go further….
5.1. Consider the possibility to offer lifelong training and education
HEI may have a strategy to enhance its student base and be able to offer services throughout their
professional lives. Among the services, HEI can offer
▪

Networking
o Personal networking with an alumni network. Alumni management platforms exist to
support this activity (AlumnForce, NetAnswer, ....)
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o

Professional and institutional, by connecting alumni with professional networks such
as the Textile Lab.

▪

Complementary onsite trainings
o HEI can offer consultants and coaches to previous alumni in the context of their
professional activity

▪

Re-training
o HEI can offer mid-career re-training in the Professional Master's format

▪

Franchising its training system
o HEI can formalize its entire digitalized system and enter into partnership agreements
to offer its services worldwide

5.2. Accompany and observe some initiatives of digitized training in businesses
(example: the Danone Academy case)
Danone is a world leader in the food sector with more than 105,000 employees in 55 countries. To
enable their employees to be more competent and efficient in their work, they created the "One
Learning a Day" program, which multiplied the training opportunities for each "Danoner".
This program has 4 components:
●
●
●
●

On-the-job learning: includes discussions with team leaders, coaching, mentoring and access
to digital learning resources.
Face-to-face training: internal and external training, and workshops
eLearning: online courses, virtual classes and serious games on Danone Campus 2.0, an
internal learning platform.
Networking: face-to-face on marketplaces and campuses, and virtually within the Danone
social network, communities and learning platform.

Today, the online learning platform has 69,000 unique visitors, and the average training time per
employee is 27 hours per year

6. Conclusions
Technology brings an ocean of opportunity that HEIs must exploit, but technology remains sterile
without the formalization of a training strategy.
Whenever an HEI is interested in a new technology, it needs to look at the failure cases and define the
right approach that will
●

Increase the production capacity of the training teams
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●
●

Reach new audiences
Reduce training costs

In the textile world, which includes very different jobs and very heterogeneous training practices, there
are criteria for success and failures

The steps to respect
According to Laura Benistant from Axes, there are 4 steps to follow
1. Analysis of opportunities and limitations: Before the digitalization of training, it is imperative
to analyse the company's environment. The objective is to identify the opportunities that this
transformation will generate for HEI but also the limits that should not be exceeded.
2. Communication and exchanges: The second step concerns the communication that is made
around this digitalization of training. It is essential to inform the employees, the teaching staff
and the speakers of the changes that will be made to the training methods and the progress
of the project.
3. Trainers 2.0: It is necessary to call on qualified trainers who are familiar with the new learning
methods. This is a key factor in the success of the digitization project.
4. Project follow-up and consequences: The last and 4th step concerns the follow-up of the digital
project. Once the project is up and running, it is important to analyse its evolution and adjust
it if necessary. It is also recommended to measure the effects of this digitalization on the skills
of the trainers but also on the financial side for HEI.

The obstacles to the digitization
Let's remember that some organizations may be reluctant because digitalization can "dehumanize"
training. For example, in e-learning, the learner is alone in front of a screen without a trainer at his side
or other learners with whom to share his experiences.
A significant proportion of teachers may wish to keep the traditional and proven training method.
Periods of health crisis are conducive to an acceleration of technical progress and changes in habits.
The development of distance learning is an urgent obligation to ensure the continuity of the training
activity.
In addition, the learner's point of view must be considered. Today's students and young professionals
are highly connected. It is important to adapt to this new typology by offering attractive digitalized
courses.
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A strategic point is to choose the intensity of the support linked to the digital path. If the learner has
no support, everything will depend on his self-motivation to learn and the quality of his selforganization.
The support can be provided by the educational team in a 1 to 1 or 1 to many mode.
If the support is not synchronous (telephone, video), it can be in the form of questions and answers in
a blog or a discussion thread shared with all the learners. Learners can instantly see if the question
they are asking is of concern to another learner.
The answer reaches several learners simultaneously, which saves the support team's energy
In the specific case of the HEI partners of the WINTEX project, it will be strategic to integrate the
innovation centre as one of the important points of the digital path.
Finally, as innovation is currently carried out by companies and professional training organizations, it
will be necessary for the HEI textile companies to design their own approach to the digitalization of
their training, based on a very operational corpus, to overcome resistance to change and to be as
attractive as other training operators in the textile field.
The digitization of textile training is a real opportunity for textile HEIs to significantly increase their
performance and their legitimacy to train very diversified actors.
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Questions for the evaluation of the lecture

1. Question 1: What is the difference between a webinar and a seminar
Please choose the one correct answer from the three choices below.
a) The webinar is online, the seminar is at a physical place
b) The webinar is not organised around a work group, the seminar is
c) The seminar is organised around hybrid settings

2. Question 2: To what « hybrid training » stand for
Please choose the one correct answer from the three choices below.
a) A training where a part of the participants is present physically while another part is
participating connected online
b) A training where the participants have very different background
c) A training with a content mixing many different contents coming from various fields and
disciplines

Unit 8 Trends in Education, Training and Networking

Page 487

This project has been funded with support from the European Commission. This publication reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein

Lecture 8.2. Empowering scientists - from R&D to practice
Josep Casamada
AEI Tèxtils

1. Introduction: R&D to market
Innovation is key both for growing and maintaining a country’s competitive position and for addressing
global challenges.
Collaboration between small and large businesses and universities contributes to regional growth and
job creation. New laws, institutions and initiatives are necessary for promoting innovation and
collaboration.
Companies have various avenues for working with innovation and R&D in order to enhance their
competitive advantage and conquer new market shares. To reach these market shares and gain
competitive advantage in a fast-paced and fast-changing business climate, companies work with R&D
and innovation strategies.
This topic can be presented with two concepts: Technology Readiness Level and the Valley of Death.
TRL is a metric for technology maturity which works on a scale from 1 to 9. After TRL 6, there are
significant costs associated with maturing the abilities of products and systems. This cost and the risk
are the first part of the Valley of Death that makes it hard to transition to a new technology or approach
real life situations. Even if the risk is low that an invention will work as intended, there is still an
enormous amount of cost and risk before successful implementation on or as a product.
The Internet of Things is a good example. -that is everything in our lives using sensors and intelligence,
connecting to everything else, and being managed using data analytics- has been just around the
corner for quite some time.

1.1. Technology Readiness Level
The categorization of the different phases of research often play an important role in, for example, the
application and selection process.
In 1995, a whitepaper from NASA released the definition of a term known as Technology Readiness
Levels (TRLs). It is a measurement system used to determine maturity levels of a particular technology.
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Each technology project is evaluated using parameters for each technology level and is then assigned
a TRL rating based on the project’s progress. There are nine technology readiness levels. TRL 1 being
the lowest and TRL 9 the highest.
The TRL scale is often used as an innovation planning tool but also as a funding selection tool. This tool
holds various advantages as well as limitations. Its working scale is also a valuable project management
tool that helps businesses keep track of project stages while communicating progress between internal
and third-party stakeholders. The TRL system measures a technology’s maturity, from level 1 (concept
evaluation) to concept 9 (successful deployment).
Table 1. Technology readiness levels per NASA and EU standards

TRL #
TRL 1

Technology Readiness Levels description Technology readiness levels description
(NASA)
(EU standards)
Basic principles observed and reported
Basic principles observed

TRL 2

Technology
formulated

concept

and/or

application Technology concept formulated

TRL 3

Analytical and experimental critical function Experimental proof of concept
and/or characteristic proof-of-concept.

TRL 4

Component and/or breadboard validation in Technology validated in a lab
laboratory environment

TRL 5

Component and/or breadboard validation in Technology validated in a relevant
environment
(industrially
relevant
relevant environment
environment in the case of key enabling
technologies)

TRL 6

System / subsystem model of prototype Technology demonstrated in a relevant
demonstration in a relevant environment environment
(industrially
relevant
(ground or space)
environment in the case of key enabling
technologies)

TRL 7

System prototype demonstration in a space System prototype demonstration in an
environment
operational environment

TRL 8

Actual system completed and “flight System complete and qualified
qualified” through test and demonstration
(ground or space)

TRL 9

Actual system “flight proven”
successful mission operations

through Actual system proven in an operational
environment (competitive manufacturing
in the case of key enabling technologies,
or in space)
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A technology being a TRL 1 indicates that the scientific research is beginning and those results are
being translated into future research and development.
TRL 2 occurs once the basic principles have been studied and practical applications can be applied to
those initial findings. TRL 2 technology is very speculative, as there is little to no experimental proof of
concept for the technology.
When active research and design begin, a technology is elevated to TRL 3. Generally, both analytical
and laboratory studies are required at this level to determine whether a technology is viable and ready
to proceed further through the development process. Often during TRL 3, a proof-of-concept model is
constructed.
Once the proof-of-concept technology is ready, the technology advances to TRL 4, where multiple
component pieces are tested with each other.
TRL 5 is a continuation of TRL 4. However, a technology that is at 5 is identified as a breadboard
technology and must undergo further rigorous testing than technology that is only at TRL 4.
Simulations should be run in environments that are as approximate to realistic as possible. Once the
testing of TRL 5 is complete, a technology may advance to TRL 6.
A TRL 6 technology has a fully functional prototype or representational model. This represents a major
step up in a technology’s demonstrated readiness.
TRL 7 technology requires that the working model or prototype be displayed in a space environment.
TRL 8 technology has been tested and “flight qualified” and it is ready for implementation into an
already existing technology or technology system.
Once a technology has been “flight proven” during a successful mission, it can be called TRL 9.

1.2. Valley of Death
Technology innovation and research historically has and continues to be stimulated and funded by
different kinds of public organizations. These technologies are consequently expected to be moved by
the industry into the market places. Adversely, what we see is that the majority of these technologies
never make the leap from the private sector. Somewhere between research and new product
development lies a gap phenomenon where projects experience large problems connected to
everything from finance, legal, production and supply chain management. This gap is often referred to
as “The Valley of Death”.
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The intermediate or “in between” nature of the Valley of Death requires a critical re-evaluation of R&D
investments and innovation as a multistage process. This process is defined as the “innovation
sequence”.
- Innovation sequence
Ideas are the seeds of innovation which manifests as goods and services and, in turn, drive economic
growth and competitiveness. Understanding how advances in basic research are effectively translated
into economic growth, a sequence of events that necessitates the involvement of contributions from
several players from researchers to investors to customers, all of which are critical to maximizing the
potential of the economy. Thus, the process that transforms ideas and discoveries into commercial
production is the innovation sequence.
Thinking in terms of a sequence of steps is necessary when evaluating the Valley of Death. The Valley
is alleged to occur at intermediate stages of the innovation process, where there is a “dearth of sources
of funding for technology projects that no longer count as basic research but are not yet far enough
along to form the basis for a business plan”.
In 1966, economist Robert Johnson stated “innovation is a time sequence occurring over an extended
period”. He divided this innovation sequence into four stages:
1. The original idea or recognition of need for a product or improved process leading to
research. There may be an application for a patent.
2. An affirmative decision of technical and economic feasibility leads on to development work
and prototype and trial production runs.
3. With translation into commercial production – the initial ‘point’ innovation- the innovation
process does not stop, but continues with improvements of the initial innovation and the
spread of that innovation to other firms and industries.
4. The diffusion and improvement stage of innovation at the national level has a further stage
as it spreads into international use.
While stages 1 and 2 are essential ingredients to innovation, Johnson observes that the economy
receives no benefit until stage 3 is reached. Following this rhetoric, it can be argued that innovation
only truly happens when the invention or discovery is converted into a consumable product, service
or process.
In the figure below, stages 3 and 4 are together, so the sequence is divided in three steps. The first
step, which corresponds to stage 1, consists of basic research. Stage 2 consists of transforming a
discovery or idea generated by basic stage 1 research into a potentially marketable product or service.
Stage 3 refers to commercialization and diffusion of a new product or service.
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Figure 1. The Innovation Sequence

The Valley of Death
In general, private industry tends to underinvest in research and development activities. The
shortcomings of profit maximization for research are not limited solely to basic research. There are
also shortfalls in funding at intermediate stages of the innovations research where the research is more
applied but still a long way from commercialization. This shortfall creates a Valley of Death where good
laboratory discoveries fail and die out due to a lack of the funding necessary to become a commercial
product. Another reason is, as mentioned above, a dearth of sources of funding for technological
projects.
To be a valley in the innovation sequence, there must occur a shortfall of funding at an intermediate
stage that is more systematic and profound than the shortfall to either side of the intermediate stage.

