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The Indian textile industry contributes signiﬁcantly to the Indian economy in terms of production, employment
generation and export earnings. In spite of having production facilities across the textile value chain, from
spinning to garment manufacturing, the need for additional reforms that could enhance the eﬃciency and
competitiveness has been felt. The structure of the composite mill having spinning, weaving and fabric
processing facilities under one roof has become stagnant. The Indian textile industry is dominated by
unorganized sector and small-scale, nonintegrated spinning, weaving, ﬁnishing, and apparel-manufacturing
enterprises. Currently, the complete chain of textile manufacturing is fragmented and scattered at diﬀerent
locations with the cotton ﬁber largely grown in western region, spinning in the south, processing in the
northwest, garment manufacturing in the east and export from ports of the west coast.
Taking steps forward towards the vision of an 'Aatmanirbhar Bharat', Government approved the PLI Scheme
for Textiles for MMF Apparel. PLI scheme for Textiles will promote production of high value MMF Fabric,
Garments and Technical Textiles in the country.
The recently approved government's PM MITRA (पीएम िम ) (Mega Integrated Textile Region and Apparel)
Park is aimed to create an integrated textile value chain right from spinning, to garment manufacturing at one
location. Inspired by the 5F vision - Farm to ﬁbre; ﬁbre to factory; factory to fashion; fashion to foreign, the
scheme would help reduce logistics cost of Industry and create huge job opportunities. The provision of capital
support by the government for creation of support infrastructure, along with core infrastructure and commercial
development, envisages the development of a holistic integrated manufacturing region that would help India
achieve the United Nations Sustainable Development Goal 9. The scheme will boost FDI and local investment
in the textiles sector. The development of PM MITRA (पीएम िम ) Park with the combined support of the State
Government and Government of India in a Public Private Partnership (PPP) Mode would enable the Indian
textile industry to become competitive in the global market by achieving economies of scale.
With the New Year ushering in, the future for the Indian textile industry looks promising.
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Abstract:
Composite material is formed by combining two or more materials to achieve improved physical and mechanical properties
compared with individual materials. The major advantage of composite is its low density and high specific strength which
makes it more suitable to use as an alternative to metal. It can be used as a superior alternative to other materials such as
metals, plastics, rubber, etc. due to its durability, high strength, dimensional stability, and chemical resistance. The textile
composites produced using textile fibers as reinforcement and polymer resin are showing improved composite quality. These
textile composites are used to advance low-density textile composite materials for the production of low-weight Liquefied
Petroleum Gas (LPG) cylinders. This paper reviews the manufacturing process and quality tests of lightweight composite
LPG cylinders.
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1. Introduction
A composite material is formed by combining two or more
materials to achieve some superior properties. By combining
two or more materials in an engineered manner, we can
develop composite materials that are lighter and stiﬀer,
stronger than any other materials that man has ever used.
Fiber Reinforced composite materials consist of high
strength and modular ﬁbers embedded in or bonded to a
matrix with distinct interfaces between them. In this form,
both ﬁbers and matrix retain their physical and chemical
identity, yet they produce a combination of properties that
cannot be achieved by either of the constituents acting on
their own. In general, ﬁbers are the main load-bearing
components, while the surrounding matrix keeps them at the
desired location and orientation, acts as a load-bearing
medium between them, and protects them from
environmental damage due to high temperatures and
humidity. The production routes of composite materials are
new, time-consuming, and therefore labour intensive, and the
cost of composite components is high compared to
equivalent metallic components. The development and
manufacture of composite gas cylinders were driven by the
needs of the end-user [1, 2].

aim is to introduce suﬃcient odourant so that the presence of
unburnt gas can be easily detected before it reaches a mixture
that is ﬂammable and comes into contact with a source of
ignition. LPG is stored and treated as a liquid when under
pressure inside the LP-Gas container. It becomes liquid when
compressed moderately at normal temperature. When the gas
is withdrawn, the pressure drops and the liquid returns to the
gas. This means that it can be transported and stored as a
liquid and burned as gas. LPG is supplied in pressurized
cylinders to keep it liqueﬁed [3].

Liquid petroleum in a container is in two states of matter,
liquid, and vapor. The liquid portion of the container is in the
bottom and the vapor is in the uppermost part of the vessel,
i.e. space above the liquid level. Containers are normally
ﬁlled with 80-85 percent liquid, leaving15-20 percent steam
room for expansion due to temperature increase. LP-gas are
odorless and not toxic. A distinct smelling fragrance such as
Ethyl Mercaptan is added as a detective agency for all
domestic and most commercial and industrial LP gases. The

The LPG (Liqueﬁed Petroleum Gas) cylinders shown in
Figure 1.1 used for many years are manufactured from very
conventional metallic materials such as steel. The weight of
the cylinder increases as the steel density is higher compared
to other lightweight materials. In household applications, a
boost should be given to the use of low-density materials to
reduce weight. With the advancement of low-density
materials such as FRC (Fiber Reinforced Composite), we can
think of producing FRC LPG cylinders to reduce their
weight. Unlike aerospace applications, where weight
reduction of the component is a primary requirement, the
reliability /safety, as well as the weight of the component, are
given greater importance in commercial household
applications. Keeping the issue of reliability and weight in
mind, high-end composite material technology can very well
be implemented in the design of household LPG cylinders. In
the worst cases, any pressure vessel made of metallic
materials has a major drawback to severe bursts. For
example, when gas cylinders are caught by ﬁre, they explode
heavily, creating a danger for their users. Whereas, FRC gas
cylinders do not explode (Leak before failure of approach)
due to the porosity of the formation of material [4].
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Due to the formation of leakage through the thickness, the
ﬂames simply begin to come out slowly, which is a failsafe
design approach. They are producing it on a large scale and
will replace all existing steel cylinders with FRC composites

in another 15-20 years. This gives a clear picture of the global
market scenario for FRC composite gas cylinders. As a
developing country, we should also go back
and forth with them and start thinking about
making gas cylinders with FRC composites
[5].
Figure 1.1: Conventional LPG cylinder
Made with Metal
The composite LPG cylinder consisting of
glass ﬁbre reinforced plastic liner, boss,
pressure valve, and plastic casing oﬀer a lot of
advantages in comparison with steel cylinders:
Ÿ Safety
- No explosion risk under ﬁre or bullet shot, suitable for
domestic, leisure, or industrial use
- Designed to meet European and international standards
- No rust
Ÿ

Comfort
- Gas level is always visible thanks to translucent
properties
- Convenient handling due to ergonomic design
- Modern, customizable design with attractive branding
opportunities on the cylinder casing
- Easy to stack, clean, and recycle

Ÿ

Lightweight
- Up to 70 % weight reduction with the same tank capacity
- Reduced logistics costs

1. Manufacturing Process of Composite LPG Cylinder
The manufacturing process ﬂow of the LPG cylinder is
depending upon the type of cylinder given in table 2.1. There
are four types of LPG cylinders; based on their construction
they are classiﬁed.
Table 2.1: Type of CNG Cylinders
Type of
Cylinder

Construction

Type 1

All-metal (aluminum
or steel)

Type 2

Metal liner reinforced
by composite wrap
(glass or carbon
ﬁber) around the
middle (hoop
wrapped)

Type 3

Metal liner reinforced
by composite wrap
around the entire tank
(full wrapped)

Type 4

Plastic gas-tight liner
reinforced by
composite wrap
around the entire tank
(full wrapped)

Cost and Weight
Cheap but heavy
The liner takes 50%
and composite takes
50% of the stress
caused by internal
pressurizationLess
heavy, but more
cost
The liner takes a
small amount of the
stress
Light-weight, but
expensive
The entire strength
of the tank is
composite
reinforcement
Light-weight, but
expensive.

Type 1 Cylinders – All Metal. Since the 1940's seamless steel
cylinders have been by far the most widely used for the
storage of LPG. The welded steel cylinders and aluminium
cylinders have also been used as an a light weight alternative.
Figure 1.1 shows the all-metal LPG cylinder used mostly.
Type 2 Cylinders – Hoop Wrapped Composite.
Type 2 cylinders have a metal liner and a composite
reinforcement on the straight/cylindrical side only; a hoop
overwrap. The liners are of steel or aluminium reinforced
with glass, aramid, or carbon ﬁbre reinforcement.
Type 3 Cylinders – Fully Wrapped Composite with Metal
Liners. These cylinders have a seamless metal liner
overwound on all surfaces by a composite reinforcement that
provides between 75 and 90% of the strength to the vessel.
The liner provides the rest of the strength, plus acts as a rigid
membrane to hold the gas and provide extra impact
resistance to the product. Suppliers of Type 3 containers
include Luxfer, Dynetek, and Structural Composites, Inc.
Type 4 Cylinders – Fully Wrapped Composite with NonMetallic Liners. These cylinders have a plastic liner and a full
overwrap of carbon ﬁbre or mixed ﬁbre construction. The
liners of Type 4 tanks provide no structural strength to the
product and act only as a permeation barrier. As a rule Type, 4
CNG cylinders are ﬁtted with impact protection on the
domes, as the plastic liner does not provide a rigid backing to
the composite overwrap. Suppliers of Type 4 containers
include Quantum, Ullit, Lincoln Composites, and Ragasco.
Figure 2.1 a, b, and c indicates the type 2, type 3, and type 4
cylinders respectively [6, 7].
The Manufacturing process ﬂow chart of type 2,3 and 4
cylinders is shown in the ﬁgure 2.2. The details operations
involved in each stage of manufacturing is given below.
2.1 Blow Molding:
The ﬁrst step of composite cylinder manufacturing is the
blow molding of two steel domes. The steel used is less than 1
mm thick and is cold formed using hydraulic presses. The
two halves are then cleaned and prepared for the welding
stage. The inner liner can also be made with polyethylene
treated with special resin and chemicals to provide excellent
anti-permeation property. This inner-liner serves as a
seamless gas container.
2.2 Inserting metal parts:
The valve boss, also made of steel, is welded to the domes.
After welding assembly, the liners are painted with a
thermoplastic powder coating to prevent corrosion. The
powder coating application is complete; the powder that does
not settle on the vessel is vacuumed and ﬁlled back to the
input of the machine so that it can be used on the next
cylinder. The coating is cured using an oven where each
vessel stays 10 min at 120oC.
2.3 Leak Testing:
The coated cylinders are tested for leakage and their weight.
If leaks are found cylinders are reprocessed i.e welded and
coated to make leak-free cylinders.

2.4 Filament winding:
The next step is the ﬁlament winding process. The liner is
reinforced by winding glass ﬁbers impregnated with resin in
speciﬁc conﬁgurations. The glass ﬁber ﬁlaments are wound
on the metal cylinders along with the thermoplastic resin. In
this process, a layer of ﬁlament wounded thermoplastic
composite is formed on the surface of the metal cylinder. This
layer has an extremely strong strength-to-weight ratio and
takes up the forces of internal pressure. Filament wounded
liner is painted with UV paint and further cured in the oven.
Traditional ﬁlament winding equipment consists of three
main parts, the creel, the impregnator, and the wind head. A
schematic layup of the ﬁlament winding equipment is shown
in Figure 2.4. The supply of reinforcement is provided from
multiple packages. The packages are held on a tensioncontrolled creel. The tows pass from the creel to the resin
impregnator then on to the wind head.

Figure 2.3: Manufacturing process of type 3 and 4 cylinders

Figure 2.1: a)

Figure 2.1: b)

Figure 2.4: Schematic layup and image of the ﬁlament
winding
2.5 Tow Impregnator
In wet winding, the tows pass through an impregnator to
infuse the ﬁbres with liquid resin. The impregnation occurs
as the tows are taken from the creel to the wind head.

Figure 2.1: c)

Figure 2.5: Schematic layup and image of the ﬁlament
resin impregnator

Figure 2.2: Manufacturing process ﬂow chart of
type 2,3 and 4 cylinders.

Figure 2.5 shows the resin impregnator consists of a resin
bath, where premixed resin is held. A rotating drum has a
doctor blade, and sets of two guides. The reinforcement tows
enter the impregnator and pass around a ﬁxed guide. The

tows are spread by the guide and move on to contact the
rotating drum. The resin is carried from the bath to the point
of contact between the drum and ﬁbres. The thermoplastic
resin is heated to conform and only needs to cool down
afterward to be ready for the continuation of the cylinder
assembly. The IR oven is used to heat the resin to 2000C in
less than 10 s. Heat control is made using very accurate
sensors with a very fast time response. If the temperature is
well controlled, we have a better product with less energy
consumption and fewer emissions.
2.6 Wind Head
The vessel liners are wrapped at a winding station in the
ﬁlament winding process. Each machine can carry up to 5
mandrels, which are wrapped simultaneously. As the
diameter of the vessel increases, fewer spindles can be used
thus the throughput of the ﬁlament winding process reduces
as the larger vessel sizes are wrapped. This results in the
reduction of throughput for larger-sized vessels, leading to
increased costs for vessels of increasing diameter Tows are
laid on the surface of the mandrel as a band. Several towns
are combined to form a tape at the wind head spreading
guides. The bandwidth is decided during the design stages
and is largely dependent on the size of the mandrel and the
wind angles required.
2.7 Winding Conﬁgurations
Composite structures of varying laminate conﬁgurations can
be produced easily by changing the parameters of the
ﬁlament winding process. The orientation of the yarns is

dependent on two machine variables; the rotational speed of
the mandrel and the traverse speed of the reinforcement
guide eye. There are two main winding conﬁgurations
available to the operator.
The two winding conﬁgurations, hoop and helical, are
depicted in Figure 2.6. In hoop winding the reinforcement is
wrapped around the circumference of the mandrel. The wind
eye travels along the length of the mandrel slowly while the
mandrel rotates at a high speed. Helical winding is used to
wind reinforcement at lower angles. For more complex
paths, such a geodesics, multi-axis CNC machinery is
required to place the tow on the correct path by
synchronizing mandrel rotations and guide manipulations.
For low angle reinforcement, the mandrel is rotated slowly,
and the wind eye is traversed at high speed.
2.8 Pre-impregnated Tow Winding
Pre-impregnated tows, or tow-preg, can also be used in
ﬁlament winding. The tows contain a partially cured resin
system in addition to the ﬁbre reinforcement. In tow-preg
winding, there is no longer a need for the resin impregnation
stage. This has several beneﬁts. Firstly the tow preg is a much
cleaner method of manufacture as liquid resin tends to drip
and coat machinery. Secondly, any resin wastage due to
exceeding pot life is eliminated. High winding tensions are
required during tow preg winding.
2.9 Top and bottom housing:
The top and bottom housing of the cylinder is the exterior
protective jacket of the ﬁlament wounded composite. This
exterior housing is made from high-density polyethylene
(HDPE) using the injection molding method. This material
has good resistance to impact, abrasion and avoids
degradation of inner composite, and provides the required
protection. The design outer jacket and housing assembly is
prepared by considering the handling, distribution of weight,
appearance, colour, and exterior cleanliness of the LPG
cylinder.
2.10 Final Assembly:
The core composite cylinder is covered by housing assembly
using spin and pressing forces. The cylinder is ﬁtted with a
valve for gas withdrawal.

Figure 2.6: Schematic layup of the ﬁlament winding
Table 2.2: Construction and Test parameters of the composite LPG cylinders

Type
Propane capacity
Butane Capacity
Water Capacity
Overall Length
Overall Diameter
Service Pressure
Test Pressure
Burst Pressure

5
5 Kg
6 Kg
12.5 L
384 mm
307 mm
20 Bar
30 Bar

7.5
7.5 Kg
9 Kg
18.2 L
460 mm
307 mm
20 Bar
30 Bar

8.2
10
8.2 Kg
10 Kg
10 Kg
12 Kg
20.6 L
24.5 L
500 mm
571 mm
307 mm
307 mm
20 Bar
20 Bar
30 Bar
30 Bar
> 100 Bar

12
12 Kg
14.4 Kg
30.5 L
675 mm
307 mm
20 Bar
30 Bar

14
14.2
16.5
33.3 L
650 mm
330 mm
20 Bar
30 Bar

2.11 Quality Assessment:
The minor defect in the LPG Cylinders can cause huge
destruction and fatal, thus they are inspected and tested
several times in their life cycle. Critical mandatory testing
stages in a cylinder life cycle are, raw material testing,
prototype testing for design approval, testing during
manufacturing, statutory testing for certiﬁcation, quality
checks at customer premises, and periodic testing of LPG
cylinders for requaliﬁcation. The common construction size
and test parameters of the composite LPG cylinder are given
in table 2.2 [8].
3 Testing of Composite LPG Cylinders and Standard
Speciﬁcations
The ﬁnished raw material for cylinder construction should
guarantee 240 MPa yield stress, 350MPa to 450 MPa tensile
strength and the percentage of permanent elongation of
parent metal should not be less than 25% when it is subjected
to parent metal tensile test.
The cylinder design includes several factors such as the
thickness of the cylinder, outer diameter of cylinder, shape of
cylinder dome, joint factor, a ratio of domed end diameter to
height, dishing radius, knuckle radius, and length of the
straight ﬂange, cylinder test pressure, yield strength of
material, etc. The thickness is a primary factor of design and
it is selected to achieve a minimum yield strength is 240 MPa.
Once the design of the prototype cylinder is accepted, the
manufacturing of the cylinder started. The cylinders are
tested and inspected at several stages of manufacturing. The
major test and inspections include testing of raw material,
thickness, circularity, surface defects, proﬁle regularity,
straightness, all individual components like a bung, valve
protection, water capacity, hydrostatic test, pneumatic test,
fatigue test, Inspection of certiﬁcation markings.
The cylinders produced are tested and certiﬁed by statutory
organizations before it is sent market. The statutory
organization test randomly two cylinders for various quality
parameters and give certiﬁcation to each batch of a cylinder.
Once the cylinders are manufactured and transported to
customer premises, certain checks are conducted to ensure
cylinders are meeting customer requirements. The tests
conducted at this stage are; veriﬁcation of cylinder
dimensions, water capacity, tare weight check, visual

marking on a cylinder, dents, body damages, and visual
defects.
All LPG cylinders are required to undergo periodic
inspection at frequent intervals to serve their remaining life.
During the requaliﬁcation test, cylinders are tested for
hydrostatic stretch test and inspected against other
requirements stated in the standard [8, 9].
The following table 3.1 shows the important test and its
standard speciﬁcation.
Table 3.1: Testing of Composite Cylinders

Type of test

Hydrotest

Burst Pressure
Hoop Stress
Volumetric
Expansion
Water
capacity

Pneumatic

Leakage tested
at (25 kgf
/cm2)

Standard
Qualiﬁcation Limits
Minimum 55 Bar
Minimum 333 MPA
= 0.02% (for Tensile
strength = 410 MPA)
Design Capacity to
Design Capacity + 1.9
% or less
Zero Leakage

4 Conclusion:
The present review article highlights the LPG cylinder types,
manufacturing process ﬂow, functions of each step in
manufacturing, construction parameters, and test standard
speciﬁcations. The manufacturing process and steps
involved in it slightly vary with the type of cylinder. Type 4
cylinders are widely used as composite LPG cylinders for
domestic and industrial applications. These composite
cylinders are not only lightweight but they are having
required standard performance properties so that they can be
used for storing LPG. These composite cylinders can be
designed by considering requirements of storage,
transportation, ease of handling, and use. The inspection and
testing of LGP cylinders during and after manufacturing are
conducted with high precision to avoid any defects cylinders
and ensure high safety during its application. The technology
of ﬁlament wounded composite manufacturing and highperformance resin and glass ﬁlament yarns have a huge
potential in the manufacturing economical and eﬃcient
composite LPG cylinders.
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1. Introduction
Fast fashion is the term used to indicate the strategies adopted
by fashion retailers to reﬂect current and emerging fashion
trends quickly and eﬀectively in current merchandise
assortments [1].
People use mirrors everyday to see how they look and choose
outﬁts they will put on for a day before leaving their homes
either for work or for some special occasions. Also, in
clothing stores, many mirrors are provided to facilitate the
shoppers that help in their decision to buy garments ﬁtting
well and looking appropriate. But the garment tried in one
color scheme may be wished to be tried in other available
color schemes and sizes too for the shopper's satisfaction.
(Fig. 1a & 1b). The only way to ﬁgure out this requirement is
the retrial of the garments again and again till the ﬁnal
satisfactory selection. The accessories like footwear, jewelry,
hats and handbags, may also require the similar sets of trials
and retrials to make suitable complements with the chosen
apparels. The extent of boredom that prevails during retrials
of apparels is proving to be a killer for the shopper's interest
in product selection and their acquisition.
The necessity of the fashion mirrors is the remedy to
declining visitor numbers in the onsite- shopping centres due
to a number of reasons. On the onset, the consumers have to
juggle with their handbags, selected garments and their
hangers to the dressing or trial rooms for repeated doﬃng and
donning of garments and related accessories [2]. This results
in the sweated and tired consumers under ﬂashing lights. In
addition, the consumers ﬁnd it highly inconvenient to
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measure their body measurements with the measuring tapes
for the custom made garments. The pronounced use of
hidden spy cameras in the most intimate locations of the
physical dressing rooms have also raised an eyebrow over the
conﬁdentiality as well as the privacy of the consumers during
changing clothes for trials. Moreover, from the retailer's
perspective, the repeated donning and doﬃng of the
garments, which ﬁnally do not become a part of anyone's
shopping cart, results in the distressed look and increased
handling. These garments might require some additional
repressing or reshelving after every trial cycle thereby
increasing the extent of eﬀort, time and additional costs. A lot
of ﬂoor space can be saved by showcasing the entire
collection of the apparels in the store through dedicated
software and can be made accessible in physicality on
demand of the shoppers after ﬁnal selections are made (Fig.
2) Lastly, the stores need not to plan for the dressing rooms
and the supporting lanes for those who are waiting outside in
queues for cubicles.

Fig. 1a & b Trials of outﬁts in variable color schemes

Fig. 2 Use of dedicated software for self trial of garments

2. Technology of fashion mirrors
The Virtual Fashion Mirror creates an 'augmented reality'
retail experience [3], for both customers and retailers, that
enables the convergence of 'on-line' and in- store shopping in
the retail environment by bringing together the key
ingredients of contented, intelligent video analytics, interactive experience, social media and digital innovation (Fig.
3) fashion mirror employs the use of the techniques involving
simulation and digital graphics modeling. The mirror's
memory consists of various templates of the anthropometric
information related to the potential shoppers and probable
shoppers to allow best ﬁtted model in association with the
captured details of the shoppers. This results in the
generation of the modiﬁed model of the consumer by the
incorporation of the body database. After this, the garment
and background information is added to the reconstructed
model with the selective concern and choice of the consumer
[4]. The Garment Database includes all the merchandise
oﬀerings in the store along with the related and probable
accessories to choose from. The apparels are chosen with the
help of the touch sensitive screens installed with the radio
frequency identiﬁcation system (RFID). The background
database can be optional information added to the
reconstructed model (Fig 4). This takes account of the special
kinds of environments in which the shoppers want to see
themselves while draped in the chosen merchandise

fashion assortment. It is also capable of projecting several
merchandise items over the shopper's anatomy at the same
time, to show how a complete outﬁt might look with shoes
and other accessories [6]. The virtual technology is
supported by a houseful of options based on silhouettes,
colors, design patterns and sizes from which consumers can
seek numerous variety of selection option (Fig. 7). Moreover,
electronic gadgets as handy cams, iPad and others can be
attached to the virtual technology to perform browsing
through the virtual clothes even before the blink of the eyes
of the shopper. The resizing of the reﬂection model of the
shopper can also be easily undertaken with the aid of the
interactive touch screen panel to ﬁt into it. The potential
consumers can have the opportunities to seek appointments
with the expert stylists at the dress style station [7]..

Fig. 5 Setup of Fashion magic mirror with wardrobes,
cameras & mirror

Fig. 3 Display of fashion mirror in the store
(www.proscreensltd.com)
Fig. 6 Image build- up with unit of projector and cameras
(gorgeoussdnbhd.blogspot.in/2010/06/
virtual-fashion-mirrorvfm.html)

Fig. 4 Process of Image generation in virtual fashion mirror
The 'fashion mirror' is a sophisticated computer screen with
in-built sensors and cameras that allow shoppers to stand in
front of the mirror followed by the consumer body scanning
to determine their exact dimensions for sizing garments [5]
as seen in Fig 5. The use of interactive 46- 58” plasma screen
equipped with a depth-sensing camera in a standalone unit
with an internal cooling entity that facilitates the consumers
to simply stand on the platform and use the touch- screen
machine to superimpose an outﬁt on their body with the mere
wave of their hands [6] as shown in Fig. 6. The range of
menus is accessible for the selective purpose from the brand's

Fig. 7 Merchandise wardrobe showcasing
fashion assortment
3. Commercially viable fashion mirrors
Fashion brands like John Lewis, Crowthorne and Furutani
Industries Inc. have won accolades in the apparel retail
business with the dissemination of the attributes of this
revolutionary technology even at the evolution stage. The

Italian fashion company, Prada, enhances the aura of the
retail outlets with a plasma screen invisibly built into the
large mirror surface that allows consumers to see themselves
both from the front and the back at the same time along with
the integrated time delay that can even capture and replay
movements. The consumers can also have an access to the
garment closet of the merchandise that has been brought to
the dressing room's privacy. Thus, the use of virtual closet in
the trial rooms fully supports the fashion mirrors in the
achievement of satisﬁed and persuaded consumers during
heavy on site-shoppers traﬃc. In addition, Bloomingdale,
owned by American multinational company Macy's Inc. has
introduced the concept of virtual ﬁtting rooms as “swivel”
with the facility of intelligent product recommendation
engine that serves the products to a shopper based on not only
their personal preferences, but their behavior in the virtual
ﬁtting room like what kind of products have been looked
upon, what has been tried on, how long the articles have been
worn, the number of times re-trials on items have been done.
Other big players as ZARA, H&M, Lacoste, Ralph Lauren
and Burberry are making the use of virtual mirror
technology.
4. Limitations of the virtual changing mirrors
The shoppers may be reluctant for acquainting to the cuttingedge technology due to the fear of everyone looking at them
during the garment trials. The retail prices of the apparel
products may rise up due to the inclusion of the facility of the
fashion mirror in the shopping experience. Moreover, the
trained professionals might be required for assisting the
shoppers in their selections as well as for other
functionalities. The mirror may need a special store location
for its installation as well as easy accessibility to the
consumers. The complete dependence on the virtual fashion
mirrors can result in the return of unsatisﬁed consumers and
unsold articles without trials in case the technological errors
evoke in the operations of the mirror. The use of the mirror
can't prove to be a salvation to the garment trials for many

shoppers as their suitability in the walking and sitting
postures remain a fancy till these are physically tried.
5. Other application streams
In addition to apparels, the fashion mirror can ﬁnd its
applications in virtual cosmetics or make over tools. This tool
allows the user to try various cosmetic product ranges like
eyewear inclusive of eye shadow palettes, eye pencils, eye
lens, lipsticks and liners to go with the skin color, skin
textures and selected apparels. Lancôme Magic Mirror for
virtual make up allows users to try the full cosmetic range on
their still photographs. The accessories can also be added to
the virtual try-on as handbags [8], footwear and jewelry [9] to
mention a few.
6. Scope of advancements
The incorporation of virtual style and selection assistance
can be provided as an enhanced interactive tool to the fashion
mirror [10]. The mirrors can be further supported by the
garment alteration technology if the consumer wants to see
himself in the altered apparels of his personalized
measurements. Various types of backgrounds like ramp
environment, special public and personal gatherings can be
made accessible to showcase the selected dresses before their
actual draw on [11-12].
7. Conclusions
The Fashion mirrors can prove to be an exciting tool for the
apparel retail to revive the old age tradition of on-site
shopping culture by attracting more consumer traﬃc in the
stores instead of the use of e-retail technology alone from
homes and oﬃces. But the practical implementation of the
infant technology requires the prices charged for the
technology, to be made aﬀordable for a large number of
retailers, may be based upon the number and types of
products along with the promotions carried out by the
retailer's team by using the advent of this magic mirror.
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Abstract:
Glass fibers considered as a reinforced composite material for different polymer products in order to maintain light weight
and strong materials. In this experiment two different types of synthetic polymers with different concentrations were used as
a coating materials to provide the glass fabric mesh a good dynamic load, Breaking load property was studied before and
after coating (treatment).Glass fibers considered as a reinforced composite material for different polymer products in order
to maintain light weight and strong materials. In this experiment two different types of synthetic polymers with different
concentrations were used as a coating materials to provide the glass fabric mesh a good dynamic load, Breaking load
property was studied before and after coating (treatment) . Also, employing titanium dioxide (TiO2) or nano-TiO2 as a
catalyst in a presence of two different types of synthetic polymers with different concentrations was investigated. FTIR
spectroscopy, EDX and SEM measurements were conducted to prove the successful coating of fiberglass with Paraloid® B72 matrix after the evaluation of radar chart. The results indicated that S-B5% represented the highest breaking load due to
it is possess highest breaking load value in addition to the highest result of elongation comparable with other series of mixes.
Anova One-way was used to study the difference between variables; the results show that there is a significant effect after
applying different synthetic polymers and Polymer- reinforced Glass Fibers Composites (PRGFs) was formed such as
Acrylic Thermoplastic Polymers- Reinforced Glass Fibers Composite that, may utilizes in different applications in the
future.
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1. Introduction
Technical textile is a branch of textiles that are used in
speciﬁc applications including insulation of building,
composite materials in reinforcement application and ﬁre
resistance. Diﬀerent type of ﬁbers were used as technical
textiles, ﬁber glass is one of this types. These applications
must achieve various properties such as light weight, low
cost, corrosion and chemical resistance, dimensional
stability and heat resistance comparing with traditional
materials such as wood, steel, metals and etc,,,. The
manufacturing of glass ﬁber depending on extruding of many
ﬁbers as thin strand with small diameter using silica (SiO2),
some other ingredients were added to the base silica
including (aluminum, calcium, boron, sodium, iron oxide
and magnesium) to decrease the temperature of work and
imparting properties. E-glass considered one of the most
types of glass ﬁber reinforcement concretes, that consists of
54.5 wt% SiO2, 14.5 wt% Al2O3,17 wt% CaO, 4.5 wt%
MgO, 8.5 wt% B2O3, 0.5 wt%Na2O [1,2,3,4,5,6,7,8,9,10]
Since the previous few years, glass ﬁber reinforced polymer
(GFRP) play an important role in various applications to
meet special requirements and good durability for the
manufactured products including aerospace, aviation,
marines, cars and also in architecture textiles, due to its great
advantages such as dimensional stability [6,11].
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During the last few decades, Synthetic acrylic resin as acrylic
homopolymers and copolymers where the alkyl group is a
methyl, ethyl, or n-butyl group in addition to ethylene-based
thermoplastic copolymers like poly (ethylene-co-vinyl
acetate) and poly (ethylene-co-butyl acrylate) were
introduced [12,13,14,15]. Acrylic polymers and copolymers
are greatly used for the formation of protective coating
because of their physical and chemical properties, their
chemical inertness, environmental stability and their nonwettability. Therefore, these copolymers have been largely
used and applied both as consolidants and protectives for
many technological applications, fundamentally as coatings
and adhesives. Paraloid® B-72, an ethyl methacrylate
(70%) and methyl acrylate (30%) copolymer, is considered
as one of the most stable protective coatings where that it is
compatible with other ﬁlm-forming materials such as
cellulosics, chlorinated rubbers, vinyls and silicones. also it
can be used in combination with them to produce coatings
with a wide variety of characteristics, due to their good
adhesion and ﬁlm forming properties [16]. In addition to its
use as a varnish, EMA/MA 70/30(Paraloid® B-72) is used in
conservation as a consolidant for wood, plaster and stone.
Also it is used as an adhesive for ceramic and glass, a ﬁxative
for pencil, charcoal, chalk drawings and pastels [17, 18, 19,
20, 21, 22].
Mostly, Polymers and other compounds segments are widely
used for providing oil and water repellency to textile
substrates where that the polymer matrix keep the ﬁbers
together which present as the reinforcing part providing
stability and rigidity [19, 23]. Nowadays there is a great need

Recently, Nano technology based on metal nanoparticles
have been studied extensively for various applications on
account of their attractive physical, chemical, and catalytic
properties where that titanium dioxide have gained wide
popularity due to their interesting properties which can be
useful in various ﬁelds of application[26]. Actually, Very
modern studies have discussed the application of Nano sized
TiO2 in textile ﬁnishing. Therefore, employing titanium
dioxide (TiO2) or nano-TiO2 as a catalyst or catalyst to
improve the crease recovery property has been found to be
feasible [27, 28, 29, 30,31,32,33, 34]
In this study diﬀerent series of mixes were prepared where
that, two diﬀerent synthetic polymers with diﬀerent
concentrations called Paraloid® B-72 with 3 and 5%,
respectively that were known as (Mix B3%)and(MixB5%)
and Eucocolle with 5 and 20% respectively that were known
as(Mix C5%)and(MixC20%) besides nano-TiO2 with 2% in
addition to one another mix contain [3% Paraloid® B-72 ,
2%nano-TiO2 and 0.5gm of CaO]( Mix B3%T2%+CaO),
were used to show the performance of glass ﬁber mesh,
dynamic loading was applied before and after treatment
The aim of this study is to obtain polymer- reinforced ﬁbers
composites (PRFs) such as acrylic thermoplastic polymersreinforced glass ﬁbers composite which may possess widely
utilization in diﬀerent ﬁelds.
2. Materials and experimental procedure
2.1. Materials
One sample of glass mesh ﬁber was produced, nine types of
synthetic polymers were applied to the mesh sample with
diﬀerent speciﬁcations, as described in Table 1. Breaking
load and elongation was conducted to investigate the
performance of synthetic polymers. Dynamic loading was
carried out on a Galdabini tester according to ASTM D5035
[35] “Standard Test Method for Breaking Force and
Elongation of Textile Fabrics (Strip Method)”, the specimens
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size were cut with dimensions 25 mm* 100 mm. The distance
between clamps (Gage length) was set to be 75 mm.