Figure 2. The Valley of Death image

What is interesting about the Valley of Death is not only understanding the difficulty of obtaining
funding for intermediate stage projects but also to understand why such difficulties are not as apparent
for basic stage research, or how such problems are overcome. While risk, uncertainty, spill overs, and
increasing returns to scale are increasingly prevalent at these stages and a necessary component for a
Valley of Death to arise, those factors alone cannot explain the presence of a valley in the innovation
sequence.
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The innovation process involves more than simply making new discoveries. For society to benefit,
those discoveries must be translated into useful and innovative products, services or processes that
are diffused and integrated into the economy as a whole.
Policymakers should strive to study and explore all methods of ensuring that the innovation process
moves forward unimpeded, as society will only benefit from discoveries and inventions that are
ultimately implemented in the production of goods and services.

2. Lean Innovation frameworks
Nowadays, innovation is present in our lives and in business. Many companies create innovation units
and departments to develop new ideas to achieve their goals. However, according to Harvard studies,
there is a 70-90% failure rate in their innovation initiatives.
Through a minimum viable innovation framework, ideas are identified, prioritized, resourced, shared,
rewarded, and developed. As the framework is focused on keeping everything lean, work and
allocation of resources are reduced.
To successfully implement a lean innovation framework in a company, a suitable employee must be
the leader and responsible for the innovation.
His / Her functions will be:
▪
▪

▪

▪

▪

To define the gaps between goals and current operations.
In order to prevent the organization from creating ineffective innovation projects, should do a
research project with the end users of the proposed innovation project.
To build an innovation team to look after and lead in the lean innovation framework:
o Keep the team small
o The innovation leader should designate a person who lives and breathes innovation
o The team must stop thinking of the organization they work for. The team must be
diverse.
o Managing creative friction and removing communication barriers.
o To stand for innovation delivery for the long term.
He / She will collaborate with the head of organization and the finance head to identify
innovation projects.
To work with the senior management to create an innovation committee.

To summarize, the framework helps the company to find barriers to achieve innovation, make tangible
progress with the increase the predictability and productivity of investments in innovation. It will
also create partnerships to aid innovation efforts or keep aware of market changes.
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2.1. Agile manifesto
This manifesto is centred around making software development more agile and finding ways to
improve the process while also helping others do the same. Its ethos centres around principles. The
four key ones are:
▪

▪
▪
▪

Forming connections and facilitating interactions through the discussions of processes and
tools;
Using elaborated documentation to create working product;
Focusing on customer collaboration, specifically through customer negotiation;
Formulating plans to enact and respond to change.

Figure 3. The Agile Manifesto

These principles specifically showcase a focus on the personal, even more than the resulting
development.
The Agile Manifesto was created on February 2001 at The Lodge at Snowbird ski resort Utah, by
representatives with various software development backgrounds including Extreme Programming,
SCRUM, DSDM, Adaptive Software Development, Crystal and Feature-Driven Development who all
signed the first version, of The Agile Manifesto.
The name of these representatives has come to be known as “The Agile Alliance” who see themselves
as independent, sometimes competing thinkers within the world of software development. When
developing the Manifesto this group became increasingly aware of the interpersonal and emotional
aspects of development and collaboration, paying close attention to the importance of having a set of
values based on mutual trust and respect, and promoting people-based development in order to
create positive work environments and communities. Thus, Agile Methodology is at its core about
values and culture.
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One successful case study that can be used here is the growth in use and interest of Extreme
Programming. In this case, its rise did not lie in refactoring or pair-programming, but because it
holistically defined a developer community independent from systematic Dilbertesque corporations.
These types of corporations are an embodiment of the Dilbert principle, emanating from a
management concept founded by Scott Adams, creator of the comic strip Dilbert. This principle was
itself also inspired by the Peter principle, which evaluates the corporate evaluation of employees.
Mainly, it explains how employees have success-based promotions reviewed against their assigned
position, until they are deemed incompetent and cannot be further promoted. Thus, using this
principle, Adams suggests there is a trend in companies where incompetent or sub-par employees are
systematically promoted to a management position in order to remove them from the workflow. The
Dilbert principle thus argues that if these “incompetent” workers are promoted to a management
position, the negative impacts it has on the company’s productivity are therefore limited.
With this case study, the Agile Methodology aims to re-evaluate “fixed” standard processes that put a
strain on software developers and create a false sense of failure when a deadline is not met.
Consequently, in order to move forward and succeed in this new e-based economy companies must
arguably move away from Dilbert manifestations of exclusive, excluding and complex policies. This can
happen using components of Agile Methodologies which are the opposite of traditionalist and push
for transparency and empathy towards the product and customer.
The Agile Movement therefore is attempting to rebuild credibility in the concept of “methodology”
itself, in order to restore a balance within companies. The movement aims to do so by embracing
modelling, documentation, planning and reorganizing within the limits of a turbulent environment.
This methodology arose from an earlier meeting at the same lodge in 2000 where individuals mostly
made up of Extreme Programming proponents began to talk about “light” methodologies, resulting in
various written articles later that year about this type of methodology as well as “lightweight”
processes. In 2001, a more formal meeting was conducted with all proponents that had an expertise
in the subject, in order to properly define the term. Through this, as well as the aforementioned
discussions, the Agile Alliance and subsequent Agile Manifesto was stablished and with it the aim to
make professionals and companies within the software development sphere think about its
methodologies and organizations in a fresh and agile light.

2.2. Lean Start-up methodology
Start-up success can be engineered by following the process, which means it can be learned, which
means it can be taught.
The Lean Start-up provides a scientific approach to creating and managing start-ups and getting a
desired product to customer’s hands faster. The Lean Start-up method teaches you how to drive a
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start-up - how to steer, when to turn, and when to persevere- and grow a business with maximum
acceleration. It is a principled approach to new product development.
Too many start-ups begin with an idea for a product that they think people want. They then spend
months, sometimes years, perfecting that product without ever showing the product, even in a very
rudimentary form, to the prospective customer. When they fail to reach broad uptake from customers,
it is often because they never spoke to prospective customers and determined whether or not the
product was interesting. When customers ultimately communicate, through their indifference, that
they do not care about the idea, the start-up fails.
The cycle of lean start-up is:

Figure 4. Lean Start-up Methodology cycle

Build: make a prototype quickly or develop another method that allows you to test your hypothesis
quickly and accurately.
Measure: measures the results
Learn: learn from the results. This gives you new ideas to improve your product or service.
This cycle is then repeated. According to Eric Ries, the company that is able to repeat this cycle the
fastest will eventually win. Eric Ries calls this process a Pivot. The pivot is actually a hypothesis or a
change of strategy without changing vision. If the pivot is correct, then you implement it in other parts
of the product. After this you will measure, analyse, and conclude that the overall conversion is also
going up or down. The fact is that with most companies much more energy is spent on developing
projects than on measuring and learning development.
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SUCCESS STORIES
Zappos is one of the good examples of lean start-up methodology. This company is the first online shoe
retailer, which now sells everything from boots to bags.
Business started in 1999. The founder, Nick Swinmurn, had his initial inspiration due his own frustration
as a consumer.
Initially, he was not sure if customers were ready to buy shoes online. He wanted to test his hypothesis
that consumers would buy shoes online and he did this through a minimal viable product.
His plan was to approach local shoe stores. Swinmurn took pictures of their inventory and posted the
pictures online on a basic website. When he received an order, he bought the shoes from the stores
at full price and then he sent them directly to customers. He proved a niche demand existed.
First year, the turnover was minimal. In 2000, Zappos sales reached $USD 1.5 million. One year later,
its sales quadrupled with a profit of $USD 8.6 million. At that time, advertising was virtually nonexistent, and it grew mainly by word of mouth.
10 years later, Amazon bought Zappos for 1,300 million $USD. Zappos’ goal was to generate synergies
with Amazon to join the strengths of both companies and achieve growth in the long term. In this
transaction Zappos kept itself as an independent company with its own values and DNA.
In 2004, due to the growth of the company, Zappos moved from San Francisco to Las Vegas. All the
employees were asked to provide their feedback on what Zappos culture meant to them. As a result
of this, the company published the “Culture Book”. This book is distributed annually to employees and
anyone who requests it.
In 2005, the 10 cultural values were established. Those defined all the company is: service, quality
strategy, treatment of employees or relationship with the suppliers.
The ten values are:
1. Provide WOW through the service
2. Embrace and drive change
3. Create fun and a little eccentricity
4. Be adventurous, creative, and open-minded
5. Pursue growth and learning
6. Build open and honest relationships with communication
7. Build a positive group and family spirit
8. Do more with less
9. Be passionate and determined
10. Be humble
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Zappos is the unique company which has developed values like these. It may be what makes this
business the best customer experience company. For them, values are not what is written on paper,
instead is what people do and how it feels to do it.
Other companies with successful results are Dropbox, Wealthfront, Grockit, Imvu, Votizen or Aardvark
are some examples of success stories using this methodology. More information:
http://theleanstartup.com/casestudies.
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Questions for the evaluation of the lecture
1. Question 1: The Valley of Death is:
Please choose the one correct answer from the three choices below.
a) The gap between research and new product development
b) A measurement system
c) A collaboration between small and large companies

2. Question 2: The cycle of the lean startup is:
Please choose the one correct answer from the three choices below.
a) Build, Measure and Learn
b) Learn, Build and Measure
c) Measure, Learn and Build
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Lecture 8.3 Team-Working and Game Based Learning as educational methods
Matteo Paradisi
CIAPE

1. Team working
1.1. Introduction to the definition of team working
The word “team” can be defined as a group of interacting people, with a link of a psychological nature.
This link defines the feelings of belonging that are going to be implemented among the members of
the group and that leads the group to have a specific relational and affective shape.
On the other hand, a working team is something more. It can be defined as a group of integrated
people. In the integration, the group implements a cohesion that allows members to recognize the
group itself, allows them to establish relationships, and leads them to the perception of the advantages
related to the aggregation of a collective. The only interaction is not enough. In building a working
team we need to move from interaction to interdependence. It means members becoming aware they
depend on each other [1].
Interaction is based on the perception of presence; while interdependence is based on the perception
of mutual need and on exchange. The acceptance of dependence within the group and dependence
from the outside is one of the most critical steps towards team-working. It entails the elaboration of
group boundaries and limits imposed on individuals.
Integration and interdependence imply the development of collaboration, which defines a common
work area, of active participation by all members. The collaboration is based on:
- Trusted relations among members: it means members feeling confident in their abilities, in trusting
in their own experiences and knowledge, as well as in those of others. Trust is also the conviction that
in the work team neither ideas nor individuals are in conflict, but different hypotheses are in
competition in relation to the objective of everyone's participation.
- Negotiation: it is the central process for collaboration. it means taking the own point of view, and
comparing it with others. Negotiating means broadening the field of possibilities, alternatives, taking
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into account the fact that a complex definition can only be reached by articulating the differences and
not eliminating them.
- Sharing, it is the outcome of the negotiation and it is the condition allowing the working team making
the decisions and achieving the objectives. Sharing establishes a psychological contract in the working
team, which gives meaning to the work done and allows individuals to recognize the achievement of
the group as their own result.

1.2. Working in team
Working in a team can be presented as a subsystem (with objectives, roles, processes and
interdependencies). The working team, as a subsystem of the organizational system, is experienced by
individuals simultaneously on three dimensions [2]:
✔ The institutional dimension, where members must achieve the results set by the
organization's management;
✔ The sociological dimension, in which a solidarity is established; that allows it to
achieve the common goal;
✔ The psychological dimension, where each individual develops a sense of belonging to
the group.
As an organized system, the working team aims to reach a plurality of objectives. We can make a first
division between external or internal objectives.
External objectives
The main external objective is the organizational objective, which is often the reason why the working
team was set up. Then we have the fundamental objective concerning the specific task that the
working team takes in the organisation.
Internal objectives
We can distinguish social and individual objectives. Social objectives are about the group as a whole.
The individual objectives are about the needs of individual members.
A working team is not effective if the objective to be achieved is not clear and shared by its members:
this is the necessary condition for achieving results.
The achievement of all these objectives takes place through a series of interrelated processes.
Some of these processes have an organizational-operational characterization (analytical, information,
decision-making, implementation, coordination, methodological processes). These processes concern
the acquisition and processing of information. On the other hand, some other processes have a greater
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psycho-social characterization (processes of facilitation, of expression, of involvement in
communication, of regulation).
All these processes control the communication, the creation of rules and standards, the distribution of
tasks among the members within the working team.

1.3. Key-points for building an effective working-team
Communication
Communication is a key process that allows the working team to properly work by ensuring the
exchange of information, finalizing it to achieve results. By doing this, communication has impacts on
interpersonal relationships, decides on agreement and disagreement, fosters collaboration and
conflict. Communication therefore "makes" the working team. Communication in the working team
therefore looks as an interactive, informative and transformative process, inside specific internal and
external context, governed by rules, and takes place with particular timing-characteristics. The timing
condition where communication takes place is the present, while the planning of the future and the
memory of the past are its boundaries.
Method
A working team must have a method. The method has as its reference the operating rules: it is the rule
of work and professional interaction in the groups that establish the work of the team. That requires
compliance with procedures and a sequence of predetermined behaviours, defined actions.
Roles
One of the characteristics of an effective working team is the ability to use and make the most of the
differences represented by its members: differences in experiences, skills, approaches. Each working
team needs to translate these differences in some way also into operating rules. This corresponds to
the idea of the role (or the system of roles).
Mood
By mood we mean the set of perceptions, experiences, feelings of the members, which impacts on the
quality of the working team; its "atmosphere". Among the elements to be taken into the account with
regard to the working team, we can mention:
- support: the feeling of confidence in the possibility to obtaining the necessary resources for the
execution of the task;
- the warmth: the quality of the relationship and the interpersonal distance among the members of
the working team;
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- the recognition of roles: it gives the level of perception and acceptance of individual differences;
- openness and feedback: the perception of the possibility of expressing o ideas, doubts, and feelings
in the working team without the fear of being misunderstood.

2. Gaming and education
2.2. Some Gaming Principles to Engage Students
Industry research shows that student generations are different from previous ones; they make massive
use of the internet and video games and have acquired specific technical skills, a new way of thinking
and different learning preferences, which obviously requires a new educational approach [3], [11],
[12], [13]. As a result, teachers, constantly needing to seek a balance between achieving learning goals
and actively involving students in an age of constant technological distraction, have turned their
attention to interactive teaching tools, such as gaming practices.
Some Gaming Principles to Engage Students [4]
1. The Story Dynamic: Wrap Them Up in the Story. In any project-based curriculum, the story is
the process. The product is the ending. Who'd want to see just the last ten minutes of a movie?
Or read just the final chapter of a book? When it comes to games, books, and movies, we're
usually much more interested in how the characters got there than where they end up
2. The Failure Dynamic: Fail Early, Fail Often. In certain games, players must actually fail many
times in order to succeed. Some levels simply aren't solvable until you've spent a few games
locating the obstacles. In this way, failing many times allows players to get a little farther each
time they try. This promotes an iterative approach, and takes the sting out of the big red
"Game Over" screen.
3. The Flexibility Dynamic: Provide Multiple Paths to Success. Try building multiple paths to
success into your course. Consider offering a "main quest" or storyline that leads students
through the primary content, but offer abundant "mini-quests" that allow students to
investigate certain paths further.
4. The Progression Dynamic: Scaffold and Recognize Progress. Every modern game has a tutorial
level that scaffolds the gamer's progress by setting up a series of simple levels, each designed
to teach one new skill, and each building on previous levels. This allows gamers to build new
skills within the context of game levels, and if they successfully make it through, the designer
knows they've mastered that level.
5. The Construction Dynamic: Build Something That Matters. Badges and achievements alone
won't make school feel meaningful if students don't feel engaged in creating something that
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has purpose. Find ways to engage students in your own classroom by reaching out to the
community at large, or by challenging your students to create an initiative that they care about.
The literature of the sector (E. Sampat, C. Devers, R. Landers, K. Toyama) points out that an
indiscriminate use of gaming, without proper preparation by teachers, can be found to be ineffective
or even in some cases counterproductive. We need to understand how to contextualize the game
within the learning path to adapt it to the specific needs of the target audience. In this sense, game based learning can be considered as a very innovative methodology to support teaching to achieve
better learning outcomes by the learners (through the development of edutainment experiences).

2.2. The difference between gamification and game-based-learning
Gamification practices adopted to support learning processes enacted in the education and
professional training sectors is a rapidly growing phenomenon. One of the first concepts to take into
account, is the difference between the term “gamification” and “game-based learning” [5]. Sometimes
these two words are overlapped; but they have very different meanings and also the spheres of
application can be very different.
GAME BASED LEARNING: adoption of games for educational purposes. “It is using a game as a part of
the learning process. GBL is aimed at teaching a discrete skill or specific learning outcome, rather than
being a complete pedagogical system”.
GAMIFICATION: application of game mechanisms to educational interventions globally. “It turns the
entire learning process into a game. It takes game mechanics and gameplay elements and applies them
to existing learning courses and content in order to better motivate and engage learners” [14].

2.3. Gamification in learning
The main driver for adoption of gamification [6] techniques is “the enhancement of motivation and
engagement in learning tasks” [15]. The final purpose is “to make learning more attractive, captivating
and, ultimately, effective”
“Gamification techniques are being adopted to support learning in a variety of educational contexts
and subject areas, but also to address transversal attitudes and behaviours such as collaboration,
creativity, and self‐ guided study. (In‐depth examination (particular of the papers reporting field
experiments) also showed that while gamification techniques are adopted to support classroom
learning of content in specific subject areas, they are also employed to pursue transversal objectives,
such as fostering participatory approaches and collaboration among peers (Li, Dong, Untch, &
Chasteen, 2013), self‐guided learning (Watson, Hancock, & Mandryk, 2013), completion of homework
assignments (Goehle, 2013), making assessment procedures easier and more effective (Moccozet,
Tardy, Opprecht, & Léonard, 2013,), integration of exploratory approaches to learning (Gordillo,
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Gallego, Barra, & Quemada, 2013), and strengthening student creativity (Barata, Gama, Fonseca, &
Gonçalves, 2013)”. For the papers cited, see references [16] to [21].
Playing digital games implies cultural, cognitive, social and self‐directed forms of learning [22], [23]
and it proceeds in an informal and self-regulated learning environment. Players cultivate higher‐order
thinking skills [24] and develop problem solving skills [25] in social settings [26].
Elements and principles that can drive gamification in learning:
✔ Provide ways for users to show 'status'
✔ Provide a way for users to compare and rank their relative performance
✔ Provide clear levels for user progression
✔ Include elements that encourage competition
✔ Provide digital immersion to the best extent possible
Allow for sharing and personalization.

Classification in gamification
Gamification can be classified into two broad types of activities:
1. Structural Gamification: this is the application of game elements to eLearning to accelerate a
learner through the course materials without making any changes to the course material itself.
Rather, the structure around the content changes. For example, the learner gains points for
course completion and certification. The point collection among all learners is tracked either
by enterprise or business skill or department and posted to a leader board for competitive
standing that may ultimately lead to some form of reward or recognition.
2. Content Gamification: this is where the injection of games or game-like elements is integrated
into the courseware itself. Examples could be starting a course with a challenge rather than
objectives alone, or adding timed questions for point collection. These elements do not
necessarily change the structure of the course overall into a game. They do, however, add
context to make the courses feel more game-like.

3. Game based learning as educational approach
3.1. Focus on game-based-learning
Games have been used as a learning tool for centuries.
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The core concept behind game-based learning is teaching through repetition, failure and the
accomplishment of goals [7]. Video games are built on this principle. The player starts off slow and
gains in skill until they’re able to skilfully navigate the most difficult levels. Games that are planned and
designed well will offer enough difficulty to keep it challenging while still being easy enough for the
player to win.
Game-based learning takes this same concept and applies it to teaching a curriculum. Students work
toward a goal, choosing actions and experiencing the consequences of those actions. They actively
learn and practice the right way to do things [8]. The result is active learning instead of passive learning.
Game-based learning is built to be adaptive from the beginning. During the production process the
game is tested and adjusted to be a more effective learning tool. As new information comes out in the
field or educational approaches are adjusted, the game can be changed to suit them. After the game
is released, it can be updated with new information, approaches, and more. Games even have studentmonitoring analysis tools which allow teachers to monitor the students so the game can be adjusted
in future updates.
An important point is to overcome the generalisation that simply students are motivated by playing
games; we need to understand exactly what in playing games motivates and attracts students. In order
to implement a successful game-based approach, it is necessary to encourage reflection among
students after their gaming performance.
Features for an effective learning game:
- strict
- engaging
- aligned with defined standards
Benefits of learning game
- The student acquires much more of the material and increases the maintenance of what he/she
learned
- The combination of different approaches and goal-based learning affects all learning styles at the
same time
- Learning games provide students with a safe environment for failure.

3.2. How Game-Based Teaching can be integrated within the context of formal
education
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The literature generally agrees on the importance of introducing game-based learning approaches in
formal education [9]. As a consequence there are several pedagogical frameworks describing how
games can be integrated in formal education processes. But there is not so much information about
how teachers can actually introduce games (Game Based Teaching).
The role of teaching is essential for an effective and successful game-based learning process. It is
necessary for the teachers to be able to contextualize the game within the learning path and to adapt
it to the specific needs of students. Just in this way teachers can be considered learning facilitators
with the proper skills to effectively use games in their teaching practices.
The contents below dedicated to introducing an innovative approach to game-based teaching are
entirely taken from “Game-based teaching: Practices, roles, and pedagogies” - Thorkild Hanghøj Aalborg University – Research Gate [10]).
The successful integration of games into the curriculum is ultimately a question of providing teachers
with sufficient curricular autonomy, game literacy, and knowledge about how to design and facilitate
meaningful learning experiences.
Game-based-teaching can be considered as a dynamic interplay of four knowledge practices:
1) specialized or curricular knowledge practices
2) pedagogical knowledge practices
3) every day or non-specialized knowledge practices
4) scenario-specific knowledge practices
The educational use of game scenarios always requires dynamic translations across the four knowledge
practices. The term translation is used to describe the interpretations and choices that teachers have
to make to “read” and re-design game scenarios for curricular practices and pedagogical practices
while also paying attention to students’ prior game experiences.

THE 4 GAME-BASED TEACHER ROLES
Game-Based Teaching should not be understood as a fixed practice as it involves a repertoire of shifting
teacher roles. Teachers shift back and forth between four different roles when facilitating games for
educational purposes:
1. Instructor: concerns teacher planning and communication of the overall goals of a game
scenario in relation to particular learning objectives. This role is an integrated part of most
teachers’ everyday practices, e.g., when giving overt instructions in relation to a curricular
topic
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2. Playmaker: refers to the ability of teachers to communicate the tasks, roles, goals, and
dynamics of a particular game scenario as seen from a player perspective. This term is
borrowed from the domain of team sports, where it describes the ability to “read the game”,
i.e., by making passes that enable the offense to score. In order to understand how a given
game can be played, teachers have to imagine how the different phases of the game scenario
will unfold when preparing for the game session and how they plan to respond to the students’
game interaction when facilitating the game.
3. Guide: The role of the guide encapsulates how teachers support or scaffold students in their
attempts to meet particular learning objectives when they play a game
4. Evaluator: finally, games also require teachers to perform as evaluators in order to re-play
relevant game events and to provide a qualified response to student game experiences.

These four teacher roles should not be understood as ideal types or as normative goals for teaching
with games. Rather, they can be seen as heuristic categories based on empirical analysis of the gamebased practices of teachers.
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Questions for the evaluation of the lecture

1. Question 1: what is the right definition of “game-based learning”?
Please choose the one correct answer from the three choices below.
a) adoption of games for educational purposes
b) application of game mechanisms to educational interventions globally
c) introducing existing games in teaching practices

2. Question 2: for an effective working team, the collaboration among members is based on:
Please choose the one correct answer from the three choices below.
a) Trusted relations among members; negotiation; sharing
b) Trusted relations among members; negotiation; fixed rules
c) Sharing; trusted relations among members; hierarchy
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Lecture 8.4 E-commerce
Melina Azariadi, Tia Bilali
CRE.THI.DEV.

1. Introduction
E-commerce (electronic commerce) means selling and buying goods/services on the Internet. It
combines a variety of digital systems, data and tools and it encompasses all business activities carried
out via Internet. Usually, the businesses that want to have an e-commerce presence create an
ecommerce store/platform where they sell their products and accept online payment [1]. With the
growth of Web 2.0, and particularly through the social networking platforms, has awakened much
interest in different areas for several commercial activities [8]. By Web 2.0 there have been various
definitions given starting with the year 1999, when the term was firstly pinpointed by Darcy DiNucci
and used in 2004 at a conference, it is defined as a second generation of technology development and
web design [8]. Later on, and in small words, the term of Web 2.0 has been outlined as an advanced
Internet technology with multiple platforms of different kinds such as blogs, social networks, online
shops, etc; as a collection of open-source, interactive and user controlled online applications expanding
the experiences, knowledge and market power of the users and participants in business and social
processes [8].
By basing the present course on the definitions mentioned above and combined on the widespread
Marketing Mix and the 4P’s: Product, Price, Place, Promotion, the e-commerce is being used as a
marketing tool for serving the nature of the 4 P’s.
These Ps of the marketing mix are:
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1. Product: It is the actual product that the consumer wants and the product makes. In
marketing, the first task is to realise the needs of the market through research and then
develop the item or service that will fulfil the realized need.
2. Price: It is the pricing of the product, a concept used to calculate the amount of money the
consumer will have to pay in order to conceive the product/ service by the respective business
provider. The price is based on different methods with variables such as the cost of production;
promotion; placing; transporting; resourcing, the parts of the good.
3. Place: It has to do with the channelling of the product or service. The “where” of places that
the consumer will have to move to in order to receive the product. The placing of the product
is arranged after taking up research of the market and means of transporting the product.
4. Promotion: This is what will trigger the consumer into pursuing the offered goods by the
business participants of the market. The promotion of a product has a large variety of means
and tools used, a wide range of different types of promotion. Marketing is if not the largest, a
very important part of the promotion.
Observing through the mentioned theory, nowadays marketing has already established a different
perspective than the catholic one, and that is digital marketing, and e-commerce belongs to the
concept of it. E-commerce is used as a digital marketing tool that is adequate to make business
participants convey the marketing mix.