Blank
B3%
B3%T2%
B3%T2%+CaO
B5%
505 455
B5%T2%
C20%
C20%T2%
C5%T2%
C5%

6

Fabric Structure

6

484
478
509
471
501
516
520
519
487
498

Thickness (mm)

Mass per Unit
Area (g/m2)

Sample Code

No. of Weft (cm)

Table 1. Glass Fibers Samples Speciﬁcations
Warp Yarn
Count (Tex)
Weft Yarn
Count (Tex)
No. of Warp(cm)

to develop and evaluate new materials as consolidant for
textiles where the polymer matrix holds the ﬁbers together
which serves as the reinforcing part providing stability and
rigidity. This is due to textile fabrics are often subject to
abrasion, starting from exposed parts of garments to a variety
of technical textiles [24] and also it is important that a
consolidant does not change the chemical, physical, and
optical look of the object including colour saturation or
brightness [25,14]. However, only few research groups have
tested the inﬂuence of polymer coatings on textile fabrics for
the purpose of abrasion resistance of the fabric itself. So for
example, it was found in previously studied that a synthetic
material that has the potential to meet these stringent
demands of durability for consolidant purposes is a tri-block
acrylic copolymer. Therefore the objective of the present
study was to investigate the penetration and the distribution
of the consolidant Paraloid® B-72 and Eucocolle in textiles
of ﬁberglass. Actually, the important feature of such
materials is that they can be dissolved in relatively low-toxic
solvents, such as acetone or ethanol.

Voids
(µm)

0.972
1.46
1.036
1.105
1.105 Plain
1268
1.138 1/1
1.284
1.268
1.358
1.092

The copolymer of ethyl methacrylate and methyl acrylate
(EMA/MA) 70/30 is manufactured by Rohm & Haasunder
the trade name of Paraloid® B-72 as a dry resin in the form of
small transparent beads. Chemical formula/ structure of
Paraloid® B-72 is represented in Figure 1.

Figure 1:Chemical formula/ structure of Paraloid® B-72
Eucocolle is Acrylic waterprooﬁng and adhesive emulsion
manufactured by The Egyptian Swiss for Industry and
Trading Co., Physical properties of Eucocolle described in
Table 2.
Table 2. Physical properties of Eucocolle
Appearance
white liquid
Solid volume (%)
Approximately 29%
Chloride content
Nil
Speciﬁc gravity (g/ml) Approximately 1.04
TiO2 nanoparticles (Anatas: Rutile 70:30, with particles
diameter of 21 nm, from Degussa Ltd.) was evenly applied
on the surface of a glass ﬁber.
2.2. Methodology and Experimental Techniques
EMA/MA 70/30 (Paraloid® B-72) were dissolved in acetone
using mass concentrations of 3% (Mix B3) and 5% (Mix B5),
respectively and also Eucocolle was dissolved in water using
mass concentrations of 5% (Mix C5) and 20% (Mix C20),
respectively. Coating was performed with brush -applied on
the textile of ﬁberglass, followed by drying under normal
conditions. The process was repeated to assess the adsorption
behavior of the copolymer on the surface. After the
repetition, the fabrics were dried for 1 h at 25 oC. To verify
the eﬀectiveness of the coatingprocess, a series of FTIR, and
130

SEM measurements were performed on both the non-coated
(blank) and the coated with 3% Paraloid® B-72 (Mix B3).
A simple and fast approach was applied for the fabrication of
the composite textile by deposition of TiO2-NPs on the ﬁbers
of the textile. A suspension of TiO2-NPs was prepared after
dispersing 2 mg of TiO2-NPs in ethanol via ultra-sonication
for 30 min. Diﬀerent blended mixes were prepared from 2%
TiO2-NPs + 3% Paraloid® B-72 (Mix B3T2), 2% TiO2-NPs
+ 5% Paraloid® B-72 (Mix B5T2), 2% TiO2-NPs + 5%
Eucocolle (Mix C5T2) and 2% TiO2-NPs+20% Eucocolle
(Mix C20T2) besides,one another mix contain [3%
Paraloid® B-72 + 2%nano-TiO2 and 0.5gm of CaO]( Mix
B3%T2% + CaO). A dip-and-dry method was used in this
step for these mixes on textile of ﬁber glass.

the better impact strength properties obtained with these
matrices. Nevertheless, the breaking load value rigidity of
theB5 TiO2-treated ﬁber glass fabrics was a notable
decreased comparable with B5% in addition to blank fabrics.
This is due to the presence of nanoTiO2 which cause of the
hindering inﬂuence on the interfacial adhesion between glass
ﬁbers and (Paraloid® B-72) matrices due to its
agglomeration. According to anova test it showed that there
are a signiﬁcant diﬀerence between samples each other at Pvalue (P=0.034).

2.3 Statistical Analysis
Results of breaking load, elongation before and after samples
treatment were tabulated as mean values and standard
deviation. The diﬀerences between variables were measured,
presented and discussed as Anova One-way using IBM®
SPSS® (SPSS Inc., IBM Corporation, NY, USA) Statistics
Version 24 for Windows, The signiﬁcant level of p value
(p=0.05).
3. Results and Discussions
The average values of results were calculated and evaluated
of the glass ﬁber sample to inspect the action of each samples
before and after applying synthetic polymers.
From the statistical analysis of Figure 3.1, it was showed for
breaking load test that S-B5% recorded the highest value,
while S-C5%T2% recorded the lowest value.

Figure 3.1: Breaking Load for Sample before
and after Treatment
Obviously, the results indicated that treating glass ﬁber with
any of the polymers used in this test always increases the
breaking load test signiﬁcantly. While (Paraloid® B-72) with
a concentration of 5% on already resulted in a signiﬁcantly
increased breaking load test comparable with other mixes.
The enhancement of breaking load for (Paraloid® B-72) at
concentration of 5% can be related to the high strain-tofracture of the plies located near the surfaces of the laminates
due to the formation of interpenetrating polymer network of
EMA/MA 70/30(Paraloid® B-72) with a concentration of
5% besides, the improvement of the interfacial adhesion
between glass ﬁbers and (Paraloid® B-72) based matrices

Figure 3.2: Elongation for Sample before and after
Treatment
3.2. Evaluating the Mechanical Properties to Determine
the Best Performance of Samples according to End Use
The results of the mechanical and physical properties were
estimated in term of their signiﬁcant functional performance
for all samples using radar chart. The results revealed that
sample 3% Paraloid® B-72 (Mix B3) achieved the best
performance, while sample C5%T2% recorded the lowest
performance. This is related to the enhancement of fabrics
properties after treatment, Table 3, Figures (3.3), (3.4).

Figure 3.3: Radar Chart for Samples

Figure 3.4: Radar Chart for Samples

Table 3. Radar Chart Analysis for Samples

Samples Code
Blank
B3%
B3%T2%
B3%T2%CAO
B5%

Radar Area
24000
36161
20783.8
18354.7
21856.9

Radar Order
3
1
7
9
6

3.3. Fourier-transform Infrared Spectroscopy (FTIR)
An important characteristic absorption band for Paraloid
B72 is at approximately 1723 cm−1. This corresponds to the
ester carbonyl stretching group(C =O), usually identiﬁed at
1720-1740 cm-1 and is a very important and strongest
absorption band characteristic to Paraloid B72. The
characteristic peaks of Paraloid B‐72 as C-H stretching are at
(2,950–2,982 cm−1), C-H bending at 1,443 and 1,383 cm−1.
while, two (O-H) stretching peak appears in the range of
3,400–3,520 cm−1 due to the COOH dimer resulting from
hydrogen bond formation and to association with water
molecules. Stretching of C- O- C ester bonds from 1,247 to
1,022 cm−1 have been appeared, the C−C stretching (961
cm−1), and the C−H rocking vibrations (862, 765 cm−1)

Samples Code
B5%T2%
C5%
C5%T2%
C20%
C20%T2%

Radar Area
31110.5
20227.1
14080.3
23737.7
22222.3

Radar Order
2
8
10
4
5

magniﬁcation 100X. Figure 3.6 (a) show bundles of ﬁbers for
blank sample with clean surface structure, while Figure 3.6
(b) show amount of 3% Paraloid® B-72 on the surface of the
ﬁbers. On the other hand, elemental composition of untreated
sample using EDX pointed to the presence of O, Si, C, Al, Na,
Mg, the same elements were observed for treated samples in
additional to a peaks of Cu and Ca elements.

(a)

Figure 3.5: The FTIR of Blank and 3% Paraloid® B-72
Fabrics
3.4. Scanning Electron Microscope (SEM) and Disperse Xray Spectroscopy (EDX)
The results were evaluated using radar chart, scanning
electron microscope was conducted for blank and B3%
treated samples, to observe its morphological structure using

(b)
Figure 3.6: SEM Image for (a) Blank and
(b) 3% Paraloid® B-72 Samples.

Element
Oxygen
Silicon
Carbon
Aluminum
Sodium
Magnesium

Figure 3.7: Elemental Composition of Blank Specimen

Weight %
58.92
12.99
11.79
9.90
5.56
0.85

.

Element
Oxygen
Silicon
Carbon
Aluminum
Sodium
Magnesium
Calcium
Copper

Weight %
33.42
9.14
38.46
3.99
0.42
1.51
10.45
2.60

.

Figure 3.8: Elemental Composition of 3% Paraloid® B-72 Specimen.
4. Conclusion
The aim of this work is to show the eﬀect of nine series of
mixes consists of synthetic polymers besides nano-TiO2 on a
glass mesh ﬁber. Breaking load was done to investigate the
performance of the mesh, the mechanical properties show
that S-B5% represented the highest breaking load due to it is

possess highest breaking load value in addition to the
highest result of elongation comparable with other series of
mixes. Finally it can be concluded that coating the ﬁber glass
mesh with diﬀerent synthetic polymers has a signiﬁcant
eﬀect on its performance according to mechanical properties.
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Abstract
During earlier days the wastages used to be thrown away thinking the same just as “waste” only. It used to create Air, water
and land pollution apart from the direct loss to the Organizations. The Organizations used to incur heavy losses if the waste
% used to be produced above Normal. Hence all the Industries especially the Textile have taken massive measures with
Technical Developments to bring the wastages into Zero by adopting the concept of reduce, recycle and reuse the same.
Today nothing is a waste but these are the cheaper raw materials for the various and subsequent products .The recycled and
reused products can be upgraded or downgraded and in both cases they are fetching good prices. Some industries are
specially meant for recycling only and able to create employments. At every stage right from the Ginning Process to ring
Frame, Rotor Spinning, Weaving preparatory and weaving loom shed, fabric and garment manufacturing units, the
Industries are able to find the ways and means for the recycling and for the cost reduction with the developments of new and
newer methods of productions.
In similar way the Polyester wastes are also recycled fully or being used with virgin material partially to maintain the
originalities. This paper will be helpful to all the Textile Industries to implement the scopes of the zero concept of waste
generation with larger profitability.
Keywords: Cost reduction, profit, recycle, reuse, waste
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1. Introduction
Today`s Textile Industries require to run the Organizations
smoothly with higher capacity with eﬃcacy and that can be
possible with better quality, higher production rate, cost
minimization, new and newer product developments to face
the competitions. Cheaper raw materials with better quality
standard, less manpower and Automation are essentials to
stand in the Market. To compromise with quality will be
disasters for them. No industry is allowed to pollute the
Environment and hence no wastages are to be discharged like
earlier days. The Textile Wet Processing Units are the highest
polluters of water but now they are under control to a greater
extent. Today`s Industries have taken the oath that right from
the Ginning to the Fabric and Garment stage nothing to be
thrown away but to be “Reuse, Reduce and Recycle Theory”.
It is known as “Circular Economy too”. Please see picture
below [1].

Sustainability is the need for today`s Industrial scenario with
the developments of new value added productions in the
areas of Home furnishing, Branded Apparel and Accessories,
concrete and composites, even in Technical & Medical
Textiles. Textile waste Management systems i.e. pre
consumer, postindustrial textile wastes are currently
undergoing an important stage aiming to produce the value
added products through recycling concepts and methods.
2. Process: why Recycling?
A well-known and widely used terminology, necessarily
consist of both down cycling and up cycling. Down cycling
& up cycling aim is to prevent wasting potentially useful
materials, reducing consumption of Raw materials, energy
usage and reducing Air and water Pollution. Ultimate aim of
recycling is to contribute to a circular economy where
everything is a resource rather than waste. It is cheaper than
waste collection and disposal. Recycling has created a wealth
of new jobs, in the recycling industry itself and in
manufacturing Processes.
Some stores contain entire lines of merchandise made from
recycled goods. It is cost savings too. (Please see TOI news at
last page)

(c)
Figure 1. The concept of
(a) 3R and that of (b) 4R
from Sustainability
(c) Circular Economy
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2.1 Downcycling
Downcycling is the process of converting waste materials or
scrap products into raw materials or Product of lesser quality
and reduced functionally. Examples of downcycling may
include a rug from clothing waste, pillow mattress of inferior
standard, mix up of Cotton unusable wastages with cow dung
for the smoke creator as mosquito replicate, mix with coal to
add as fuel energy, Bank note etc.
2.2 Upcycling
Upcycling is the process of converting waste materials into
new materials of better quality especially value-added

products and better environmental value. Upcycling is
showing an increasing trend due to its current Marketing and
the lower cost of the reused materials. Popular examples of
upcycling are the manufacturing of bags from the coarser
yarns, ﬂoor carpets, Curtains etc from Rotor yarns of coarser
deniers. The production of Rugs, Cotton Bricks from very
short ﬁbre & Neps, producing skirts and children wears,
helmet and seat covers from old denims are considered as up
cycling process. The Loom wastages can be utilised in
producing Floor, sofa & Car Seat covers, and door mats
Curtains etc (Please see in later pages).

4.2 Cottonseed oil
Cottonseed oil is Cooking extracted from the seeds of cotton
plants of various species that are grown for cotton ﬁbre,
animal feed, and oil. Cottonseed oil, like other vegetable oils,
is extracted from the seed of the plant, through either
mechanical processes such as crushing or pressing, by or
chemical processes such as solvent extraction. Cottonseed
oil however, is most commonly extracted commercially via
solvent extraction.

Also many technical Textiles such as indutech, sportech,
agrotech, meditechand and clothtech are produced from
recycled ﬁbres and fabrics.
3. The Types of recycling
Textile waste materials are broadly classiﬁed into three
categories, (I) pre-consumer waste such as. (i) Ginning
Waste (ii) Opening waste (iii) Carding Waste (iv) Comber
noils (v) Combed waste Yarns (vi) Roving Waste (vii) Ring
spinning waste ﬁbres (viii) Ring-spun waste Yarns (ix) Open
End spinning waste ﬁbres (x) Open End spinning yarn waste
(xi) Knitting waste yarns (xii) weaving waste yarns (xiii)
Fabric cutting waste (xiv) Fabric wet processing waste (xv)
Apparel Manufacturing waste. (II) Post Industrial Textile
waste which is generated during the manufacturing of
upstream products such as Tyre Cord manufacturing,
Polymerisation Plants, Carpet and Furnishing Fabric
Manufacturing. (III) Post Consumer Textile waste that
comes from the consumers which are in general, the cloths
after excessive use and ready for disposal or Landﬁll.
Another suitable example is recycling of the accessories,
beverage bottles to make recycle Polyester.
4. Recycling of Natural Fibre
Pre-consumer or post-consumer cotton wastages are again
converted into yarn and subsequently in fabric forms. The
matters are described here step by step.
4.1 Gin waste
Gin Waste found to be a treasure, consisting of residue from
the cotton plant such as immature seed, sticks, leaf, short
ﬁbre lint, and sand. The coarse pieces of lint, leaves, stems,
burrs, and other ﬁeld debris turn into a product that looks like
ﬁnely ground garden mulch. This product can be further
processed into manufactured goods such as pellets for fuel,
livestock feed, or a mulch that can be mixed with other plant
nutrients. It also can be compressed into building products.
Cotton-based hydro mulch signiﬁcantly reduces erosion
compared to conventional hydro mulch products currently
made from wood or paper. Other studies show some recipes
of cotton- based hydro mulches dramatically enhance grass
growth and soil moisture retention while conventional hydro
mulches did not greatly improve grass growth or moisture
retention. The process of turning gin trash into mulch is
comparable to the cost of producing high-quality hydro
mulch from wood.’