2. E-commerce 101
The huge and constant changes in technology have strongly impacted the growth of the e-commerce
power. The outburst of COVID-19 crisis has definitely contributed to this direction, since most of the
customers prefer to shop online in order to avoid the crowding [2].
For example, the chart right below explains that experts believe that by the end of 2024 online
shopping will exceed the amount of $476 billion, in the US.

2.1. E-commerce categories
In total the categories of e-commerce are nets of activities that have a specific procedure and are done
according to the participants involved. By participants, there are the businesses, the end-users and the
legal environments where they’re included which are defined by the governments of the respective
countries. These categories are:
1.
2.
3.
4.
5.

Business to Consumer (B2C)
Business to Business (B2B)
Business to Government (B2G)
Government to Government (G2)
Consumer to Consumer (C2C)
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Judging by the type of consumer, we can speak about 3 categories of ecommerce businesses [1][2][4]:

Figure 1. Retail e-commerce sales in the US [11]

⮚ B2C (Business to Consumer)
Being one of the most popular ecommerce models, Β2C businesses focus on the transactions that are
made between the business and the end users. For example, a business that sells clothes on their
online store to customers who are end users is a B2C Business [1].
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⮚ B2B (Business to Business)
B2B ecommerce encompasses transactions between businesses and not between a businesses and
consumers that are end users. Online sales are made between a manufacturer (business organisation)
and a retailer (wholesaler) is considered B2B type of ecommerce [2]. In most B2B E-commerce
environments entering the web shop will require a log in. B2B web shop usually contains customerspecific pricing, customer-specific assortments and customer-specific discounts.

⮚ B2G (Business to Government)
B2G is the provision of goods and/or services to government agencies at the federal, state and local
levels. For example, a business who sells IT support systems to a town government is considered a BG2
business [4]. Governments use the provided websites to trade and exchange information with various
business organisations. Such websites are accredited by the government and provide a medium to
businesses to submit application forms to the government.

3. B2B e-commerce
Business-to-business e-commerce includes all the activities of intercompany transactions [9]. The
commerce transactions in the B2B process are between a manufacturer and a wholesaler, or between
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a wholesaler and a retailer, or a manufacturer and a supplier, and so on. B2B e-commerce is also used
in the context of communication and collaboration.

3.1. Benefits of B2B e-commerce
The already existing activities between companies have been circling around [10]:
●
●
●
●
●
●

Inventory
Customer demand
Placing of products to the market
Going through paperwork
Achieving efficient purchases
Supplies

B2B e-commerce has come to improve for the aforementioned the [10]:
●
●
●
●
●
●

Management of inventory by making it faster,
The customer demand by adjusting it more quickly and efficiently
Making the placement of the products in the market faster
Cutting the paperwork’s load, hence reducing the cost of it
Managing rough purchases, such as supplying internationally and from more than one supplier
Hence, the supplies’ cost is dropping and the companies obtain low prices.

3.2. B2B e-commerce models
The companies are using numerous ways of implementing e-commerce and this gives them back many
benefits. The system, however, is maturing rapidly and the companies are finding more and more ways
to perform their activities, with a constant change of processes. The models that are starting to appear
are for now:
1. Transaction based model
The companies are performing the transactions with one another, and internally as well. The
model’s key factors that keep it alive are the tools used, techniques and infrastructure.
2. Process based model
This includes the activities for efficient and effective collaboration between two or more firms.
This model suggests that all participants share common practices and both internally and
externally.
3. Strategic relationship model
It is about the establishment of strategic partnership between the companies involved in
respective processes. There has to be a linkage amongst companies for the collaboration to
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thrive. The monitoring of sales, the common production schedules, the co-management of
inventory and technical exchanges, reassure an effective collaboration.

4. B2C e-commerce

Figure 2. B2C ecommerce flow [12]

The digitization of the B2C model is shown above in Figure 2. Business and consumers have been having
transactions between them since the beginning of trading and sales. The B2C e-commerce has
elements that are similar to the catholic B2C model, only with the addition of the digitized processes.

4.1. B2C elements
The B2C flow starts with the customer’s online searching and purchasing an item or service. The
placement of order; the completion of the shopping cart; the charge of the customer for payment; the
process of the payment; the completion of the order; the communication and operation of the order;
the inventory; and the shipment of the order, set the management for the B2C activities [10].
1. Catalogues
When the customer is making online research on an e-shop platform, the company must have the
products placed accordingly in the webpages and make them easily accessible and usable for the guest.
It is a basic operation in e-commerce and will set the basis for the next steps of the B2C flow, that will
be, whether the guest will become a consumer of the company.
2. Order planning and generation
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Making the processes smooth and easy, while effective and successful for the B2C flow. It controls the
whole order of the product from the time it is placed till it is processed, validated, sent and/ or
cancelled.
3. Pricing
As mentioned previously in the marketing mix section, the pricing of a product comes from the
estimation of the costs involved in the product’s production and promotion. Pricing usually combines
the customer’s needs and company’s capabilities. The pricing of a product, from a consumer’s point of
view, reflects the understanding of the value of the product/ service, whilst a company’s point of view
is about the covering of costs and making profit at the same time.
4. Receipt/ Invoice and accounting
After having completed the payment, the consumer receives the receipt or the invoice (in B2B model)
as proof of payment. That is ultimately added in the accounting “books” of the company.
5. Selection of order
The consumer will choose several products that will be added in an order, summing up the total
amount of payment (where the order receipt sets the prices). The consumer will make a selection
through the platform provided by the online shop and will place the final selection.
6. Scheduling and delivering the order
The company must set and let the consumer be aware of it, the timing that the order will require in
order to reach the end- user. The fulfillment of the order will be completed when the company
prioritises and slots the orders into an actual operational sequence to be transported and delivered.

5. E-commerce business drivers
There are at least three major drivers that enhance e-commerce economic values - marketing,
interaction and general communication with end users, and technology – and are the economic driver,
the market driver and the technology driver [6].
●

Economic driver

The benefits of economic efficiency are clearly one of the most evident ones. The reduction of
communicational costs, speedier and more economic electronic transactions with suppliers, low-cost
technological infrastructure, lower advertising costs are a few of the factors that empower the
economic circumstances that the company creates for itself.
●

Market driver
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Nowadays, and with the technological growth in the past decade when it comes to e-commerce,
corporations are encouraged to use more and more e-commerce in the marketing and advertising
campaigns that design in order to attract and expand in the international market with the aim of
capturing them. Companies have realised that through the internet it has become a lot easier to target
their potential consumers by having been provided access to detailed profile information of the end
users, either through social media or through online shopping.
●

Technology driver

If there wasn’t for technology, the concept of e-commerce would have never existed. The development
of the technology provided for giving access to the internet in both companies and consumers is a key
factor in the growth of online trading and e-commerce. Technological advances and the digitisation of
a flow of actions for consumption has brought them all included in one platform. Such a step has made
the promotion, distribution, sales and purchases, and delivery more efficient, faster, easier and more
economical.

6. E-commerce assessment measured in terms of usability and accessibility
E-commerce is in its core connected with technology, the world Wide Web, infrastructure; and all these
are included in the concepts of human computer interaction. Usability and accessibility are the two
key factors that ensure the effectiveness and satisfaction of the system end users. In the present case,
the end users of the system are the consumers that use the online platforms to perform purchases and
consume goods, interact with the sellers as in a physical store and receive advertisements.
On the usability’s point of view, and by examining the end user, it is figured out that the latter does
not want to learn how to use a website while doing online shopping. If the website provided by the
company is user friendly and easily accessible and comprehensible. Concrete elements that can guide
the user throughout the surface of the e-shop are important to enhance the usability. Readable
content, attractive promotional acts, targeted marketing and friendly interfaces for the transaction
process during the purchase phase, are also included in the importance of the usability measurement.
The accessibility part on the other side, is the variable that its number defines the ability of a product
or service to create a large range of consumers with different capabilities. On the web’s part, the
accessibility that measures the consumer’s point of view, has to do with the ease of the access to
information and communication materials coming from the seller [7].

7. E-commerce: Lessons for the COVID-19 crisis
During the global pandemic, the share of e-commerce in global retail has increased significantly [5]. As
a large number of countries were under lockdown, businesses and consumers had to expand further
in the digital world to sell and buy products/services. Businesses had to create a strong figure in the eUnit 8 Trends in Education, Training and Networking
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commerce environment in order to maintain their sales, whereas consumers were mostly online
shopping because of social distancing. As a result, e-commerce’s share of global retail trade increased
from 14% in 2019 to almost 17% in 2020 [5].
However, not all online sellers and product categories benefitted from the rise in e-commerce. The
categories that benefitted the most were medical and self-protection items (e.g. masks, gloves),
groceries, food services, food and beverages, while the demand for travel services, sports and formal
clothing dropped significantly [6]. The above observations are confirmed at the table right below [6].
These facts emphasize the importance for businesses to expand their online activities in order to
succeed in the competitive e-commerce world.

Figure 3. International retail sales, 2018-2020 [6]
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Questions for the evaluation of the lecture

1. Question 1: Which of the following is not considered an e-commerce business driver?
Please choose the one correct answer from the three choices below.
a) Environment driver
b) Technology driver
c) Market driver

2. Question 2: A wholesaler sells the products to the consumers in:
Please choose the one correct answer from the three choices below.
a) Business to business (B2B)
b) Business to consumer (B2C)
c) Both of the above
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Lecture 9.1 Introduction to clusters
Pau Jarne,
AEI TÈXTILS

1. Introduction
Globalization has been an economic process that has integrated the various national economies and
production systems into the global market economy. This new reality has opened new markets and
opportunities for companies, but it has also meant the entry of new competitors at a global level.
The positive effects of this new system brought about by globalization are clear: opening for companies
to new markets, re-locating production processes to reduce costs, acquiring resources (whether
material or human) from other parts of the world, and so on.
However, it has also had several negative effects that have mainly affected developed countries, which
have seen their competitiveness diminished by higher production costs, compared with other
competitors located in developing countries [1].

Figure 1: The effects of Globalization [1]

This new scenario has forced advanced economies and their business fabric to adopt changes in their
models to counteract these disadvantages. Unable to compete in the race to reduce production costs,
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they have opted for other avenues focused on improving productivity and added value. To do this, it
is necessary to analyse the distinctive capabilities of companies that can give rise to competitive
advantages. According to John Kay, professor at the London Business School, these skills that can
become competitive advantages can be classified as follows:
Table 1: Business competitive advantages according to John kay

Competitive advantages
The structure and management skills of the company
The strategic attractions of the company
The brand or credibility of the company
The capacity for innovation

2. What is a cluster
2.1. Classic definition of cluster
Cluster is a term popularized by the economist Michael Porter in 1990 in his book The Competitive
Advantage of Nations [2], defining it as: "A concentration of related companies, in a relatively defined
geographical area, that share strategic challenges, specialized suppliers, service companies and
associated institutions".
According to Porter, a cluster presents a series of competitive advantages both for the member
companies and for the territory itself, which could be classified as follows:
Table 2: Cluster Competitive advantages according to Michael Porter

Increase the productivity of companies
-

Provide better access to factors of production and specialized personnel.

-

Stimulate knowledge and encourage collective savoir faire.

-

Facilitate the presence of specialized suppliers.

-

Promote access to information and technology.
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Improving innovation capacity
-

Stimulate innovation by the proximity of competitors.

-

Facilitate the knowledge of new technologies thanks to the rapid
circulation of information.

-

Look for innovation opportunities and strategies to meet the needs of
customers.

Stimulating the creation of new businesses
-

Discover business opportunities.

-

Reduce barriers to entry, facilitate the circulation of information, and
encourage entrepreneurial dynamism and entrepreneurship.

-

Facilitate the connection between companies, suppliers, and other
support institutions.

2.2. Clusters in the Modernity
Nonetheless, clusters have evolved and adapted to the modern days the same way the economy and
the market has. Thus, its definition must be reformulated.
According to the European Commission, by the Internal Market, industry, Entrepreneurship and SMEs
department [3], Industrial clusters are: “Groups of specialised enterprises, often SMEs, and other
related supporting actors in a location that cooperate closely. Together, SMEs can be more innovative,
create more jobs, and register more international trademarks and patents than alone.”
Contrary to Porter’s cluster definition, this definition does not only comprehend clusters solely as a
gathering of enterprises, but also all actors who, directly or indirectly, take a role in the activities of
the industrial sector. Therefore, clusters are the concentration of economic activities in groups of
related industries in a specific location that are connected through multiple linkages.
Besides the definition, clusters share some common principles:
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•

Critical mass matters: The more companies engage in collaboration, the more likely is that
higher levels of productivity an innovation will be achieved. This is due to competitive pressure
among the actors in the cluster, and the specialisation a large local market can bring to
companies.

•

Related Industries matter: Companies need to engage with multiple stakeholders in order to
be successful: Suppliers, service providers, sector specialists and other partners. Clusters
achieve to reflect this increasingly cross-industry nature of value chains and innovation
systems and facilitate these actors to generate value from each other.

•

Location matters: In a global economy, companies engage with stakeholders from all over the
globe, and give way to global value chains. However, regional partners play an unique role, as
the type of interaction that companies can achieve with local partners is much richer and
beneficial for the national economy.

•

Linkages matter: Companies can benefit by creating an environment that supports active
collaboration. For this collaboration to succeed, it is required a strong involvement of the
government and from other “anchor” institutions with sufficient credibility and power to
mobilise companies and promote a dynamic of partnership instead of one of competition.

•

Clusters are in the vast majority of cases not created: Clusters merge because it is an
accumulative process where different locations provide different types of opportunities for
specific companies to invest, succeed, and grow. Most of the times, the success of the cluster
depends on their ability to create specific qualities of a business environment that give a
location a unique and lasting advantage. An example of this would be the Silicon Valley, a
region where diverse companies from the technological and information industry gather in
order to find a common ground in their business development.

3. Cluster policies
Modern clusters work with several policies and instruments to boost economic development. Some of
their work includes the implementation of policies in fields such as innovation, internationalisation,
SME support, workforce development, consulting, and attracting investment. The objective of these
policies is to increase competitiveness of the companies and the local market. To achieve this, the
policies need to focus on the two bases, productivity, and innovation, as the key drivers to support this
ambition.
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A cluster short-term strategy, as for example, lowering production-costs or job creation, is not enough.
It is required a strategy that takes into account the local business capabilities and set policies that work
accordingly the local economy and the companies involved. To achieve this, it is important to identify
the entrepreneurial and innovation opportunities for a region and its potential to extract benefit.
Also, the modern economy is characterised by multiple linkages across economic activities. Clusters
are efficient to spot the strongest linkages across industries and decide where to efficiently apply the
policies.
Finally, it is important to remark the need of collaboration between the private and the public sector
and the many relevant institutions that exist in both to make the modern economic development
policies feasible. Clusters are important focal points for the relevant public-private dialogue, and it is
of its interest to keep this level of partnership and common ground.

3.1. Mapping the cluster policy process
A cluster-based approach towards economic development uses a process that can be described as the
following: Starting from the analysis, uses the data to build a strategy that will eventually put in action,
and then back again to the analysis, closing the cycle.

Figure 2: Cluster policy cycle and support instruments [3]

•

Cluster analysis, or mapping, is a key aspect as it provides a rich fact-based analysis of the
regional economy, based on its competitiveness and the concentration of economic activities.
It also assesses the impact of activities, and achievements in specific fields.
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•

A regional economic strategy is required to define the roadmap of activities and policies that
are going to be implemented, and which ones are going to be prioritized.

•

The action will include the implementation of a mix of measures that will seek the
improvement of the overall business environment and other cluster actors by focusing on the
competitiveness, innovation and productivity of a specific region and its industry.

The cycle of cluster policy implementation is supported by a set of instruments that help to optimise
the overall efficiency of the process. These tools are: data, training, and networking.

4. Cluster performance in Europe
In 2020, the European Commission carried out a report under a service contract [4] to analyse the
performance of the clusters across 51 exporting industries in Europe. The report analyses the different
clusters based on diverse parameters: Size, Specialisation, Productivity, SME performance and
Innovation leaders.
Then it categorizes the clusters into three types depending on their strength performance:
-

High-performing clusters: Those who ranked high on the previous parameters.

-

Medium-performing clusters: Those who ranked medium on the previous paraments.

-

Basic-performing clusters: Those who ranked low on the previous parameters.

Figure 3. Strong Clusters Categorized [4]

Out of 2.950 regional industrial clusters identified across Europe, 198 were classified as highperforming clusters, 898 as medium-performing clusters and 1854 as basic-performing clusters.
Moreover, 15.053 regional areas with no or little cluster strength were identified too.
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Figure 4. Employment shares (2017): Exporting industries and cluster s [4]

These 2.950 regional industrial clusters accounted for almost every fourth job in Europe (23,4% of total
employment) and about half of employment in the exporting industries (50,3%). As for the Basic,
Medium and High performing clusters, they accounted for the 11%, 9,9% and 2,5% of the total
employment, respectively.

Figure 5: Cluster Strength and productivity index scores (2017). The blue line shows average ind ustrial
productivity (100%) [4]

The productivity of the 51 Exporting industries analysed in the report is 10% higher than productivity
in all industries, and 15% higher than the local non-exporting industries. More important is that
productivity in exporting industrial clusters is 25% higher than for all industries, and a 30% more
productive than other exporting industries without a cluster.
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If we analyse and segregate by cluster performance type, High-performing clusters are 145% more
productive than those which are not affiliated or take part in a cluster, and even the most basicperforming clusters are more productive (20%) than other exporting industries without clusters.

Figure 6. Average Annual employment growth rate (201 4 to 2017). The blue line shows average annual
growth for all industries [4]

Employment growth in regional industrial clusters is higher than that in exporting industries without
clusters. Employment growth in exporting industries is below the average, however, it is close to
average in those regional industrial clusters (1,5%). When talking about high-performing clusters, the
employment growth is higher than the average.

Figure 7: Average annual productivity growth rates (2014 to 2017). The blue line shows average annual
growth [4]

Productivity growth was higher in the exporting industries than in the local-non exporting industries.
However, those exporting industries without clusters had a better result in productivity growth than
the ones with cluster. High-performing clusters show the highest increase in productivity, followed by
the basic performing, and the medium performing.
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Productivity is higher in those industries with clusters than others with none. The fact that highperforming clusters score higher in all parameters is because they are more efficient or have more
resources in implementing a cluster system in their structure. However, half of the exporting industries
still do not have cluster capacities, which can suppose a detriment in their productivity and efficiency.
Working to include these businesses into a cluster structure is part of the strategy to improve the
competitive advantages of the industries in the global market.
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Questions for the evaluation of the lecture

1. According to the mapping of the cluster policy process, what are the phases of the cycle and
in which order?
Please choose the one correct answer from the three choices below.
a) Strategy, Action, Analysis
b) Analysis, Strategy, Action
c) Analysis, Strategy, Reporting

2. Modern cluster policies are focused on two principal bases:
Please choose the one correct answer from the three choices below.
a) Productivity and innovation
b) Economy and technology
c) Productivity and investigation
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Lecture 9.2 Networking, cooperation and start-up culture
Miguel Vaz,
AEI Tèxtils

1. Introduction
With growing global competition and pressure to quickly develop and launch new products and
services and / or to improve their operational efficiency, companies are increasingly relying on
collaborative innovation to maintain and improve their long-term competitive edge.
Current innovation processes are increasingly being developed outside the boundaries of the
organization or outside single industries. They are now becoming more distributed, involving the
participation of several networked actors [1] with multidisciplinary and complementary knowledge
and capabilities. Therefore, the existence of networks of innovators and the cross-fertilization between
companies, research centres, universities, and governmental institutions, among others, have a major
role on how today’s innovations are being developed and marketed.
The added value of those innovation systems largely depends on their ability to help organizations
overcome the challenges they face, namely when R&D projects and initiatives require extraordinary
investments and the outcomes are highly uncertain. According to Asheim and Isaksen [2], networks
and collaborative efforts may bring a true added value because “close inter-firm communication, sociocultural structures and institutional environments may stimulate socially and territorially embedded
collective learning and continuous innovation”.
New businesses/start-ups are increasingly embracing external cooperation to strive in a complex world
driven by a fierce global competition. Organizational agility and commitment to open innovation
practices have become strategically relevant for companies to manage dynamic changes and foster
their long-term performance.

1.1. Innovation networking and cross-fertilization
Current trends on Innovation Systems theory demonstrate that innovation does not rely on a linear
pathway from research and invention towards a commercial product, service, or process. Instead, it is
largely dependent on diverse feedback loops within a context of structured relationships, networks
and infrastructures [3]. And in a wider social and economic context.
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Today’s key innovations are increasingly being developed by value-chain based networks rather than
being developed by single organizations. Co-creation and knowledge exchange from external entities
to the firm is driving the development of more integrated innovations (systemic nature). The market
is now more interested in “packaged solutions” instead of single products or one-off services. These
new solutions are being developed and produced by (innovation) networks.
Innovation networking
Innovation networks can be defined as sets of alliances between two and more organizations that are
in an interactive way involved in an innovation process. Empirically they are loose or contractual links
between two or more companies and other organizations and have a core with weak and strong ties
among constituent members that remain independent agents [4]. Therefore, the term “network”
refers to a set of nodes and relationships that connect the different innovation agents. All the formal
and informal relations are the core mechanisms through which external economies benefit local
organizations leading to growth and consolidation of a cluster of innovative firms.
Today, companies operate in dynamic and complex technological environments. They are increasingly
working through networks and boundary-spanning collaborations for knowledge exchange and cocreation, rather than through in-house R&D. This is due to the fact that R&D initiatives are becoming
more complex, costs and development costs are rapidly rising, there are decreased product life cycles,
and a fierce competition at a global scale for limited know-how and resources [5].
Innovation networks comprise companies, research and technology organizations, universities,
technology transfer agencies and government working altogether to achieve common innovation
goals. Many countries are aware of the importance of these networks in fostering innovation capacity,
international competitiveness and overall wealth and economic growth creation. In countries such as
the United States and the United Kingdom, innovation policies have been drafted and implemented to
allocate specific R&D funding and incentives towards promoting multi-sectoral innovation networks.
To stimulate, create, recombine new and existing knowledge, the interaction of multiple players is
required. New technology-based businesses are most successful when they are moderately embedded
in networks, being important in the co-creation and ownership of knowledge. There is growing
evidence that networking can be beneficial in any field [6].
In the corporate world, innovation deals with exploring new possibilities outside of day-to-day business
practices. When knowledge emerges from two or more distinct fields or industries simultaneously
(“cross-fertilization”), teams need to be prepared to collaborate, namely through tacit knowledge
exchange.
Cross fertilization
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Cross-fertilization is defined as a new combination of previously distinct knowledge, capabilities, or
technologies. This process leads to the creation of a recombinant innovation, with two or more
different technologies recombined to generate a new improved technology [7]. Through this process,
where technologies hybridize, may lead to the improvement of existing product attributes and
functionalities, triggering the development of radical innovations. In addition, radical / recombinant
innovations are recognized to accelerate the progress of a technology, contributing to its long-term
success in the market.
As previously mentioned, the transfer of complex knowledge in the form of cross-fertilization,
commonly comprises the exchange of knowledge and skills between different fields, sometimes
apparently unrelated. Processes of cross-fertilization are typically related to those processes of
transfer and application of knowledge, from one production sector to another.
In regions where sectors are technologically adjacent and there is a large degree of cognitive proximity,
potential opportunities can arise for mutual learning, knowledge exchange, co-creation and crossfertilization. This in turn may lead to technological and product diversification and regional branching,
where new industrial and technological paths emerge out of existing structures. The emergence of
cross-fertilization through cross-border collaborations is also an example of the deployment of
innovation networks between companies from different geographies.