Figure 2. Cotton Seed Oil processing
4.1 Blow Room to Carding Waste:
This area is the highest waste creating Zone and accounts for
8-10%. Today nothing is waste but are recycled. If the Cotton
ﬁbre is within the permissible limit, it is used in Open End.
But if it is too short, it is used in Non-apparel product like
pillow, Surgical Cotton or bandage, Sanitary napkins, buds
etc. The dusts are also not thrown away like earlier days but
used in Fertiliser, fuels mixed with cow dung cakes etc. The
Roving to Ring frame wastages which are in the range of 22.5% to 3.5% depending on cotton staple are sent to recycle
machine and reused.
4.2 Weaving Preparatory Waste:
The Winding and warping wastes are generated due to
breakage, Change over and bottom generations and are sent
to recycling machine. The residues in the warping beams
after Cotton Sizing are also sent for recycling machine. The
residues in the warping beams after Cotton Sizing are also
sent for recycling machine.

Figure 3. Cotton Recycling Machine

However in today's latest Technological Progress, and the
day of Auto Doﬃng, auto splicing and Link Conner
mechanism from Ring Frame to warping & that of Sizing the
waste generation is negligible say below 0.1% (Market
Survey). If the warping Bobbins are not of equal length, the
bottoms are rewound in forming another bobbin which can
be used in slow speed looms especially in weft directions.
After the completion of weavers Beam and during beam
gaiting's, a few quantity of sized yarn remains (Figure 4)
which are separated in small scale industries, twisted some
yarns together and used as weft to produce body wrapper and
spread. Hardly any waste is generated if the sized beams are
knotted. It being cellulosic ﬁbre is used in raw Pulp mixing to
produce Paper.
Figure 5. Auxiliary selvedge on Shuttle less looms

Figure 4. The Polyester yarns used in warping and
weaving as warp & weft are recycled 100%. (Described at
later page)
4.5.1 Loom shed waste (Pirns)
The bottoms of the pirns of any auto / nonauto looms are
stripped out in the reeling machines then formed bobbins
which are reused in slow speed looms in weft. In Ruti B, Ruti
C looms, the bunch length is about 1.5 mtr to 3 mtrs length
(depending on loom width) which are stripped out by
wrapping on wheel and sold. The users knot the yarns one
after another and make long yarn which are wound and
prepared baby cones of about 250 grams and used in weft in
handloom sectors. The coarser yarns are also sent for
recycling and reused in Blow room. (These are fond mostly in
Panipath area)
4.5.2 Shuttle less looms
In the Shuttle less looms, the auxiliary selvages (cotton as
well as polyester) generate 1.2% to 1.5% hard waste (please
refer pic.5) which are sold out at a price of hardly Rs. 7/8/- per
kg.

Figure 6. Fabric produced from Auxiliary Selvedge
Such types of fabrics are having several End uses such as
spread for the sitting on ﬂoor, Sofa & Car seat covers, Wall
mats etc. As produced in Handloom, there was no
manufacturing or Raw material cost except that of labour
charge.
More & more fabric samples were produced by other
Researchers from these Auxiliary selvedge's as shown
below; Fig. 7A, Front side, Fabric is looking like Carpet.

The Author collected the waste samples from the looms and
found that it was 524.5 Denier for the polyester yarn and that
of 11.65 count for the Cotton yarn. The yarn samples were
used as weft on a Handloom and the beautiful Fabric was
produced as shown in Figure 6. The picks were 5/ inch in
polyester and that of 6/inch in cotton. The reed was 64/2 and
the warp was known as Polyester Magic as per the Trade
name.
The White portion is made from polyester and that of Grey
portion was manufactured from Cotton.

Figure 7A. Front side of the fabric

Figure 7B. Back side of the fabric

Figure 8. Knitted fabric from Auxiliary selvedge

2.1 Chemical Recycling of Polyester waste [4]
In Chemical Recycling of Polyester waste, the basic structure
of the polymer molecule undergoes a change as per the
requirement of the end product that we want to obtain. Here
the polyester waste is subjected to glycolysis process where
the polyester yarn, or ﬁber or lumps are reacted with excess
ethylene glycol in the presence of a catalyst and high
temperature, and are broken down to the basic building
blocks called monomers. The monomer is again polymerized
to polymer as per the requirement of the end product. Here
the chemical properties of the polymer like the COOH
groups, chain length, viscosity, DEG content etc can be
controlled as per the requirement of end product. The colour
of the polymer melt can also be improved by adding optical
brighteners. The polymer melt at the end of polymerization
can be directly sent to spinning for downstream processing or
can be bagged as chips. The Industrial wastages contain Spin
ﬁnish and Anti-static oil which should be washed away
before going the any recycle process. (Collected from the
Industrial Experts)
2.2 In the Mechanical recycling of polyester waste [4]
The basic structure of the Polymer is unchanged. Only
change of state occurs. The wastes are brought in Glass
transaction Temperature and are shredded to ﬂakes, these
ﬂakes are cleaned, dried and then fed to extruder, where they
are melted and then used to produce secondary product as per
requirement. Here no chemical process is involved. Only
change of state takes place from solid to liquid and hence the
basic structure of the polymer molecule remains intact.
Hence it is called mechanical recycling.
In Mechanical recycling process, the IV varies and hence the
Elongation % of the yarn cannot be assured (Opinion from
the Industrial Experts).

Figure 9. Side by Side stitching Looking like Carpet Fabric
This sample is made by stitching side by side in sample with
warp side 150/48/2/HIM/SD/S+Z/1st yarn & weft side yarn
is 300/288 TBL DY OR 300/96/SIM/1 HIS / 1st..
5 The recycle and reuse of Polyester Waste.[4]
In warping and looms (non-auto, Auto, Shuttle less) the
polyester wastes are generated due to the several reasons
similar to the beams made from Natural ﬁbres and the
Industries sell them at a throw away price @Rs 7/8 per kg.
Today, there are so many small and big plants who purchase
and recycle and manufacture polyester yarns. The recycling
can be done in Mechanical way and that of in Chemical way.
The Chemical recycled polyesters can be produced as Staple
ﬁbres of a little coarser denier say 1.4, 1.6 and can be blended
with Carded yarns.[4] The Chips can be produced from it and
can be mixed with virgin polymer at 5% to 10% ratio. The
chips are also mixed with the virgin Dope Dyed yarn @ 5% to
10% and the POY will be of almost similar characteristics
that of Original. [4]

In both the cases the apparels produces are not of dyed
granted. The Yarns produced from this processes are mostly
used in bag manufacturing, Technical and Medical Textiles
.Fig - 10 shows bag manufactured from PET Bottles but the
process is almost similar.
6. Recycling from the Garment wastages
The wastages generated from the cloth cutting and stitching
are recycled to manufacture value added production as
shown in ﬁg 13 A, 13B and 14. The ﬁg 14 shows the best uses
of Used and torn out

Figure 11 [1] The wastes generated from the cloths
after stitching

Figure 12 [1] Post-consumer waste.
Circular Economy

Figure 13A. Recycled Clothing

Fig. 14: Best reuse of Old Denims

Figure 13B. Garments made from recycled cloths

Figure 15. Denim Car seat cover

7. The Circular Economy, Times of India: 17.07.21
The self – employed women's Association (SEWA) has
organized women workers in the circular economy over
decades. The Women workers exchange old cloths for the
utility items, wash, and repair and sell them. These are not
thrown away to avoid pollution. There are small factories
where the people stitch, wash and packing the garments
which are bought by the less privileged. In a regular shop, the
pair of trousers can cost Rs.2000/- but from these recycled
fabrics the similar type is available as low as Rs.200/- (TOI,
17.07.21). Hence this circular economy has environmental
and poverty alleviation impacts. Every piece of Textiles are

used. The Larger pieces of fabrics are stitched in to
Children`s clothing, quilt covers and other family dress
materials.
But these people working in circular economy face enormous
diﬃculties. They face space problems in selling and
sometimes are being abstracted. These vendors used to go to
the houses to collect the old cloths in exchange of the
Utensils but this practice is almost discontinued because of
the Security reasons. The Govt. bodies should recognize this
as essential works otherwise the cities would be landﬁlls,
drown by these wastages.

used inside the envelopes to increase the strength or aﬃxed
with the old cloths by using the binders and then used as Hand
Gloves. (Source: KVIC, MSME) [4]. The leftover of the
weaver's beam for the sized yarn are separated manually one
by one, used as weft and manufactured body wrappers. For
the polyester yarns, it is sent for the recycle. The bunch
collected from the pirns (Auto and ord looms) are also
separated one by one , then knotted , wound on cone
manually , then baby cone is formed and used as weft in
Handloom sectors.
In the shuttle less looms, the Auxiliary selvages (both Cotton
and synthetic yarns) are collected and the value added
products are manufactured by producing door mat, cushions,
sofa covers, car seat covers, wall piece, and Carpets etc.
either by weaving, knitting, stitching processes. In the
garment Sectors, it is mostly Circular economy with postconsumer waste converted in to value added productions
mostly in Children`s wear, shirting's and dress materials etc.
Figure 16. The Sustaining Ecology & Economy,
TOI, Mumbai 17th July 21
8. Results & Discussions:
The wastages collected from Blow Room to carding are
recycled with that of Virgin cotton yarn to produce Rotor
yarns of up to 25 count as per the staple length. The rest are
being used in Non-apparel products and used in small scale
industries. The dusts are also used as soil. The same
procedures are also followed in case of Roving, doubling and
Ring frames.
The warping wastages are almost zero if produced from the
auto doﬀed packages; otherwise the bottoms are rewound
and used in & as non-critical end uses like's selvedges and
weft. The Sizing Department wastages generated from the
remaining of the warpers beams are sent for the recycling of
cotton at recycle machine, used in pillows or non-apparel end
use. Change over wastages, remaining of sized yarns are

9. Conclusions:
In today`s economy, nothing is wastages. No material right
from Ginning to Fabric and garment is thrown away. At every
stage they are recycled either in upward or in Down ward
Directions.
“Reduce waste” at every production area is the slogan today.
Then it comes Recycle, reuse and rebuy.
Today a large number of Employment and self-Employments
are generated through recycle manufacturing processes.
In many cases the production costs are decreased after
reusing the recycled productions.
There is huge save in Environment also.
In some cases, the recycled products are not of that standard
in comparison to the fresh grades.
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Abstract
Omni-channel is a new concept being used by retailers to provide highly personalized services to customers. In this
digitalized realm, retailers are providing a number of channels and touchpoints to customers such as offline (apparel retail
store) and online (e-commerce website) for apparel shopping. In order to enable the online interaction in an offline store,
many apparel brands are merging the services of online and offline platform. However, studies of synchronisation between
the services of online and offline platform remain scarce. The aim of this study is to explore the synergy between the online
and offline channel's services and their relationship. This study is exploratory in nature and conducted in Delhi using 450
customers who are using multiple channels for apparel shopping. Questionnaire was used to identify the services received
from both the channels during apparel shopping. A three dimensional structure has been developed to understand the
services provided across the channels. Based on the findings, there is a positive and significant relationship between the
online and channel services which indicates that there is a synergy between the services of both the channels. This study also
provides the guidelines to retailers for providing better omni-channel practices during different phases of customer's
shopping journey. Various digital technologies such as mobile POS, digital wallets and artificial intelligence technologies
(facial recognition, speech recognition, virtual assistant, chatbot) and facilities such as ROPO, BOPIS, BORIS, Ship from
store have been suggested to retailers for the enhancement of synchronisation between the channel's services.
Keywords: Apparel retail; artificial intelligence; channel services; omni-channel; online and offline channels
Citation: Vidushi & Dr. Radha Kashyap, “ Revamping the Face of Apparel Retail Industry using Omni-channel Concept”,
Journal of the Textile Association, 82/2 (142-149), (Sept-Oct ’2021)

1. Introduction
Earlier customer was able to use a single channel (physical
stores) for apparel shopping. In this advanced era of
digitalization, customers are now able to use a number of
channels especially online and physical stores for shopping
[7]. They can use these channels simultaneously and
separately for buying the best suitable product according to
their requirement. The simultaneous use of multiple channels
for shopping is called omni-channel shopping. Several
brands such as Bestseller, Shoppers Stop, Max Fashion and
Lifestyle are already moved toward this concept and few are
still running in the race.
“Omni-channel concept blurs the space between the online
and oﬄine channel”
A number of channels such as television shopping, catalog,
kiosk, e-commerce marketplace (Jabong, Myntra, Flipkart
and Amazon), online website and mobile application have
been oﬀered by various retailers for shopping [17]. A survey
conducted by Deloitte in 2014 revealed that one in three
consumers uses multiple channels while making a purchase.
These retailers are called as multi-channel retailers as they
are oﬀering multiple channels for shopping. However, the
multi-channel customers are not satisﬁed with the services
they are getting across the channels as the similar products,
price and promotions are not oﬀered on the both the
platforms. Based on this, multi-channel retailers are now
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heading towards omni-channel retailing to provide highly
customized experience across the channels. In order to
provide this seamless shopping experience, they serve the
customers inside and outside the walls.
Omni-channel approach is essential for both online and
oﬄine retailers in order to survive in this competitive market.
A brand which is present on online platform but not on oﬄine
platform and vice versa, has to present on each and every
channel otherwise customer will buy through some other
brand. Nykaa Fashion and Zivame are the best example of
this strategy. Earlier both the brands are available on online
platform only but based on the demanding customers, they
moved towards oﬄine channel as well to sell their products.
This strategy helps to serve the customer at anytime,
anywhere and through any channel which will in turn attract
the new customers and retain the loyal ones. Several brands
such as Shoppers Stop Ltd, Aditya Birla Retail Ltd and
Future Group are redeﬁning the omni-channel concept as
they are already present on both online and oﬄine platforms.
Due to this pandemic situation, various fashion brands are
now realising the importance of this concept and want to do
business using all the channels and formats.
“Transparency and technology are the key elements of Omnichannel retailing”
An omni-channel brand should focus on the service, data and
information transparency across the channels in order to
execute the strategies well. For the smooth functioning of
omni-channel brand, it is necessary to provide similar
services, product and information in terms of quality, price
and quantity across the channels. Also, a single data should
be available for access and sharing in a data distributed

environment. Various technologies should be used in the
oﬄine stores to provide online experience such as Alexa and
virtual assistants. Various facilities should be provided
through the online channel for getting oﬄine experience such
as BOPIS, BORIS and ship from store etc.
Several studies have been conducted for identifying the
services oﬀered to online and in-store shoppers in speciﬁc
context of convenience related to access, search, transaction
and possession process [2]. Some studies have investigated
the services provided to customers while online shopping in
terms of access, search, transaction, possession and post
purchase convenience [8]. However, there were very less
studies conducted for Omni-channel shopping and services
oﬀered to omni-channel customers.
Objective of the study
- This study identiﬁes the synergy between the online and
oﬄine channels services.
- This study explores the various artiﬁcial intelligence
technologies and facilities of Omni-channel shopping.

process; camera will capture their face and display all the
information of the customer in the system and automatically
the shopping amount will be deducted from their account.
This can also be used to know whether customer like the
products displayed in the store or not. Using this technology,
brands can predict which pattern and colour of the garments,
customers like the most and accordingly they can choose
their product line as per the behaviour of the customer. Facial
recognition technology provides insights about consumer's
buying decision process by identifying the individuals and
their shopping habits [16]. Alibaba x Guess pop-up based in
Hong Kong use gyro-sensors for scanning the face of their
customer to know their behaviour.
2.1.4 Chatbot
This technology has been used by most of the brands wherein
customer can ask any query about the product from the chat
option available on the brand website or application.
2.1.5 Data Fabric
This technology provides frictionless access and sharing of
data in a distributed data environment [16].