1.2. Cooperation through open innovation and strategic alliances
In opposition to the secrecy and silo mentality of previous innovators, new businesses are searching /
adopting new business models in which the “open innovation” approach is widespread, with the
objective of improving their competitive advantage and long-term sustainability. According to existing
literature, open innovation can be defined as “the use of purposive inflows and outflows of knowledge
to accelerate internal innovation and to expand the markets for external use of innovation” [8].
Concerning this knowledge exchange, three flow paths can be defined (see Figure 1): outside-in
(inbound), inside-out (outbound) and coupled open innovation, which is a combination of inflows and
outflows between the actors involved in the innovation process.
The open innovation paradigm
A growing number of organizations across different industries externalize their innovation processes
through the acquisition of external resources and capabilities such as integration, collaboration, inlicensing, out-licensing, strategic alliances/joint ventures, and other sorts of user involvement [9]. The
concept of “open innovation” is used to describe this shift in paradigm from closed / in-house R&D of
new products towards an open innovation model that fully combines internal and external ideas,
knowledge and technologies in order to (co-)create, develop and commercialize new products and
services.
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Figure 1. The open innovation model [8]

Therefore, organizations must be agile at exploiting knowledge from outside its boundaries while
keeping available their own knowledge for others to exploit. That way, they can benefit from ideas and
knowledge they collect from outside, also profiting from sharing their own ideas and knowledge with
external actors, including competitors.
An increasing number of start-ups and SMEs are pursuing the paradigm of open innovation. The reason
for pursuing such an approach relies on different potential benefits, for example: improved access to
specific knowledge and expertise pool, reduced time to market, reduced costs and risks [10].
Therefore, the ability of the organizations to engage in stable R&D collaborations with external
stakeholders (e.g., companies, universities, research centers, individual scientists and experts,
suppliers, users, etc.) is a major driver towards the implementation of innovation activities. Thus,
adopting open innovation models implies redefining the boundaries of the organization, that should
become more permeable to allow knowledge exchange of different types: market knowledge,
technological knowledge and managerial knowledge.
Strategic alliances
As previously stressed, organizations are growingly pursuing the acquisition of external knowledge and
capabilities, namely through strategic alliances. This is a practice being increasingly practiced by SMEs.
According to the literature, organizations can be seen as a bundle of resources. The most effective
models are those which offer opportunities for collaboration, knowledge exchange and sharing [11].
Partnerships and strategic alliances are deemed to provide the necessary innovative capabilities for
SMEs and start-ups to strive in a complex and uncertain world and overcome fierce competition and
engage new customers and other relevant stakeholders.
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Strategic alliances play a major role, namely in capital and knowledge-intensive industries, as well as
sectors based on fast-evolving technologies. Strategic alliances are also crucial in industrial sectors in
which new product developments are riskier and costly, and access to novel knowledge, technology
and critical capabilities is crucial. In increasingly volatile and uncertain environments where firms are
becoming growingly dispersed across the world, collaborations and alliances with core universities,
research centers, customers, suppliers, or even competitors, have become key to improve innovation
capacity and long-term competitiveness through the access to external resources and capabilities,
triggering new synergies and creating, transferring and integrating new ideas, knowledge and
innovative technologies. Organizations are condemned to partly lose knowledge exchange and
innovative capacity if they do not cooperate at present with them, highly compromising their
knowledge base in the long-term.
Strategic cross-border alliances
From an international business viewpoint, strategic alliances triggered by a marketing seeking strategy
have commonly been one the most prevalent approaches. Nonetheless, today there is an increasing
interest in knowledge/R&D&I seeking strategic alliances as an effective strategy to acquire knowledge
and technologies developed elsewhere [12]. From this perspective, researchers are now
demonstrating the growing relevance of acquiring internationally dispersed technological capabilities
by engaging in cross-border technology-based alliances.
Cross-border strategic alliances is an increasing attractive approach due to steady competitive
pressures in the global markets and the growing interdependence of technological development.
Broadly, strategic R&D alliances commonly encompass bilateral technology transfer R&D programs
such as joint R&D projects and joint ventures. Organizations are pursuing R&D alliances aiming at
gaining access to novel and complementary technologies and to speed up their innovation processes,
knowledge exchange and learning processes. This kind of alliances are commonly associated with high
uncertainty, high risk, and potential high payoff. The knowledge, skills and technology necessary to
sustain global competitiveness are frequently dispersed internationally and embedded across different
countries. By establishing cross-border strategic alliances, organizations are expected to gain access to
the technological capabilities embedded in the partner organizations, and also to knowledge and
capabilities embedded in the region or country where the partner is based on. Therefore, by bridging
the gap between two separate sets of technical capabilities from different places, cross-border
alliances can provide unparalleled learning opportunities. National environments are idiosyncratic by
nature concerning to their knowledge bases. The variety that can be reached across different regions
or nations provides organizations with expanded knowledge exchange opportunities than that reached
through a merely local operation. This ability to broaden and align complementary technological and
learning capabilities can be critical in companies (e.g. within the textile sector) interested in
maintaining a leading position in the global market and exploit economies of scale and scope at the
international level.
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1.3. Start-up culture
The culture of entrepreneurial organizations, particularly start-ups, is commonly characterized by an
organic and flat structure, with a strong emphasis on external orientation/cooperation [13]. This
largely affects the organization’s followed choices and approaches, including organizational and
innovation strategies and processes. The start-up culture is generally shaped by key attributes, for
example: dynamic, proactive, and risk-taking attitude, innovative and bottom-up leadership, flexible
and flat hierarchies and mechanisms, and readiness to meet novel and challenging strategic goals.
These attributes can be fully unlocked through the involvement of transformational leaders that
directly work to enhance the motivation and engagement of all workers by aligning their assumptions,
values, and norms towards a shared vision, in opposition to transactional leaders more concerned
about the status quo and by following existing rules, procedures and norms.
Managerial and entrepreneurship capabilities
Managerial and entrepreneurship capabilities are crucial for releasing open innovation practices and
their successful implementation [11]. According to the open innovation model, as the management of
innovation processes become more complex, the process itself includes many more activities, and
managerial levels. Start-ups are commonly set up by managers with both scientific and technical
expertise. With the subsequent growth of the company, the recruitment of new managers with
complementary skills (e.g., sales and marketing) will be needed, in order to achieve a sustainable
growth. This new management team with a broad range of managerial skills and expertise will help
overcome shortfalls in entrepreneurial skills and competencies and will be crucial to provide the
organization with the ability to identify and implement collaborative SME networks and open
innovation practices.
However, an entrepreneurial start-up does not mean that we are automatically in front of an agile
organization. That will not only require knowledge and structural resources, as it relies on an
innovative and risk-taking embedded culture.
Organization agility
Agility corresponds to the organizations’ capability to successfully manage uncertain, volatile and
unpredictable changes of the surrounding environments, in order to be able to sustain growth and
maintain competitiveness [14], [15]. Agility is a dynamic and largely context-specific concept, enabling
contemporary new businesses to embrace change and growth simultaneously.
In this complex and fast-changing world, start-ups should have the capacity to innovate in order to
survive. The agile approach is expected to bridge the hierarchical separation by promoting interactions
and creativity through agile teams. Agile teams are responsible for increased flexibility and increased
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responsiveness to change. Agile leadership and work in flexible teams is based on sequences of short
work cycles followed by internal feedback loops and interactions with customers as well.
An agile organization can act dynamically throughout fast decision-making processes and has the
ability to maximize its knowledge learning and implementation, being able to use its competences
where they are most required. This will allow the start-up to promptly re-configure and re-align its
strategy to follow a specific purpose or goal and fully match the emerging opportunities [16].
The role of culture in organizational agility
The Competing Values Framework (CVF) model is commonly used in order to explore the role of
culture promoting organizational agility, allowing to understand and evaluate the different companies
with regard to their corporate cultures and orientation towards innovation [17].
Each quadrant in the CVF framework (see Figure below) corresponds to a certain logic. An organization
is not locked within a certain quadrant, nonetheless it cannot entirely focus on all logics at the same
time. Companies usually tend to concentrate their efforts between the different quadrants, which will
generate tensions within the company, as multiple logics can be present at the same time.

Figure 2. The role of culture: Competing Values Framework (CVF) [ 17]

The x-axis refers to competing value logics between internal (maintenance) and external (positioning)
focus. The y-axis displays competing values ranging between individuality and flexibility (on top) and
stability and control (at the bottom). This represents four approaches to culture.
Each type of culture can be described taking into account the following attributes: orientation, leader
type, value drivers, and theory of efficiency. Concerning the clan culture: the environment resembles a
personal place like a large family, characterized by values cohesion, participation, great involvement
and teamwork, tight social networks, leaders can be seen as mentors and team builders that value the
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needs of the clients and care about the team. The adhocracy culture corresponds to a dynamic and
creative environment; leaders are entrepreneurs, innovators and risk takers; value drivers are
innovative outputs, transformation, and agility; success factors correspond to innovativeness and new
resources produce effectiveness availability of new products or services; Start-ups commonly share a
clan and adhocracy type of culture. Regarding the orientation: Start-ups feel comfortable with their
lean structure. They have an agile behaviour being properly prepared to respond to fast internal or
external changes; Vision: Many start-ups are formed to solve social challenges based on a shared vision
towards a more sustainable world; Leaders: Very present, transparent and involving and motivating
all the workers, sharing and promoting the company’s vision (internally and externally).
The start-up culture greatly differs from the market culture typically present in larger organizations,
which is characterized by focus on results and goals (competing orientation), or hierarchy culture
where leaders are transactional and show more command and control, reputation and success are
important. The hierarchical structure is visible, the culture more formal and the work environment
more structured, providing limited opportunities for creativity.
The CVF model has emerged as an important tool for identifying the role of a culture in the business
efficiency of an organization. It provides valuable insights on what leadership, managerial and
organizational competencies are most effective and well suited to shape a particular organizational
culture, and on how the company should act to maintain its innovation capacity and maintain its longterm performance.

2. Examples of good practices: The CONTEXT network
Below is described a paradigmatic example of a networking of innovators with a clear focus on
improving their innovation capacity and knowledge transfer capabilities in order to foster their
competitiveness and the overall performance of the advanced textile materials sector.
CONTEXT [18], “The European network of experts on advanced textile materials” is funded by
the European Cooperation in Science and Technology (COST), which provides funding for the creation
of research networks, called COST Actions. These networks offer an open space for collaboration
among scientists across Europe (and beyond) and thereby give impetus to research advancements and
innovation. This Cost Action, which started on October 2018, has the main goal of joining efforts at
European level to facilitate the market uptake of new advanced textile materials, reducing the gap
between research and industry.
CONTEXT network covers 35 European countries, 3 Near Neighbor Countries and 1 International
Partner Countries, a clear example of a cross-border cooperation.
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In a nutshell, CONTEXT main goals are:
•

To promote the development of a joint research roadmap for smart textiles;

•

To foster the transfer of knowledge among different actors in order to find suitable
applications in various multidisciplinary fields;

•

To act as stakeholder platform to identify needs and requirements from different points of
view in a bottom-up approach;

•

To promote networking activities in order to attract talent, build more and better research
projects with more consciousness on the objectives of creating exploitable results.

The innovation network is open to all professionals in the field of research, companies, clusters and
end users, who can participate in the different activities. CONTEXT brings together all those
stakeholders in order to develop joint ideas and initiatives which can be turned into advanced smart
textile products.
CONTEXT is structured in 6 working groups, 5 of them focused on different applications of advanced
textile materials: healthcare/medical, automotive and aeronautics, personal protection, building and
living, sports and wearables. The sixth group focus is dissemination and communication.

3. Conclusions
The increased collaboration via innovation networks among firms, entrepreneurs, research institutes,
clusters and the public sector is paving the way towards more competitive businesses, enhancing their
innovative capacity individually and altogether as an ecosystem.
The adoption of open-innovation practices is currently rising among companies and leads to a win-win
scenario: they are able to exploit knowledge from outside its boundaries (through knowledge
exchange with external partners) while keeping available their own knowledge for others to exploit.
The open innovation approach is assuming a growing relevance as it can bring huge benefits to the
involved stakeholders, including facilitated access to particular knowledge and expertise, reduced time
to market, reduced risks and R&D costs.
The establishment of strategic alliances greatly promotes technological learning and increased
innovation performance of the involved partners, especially if integrating a variety of technological
capabilities present across organizations operating in different parts of the globe (the role of crosscollaborations).
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Organizational agility is deemed crucial for organizations' innovation and their increased competitive
performance in contemporary businesses.
The role of specific attributes and traits of the leaders of innovative start-ups largely shapes the
innovative capacity and commercial success of these companies. Companies that rely on flat
hierarchies, transformational leadership and where creativeness and inclusive participation of all
workers is encouraged, are the most well prepared to face the current uncertainty and volatility of the
global markets.
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Questions for the evaluation of the lecture

1. Question 1: Innovation networking…
Please choose the one correct answer from the three choices below.
d) … is a set of nodes and relationships that connect different innovation actors.
e) … is the process of communicating ideas inside the company.
f) … does not involve the collaboration between different organizations.