2. Review of Literature
Omni-channel Retail
Omni-channel retailing integrates the experience of online
and oﬄine platform. Multi-channel retailers are now moving
towards this concept by integrating both the channels (online
and oﬄine). Multi-channel retailers are adopting various
new technologies while transforming from multi-channel
retailing to omni-channel retailing.
2.1 Technologies used by multi-channel and omni-channel
retailers
2.1.1 Virtual assistants:
Virtual assistants are those digital devices that are helping the
customer while shopping. Tablets, i-Pad and digital signage
are the example of virtual assistant technology. Using this
technology, they can easily search the information related to
the product at any time and place of the store. They can use
these devices even for completing the checkout process
without any diﬃculty and eﬀort.
2.1.2 Speech recognition technology
Speech recognition technology provides an opportunity of
asking the information related to the product through a digital
device. Alexa and Siri are the two technologies of speech
recognition artiﬁcial intelligence. Using these devices,
customers do not have to ask each and everything from the
salespeople, they can even ask the location of the product in
the store from these digital devices.
2.1.3 Facial recognition technology
This technology captures the facial expression of the
customer while examining the product and for displaying the
information of the customer in the system. In US and Europe,
many brands are using this technology such as Amazon Go
wherein customer do not have to use the cards in the checkout

2.1.6 Digital wallet
These wallets provide easy to use, follow and user friendly
approach of completing the payment process. Google pay
and paytm are few examples of digital wallet. Using this,
customer can save the transaction slip electronically; they
can complete the checkout process where they want to ﬁnish
it in few minutes. Simple and ﬂexible payment methods can
improve the transaction convenience [8].
Multi-channel retailers are oﬀering various channels to
customers for shopping but they are not providing the
seamless experience across the channels. The omni-channel
strategy helps in bridging the gap between the online and
oﬄine platform in order to provide highly personalized
services to its customers. Various facilities of omni-channel
strategy provide seamless experience to customers. Few
have been discussed below:
2.2 Facilities provided by omni-channel brands
Omni-channel brands are providing following facilities to its
customer for providing highly customized services with
minimal eﬀort. They are:
2.2.1 Click and Collect
Omni-channel retailers are integrating the facilities of online
and oﬄine platform. In click and collect facility, they are
integrating click option from the online channel (website or
application) and collect from the oﬄine stores. With the help
of this strategy, customer will get their products within few
hours even if they ordered the product online. This facility
reduces the delivery time of online ordered products and
shipping charges. This facility is also called as BOPIS (Buy
online pick up in-store). In-store pick up allows the retailer to
use the existing inventory eﬀectively and eﬃciently [5].

2.2.2 Ship from store
This facility is extension of the click and collects facility
wherein customer can choose for home delivery option
provided in the click and collect option. Using this option,
they will get the product at their doorstep instead of
collecting it from the store. Ship from store feature can use
the existing inventory eﬀectively in order to decrease the
excess stock [5].
2.2.3 BORIS (Buy Online Return In-store)
This facility provides an opportunity of returning the online
ordered product through oﬄine stores. Using this, customers
do not have to wait for long to get their required product.
Customer can choose the nearest store of the brand and can
return the product there after showing the payment details
and specifying the return reason. BORIS has become popular
among retailers and consumers. This can help retailers to
integrate their online and oﬄine channels after sales services
[13].
2.2.4 ROPO (Reserve Online Purchase Oﬄine)
This facility provides an opportunity of reserving the product
online and then buying it from oﬄine store. Using this,
customer can examine the product in person which will in
turn save the time of reordering the product due to incorrect
size or colour.
2.3 Online and Oﬄine channel's services
Omni-channel brands are merging the services of online and
oﬄine channels wherein the brand which are available online
only are now moving towards oﬄine platform and vice versa.
Omnichannel concept integrates the online and oﬄine
channel services which not only provides seamless
experience but also strengthens the relationship with the
customer and enhances the purchase intention [14].
A similar service such as same products availability on both
the channels, same prices, promotions across the channels is
the main aim of omni-channel strategy wherein transparency
is one of the most important factor. By providing
transparency between the services oﬀered by both the
channel, a brand can create a good omni-channel
environment. Online channels are easy to access, search for

the information and for transaction process as compared to
oﬄine channels [2]. However, oﬄine channels are providing
better possession services in comparison to online channels.
Online channel can be complementary to oﬄine channel and
vice versa [6]. Therefore, the following hypothesis has been
proposed:
H1: There is a positive correlation between oﬄine channel
services and online channel services.
2.4 Customer's shopping journey
The three phases of customer's shopping journey have been
used to understand the services provided by retailers. These
are:
2.4.1 Pre-consumption phase
This phase consists of the services being oﬀered to customer
for searching the product information before making a
purchase such as description, price, inventory (quantity), size
and colour etc. and consistency of products. Pre-purchase
information search is the most critical stage among the ﬁve
stages of customers shopping journey- problem recognition,
pre-purchase information search, and evaluation of
alternatives, purchase and post-purchase evaluations [1].
2.4.2 At point of consumption phase
This phase includes the services provided to customers while
making a purchase. The customers who are using click and
collect functionality can buy the additional products from the
store [4].
2.4.3 Post-consumption phase
This phase consists of the services being oﬀered to customers
after purchasing the product such as promotion, returns and
loyalty etc. Omni-channel promotions can be deﬁned as
oﬀering consistent promotion information across channels in
order to facilitate and encourage combined channel use [14].
Coupon promotion in omni-channel retail has become
increasingly popular [10].
3. Methodology
Exploratory approach has been used to explore the synergy
between the online and oﬄine channel's services in an omnichannel environment and their relationship.

Delhi
Sample Size- 450
Omni-channel customers

Sampling

Convenience sampling method
Tools of data
collection
Data analysis

Questionnaire (shared through social media platforms)

Coding

Tabulation

Mean

Standard Deviation

This study has been conducted in Delhi. 250 females and 250
males were approached who use multiple channels for
apparel shopping out of which only 225 males and 225
females have shared the complete data.
3.1 Data collection and analysis
Web based questionnaire was used to collect the primary data
and secondary data has been collected using available case
studies, documents, reports and published articles. Data has
been collected using convenience sampling technique. The
questionnaire has been shared with 500 respondents. Various
social media platforms such as Gmail, Facebook, LinkedIn
and Instagram were used to share the questionnaire with the
respondents. However, the response rate was 90% as only
450 respondents have shared the complete data. Various
statistical techniques such as mean, standard deviation and
correlation have been used to analyse the results. The
questionnaire includes 2 sections- demographic detail
section and services section. 17 self developed statements
were used to identify the services received by customers
from omni-channel brands. 5 point Likert scale (Strongly
agree-5, agree-4, neutral-3, disagree-2 and strongly
disagree-1) have been used to get the responses on the
statements from respondents. Mean and standard deviation
has been used to analyse the data. Reliability of the scale has
been checked using Chronbach's alpha. The Chronbach's
alpha of the overall scale was 0.885 which was considered as
acceptable.
4. Results and discussion
In general, this study found that Omni-channel concept
provides better services to customers during their shopping
journey.

Table 4.1: Demographic proﬁle

Gender
Male
Female
Age group (in years)
21-30
31-40
Occupation
Employed
Entrepreneur
Homemaker
Part timer
Student
Marital Status
Married
Unmarried
Family Income (yearly
income in ₹)
₹ 8,00,000 - ₹ 12,00,000
₹ 12,00,000 - ₹16,00,000
More than ₹ 16,00,000

Purchase
Intention

Figure 4.2: Research Framework
4.2.1 Pre-consumption phase
4.2.1.1 Searching information
First step of any shopping process is to search the
information about product such as price, stock units/quantity,
image, quality (fabric and trim details), colour and size. The
omni-channel concept provides a facility of information
search across the channels to its customers. Earlier we can
check online product information at online channel or oﬄine
product details at oﬄine channel only. With the help of omnichannel strategy, a brand can provide its customer a service
of cross checking the information of product across the
channels.
Table 4.2.1.1: Searching information across the channels
VARIABLES
PC1:Can easily s earch information
of online available product through
oﬄine channel
PC2:Can easily search information
of oﬄine available product through
online channel

M
3.74

SD
1.01

3.92

0.91

This indicates that the online channel provides better
service of information search related to the products in
comparison to oﬄine channel.

4.1 Demographic proﬁle of the respondents

Variables

4.2 Phases of customer's shopping journey
The three-dimensional structure consists of three phases of
customer's shopping journey - pre consumption, point of
consumption and post consumption phase along with the
online and oﬄine channel's service dimensions.

Frequency

Percentage
(%)

225
225

50
50

387
63

86
14

144
24
4
1
277

32
5
1
0
62

77
373

17
83

236
105
109

52
23
24

Various technologies have been used by brands in other
countries to improve the searching facility at oﬄine channel
such as Alexa- speech recognition AI technology and virtual
assistants (tablets, i-Pad and digital signage) have been
installed at oﬄine outlets in Delhi also so that customer can
easily search information of online product. Brands can
provide chatbots on their online website or application for
providing this searching facility to their online customers
4.2.1.2 Checking inventory
Stock unit is an important consideration of a customer while
doing shopping. This feature provides the stock details of
product available at online and oﬄine channel. The omnichannel concept provides a facility of checking the inventory
across the channels. Earlier we can check quantity of online
products at online channel or of oﬄine product at oﬄine
channel only. With the help of omni-channel strategy, a
customer can check the inventory details of the product
across the channels. For example, ZARA is a brand which
provides a facility to their customers through online channel
(website and application) wherein they can check the product
availability at oﬄine store and can order from the same.

4.2.1 Pre-consumption phase
4.2.1.1 Searching information
First step of any shopping process is to search the
information about product such as price, stock units/quantity,
image, quality (fabric and trim details), colour and size. The
omni-channel concept provides a facility of information
search across the channels to its customers. Earlier we can
check online product information at online channel or oﬄine
product details at oﬄine channel only. With the help of omnichannel strategy, a brand can provide its customer a service
of cross checking the information of product across the
channels.
Table 4.2.1.2: Inventory checking across the channels
VARIABLES
PC1:Can easily s earch information
of online available product through
oﬄine channel
PC2:Can easily search information
of oﬄine available product through
online channel

M
3.74

SD
1.01

3.92

0.91

Various brands are now providing this service of inventory
availability checking across the channels to their customers.
Brands can integrate an option of product availability at
oﬄine and online channel in their application or website.
With the help of technologies such as Alexa and virtual
assistant (tablet, i-Pad, digital signage), they can provide this
service at oﬄine channel as well.
4.2.1.3 Product consistency
This service is related to the consistency of products in terms
of product description, price and promotions across the
channels. The omni-channel concept provides a facility of
similar product availability across the channels. Earlier if we
want to buy an online available product from an oﬄine store
then we have to show the image of the product to the
salesperson and asked him to check the availability of the
same and most of the time that product was not available at
oﬄine store. With the help of omni-channel strategy,
customers are now interacting with the brand instead of the
channel wherein they are getting similar information,
products and services across the channels.
Table 4.2.1.3: Product consistency across the channels

This indicates that the online channel provides better
service of information search related to the products in
comparison to oﬄine channel.
Various technologies have been used by brands in other
countries to improve the searching facility at oﬄine channel
such as Alexa- speech recognition AI technology and virtual
assistants (tablets, i-Pad and digital signage) have been
installed at oﬄine outlets in Delhi also so that customer can
easily search information of online product. Brands can
provide chatbots on their online website or application for
providing this searching facility to their online customers.
4.2.1.2 Checking inventory
Stock unit is an important consideration of a customer while
doing shopping. This feature provides the stock details of
product available at online and oﬄine channel. The omnichannel concept provides a facility of checking the inventory
across the channels. Earlier we can check quantity of online
products at online channel or of oﬄine product at oﬄine
channel only. With the help of omni-channel strategy, a
customer can check the inventory details of the product
across the channels. For example, ZARA is a brand which
provides a facility to their customers through online channel
(website and application) wherein they can check the product
availability at oﬄine store and can order from the same.
Table 4.2.1.2: Inventory checking across the channels

VARIABLES
PC3:Can easily c heck inventory
of online product through oﬄine
channel
PC4:Can easily c heck inventory
of oﬄine (in -store) product
through online channel

M
3.51

SD
1.00

3.71

0.96

This indicates that the online channel provides better
service of inventory checking in comparison to oﬄine
channel.

VARIABLES
PC5:Similar products at both the
channels
PC6:Similar product price at both
the channels
PC7:Similar product promotions
at both the channels

M
3.65

SD
0.97

3.31

1.04

3.32

1.06

This indicates that similar products have been oﬀered by
retailers across the channels. Hence, both (online and
oﬄine) channels provide better service of product
consistency.
Brands can use artiﬁcial intelligence such as Facial
Recognition Technology to scan customer's behaviour like
what garment, colour and patterns they have searched the
most then provide those products on both online and oﬄine
platform. They can check the searching history of online
customers through Data Fabric artiﬁcial intelligence
technology wherein they can easily analyze the real time and
historical data.
4.2.2 At point of consumption phase
4.2.2.1 Product buying across the channels
This service is related to the facility of buying the product
across the channels. The omni-channel concept provides a
facility of buying the products through any channel, anytime
and anywhere. Earlier if we want to buy a product from
online website then we can buy it from online channel only
and oﬄine product from oﬄine channel only. However,
omni-channel strategy provides a buying facility of online
product through oﬄine store and oﬄine product through
online store. For example, Max Fashion and Lifestyle are the
two brands which are providing click and collect facility to
its customers wherein they can buy online ordered product
through oﬄine store and even get it at their doorstep within a
day or two.

Table 4.2.2.1: Product buying across the channels
VARIABLES
APOC1:Can easily buy online
product through oﬄine channel

M
3.74

SD
0.89

as Face Recognition Technology will automatically scans the
customer face using camera placed on the top of the wall in
order to display the card details of customer after scanning
for the payment deduction.

APOC2: Can easily buy
oﬄine
product through online channel

4.06

0.90

4.2.3 Post consumption phase

This indicates that online channel provides better service
of product buying in comparison to oﬄine channel.
Various brands are now providing services such as BOPIS
(buy online pick up in-store), ROPO (Reserve online
purchase oﬄine), click and collect and ship from store, with
the help of which customer can buy online product from
oﬄine store. During this pandemic, most of the brands are
now providing a service of getting the product from oﬄine
store using video calling feature wherein customer can call
the store using Whatsapp video call and ask the sales person
for the required product. They will show you the product and
brieﬁng about the same and you can order the product for
home delivery from there.
4.2.2.2 Payment system across the channels
This service is related to the payment system provided by the
channels. The omni-channel concept provides a service of
easy-to-use payment system to its customers. They can use
this system across the channels for buying the product.
Earlier if we want to complete the transaction process at
oﬄine store then we have to wait for our turn and stand in a
queue or a gateway error has been shown while completing
the checkout process at online channel. With the help of
omni-channel strategy, easy to use payment system has been
used by the brands for completing the process without any
diﬃculty.
Table 4.2.2.2: Payment system across the channels
VARIABLES
M
SD
APOC3:Can easily u se digital
4.06
0.77
wallet for buying online product
through oﬄine channel

APOC4:Can easily u se digital
wallet for buying oﬄine product
through online channel

3.94

0.80

This indicates that oﬄine channel provides better service
of completing the checkout process in comparison to
online channel.
Various brands are using Mobile POS at oﬄine store for
providing quick and easy check out process to its customers
with the help of which they can complete the transaction
process from any corner or place of the outlet. Digital wallet
such as paytm, Google pay, UPI has been provided for easy
and contactless payment. Amazon Go store provides a
facility of scan and go wherein customer will go inside a
store, select the product and scan it to complete the
transaction process. Artiﬁcial intelligence technology such

4.2.3.1 Return policies across the channel
This service is related to returning the product across the
channel. The omni-channel concept provides a service of
returning the product across the channels. Earlier the online
purchased product was returned through online channel and
oﬄine purchased product through oﬄine channel only. With
the help of omni-channel facility like BORIS, customer can
return the online product through oﬄine channel. For
example, Shoppers Stop is providing a facility of returning
the product wherein customer have to reach them through
mail or exchange/return option given on the website, they
will pick the product through courier and after quality check
they will either exchange or return the product as per the
raised request. Decathalon is providing 90 days return of
oﬄine store purchased product wherein customer can return
the product at any outlet of Decathalon which is nearest to
their location.
Table 4.2.3.1: Return policies across the channels
VARIABLES
POC1: Can easily r eturn the
online available product through
oﬄine channel

M
3.73

SD
1.06

POC2:Can easily r
eturn the
oﬄine available product through
online channel

3.49

1.12

This indicates that oﬄine channel provides better service
of returning the product in comparison to online channel.
Various brands are now providing a facility of returning the
product across the channels. With the help of BORIS (Buy
online return in-store), a customer can return the online
purchased product through oﬄine store. Walmart Mobile
Express Return provides a quick refund at the store after
returning the product. Customer will have to scan the
payment slip using their phones, go inside the store, locate
the return lane, scan the QR code and quickly they will get the
refund back. For oﬄine shopping returns, many brands are
providing a facility of return the products such as within 30
days at another store of the same brand which is nearest to
your location.
4.2.3.2 Loyalty program across the channels
This service is related to redeeming the loyalty
points/coupons/voucher across the channels. The omnichannel concept provides a service of redeeming the beneﬁts
across the channels. Earlier we can redeem the coupons got
for oﬄine product at oﬄine store and for online product at
online store only. With the help of omni-channel strategy, a
customer can even use his online coupons at store and oﬄine

vouchers at online website or application. For example, The
Body Shop provides E-gift cards to its customers which they
can use at both online and oﬄine channel.
Table 4.2.3.2: Loyalty program across the channels

VARIABLES
POP3:Can easily redeem
coupons/voucher/loyalty points of
online purchased product at oﬄine
channel
POP4:Can easily use
coupons/voucher/loyalty points of
oﬄine purchase products at online
channel

M
3.69

SD
1.01

3.70

1.00

This indicates that both the channel (online and oﬄine)
provides better service of redeeming the
points/coupons/voucher.
Various brands are now providing cross redeeming of the
coupons, vouchers and loyalty points. With each buying,
customer will get points and that will be added in their wallet.
They can use their wallet points either at online channel or
oﬄine channel.
4.2.4 Purchase Intention
This explains the intention of customer for buying the
apparel products using omni-channel facility and
recommends it to others.
Table 4.2.4: Purchase Intention

VARIABLES
PI1: Will use omni-channel concept
for buying apparel products
PI2: Will encourage others to use
omni-channel concept for buying
apparel products

M
4.09

SD
0.76

4.04

0.81

5. Conclusion
Customers are now moving towards and dependent on online
elements for apparel shopping but based on this, retailers
cannot ignore the importance of oﬄine elements. As a
theoretical contribution, this study provides a 3-dimensional
framework of channel's services which can be used by multichannel brands to develop the strategies for adopting the
omni-channel concept and by omni-channel brands to assess
their performance. Based on the ﬁndings, the following
recommendations have been suggested to retailersVarious channels have been oﬀered by retailers to
customer for apparel shopping and there is a
synchronization of services between the channels.
However, retailers can use various data mining
technologies for improving the transparency of
information across the channels. A seamless data access
and sharing will be created using these technologies.
It can be concluded that technology is one of the parameter
which can enhance the functioning of omni-channel
brands. Various technologies have been mentioned in the
result section which is being used by omni-channel brand
for smooth functioning. Table 5.1 shows the diﬀerent
technologies provided by omni-channel brands during
diﬀerent phases of customer shopping journey. Multichannel retailers can use these technologies according to
their feasibility and facilities as per the requirement of
their brand.
Table 5.1: Technologies/Facilities used for omni-channel
retailing
Phases of Customer
Shopping Journey
Pre Consumption

From the above result, it is found that the customer's
purchase intention is positively inﬂuenced using omnichannel facility
4.3 Correlation between the channel services in an omnichannel environment

Point of
Consumption

Table 4.3: Correlation between variablesand they will use

OFFCS
ONCS

Pearson Correlation
Sig. (2-tailed)

.742**
.000

** Correlation is signiﬁcant at the 0.01 level (2-tailed)
Note: OFFCS = Oﬄine channel services and ONCS = Online
channel services
From the above result, it is concluded that there is a positive
and signiﬁcant correlation (.742**) between the online and
oﬄine channel services which implies that there is a synergy
between the online and oﬄine channel's services in an Omnichannel environment.

Post Consumption

Technologies/Facilities
· Speech recognition technology:
Alexa
· Virtual assistants (tablets, i-Pad
and digital signage)
· Chatbot Technology
· Facial Recognition Technology
· Data Fabric
· ROPO (Reserve online purchase
oﬄine)
· BOPIS (Buy online pick up in store)/ Click and collect
· Ship from store
· Video calling feature
· Mobile POS
· Digital wallet such as paytm,
Google pay, UPI
· BORIS (Buy online return in store)
· E-gift cards (easily used on both
the channels- online and oﬄine)

Managerial Implications
The 3-dimensional structure developed in the study can act as
KPI (Key performance indicator) of Omni-channel shopping
and can be used to investigate the functioning of Omnichannel brands. The technologies discussed in the result

section can act as key drivers of Omni-channel retailing and
will be useful for those brands that are starting to invest in this
concept.
6. Limitations of the study
The respondents in this study are relatively small and

between age group (20-40 years). Hence, future research
could be done with a large sample size and with each age
group. Further studies could explore the impact percentage
of these services on purchase intention. In future, studies can
explore the relationship of various technologies or facilities
with the channel's service attributes in future.
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Abstract:
The ever-increasing indulgence of general masses in fitness and leisure activities such as yoga, gimping, cycling, and other
indoor-outdoor activities has led to massive expansion of the sports segment with manufacturers focusing on developing
sportswear to cater to the requirements of consumers. The consumers primarily seek performance, health, hygiene, comfort
and safety aspects in their sports attire. However, apart from these aspects, tech savvy, fitness freak consumers also prefer
technology laced smart wear that can be connected to their smart phone, play music, serve as global positioning systems and
can keep a track on their workout schedule. Accordingly, a range of smart sports apparels and accessories are gaining
popularity among fitness connoisseurs. Smartness can be engineered in sportswear by incorporation of external sensors
and other components that can sense respond and adapt. Alternatively, the incorporation of smart materials like conductive
fibres, yarns, shape memory polymers, phase change materials and profiled fibres can further impart smart functionality to
clothing. The smart sportswear can serve as a personal coach for sportsperson monitoring their vital physiological
parameters like heart rate, oxygen saturation along with performance and endurance related aspects like position, motion
impact, workout patterns, calories burnt etc to enhance health, wellness and performance of athletes. This paper reviews the
state-of-the-art smart sportwear that serve as activity trackers and physiological parameter monitors for sports enthusiasts
with emphasis on working principle, application areas and recent developments in smart sportswear.
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1. Introduction
Sportswear is one of the most promising and fastest growing
segments of technical textiles. A considerable amount of
research and innovation is involved in design and
development of sportswear owing to a range of functional
and performance requirements which sports person seek in
their attire. Furthermore, the requirements vary as per the
sportsperson's level of physical activity, ambient conditions
and speciﬁc sport. Accordingly, the sportswear can be
categorized into performance, basic, leisurewear and fashion
clothing. Performance wear is technology driven sportswear
category that enhances the functional attributes associated
with clothing. The clothing category is intended for
sportsperson involved in rigorous physical activity and is
generally custom made in smaller quantities which accounts
for their exorbitant prices. Contrastingly, the basic
sportswear is designed with prime focus on aesthetics and
silhouette rather than performance, caters to demands of
mass public and are available at lower price points. Sports
leisurewear, a cheaper replica of performance sportswear is
preferred by millennials who indulge in leisure or light
physical activities indoors [1]. Undoubtedly, the varied
categories of sportswear clothing should exhibit the primary
requirement of being light weight, comfortable, breathability
and providing ease of movement for wearer. Thermophysiological comfort involving consideration of heat,
moisture vapour and liquid moisture transmission is of
utmost importance while designing sportswear for particular
sports.
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The agility to wearer, light weight, durability, anti-odour,
antimicrobial and antistatic properties are some other crucial
aspects considered while designing sportswear. The design
and development of sportswear with optimum, desirable,
sport speciﬁc property thus involves considerable brain
storming and research as far as selection of appropriate raw
materials, ergonomics, sizing and incorporation of smart
features to monitor physiological parameters of
sportspersons are concerned. A myriad of innovative ﬁbres,
yarns and fabric structures are thus being explored for
engineering sports textiles. The trend of wearables around
arms or legs worn by sportsperson to monitor their ﬁtness and
other health parameters is bygone with inception of smart
sportswear that behave intelligently and can monitor
sportsperson's physiological parameters owing to high
performance, smart ﬁbres and yarns like optical ﬁbres,
conductive yarns, thermo-chromic materials, shape memory
materials, that impart smart functionality to fabric [5].
Furthermore, introducing some salient smart features like
GPS, music playing, phone charging, monitoring
sportsperson's physiological parameters, stress relaxation
and intensity of activity or workout are hailed and readily
accepted by sportsperson who prefer performance clothing
laced with technology.
Sportswear is not just crucial for athletes and sports person
but this clothing segment has become an integral and
inseparable part of users' routine activities like morning
walk, jogging, yoga, stretching exercises and daily ﬁtness
activities owing to comfort, easy care properties and enticing
aesthetic appeal of sports clothing [2, 3]. Smart materials
possess the capability of responding to external stimulus
such as change in the ambient conditions from mechanical,
thermal, chemical, electrical or magnetic sources.

Trigger/Stimuli

Sensor
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Controller

Process

Actuator

Fig. 1. Diﬀerent components of smart clothing & the
mode of responding to external stimulus
Figure 1 shows the diﬀerent components of smart clothing
like sensors, actuators, controlling unit and the mode of
responding to external stimulus.
Sensors: are used to sense the stimulation in external
environment and send it further for reaction.
Actuators: collect the sensed signal directly or from a central
control unit; together with the sensors.
Controlling Unit: is analogous to human brain with
cognition, reasoning and activating capacities [4].
2. Smart raw material procurements & innovative
approaches for Smart Sportswear Designing
A major challenge in designing smart sportswear is
engineering smartness without compromising the inherent

textile characteristics like handle, softness, light weight,
washability, easy care properties, durability and comfort.
Therefore, the conventional approach of designing the smart
sportswear by integration of external sensors, light emitting
elements, electronic circuitry and batteries have gradually
undergone transformation with inclusion of high
performance and smart ﬁbres, yarns, fabric structures and
innovative printing and ﬁnishing technologies. Figure 2
shows the innovative ﬁbres, yarns and fabric structures used
for sportswear development. The technological innovations
at the ﬁbre, yarn, fabric and ﬁnishing stage are discussed in
the following section.
Hygra is a preferred choice for designing active sportswear
owing to its superior antistatic properties and exceptionally
high-water absorbing ability that is crucial to maintain dry
microclimate for the sports person. The water absorbing
ability of the ﬁbre is attributed to the core-sheath ﬁlament
composed of ﬁbre made of water absorbing polymer and
nylon. The water absorbing polymer can absorbs 35 times its
own weight of water and provide rapid dry ability of sports
clothing while strength and dimensional stability is ensued
by the core composed of nylon ﬁbre.
Dryarn, a recyclable microﬁber results in light weight,
antibacterial, comfortable, soft handle and quick drying
fabric with excellent thermal regulation and thus is suitable
for smart sportswear [5,6]
Killat N is suitable for active and performance wear owing to

Fig. 2 – Innovative Sportswear ﬁbres, yarns and fabrics

its rapid liquid transmission property by capillary wicking.
The bi-component ﬁlament yarn is composed of soluble
polyester copolymer core and nylon sheath. The water
absorbency and heat retention characteristics are provided by
nylon in sheath while capillary action for liquid transmission
and creation of air pocket is due to hollow core produced by
alkali dissolving of polyester copolymer core [6,7].
Triactor features Y shaped cross section thereby increasing
the channels for capillary wicking and thus the fabric
composed of this polyester variant exhibits faster release of
perspiration.
Coolmax is another popular ﬁbre generally used for
sportswear owing to improved wicking capability and
moisture vapour permeability that the double scalloped ﬁbre
exhibits.
Soft shell fabric features three layers namely the upper,
middle and innermost layer. The upper layer is water
repellent polyester, middle layer, the breathable membrane
and innermost layer of micro ﬂeece that provides good
thermal insulation. The fabric is designed to impart wind and
weather resistance, good breathability and freedom of
movement along with maximum wearer comfort in diﬀerent
environmental conditions [8,9].
Naiva fabric is another specialty fabric suitable for
mountaineering and active sportswear exhibiting good
moisture permeability, light weight and soft feel. The fabric
is composed of 55% Eval and 45% nylon, with Eval being
copolymer resin of ethylene vinyl-alcohol [8,9].
Field Sensor is a high-performance multilayered fabric
composed of coarser denier yarn in outer layer and inner
layer of ﬁne denier hydrophobic polyester. The variation of
yarn coarseness in inner and outer layer of fabric results in
quick sweat evaporation from fabric surface [8,9].
Phase change materials also referred to as latent heat storage
materials ﬁnd application in sportswear and cold weather
clothing owing to their salient characteristic of changing
their phase in response to external ambient conditions of
variable temperature. The PCM can be applied to textile
substrates as microcapsules that liquify and store heat energy
at elevated temperatures whereas the paraﬃn solidiﬁes and
releases the stored heat as the temperature drops down [10].
Shape memory polymers in response to external ambient
conditions like temperature, pH and chemical can respond
and adapt by changing their shape and memorizing the
previous shape. The materials ﬁnd application in smart
sportswear and winter wear for achieving enhanced thermal
insulation [11, 12].
Membrane technology utilizes a thin polymeric membrane
ﬁlms of thickness of the order of 10 microns that can be
coated on a textile substrate to render it waterproof,
windproof and breathable. Micro porous and hydrophilic
membrane are generally utilized for imparting water
prooﬁng and breathability in smart sportswear.

Smart coatings are eﬀective in reducing the air drag to which
cyclists, sprinters and swimmers are exposed to as they
indulge in high-speed performance sports. The state of art
biometric swimsuit Fastskin® is inspired from shark's skin
which features specially articulated scales on its surface
intended to reduce the drag through water [13].
Nano materials for smart sportswear Nano materials namely
carbon nano ﬁbres, nano clay, silver nano particles, nano
nickel and carbon nanoparticles are increasingly ﬁnding
application in smart sportswear as the nano ﬁnished textiles
exhibit several salient features like UV, wind and water
resistance, self-cleaning and antimicrobial properties [1416]. One such state-of-the-art swim wear modiﬁed with
nanoparticles is capable of reducing the absorption by 2% of
fabric weight [17].
Water magic, a three-layered knitted fabric composed of
67% polyester and 33% nylon ultra-ﬁne microﬁbre features
innumerable random and minute pores that quickly transport
perspiration from the wearer's skin to outer layer and thus
provide dry, comfortable feel to the sportsperson [16,17].
Sportwool® by Woolmark is composed lightweight,
machine washable ﬁne merino wool and polyester exterior.
The exceptionally high thermal insulation, UV protection
and rapid sweat dissipation makes the fabric suitable for cold
weather clothing and sportswear.
3. Smart sportswear for health & well-being monitoring
Fig. 3 shows smart sportswear to monitor sports person's
physiological parameters.
The unique and smart features oﬀered by smart sportswear
make them suitable for a range of performance and
functional based applications as enlisted below:
Performance and data analysis
An important aspect of sportswear encompasses maximizing
human performance, improving and monitoring sports
person's performance. Watches or strap bands equipped with
sensors are capable of recording a range of wearer's
physiological data such as distance covered, steps taken,
calories burnt, speed of the activity and body temperature etc.
The integrated sensors in the wearer's clothing are capable of
monitoring health related parameters and in turn recording
temperature, sweat and muscle movement and even the
athlete's emotional response. The real time data recorded can
be viewed or even retrieved for later use to track a
sportsperson's performance. The data can be systematically
analyzed to guide the sportsperson to improve and work on
their technique, ﬁtness level and even to avoid injuries [6].
Health monitoring
The smart sportswear ensemble is increasingly being
incorporated with sensors exhibiting the capability of
measuring body functions and biomechanics such as heart
rate, breathing, lung capacity and perspiration or the muscle
and joint movement. Smart sportswear so designed with

Fig. 3 – Smart Sportswear to monitor sports person's physiological parameters
integrated sensors can portray several salient and smart
features like timely monitoring of any health ailment,
reduction or elimination of injuries and prediction of injuries
before hands as a result of Artiﬁcial Intelligence based
analytics [6,7]. athletes and coaches in order to improve the
performance of the athlete.
Several sportswear brands are oﬀering technology laced,
wearable sensors that cannot just monitor sportsperson's
health related parameters but can serve as their personal
coaches by providing data pertaining to workout patterns,
intensity and speed of activity so that athletes can improvise
based on the obtained data. The following section discusses
some innovative smart sportswear that serve as a boon for
sports person owing to multitude of functionalities they oﬀer.
Nike's Adapt: Nike has been trailblazer in designing smart
sports footwear that can electronically adjust according to
the shape of wearer's feet [10].
Under Armour's smart shoe: uses record Sensor TM
technology to connect to the smartphone app, MapMyRun.
The app tracks the the course of a run by runner and reports
data related to cadence, stride length, and distance travelled
by the runner [9].