2. Question 2: Organization agility is…
Please choose the one correct answer from the three choices below.
a) … the organizations’ capability to successfully manage uncertain, volatile and unpredictable
changes of the surrounding environments, in order to be able to sustain growth and maintain
competitiveness.
b) … when a company is fast to develop a product.
c) … dominant in teams with a controlling leadership and high hierarchies.
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Lecture 9.3 Governmental and EU initiatives
David Gómez i Maurel
AEI Tèxtils

1. Introduction to EU Industrial policy
The EU industrial policy has recently learnt from the COVID-19 pandemic. One year after many
products and services supply were threatened, the community reviews the single market as one of the
most important dynamics and potential strengths.
The strategy for a consolidated and resilient industry proposed by the EU is the following:
Diversified international partnerships to ensure that trade and investment continue to play a key role
in building our economic resilience [1].
The development of Europe’s strategic capacities in key areas by supporting new industrial alliances in
strategic areas to develop activities that would not develop otherwise, and where they help to attract
private investors to discuss new business partnerships and models in an open, transparent manner
that is fully compliant with competition rules [1].
Monitoring of strategic dependencies. A first report based on a bottom-up analysis of the EU’s strategic
dependencies. The report identifies 137 products in sensitive ecosystems for which the EU is highly
dependent on foreign sources. It also offers an in-depth analysis of six strategic areas where the EU
has dependencies: raw materials, batteries, active pharmaceutical ingredients, hydrogen,
semiconductors, cloud and edge technologies [1].

1.1. EU Cluster policy and the European observatory for clusters and industrial
changes
“Specifically, clusters are a valuable active for the EU industry strategy. Clusters facilitate diverse actors
involved with the industry to join and explore innovative and competitive lines. Providing companies,
education institutions, authorities, R&D centres a comfortable ecosystem for strengthen their
industrial value chain [1].
The EU counts with the European observatory for clusters and industrial changes to facilitate these
entities in developing their function: “to aid regional structural change and the development of
emerging industries [1].
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One of the challenges the European industry is about to face in the following decades is the green and
digital transition. The EU bets for clusters as essential milestone to this industrial transition and growth
and productivity increase. That is why it launched the pilot action called “regions in industrial
transition”.

Figure 1. Regions in industrial transition [3]

An initiative that aims at clusters from small regions of some EU members on “boost their innovation
capacity, remove investment barriers, equip workers with the right skills and prepare for industrial and
societal change, based on their smart specialisation strategies”.
Also, the European observatory for clusters and industrial changes support cluster activity by providing
policy support to existing or emerging cluster initiatives at national and regional level with actions such
as [2]:
•
•
•
•
•
•

“developing world‐class clusters with competitive industrial value chains that cut across
sectors,
supporting industrial modernization,
fostering entrepreneurship in emerging industries with growth potential,
bringing together Europe’s cluster policy-makers and stakeholders during dedicated events,
improving SMEs' access to clusters and internationalisation activities, and
enabling more strategic interregional collaboration and investment to implement smart
specialisation strategies”.
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1.2. Cluster performance in the EU [3]
The European Cluster Collaboration Platform (ECCP), launched on 8 March 2016, is the largest
European and international community of cluster organisations and stakeholders. It is a tool that
facilitates cluster cooperation within Europe and helps clusters access international markets. This lets
European cluster organisations profile themselves, exchange experience and search for potential
partners for transnational cooperation. It counts with more than 1.200 cluster profiles.
Then, it also exists another relevant institution regarding to the clusters. The European observatory for
clusters and industrial changes recently elaborated a report about the clusters’ behaviour across
Europe. Knowing how this facilitators work gives us tools to preview, foster and facilitate economic
growth.
Some highlights and conclusions are collected below to evidence its relevance, how does they work
and how can be useful for companies and R&D centres.
First think to analyse is which sector of the European economy represent. Below we can see the
significance is highlightable, as we find clusters providing or directly involved in nearly 25% of the
industrial European employment based on the exportation.

Figure 2. Employment shares (2017): Exporting industries and clusters [ 3]

The study compares information up to 51 industrial sectors and textile sector is one of them. Some
relevant information emerged in this area is related to the employment, pointing that the 48% of the
textile and manufacturing sector in Europe counts with the dynamization of clusters (p.17).
The study also suggests big cities and metropolitan areas may be a proper environment for the cluster
presence and activity and its effectiveness. As it is suggested in page 32 of the report (figure 3) there
exists a possible correlation between regions with higher population and metropolitan area with the
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number and good performance of the clusters. Although, it points this correlation may not be
determinant, as figure 4 indicates that ·there is no link between the number of strong clusters and
both population density and the degree of urbanisation, both indicators of the presence of large
urbanized and densely populated cities. However, there is a positive and significant relation between
the number of strong clusters and size of the region as measured by population” (p.32).

Figure 3.Top-25 regions with most clusters [3]

Figure 3 (continuation). Top-25 regions with most clusters [3]
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Figure 4: Link between clusters and size of a region [ 3]

2. Cooperation projects
Cooperation projects across Europe and other strategic areas are essential to make industry flexible
and facilitate companies’ growth.

2.1. EU-Mediterranean projects
Mediterranean area is a strategic zone for the EU. The Union for the Mediterranean (UfM) is an
intergovernmental institution that brings together more than fifteen countries to promote science and
technology cooperation, among others. Specifically, “It has agreements with Algeria, Egypt, Jordan,
Morocco and Tunisia” [4].

Figure 5. Map of UfM members [5]
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2.2. Erasmus+ projects [6]
Erasmus+, probably one of the most well-known EU initiatives is also an opportunity for clusters and
companies to improve their performance. Erasmus+ aims mainly at promoting education and training
of the European youth.
Still, there are specific lines of the program, such as the “Capacity building for High Education
Institutions” (HEIs), that are open to associated non-member states and its aim this countries is to
“modernise, internationalise and increase access to higher education, address the challenges facing
their higher education institutions and systems, increase cooperation with the EU, voluntarily converge
with EU development in higher education, and promote people to people contacts, intercultural
awareness, and understanding”.
This kind of initiatives represent a very interesting approach for the industry development, as
companies, R&D centres, institutions, … will always need professionals and trained stuff and
knowledge about neighbours’ industry and way of working.
In this aspect, clusters can play a determinant role in detecting all the needs in this field, gather all the
interested stakeholders and implement development plans through this funding opportunity.

2.3. ENI CBC Med [7]
ENI CBC Med is the largest Cross-Border Cooperation (CBC) initiative implemented by the EU under
the European Neighbourhood Instrument (ENI).
The Programme brings together the coastal territories of 14 EU and partner countries in view of
fostering fair, equitable and sustainable development on both sides of the EU’s external borders.
Its priorities are linked to the world SDGs and focuses, among others, on the business and SMEs
development, start-ups, Euro-Mediterranean clusters, technological transfer and innovation and SMEs
access to research and innovation.
It launches periodically several calls for proposals, for the development of projects linked to the
mentioned areas.
The eligible countries to submit these proposals are the one that have the entire country or a region
with Mediterranean coastline.
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3. Examples of projects
We can find references from existing cooperation projects that investigated on the possibilities a
textile industry environment may have to develop itself. Some recommended initiatives to take into
account aimed at the capacity building may come from the funding provided by the calls mentioned
previously. Some examples are detailed below.
Lastly, in textile sector, some of the projects have recently focused on the provision of textile
machinery and resources to facilitate stakeholders themselves the beginning or strengthen of their
interactions by giving them capabilities in investigation, testing, etc.

3.1. WINTEX project [8]
In particular, WINTEX project offers an interesting overview and experience about collaborations in
the sector.
Among other outputs, WINTEX project produced Best practices database and success experiences in
capacity building applicated in the textile industry.
In this report we can find a database of existing innovative textile centres in the EU, all of them
experienced in this kind of collaborations; experiences of collaborations between universities and
companies in the sector; Innovation and entrepreneurship led by HEIs and business collaboration as
well as the collection of previous collaborating or capacity building projects experiences.
The country receptor of this capacity building is Tunisia.

3.2. Innolea project [9]
Innolea is another project, funded by the Erasmus+ program, that aims at fill gap in the area of
specialized services for the leather sector, with the establishment of four leather centres in local
universities.
The project is expected “to provide access to the stakeholders in the leather sector to business
development services, such as quality testing, product certification, training, fashion trends,
production organization, business to business opportunities in order to develop this sector and
improve its competitiveness.”
In this case, two countries are receiving this capacity building: Jordan and Egypt.
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3.3. Fostex project [10]
Fostex project also is an exemplar initiative. In this case, Morocco and Jordan will receive the
implementation of three new fully operational advanced textile innovation centres. With this capacity
building initiative, it is expected to enable a strengthen collaboration between the education centres
and companies. A key factor previously exposed for the network creation and availability to implement
new industrial strategies, modernization and innovation.

4. Conclusions
The European Union has learnt -and implemented- that multilaterality is the best option to ensure a
stronger economy.
Its single market union is just an example of how important is to collaborate and establish complicities
with neighbours. A diversified economy and a well-defined supply chain are determinant to hold
unpredictabilities such as the COVID-19 pandemic.
Then, we must underline the cluster’s paper. In this report we have seen how relevant clusters are for
the industrial and innovative development are, as they act as a hub, they facilitate cooperation
between different kind of stakeholders in the industry. A cooperation that, possibly, would not emerge
without the sharing of common interests that a cluster is in charge to detect and aware.
Furthermore, one of the key policies of the EU is the collaboration with its geographically closer
stakeholders. We have seen some examples of initiatives which the EU launches to strengthen
collaboration and boost modernization of industrial areas outside the EU itself.
We can infer Mediterranean area is strategic and valuable for the EU, as intergovernmental networks
and cooperation projects are focused on the needs and possible demands of that area.
Finally, it is important to remark these funding opportunities are highly recommendable always under
the point of view of capacitation, enabling and support specific areas to develop, grow and be
competitive by themselves.

Unit 9 Cooperation and best practices

Page 556

This project has been funded with support from the European Commission. This publication reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein

5. References

[1] European Commission. (2021, May.05). European industrial strategy. Internal Market, Industry,
Entrepreneurship
and
SMEs. [Online].
Available
at: https://ec.europa.eu/growth/industry/policy_en#industrial-strategy-2020 [Accessed: June. 10,
2021].
[2] European Commission. (2019, June. 10). Summary Report on Cluster Policy in Regions. [Online].
Available at: https://clustercollaboration.eu/news/summary-report-cluster-policy-regions [Accessed June.14,
2021].
[3] H. Hollanders and I. Merkelbach (European Commission) "European Panorama of Clusters and
Industrial
Change",
2020
edition
[Online].
Available
at:
https://clustercollaboration.eu/sites/default/files/news_attachment/european_panorama_2020.pdf
[Accessed: June. 10, 2021].
[4] European Commission. Mediterranean, Policy background, UfM regional platform, roadmaps,
projects and results, funding and events. [Online]. Available at: https://ec.europa.eu/info/research-andinnovation/strategy/strategy-2020-2024/europe-world/international-cooperation/mediterranean_en

[Accessed: June.15, 2021]
[5]
Union
for
the
Mediterranean.
Member
States.
[Online]
Available
https://ufmsecretariat.org/who-we-are/member-states/ [Accessed: June. 17, 2021]

at:

[6]
European
Commission.
Erasmus+.
[Online]
Available
https://ec.europa.eu/programmes/erasmus-plus/about_en [Accessed: June.17, 2021]

at:

[7] ENI CBC Med. Home. [Online] Available at: http://www.enicbcmed.eu/ [Accessed: June. 15, 2021]
[8] Wintex project. Home. [Online] Available at: https://wintexproject.eu/ [Accessed: June. 18, 2021]
[9] Innolea. Home. [Online] Available at: https://innolea-forum.com/index.php/en/about-innolea
[Accessed: June. 18, 2021]
[10] Fostex. Home. [Online] Available at: https://fostexproject.eu/ [Accessed: June. 17, 2021]
[11] European Cluster Collaboration Platform. [Online] Available at: https://clustercollaboration.eu/
[Accessed: June. 17, 2021]
[12] Performance of strong clusters across 51 sectors and the role of firm size in driving specialisation,
2020 edition.

Unit 9 Cooperation and best practices

Page 557

This project has been funded with support from the European Commission. This publication reflects the views only of the author,
and the Commission cannot be held responsible for any use which may be made of the information contained therein

Questions for the evaluation of the lecture
Question 1: which is the role of clusters under EU industrial policy?
Please choose the one correct answer from the three choices below.
a. Gather all potential stakeholders, facilitate their interaction and collaboration, and find
common interests, strategies and solutions. (C)
b. Gather companies and facilitate their interaction in order to increase their benefits.
c. Gather all potential stakeholders from diverse sectors to join together in a common strategy.