Polar heart rate sensor: Polar H10 heart rate sensor integrated
in soft textile strap can eﬀectively measure heart rate and
connect heart rate to a wide variety of training devices via
Bluetooth [7].
Intelligent heat ski jacket oﬀers thermo regulation by sensing
and responding to temperature variations. The sensors
embedded in the jacket can measure the temperature
diﬀerence of wearer and ideal temperature for wearer to be in
thermal balance. As the ambient temperature drops down, the
battery powered jacket will get heated up to provide warmth
to wearer [6]
ARION smart insoles equipped with eight pressure sensitive
sensors can measure the interaction between wearer's feet
and the ground thereby assisting the runner to optimize
running performance, reduce injury risk and increase the
overall eﬃciency [7].
Hexoskin smart garments can track activity, sleep patterns
and other physiological parameters of the sports person.[7]
Catapult sportswear is designing to monitor player's
performance in terms of speed, distance covered, stress and
ﬁtness in real time thus improving athlete's performance and

reducing injuries by detection of stress on wearer's body
during physical activity.
NFC emblems: NFC chip is integrated into the emblem to
impart intelligence and functionality. The chips contain a
UID which is connected to a customized ID and can be
directly stitched to the textile [8, 11].
4. Conclusion
The sports segment of technical textiles is one of the most
promising and innovative avenues that serves as food for the
thought for researchers, sportswear designers and
manufacturers. The inclination of common masses towards
ﬁtness and leisure activities prompts them to buy functional
yet aesthetic athleisure. The consumers primarily seek
performance, health, hygiene, comfort and safety aspects in
their sports attire. Furthermore, smart features incorporated
in sports person's clothing can enhance their performance by
monitoring their physiological parameters and keep them
updated on their workout patterns.
The quest for technology laced, sensor integrated smart
sportswear is gaining momentum with the advent of

technology and smart apps to monitor's wearer's health and
wellbeing. Consequently, not just sportsperson indulging in
performance sports but tech savvy, ﬁtness freak consumers
also prefer a technologically evolved clothing that can be
connected to their smart phone, play music, serve as global
positioning systems and can keep a track on their workout
schedule. Accordingly, a range of smart sports apparels and
accessories are gaining popularity among ﬁtness
connoisseurs. Smartness can be engineered in sportswear by
incorporation of external sensors and other components that
can sense, respond and adapt. Alternatively, the
incorporation of high performance and specialty material can
further impart smart functionality to clothing. The smart
sportswear can serve as a personal trainer for sportsperson
monitoring their vital physiological parameters like heart
rate, oxygen saturation along with performance and
endurance related aspects like position, motion impact,
workout patterns and calories burnt to enhance health,
wellness and performance of athletes. The future thus
belongs to smart sportwear as the ﬁeld oﬀers enormous
potential for further technological innovations and
developments.
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Abstract:
Animals have been used in plenty to depict stories and art forms in India. The richly ornate architectural monuments that are
scattered all over the country provide amplification to this. A study was undertaken to develop cartoon figures from
animal/bird/other fauna-based motifs present on ancient Indian monuments as suitable prints for children and provide
variety in design through motif modification. Aboriginal motifs were identified from different architectural monuments
located in India, innovatively modified in their natural, geometrical and stylized forms and then developed into cartoonized
figures. Detailed survey among the respondents (mothers, students and designers) indicated that lion under animal category
and fish under the other fauna category were the most preferred motif in all their modified (natural, stylised and cartoonized
forms), while parrot was most preferred bird-cartoon. Among all the 15 cartoons developed, lion was the most liked.
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1. Introduction
The walls of the Indian temples and other historical
monuments are exquisitely adorned and richly decorated
with panels having depictions of classical design elements
that include animals, birds and other fauna [1]. Several
animal species are depicted on these monuments through
paintings and sculptures in various forms as companions of
deities, symbols of power and beauty or simply as decorative
embellishments [1] and these dates back to thousands of
years. These motifs can provide an inspirational source to
designers for textile motifs, especially suitable for children
wear. Some studies have reported sourcing and adaption of
historical motifs and designs into their contemporized forms
[2].
With the objectives of providing a more meaningful
utilitarian use to the old, lost and forgotten designs present as
ornamental décor of historical monuments and at the same
time aiming to enhance the motif-palate for young children,
the current study was undertaken and animal, bird and other
fauna motifs present on ancient Indian monuments were
identiﬁed and developed as prints suited for children-wear.
This rejuvenation of the motifs from the historical past is
expected go a long way in preserving the wide variety of the
rich Indian art and heritage that are already showing signs of
decline or are long forgotten and will popularize them all
over the world. At the same time it will help to create
additional motifs and increase the resource base for nursery
designs and motifs suitable for 1-5 year olds.
Thus, in the present research, an attempt has been made to
identify animal, bird and other fauna motifs present on the
sculpture of ancient Indian architectural monuments in order
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to study their popularity and acceptability as nursery prints.
Through the study, an attempt has also been made to ﬁnd the
acceptance and liking of the modiﬁed (natural, geometrical
and stylized) versions of the selected motifs of animals, birds
and other fauna by three groups of respondents, viz. mothers
of 1-5 year old children, students, who are likely to take to
design as their profession in future and established designers.
2. Methodology
a. Selection and classiﬁcation of the identiﬁed motifs into
categories
A survey was carried out to source animal and bird motifs
from popular sculptured monuments of India. The sourced
motifs were then classiﬁed into the following three
categories: animals, birds and other fauna (the last category
dealt with motifs that could not be placed under animal or
bird categories and that comprised of ﬁsh, reptiles, etc.). Five
motifs from each category were selected on the basis of their
easy availability on the internet and their probable perceived
popularity (Figure 2.1).
b. Modiﬁcation of the selected motifs into diﬀerent styles
using Corel Draw
In order to increase variety among the given motifs and to
contemporize them for suiting the taste of modern day
consumers, all classiﬁed motifs (animals, birds and other
fauna), which were in the 3-D forms (on the sculpted
monuments) were further modiﬁed into their respective 2-D
versions using Corel Draw software (X-3 Version) to create
variety. Two dimensional versions of the three styles,
naturalized (direct replica of the image as they exist in nature
without much creativity), geometrical (modiﬁcation based
on breaking the continuous lines of the motif into a number of
vertical, horizontal, diagonal or curved sub-sections; albeit
within the same basic form) and stylized (creative variations
of the natural form of the motif that are not easily
recognizable) were created.

Figure 2.4: Modiﬁcation of selected other fauna motifs to diﬀerent styles (naturalized, geometric and stylized)

Figure 2.2: Modiﬁcation of selected animal motifs to diﬀerent styles (naturalized, geometric and stylized)

Figure 2.3: Modiﬁcation of selected bird motifs to diﬀerent styles (naturalized, geometric and stylized)

Figure 2.4: Modiﬁcation of selected other fauna motifs to diﬀerent styles (naturalized, geometric and stylized)
c. Selection of respondents
Most children in age group of 1-5 years are signiﬁcantly
inﬂuenced by cartoons and in some cases their obsession for
cartoons has also been reported. The world of fantasy for
these children also revolves around cartoons which are
mostly adaptation of animal ﬁgures. Further due to the timebound limitation imposed, the study was limited to
exploration of inﬂuence of the cartoon-motifs developed for
only 1-5 years olds only.

Since the prospective consumers of textiles and accessories
printed with the developed cartoons motifs would be 1-5 year
olds who were too young to give appropriate feedback based
on a systematic research based questionnaire, the
respondents for the study included their mothers (who
understood their likes and dislikes and mostly made
purchases of clothes and accessories), established apparel
designers (who would expectedly use these motifs in their

deigns for children wear) and prospective student-designers
studying textiles and fashion design. The last group was
added to understand the impact of the motifs developed on
the budding new age designer visa-vis the established and
experienced designers.
Also to understand a designers' point of view for the
developed new cartoon motifs, the responses were collected
from them under two categories, experience and established
designers who would expectedly use these motifs in their
deigns for children wear and new-age budding designers
prospective student-designers (in the age group of 19-22
years) studying textiles and fashion design. The last group
was added to understand the impact of the motifs developed
on the budding new age designer visa-vis the established and
experienced designers. The main objective of this study was
to explore whether the designs developed would be
acceptable to prospective consumers; designers who would
use the motifs in their designs and mothers of children who
would buy the end product.
Also due to time limitation and diﬃculty in identifying
suﬃcient numbers in each of the three categories of
respondents, 30 numbers of respondents in each of the three
categories were selected and they formed the population for
the survey (N=90). In this way purposive sampling method
was used to select the sample (respondents).
The main objective of this study was to explore whether the
designs developed would be acceptable to prospective
consumers; designers who would use the motifs in their
designs and mothers of children who would buy the end
product with the developed designs.
d. Preparation of questionnaire
A structured questionnaire with a closed format was prepared
to get accurate and reliable results within the limited time.
The required sets of the questionnaire was typed, printed and
photocopied to provide multiple copies for all the
respondents.
The questionnaire was divided into four sections, so that the

analysis could be done systematically.
a) Section 1a: Dealt with the most favourite cartoon of the
respondents (open-ended).
b) Section 1b: Dealt with the personal information of the
respondents (open-ended).
c) Section 2: Dealt with preference of selected and classiﬁed
motifs (animal, bird and other fauna) as present in
sculpted form on Indian monuments through ranking (15).
d) Section 3: Dealt with the preference of selected motifs as
present on the monuments and in their natural realistic
forms by the respondents through ranking (1-5).
e) Section 4: Dealt with the preference of style of
modiﬁcation (natural, geometric and stylized) for the
selected and classiﬁed motifs (anima, bird and other
fauna) by the respondents through ranking (1-3).
e. Collection of data
The respondents were shown the selected motifs printed as
tabulated charts on paper as and when required. Respondents'
feedback was collected through the printed questionnaires.
After collection of the information, all the data were
complied, tabulated and analyzed.
f. Analysis of the data
The data collected was analysed through ranking, weighted
scores and analysis of variance (2-way ANOVA) [3].
3. Results and Discussion
3.1 Respondents' ranking of selected sculpted motifs found
on the Indian monuments
Motifs from various sculpted monuments, ﬁve each, in the
animal, bird and other fauna categories were selected and the
respondents were asked to comparatively rank them (within
each category of animal, bird and other fauna) as per their
preference. For this a coloured printout of the selected motifs
in a chart-form were shown to the respondents (Figure 2.1).
The respondents' preferences are tabulated in Table 3.1.

Table 3.1: Frequency (f) of ranks (1-5) and weighted scores (WS) of the ranks assigned by respondents (N = 90) with
respect to their comparative preference for the motifs selected from the sculptured monuments in each category (animal,
bird and other fauna).
Respondents
Ranks?

1st
R

Lion
14
Elephant
9
Camel
4
Deer
0
Monkey
3
Bird Category
Peacock
24
Parrot
2
Crow
0
Duck
2
Swan
2

Mothers (N = 30)
2nd 3rd 4th 5th
R
R
R R
7
8
9
3
3

9
6
8
6
1

0
4
7
14
5

0
3
2
7
18

125
106
96
65
58

Student-designers (N = 30)
1st 2nd 3rd 4th 5th
WS
R
R
R
R R
Animal Category
12 9
4
2
3 114
11 11
4
2
2 117
2
2
10 8
8
72
4
6
6 12 2
98
1
2
6
6 15 49

2
15
0
7
6

1
6
3
7
13

1
5
8
10
6

2
2
19
4
3

135
100
44
83
88

20
2
2
4
2

WS

2
14
3
3
8

2
7
8
3
10

3
4
4
14
5

3
3
13
6
5

123
98
67
75
87

Established-designers (N = 30)
1st 2nd 3rd 4th 5th
WS
R
R
R
R R
19
8
2
0
1

7
16
3
4
0

0
4
3
18
5

2
0
13
4
11

2
2
9
4
13

129
118
66
82
55

26
2
2
0
0

1
18
2
1
8

1
9
0
6
14

2
0
6
21
1

0
1
20
2
7

141
110
50
66
83

Respondents

Mothers (N = 30)
1st 2nd 3rd 4th 5th
Ranks?
R
R
R
R R
Other Fauna Category
Fish
9
10
4
5
2
Frog
5
2
6
9
8
Crocodile
2
5
11 8
4
Turtle
10 9
3
0
8
Snake
4
4
6
8
8

WS

Student-designers (N = 30)
1st 2nd 3rd 4th 5th
WS
R
R
R
R R

109 7
5
7
5
6
83
0
2
8
6 14
103 7
10
6
6
1
77 14 7
4
5
0
78
2
6
5
8
9
WS - Weighted Scores, R - Ranks

Lion motif as present on the walls of the sculptured
monuments was most preferred by mothers and establisheddesigners who allotted highest number of ﬁrst-ranks (14 and
19 respectively) to it along with highest weighted scores (125
and 129 respectively). Though student-designers also ranked
lion motif high (weighted score - 114), they slightly preferred
elephant motif more (weighted score - 117). Monkey was the
least preferred motifs by all the respondents. Deer has not
been ranked ﬁrst by any of the mothers and establisheddesigners though it was ranked higher than camel (Table 3.1).
Camel was the least preferred motif except when ranked by
mothers who preferred camel over deer.
Among the bird motifs, all the respondents (mothers of 1-5
year old children, prospective student-designers and
established-designers) have unanimously ranked the
peacock with signiﬁcantly higher number of ﬁrst-ranks (24
by mothers, 20 by student-designers and 26 by establisheddesigners) and correspondingly the weighted scores for this
motif is the highest (135, 123 and 141 respectively by the
three categories of the respondents). A explicit trend in the
ranking of the bird motifs can be seen with all respondents
giving similar views on their choices as can be seen with
respect to the comparative weighted scores assigned to each
motif by all three categories of the respondents. Overall
ranking can thus be summarized as: 1st rank – peacock; 2nd
rank - parrot; 3rd rank – swan; 4th rank – duck and 5th rank –
crow.
With respect to the other fauna motifs, ﬁsh was liked the most
by mothers (weighted score of 109) and establisheddesigners (weighted score of 120), while student-designer
favoured the crocodile motif (weighted score of 120) and
frog motif (weighted score of 106) more than the ﬁsh motif
(weighted score of 92). Crocodile motif was the 2nd choice
(2nd rank) of the mothers and established-designers. Thus,
no visible trend with respect to the respondent's choice for
other fauna motifs can be seen, though all the respondents
(mothers, student-designers and established-designers)
ranked turtle as the least liked motif with respect to the
weighted scores (77 by mothers, 58 by student-designers and

92
106
120
58
74

Established-designers (N = 30)
1st 2nd 3rd 4th 5th
WS
R
R
R
R R
10
1
6
10
3

11
0
5
12
2

8
8
9
5
0

1
9
6
2
12

0
12
4
1
13

120
93
118
59
60

59 by established-designers). Similarly snake was ranked
low by all respondents though its weighted scores were better
than that for turtle by all the three categories of respondents.
To verify if there was any signiﬁcant diﬀerence between the
overall liking for the diﬀerent motifs by the all the three
categories of the respondents, an analysis of variance
(multiple ANOVA) of the weighted scores (WS) of the ranks
assigned by all the respondents (N = 90) with respect to their
comparative preference for the motifs selected from the
sculptured monuments in each category (animal, bird and
other fauna) was carried out.
Results indicate that calculated F value for respondents is
equal to 0.12 which is less than the critical value for
F0.05;2,14 (=3.74) and so, Ho [there is no signiﬁcant
diﬀerence between in the comparative preference for the
sculpted motifs selected from Indian monuments in each
category (animal, bird and other fauna) by the respondents] is
accepted and Ha [there is a signiﬁcant diﬀerence between in
the comparative preference for the sculpted motifs selected
from Indian monuments in each category (animal, bird and
other fauna) by the respondents] is rejected. Again, the F
value for motifs is equal to 21.34 which is greater than the
critical value for F0.05;7,14 (=2.76). This shows that Ho is
rejected and Ha is accepted. Thus, is may be concluded from
the observations that, in spite of the motifs, being
signiﬁcantly diﬀerent from each other, there is no observable
diﬀerence between the respondents' comparative preference
for the motifs selected from the sculptured monuments in
each category (animal, bird and other fauna)
3.2 Respondents' ranking of selected species as found in
nature
In order to analyse the above preference (Table 3.1) of
respondents visa vis their personal fondness for the
corresponding animal, bird or other fauna species in their
realistic form, they were also asked to rank the selected
animals, birds or other fauna as they exist in nature (realistic
form) and the corresponding data is given in Table 3.2.

Table 3.2: Frequency (f) of ranks (1-5) and weighted scores (WS) of the ranks assigned by respondents (N = 90) with
respect to their comparative preference for the selected species (animal, birds and other fauna) as found in nature in
each category

Respondents
Ranks?