Question 2: Which is the importance of the Mediterranean area for the EU?
Please choose the one correct answer from the three choices below.
a. It is strategically important to collaborate and strengthen relations with neighbours. (C)
b. It is important to collaborate with Mediterranean neighbours sometimes.
c. It is not really important the collaboration with the Mediterranean neighbours.
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Lecture 9.4 Success stories and best practices
Ariadna Detrell, Mònica Castellà
AEI TÈXTILS

1. The cluster as a cooperation tool
A cluster is a geographically proximate group of interconnected companies and associated
institutions in particular fields, linked by commonalities and complementarities.
Clusters enable “open innovation”, the creation and refinement of new ideas in networks of
cooperating companies and institutions. They also lower the barriers for transforming new ideas into
businesses and capturing the benefits of globalisation.
Furthermore, they take advantage of new opportunities in the global economy, and they become key
factors in attracting capital, people, and knowledge. Thus, it can be seen as an opportunity to renew
the economy and the society.
Recognizing this potential, the further strengthening of clusters and cluster organisations must be
actively supported on regional, national and European levels. Clusters and innovation networks are
powerful tools in promoting research, development and innovation which in turn create growth in
diverse fields.
Various conducted studies prove the positive impacts of cluster activities on R&D investments,
innovation and R&D collaboration. These show that the return and profit on R&D investments are
increasing, confirming that clusters offer a favourable and dynamic business environment which
significantly increases competitiveness.
Being part of a cluster may provide companies with important advantages, such as:
▪

▪

▪

Access to specialized inputs: Clusters can provide superior or lower cost access to specialized
inputs such as components, machinery (among others), or importing inputs from distant
locations.
Access to information: The proximity and existence of personal relationships and community
ties fostering trust facilitates information flow within a cluster.
Complementarities: Clusters increase productivity not only through the acquisition and
assembly of input but also through facilitating complementarities between the activities of
cluster participants.
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▪

▪

Access to institutions and public goods: Companies within a cluster can access specialized
infrastructure, or advice, from experts in local institutions at a very low cost.
Incentives and performance measurement: Clusters help to measure the performance of inhouse activities through local firms that perform similar functions.

2. AEI TÈXTILS as a cluster success story
2.1. Introduction to AEI TÈXTILS
AEI TÈXTILS was born in 2008. It is a cluster with a non-profit association structure, formed by Catalan
companies in the advanced textile materials’ value chain and other innovation support organizations.
Its mission is to promote innovation with the aim of improving the competitiveness of its members, as
well as cooperation, complementarity and communication among them.
Its vision is to achieve a critical mass of innovative companies and organizations in the region to
facilitate the innovating practices which allow the improvement of their competitiveness and
international renown.
AEI TÈXTILS’ strategic objectives are:
▪

▪
▪

To promote innovation in a wide sense, improving the abilities of its members and combining
them by means of horizontal and multidisciplinary collaborations.
Commercial worldwide presence by means of promotion and internationalization.
Management and productivity improvement of companies to generate added value and to
face up the current environment.

2.2. Structure of the cluster
The figure above illustrates AEI TÈXTILS’ structure: In the middle, as the core of the organization, there
are the manufacturing companies, covering the whole value chain to produce advanced textile
materials: from yarn producers, fabric manufacturers (knitting, weaving and nonwovens) to finishing
companies.
Surrounding the centre are the organizations that support these companies, such as raw materials
suppliers, equipment suppliers, service provides, R&D centres, university or the public Administration.
The products manufactured by the cluster members, which can be intermediate or final, are focused
on technical applications: civil engineering, agriculture and fishing, building and textile architecture,
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automotive and public transport, medical, hygienic and sanitary applications, packaging and goods
transport, sports and leisure, personal protection, industrial uses, environmental protection, mainly.

Figure 1. Structure of AEI TÈXTILS

The cluster has 40 members, 33 of them are SMEs, other members are research institutes,
technological centres, and other organizations related to the sector.

Figure 2. Category, activity, and application sectors of the cluster members

2.3. How to dynamize a sector?
The strategy of the cluster (Figure 3) is based in four strategic lines: innovation, skills,
internationalization, and business development with digitalization and sustainability as transversal
drivers of the strategy and networking in the middle as a common tool.
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Figure 3. AEI TÈXTILS’ strategy
▪

INNOVATION: Promoting cooperation among its members, increasing the uptake of innovation
support initiatives; promoting the participation of the Catalan advanced textile materials'
sector in technological cooperation with European projects and increasing productivity in the
territory by promoting the implementation of new technologies and the development of new
products and processes.

▪

INTERNATIONALIZATION: Improving access to international markets; furthering access to
knowledge through international R&D, technological and commercial partners and improving
access to research and key production infrastructures in third countries.

▪

SKILLS: Capacity development of current employees in the sector and improving the level of
qualifications; promoting development and knowledge about career opportunities in the
sector and providing unique and specific training on technology and markets in the advanced
textile materials' sector.

▪

BUSINESS DEVELOPMENT: Promoting the exchange of best practices among local enterprises;
improving the image of the sector in Catalonia; promoting its strengths and capabilities
towards other manufacturing sectors of the territory to increase business opportunities
globally and strengthening the dialogue between industry, scientific community and public
administration.

Since 2019, the cluster has had a significant growth: new members, new strategic projects and increase
of the staff. The activities carried out by the cluster are aligned with its strategy:
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▪

Innovation: AEI TÈXTILS has led projects such as MIDWOR-LIFE and LIFE-FLAREX, both
dedicated to the assessment of safer alternatives to harmful chemicals used in the textile
industry. As part of support services, AEI TÈXTILS has helped its members participate in R&D
EU projects including some members that were awarded in the SME Instrument and other
funding programmes.

▪

Internationalization: After its participation in TEXTILE2020 under the CIP program, AEI TÈXTILS
participated as a partner in EU-TEXTILE2030, a European Strategic Partnership for Going
International. AEI TÈXTILS played a leading role on the sustainability of the EU World-Class
cluster and has further engaged several companies to explore and participate in the different
business missions.

▪

Skills line is focused on increasing the training of current employees in the sector and
improving the level of qualifications; promoting development and knowledge of career
opportunities in the sector and providing unique and specific training on technology and
market in the technical textiles sector. For that, AEI TÈXTILS has also participated as partners
in several Erasmus+ projects including TECLO, TEXSTRA, FOSTEX or WINTEX. Additionally, the
cluster itself is also committed to cluster management excellence and consequently
coordinates the project CLAMTEX, an ESCP4x project under COSME work programme.

▪

Business development: AEI TÈXTILS has participated in several sectoral trade fairs, promoting
cluster members like TECHTEXTIL, CITEXT, COLOMBIA MODA 2018 (in the framework of EUTEXTILE2030 project) and is present in several international networks dedicated to promote
the companies that compose the cluster. AEI TÈXTILS is involved in international
networks/organization such as:

Founding member and Secretary of the European Economic Interest
Grouping EU-TEXTILEA2030.
AEI TÈXTILS Cluster Manager is the chair of the Cost Action CA17107
CONTEXT dedicated to promoting the cooperation in R&D for
advanced and smart textiles. This network is constructed from built
upon the different partnerships and collaboration with other textile
clusters and research centres across Europe, including the other two
textile partners in the present consortium.
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Member of the European Textile Technology Platform.
Member of the Programme Committee of the Dornbirn Global Fibers
Congress.
The commitment of AEI TÈXTILS in supporting its members has led to them signing with the regional
delegation of the Enterprises Europe Network (EEN) to become a promoting entity of EEN among its
members.
The cluster is also involved in the three main EU support framework for clusters through the European
projects they lead or participate:

Figure 4. EU support framework for clusters
▪

GALACTICA: It aims to facilitate the formation of new industrial value chains within the textile
and aerospace industries, based on advanced manufacturing. The project will enable the
uptake of industrial intelligent systems and Industrial Internet of Things as strategic drivers for
innovation in the textile and aerospace sectors.

▪

TEXGLOBAL: The aim of this project is supporting the growth, the competitiveness and
industrial modernization of European Textile companies by facilitating internationalization and
innovation activities.

▪

ADMANTEX2i: Its main objective is to lead international cluster cooperation in advanced
manufacturing and advanced textile materials as a catalyst for globally competitive sustainable
products functional in a broad range of high-end applications such as transport, personal
protection and other industrial applications.
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▪

CLAMTEX: It aims to strengthen cluster management excellence to boost the specialized
technical textile innovation eco-system by promoting cross-sectoral and cross-regional
collaboration to facilitate the process of digitalization within and beyond the partnership.

2.4. Best practices implemented
Some examples of best practices implemented in the cluster, since its creation in 2008, are the
following:
▪

SOS TÈXTIL project

From June 2010 to December 2012, AEI TÈXTILS oversaw the management project called Research
of SOS Tèxtil. Its objective was to stablish the global protection of firefighters based on the
trinomial comfort-protection-functionality. It was carried out by 7 AEI Tèxtils’ SME members (from
different stages of the textile value chain), together with 3 research centers also members, and cofinanced by the Catalan regional agency ACC1Ó and FEDER.
The project aimed to improve the balance between the protection, comfort and functionality of
clothing of fire and rescue services personnel, optimizing the characteristics of the textile materials
used in the manufacturing sector. As such, different fiber compositions, fabric structures,
laminates and garment designs had been studied, in order to identify a modular clothing concept
in which the successive layers of textile products (systems) provide high levels of protection to the
convective and radiant heat, maintaining the necessary breathability and ease of movements of
the users such as in tasks of extinction of structural fires, in forest fires or in other rescue
operations.

Figure 5. Image of the clothing concept in SOS TÈXTIL project
▪

PACTEX project
AEI TÈXTILS coordinated PACTEX project in cooperation with the Packaging Cluster. PACTEX’s
aim was to establish synergies between the companies of both clusters and foster among them
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the effective use of material resources by reducing industrial waste at source, reuse of
products, improving recyclability and recovery of waste.
Initially, there was a detailed identification of the type of material resources and residues
generated by companies in both sectors. Once this initial diagnosis was completed, a series of
improvements and innovative measures (technological and or non-technological) were
proposed to be incorporated by companies to achieve a better reuse of material resources and
reduce the generation of industrial waste. An assessment of the technical, economic and
environmental aspects of each of the proposals and measures proposed was performed.
Finally, the most appropriate measures, were selected for testing to prove their technical,
economic and environmental viability. The results of the project and all suggestions for
improvement and innovative measures proposed were gathered in a sectorial guide.
▪

Intercluster collaboration project
New plastic product made out of waste from the textile industry is the title of an industrial
symbiosis project carried out in collaboration between members from the Packaging
Cluster and AEI Tèxtils, which emerged from the previous PACTEX project. The aim was to
introduce to the market plastic products made of polypropylene recovered from textile
industry waste.
The project, co-financed by the Waste Agency of Catalonia, began in January 2019, and ended
on March 30, 2021. It was implemented by the companies LIASA and NG PLASTICS, members
of AEI Tèxtils and the Packaging Cluster, respectively. Both clusters actively collaborated in the
development of the project.
NG Plastics, manufacturer of plastic packaging for various sectors, has used LIASA’s waste
(polypropylene yarns) to produce new packaging products with a level of quality and
characteristics equal to those manufactured with virgin material. The result was a part of a
cava bottle cap, obtained through the injection process. This product was manufactured with
100% recycled material.
To determine the environmental impact of the process, a life cycle assessment (LCA) was
developed. The result determined that the polypropylene yarn recycling process is
environmentally friendly and significantly reduces the environmental impacts and carbon
footprint. For example, each kg of recycled polypropylene yarn prevents the emission of 1.11
kg of CO2 equivalent.
NG Plastics expects to produce 5 million units of cava caps per year using recycled
polypropylene pellets, which represents savings of 36.5 tonnes of virgin raw material and a
reduction in the emissions of more than 40.5 tonnes of CO2.
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▪

Strategic re-definition of the cluster
The pandemic and the efforts during recent years in terms of research, development and
innovation have allowed AEI TÈXTILS to stay ahead of the market and create new
opportunities.
With the objective to improve, increase the activity and respond to the new needs of
members, AEI TÈXTILS has redefined its strategy for 2021-2025.
Aligned with the three key areas of support for clusters (excellence, new value chains and
internationalization) from the European Commission, the cluster organized virtual
participative meetings, using creative tools with its members to define together the strategy
for the coming years.
These sessions provided necessary tools and information to face new challenges, support the
companies of the sector in the green and digital transformation and to consolidate a more
resilient and competitive industry.
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Questions for the evaluation of the lecture

1. Question 1: Being part of a cluster may provide companies…
Please choose the one correct answer from the three choices below.
a) … free access to R&D investments.
b) … to measure the performance of in-house activities.
c) … to be in contact with all the cluster members around the world.

2. Question 2: The four strategic lines of AEI TÈXTILS cluster are …
Please choose the one correct answer from the three choices below.
a) … innovation, internationalization, skills and development.
b) … skills, global value chains, business development and internationalization.
c) … business development, internationalization, innovation and skills.
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