1st
R

Mothers (N = 30)
2nd 3rd 4th 5th
WS
R R R R

Lion
19 5
Elephant
8 10
Camel
2
3
Deer
0
3
Monkey
1
9
Bird Category
Peacock
24 2
Parrot
2 15
Crow
0
0
Duck
2
6
Swan
2
7
Other Fauna Category
Fish
9 10
Frog
2
5
Crocodile
10 9
Turtle
5
2
Snake
4
4

3
10
8
1
8

2
2
12
7
7

1
0
5
19
5

129
114
75
48
84

1
6
3
13
7

1
5
8
6
10

2
2
19
3
4

135
100
44
83
88

4
11
3
6
6

5
8
0
9
8

2
4
8
8
8

Student-designers (N = 30)
1st 2nd 3rd 4th 5th
WS
R R R R R
Animal Category
16 11 1
1
1 130
4
5
7
4 10 79
0 10 6 12 2
84
8
2
6
5
9
85
2
2 10 8
8
72
20
2
2
2
4

2
14
3
8
3

2
7
8
10
3

3
4
4
5
14

3
3
13
5
6

109 7
5
7
5
6
83
7 10 6
6
1
103 14 7
4
5
0
77
0
2
8
6 14
78
2
6
5
8
9
WS - Weighted Scores, R - Ranks

Established-designers (N = 30)
1st 2nd 3rd 4th 5th
WS
R R R R R
20
2
0
0
8

5
18
4
0
3

4
5
18
0
3

0
3
4
12
11

1
2
4
18
5

133
105
82
42
88

123
98
67
87
75

26
2
2
0
0

1
18
2
8
1

1
9
0
14
6

2
0
6
1
21

0
1
20
7
2

141
110
50
83
66

92
106
120
58
74

10
6
10
1
3

11
5
12
0
2

8
9
5
8
0

1
6
2
9
12

0
4
1
12
13

120
93
118
59
60

Among the selected animals in their natural realistic forms,
all respondents have ranked lion with highest number of ﬁrstranks and corresponding highest weighted scores (129 by
mothers, 130 by student-designers, and 133 by establisheddesigners). Also a visible trend with respect to the
comparative preference for selected animal can be seen
among mothers and established designed who have ranked
the animal in the following descending order of preference –
lion, elephant, monkey, camel and deer. Student-designers
diﬀer in their views and likings in regards to the other animal
motifs.

Interestingly, the results with respect to the respondents'
preference for the motifs as selected from the sculptured
monuments (Table 3.1) completely match with their general
fondness for corresponding animal, bird and other fauna
species as they exist in nature (Table 3.2). To explain this
statistically, analysis of variance (multiple ANOVA) of the
weighted scores (WS) of the ranks assigned by all the
respondents (N = 90) with respect to their comparative
preference for the selected species (animals, birds and other
fauna) in their sculpted and natural realistic forms in each
category was carried out.

Similarly, among the selected birds in their natural realistic
form, peacock has been the most preferred with highest
number of ﬁrst ranks (24 by mothers, 20 by studentdesigners, and 26 by established-designers) and
corresponding weighted scores (135 by mothers, 123 by
student-designers, and 141 by established-designers)
followed by parrot, swan, duck and crow. Here again crow
has been the least favourite with lowest weighted scores by
all respondents (44 by mothers, 67 by student-designers, and
50 by established-designers) showing similar trend as in case
of its preference in the corresponding sculpted form (Table
3.1).

Results indicate that calculated F value for respondents is
equal to 0.00 which is less than the critical value for
F0.05;2,28 (=3.34) and so, Ho [there is no signiﬁcant
diﬀerence between liking for the motifs in their sculpted and
corresponding natural-realistic forms] is accepted and Ha
[there is a signiﬁcant diﬀerence between liking for the motifs
in their sculpted and corresponding natural-realistic forms is
rejected. Again, the F value for motifs, in their sculpted or
natural-realistic forms is equal to 12.60 which is greater than
the critical value for F0.05;14,28 (=2.06). This also indicates
that Ho is rejected and Ha is accepted inferring that though
the sculpted motifs diﬀerent signiﬁcantly from their
corresponding natural realistic forms, there is no observable
diﬀerence in the preference or liking for both forms by the
respondents.

For the respondents' preference in case of other fauna in their
natural realistic forms, ﬁsh is most liked by mothers and
established-designers with respective weighted scored of
109 and 120, while student designers liked crocodile the
most with weighted score of 120 compared to 92 for ﬁsh.
Snake was the least liked other fauna species followed by
turtle and this result matches with the data in Table 3.1.

Summarising the data from Table 3.1 and Table 3.2, lion is
the most preferred animal species and motif, peacock the
most favoured bird species and motif and ﬁsh most preferred
other fauna species and motif for all the respondents, through

some diﬀerence of choice is visible among the studentdesigners who preferred elephant to lion (animal category)
and crocodile to ﬁsh (other fauna category) in case of both
selected sculptured motifs and natural form of the species.
Though speciﬁc reasons for this preference of motifs is not
known, but as evident from Table 3.2, lion was probably
liked due to its royal, ferocious, majestic form [4], peacock
for its grace and beauty [4] and ﬁsh as it represents fertility,
birth and rebirth [4]. Some preferred elephant to lion because
the former also represent royalty, majesty, strength and at the
same time appears divine [4].

the 2-D sculptured motifs that are suitable for textile printing
and so motifs taken from 3-D sculpted monuments were
modiﬁed into its corresponding 2-D forms using Corel Draw
software. Also, for enhancement in design-variety and for
conferment of a more contemporary look to the existing
motifs, each selected motif was further modiﬁed into its
corresponding geometric and stylized versions. Thus, three
versions, natural, geometric and stylized of each selected
motifs were developed. All the respondents (mothers,
student-designers and established-designers) were shown
the modiﬁed motifs printed on a chart (Figure 2.2, Figure 2.3
and Figure 2.4) and asked to rank the developed motifs
between 1 to 3, in order of their preference.

3.2 Preference of the motifs with respect to their
modiﬁcation styles
The present study also aims at generate appropriate forms of

Table 3.3: Frequency (f) of ranks (1-3) and weighted scores (WS) of the ranks assigned by respondents (N = 90) to the
three diﬀerent styles of the modiﬁcation for each animal motif
Respondents
Ranks?
Lion
Natural
Geometric
Stylized
Elephant
Natural
Geometric
Stylized
Camel
Natural
Geometric
Stylized
Deer
Natural
Geometric
Stylized
Monkey
Natural
Geometric
Stylized

1st R

Mothers (N = 30)
2nd R
3rd R WS

Student-designers (N = 30)
1st R
2nd R
3rd R
WS

Established-designers (N = 30)
1st R 2nd R
3rd R
WS

16
5
9

9
8
13

5
17
8

71
48
61

13
5
12

12
5
13

5
20
5

68
45
67

21
2
7

9
0
21

0
28
2

81
34
65

7
7
16

11
12
7

12
11
7

55
56
69

12
4
15

11
10
10

7
16
5

65
48
70

4
0
26

17
12
1

9
18
3

55
42
83

6
2
22

12
12
6

12
16
2

54
46
80

10
3
17

15
4
11

5
23
2

65
40
75

3
7
20

20
2
9

7
21
1

56
46
79

5
13
12

9
7
14

16
10
4

49
63
68

6
13
12

12
8
10

12
9
8

54
64
64

0
6
24

4
21
2

26
3
4

34
63
80

15
5
10

9
11
10

6
14
10

69
15
9
6
69
51
2
9
19
43
60
12
14
4
68
WS - Weighted Scores, R - Ranks

19
2
9

4
1
21

7
27
0

72
35
69

Stylized versions were generally preferred by all the
respondents (mothers, student-designers and establisheddesigners) over the other styles of modiﬁcation in case of all
animal motifs as indicated by the comparatively higher
weighted scores assigned to it. Exception can be seen in case
of lion and monkey, where the natural version has been rated
higher than the stylised version probably because the stylized
lion motif was too curvy and complicated while the stylised
version of the monkey did not depict the true character of the
original form and was not easily recognisable. In both cases
however, stylized version was rated the second best.
Geometric version was the least preferred in all cases for the
animal motifs probably because the motif lost its character
with the broken and disjointed lines during geometric
modiﬁcation. A synergy in the responses was thus observed
among the respondents. This was further veriﬁed through
analysis of variance (multiple ANOVA).

Results indicate that calculated F value for respondents is
equal 0.05 which is less than the critical value for F0.05;2,28
(=3.34) and so, Ho [there is no signiﬁcant diﬀerence between
the comparative liking for the style of motif-modiﬁcation for
each animal motif among the respondents] is accepted and
Ha [there is a signiﬁcant diﬀerence between the comparative
liking for the style of motif-modiﬁcation for each animal
motif among the respondents] is rejected. Again, the F value
for motifs, in their sculpted or natural-realistic forms is equal
11.34 which is greater than the critical value for F0.05;14,28
(=2.06). This shows that Ho is rejected and Ha is accepted.
From this observation it is evident that in spite of the motifmodiﬁcation techniques for animal motifs being
signiﬁcantly diﬀerent from each other, there is no observable
diﬀerence in the trend of their likings for each motif by all the
three categories of respondents, who have given similar
overall responses for each motif.

Table 3.4: Frequency (f) of ranks (1-3) and weighted scores (WS) of the ranks assigned by respondents (N = 90) to the
three diﬀerent styles of the modiﬁcation for each bird motif
Respondents
Ranks?
Peacock
Natural
Geometric
Stylized
Parrot
Natural
Geometric
Stylized
Crow
Natural
Geometric
Stylized
Duck
Natural
Geometric
Stylized
Swan
Natural
Geometric
Stylized

1st R

Mothers (N = 30)
2nd R
3rd R

WS

Student-designers (N = 30)
1st R 2nd R
3rd R
WS

Established-designers (N = 30)
1st R 2nd R
3rd R
WS

24
3
4

3
11
16

3
16
10

81
47
54

19
3
9

6
11
13

5
16
8

74
47
61

16
1
12

10
7
14

4
22
4

72
39
68

6
2
23

15
10
4

9
18
3

57
44
80

5
4
22

22
3
6

3
23
2

62
41
80

2
2
0

24
2
4

4
26
26

58
36
34

14
2
14

12
9
9

4
19
7

70
43
67

14
5
9

9
9
12

7
16
9

67
49
60

13
0
16

13
4
13

4
26
1

69
34
75

10
3
17

12
12
6

8
15
7

62
48
70

6
5
18

14
6
8

10
19
4

56
46
74

44
1
24

18
9
4

8
20
2

56
41
82

6
9
15

5
16
9

19
5
6

47
2
6
22
40
64
3
21
6
57
69
25
4
1
84
WS - Weighted Scores, R - Ranks

1
10
19

29
20
9

0
0
2

61
70
77

In case of the modiﬁed bird motifs, the overall preference
was for the stylized version in almost all cases except for the
peacock by all respondents, crow by mothers and studentdesigners and parrot by established-designers which were
ranked higher for their natural version. In most cases here
again, the geometric version was the least preferred among
the three styles of modiﬁcation (natural, geometric and
stylized) except in the case of swan motif where its geometric
version was preferred over its natural version. This part of the
study was further veriﬁed through analysis of variance
(multiple ANOVA).
Results indicate that calculated F value for respondents is
equal to 0.22 which is less than the critical value for
F0.05;2,28 (=3.34) and so, Ho [there is no signiﬁcant

diﬀerence between the comparative liking for the style of
motif-modiﬁcation for each bird motif among the
respondents] is accepted and Ha [there is a signiﬁcant
diﬀerence between the comparative liking for the style of
motif-modiﬁcation for each bird motif among the
respondents] is rejected. Again, the F value for motifs, in
their sculpted or natural-realistic forms is equal to 5.57 which
is greater than the critical value for F0.05;14,28 (=2.06). This
shows that Ho is rejected and Ha is accepted. From this
observation it is evident that, in spite of the motifmodiﬁcation techniques for bird motifs being signiﬁcantly
diﬀerent from each other, there is no observable diﬀerence in
the trend of their likings by all the three categories of
respondents, who gave overall similar responses.

Table 3.5: Frequency (f) of ranks (1-3) and weighted scores (WS) of the ranks assigned by respondents (N = 90) to the
three diﬀerent styles of the modiﬁcation for each other fauna motif

Respondents
Ranks?
Fish
Natural
Geometric
Stylized
Frog
Natural
Geometric
Stylized
Crocodile
Natural
Geometric
Stylized

1st R

Mothers (N = 30)
2nd R
3rd R

WS

Student-designers (N = 30)
1st R
2nd R
3rd R WS

Established-designers (N = 30)
1st R
2nd R
3rd R
WS

11
2
12

14
9
9

5
19
9

66
43
63

9
1
19

14
8
7

7
21
4

62
40
75

4
0
26

5
1
4

1
29
0

63
31
86

7
6
17

13
9
8

10
15
5

57
51
72

9
7
16

12
8
10

9
15
4

60
52
72

10
1
19

7
17
16

13
12
5

57
49
74

13
5
12

11
8
11

6
17
7

67
48
65

11
2
15

16
3
11

3
25
4

68
37
71

13
0
17

16
3
11

1
27
2

72
33
75

Respondents
Ranks?
Turtle
Natural
Geometric
Stylized
Snake
Natural
Geometric
Stylized

1st R

Mothers (N = 30)
2nd R
3rd R

16
4
10

5
13
12

9
13
8

10
5
15

13
5
12

7
20
3

WS
67
51
62

Student-designers (N = 30)
1st R
2nd R
3rd R WS
8
7
17

10
13
6

12
10
7

63
18
7
5
45
18
7
5
72
9
19
2
WS - Weighted Scores, R - Ranks

In case of the other fauna motifs, a similar trend has also been
observed where stylized versions have been ranked higher
with respect to the corresponding weighted scores in almost
all cases by all respondents except for the ﬁsh, crocodile and
turtle motifs by mother respondents. Also the geometric
version is the least ranked (lowest weighted scores) in all
cases barring the turtle where student-designers and
established-designer have preferred the geometric version
over the natural version. This part of the study was further
veriﬁed through analysis of variance (multiple ANOVA).
Results indicate that calculated F value for respondents is
equal to 0.50 which is less than the critical value for
F0.05;2,28 (=3.34) and so, Ho [there is no signiﬁcant
diﬀerence between the corresponding liking for the style of
motif-modiﬁcation for each other fauna motif among the
respondents] is accepted and Ha [there is a signiﬁcant
diﬀerence between the corresponding liking for the style of
motif-modiﬁcation for each other fauna motif among the
respondents] is rejected. Again, the F value for motifs, in
their sculpted or natural-realistic forms is equal to 6.90 which
is greater than the critical value for F0.05;14,28 (=2.06). This
shows that Ho is rejected and Ha is accepted. From this
observation it is evident that, in spite of the motifmodiﬁcation techniques for other fauna motifs being
signiﬁcantly diﬀerent from each other, there is no observable
diﬀerence between their likings by all the three categories of
respondents, who gave overall similar responses.
Thus, is can be inferred that among the styles of motif
modiﬁcations, the stylized version of the motifs, in general,
was the most preferred with highest number of weighted
scores and higher number of ﬁrst and second ranks. The
geometric style of modiﬁcation was identiﬁed as the least
preferred style of modiﬁcation indicating that the all the
respondents preferred continuous lines in the motif rather
than the broken concept followed in the geometric style. This
inference assumes signiﬁcance as cartoons themselves are
highly stylized and based on some abstract forms derived
from natural sources [5].
4. Conclusion
No visible trend of favouritism among the well-known
cartoons could be seen among either of the respondents and
Shin Chan was the only human-cartoon liked by some
respondents. Also only Chota Bheem was the only cartoon of
the Indian origin that was liked by the respondents. Lion

Established-designers (N = 30)
1st R
2nd R
3rd R
WS

56
57
70

10
7
13

4
14
12

16
9
5

54
58
68

73
73
67

7
0
24

21
2
6

2
28
0

65
32
84

(animal category), peacock (bird category) and ﬁsh (other
fauna category) motif as present on the walls of the
sculptured monuments and in their natural forms were most
preferred by most respondents and the results with respect to
the respondents' preference for the motifs as selected from
the sculptured monuments completely matched with their
general fondness for corresponding animal, bird and other
fauna species as they exist in nature. Among the styles of
motif modiﬁcations, the stylized version of the motifs, in
general, was the most preferred with highest number of
weighted scores and higher number of ﬁrst and second ranks
in most cases. The geometric style of modiﬁcation was
identiﬁed as the least preferred style of modiﬁcation and
there was no signiﬁcant diﬀerence among the respondents
with respect to their most preferred style of modiﬁcation.
The cartoonized version and their application as digitized
prints on t-shirts evoked same response with respect to the
selection of motifs in their modiﬁed (naturalized,
geometrical and stylized) and adapted (cartoonized) forms.
Here again lion (in the animal category), and ﬁsh (in the other
fauna category) were the most preferred. The only deviation
with respect to the choices was with the bird motifs, where
parrot cartoon was preferred over the peacock cartoon motif
that was ranked highest in its natural realistic and in its
sculpted forms. The entire summary of the ﬁndings is evident
from Figure 4.1.

Figure 4.1: Summary of the research ﬁndings of the most
preferred motif
Motifs from the animal kingdom can be successfully used to
develop cartoon ﬁgures that can enhance the design palette
for childrens' wear and increase the acceptability and
marketability of the garments besides promoting
appreciation of wildlife among the young children. Also the
Indian monuments which are a storehouse of motifs and
designs can be explored to source inspiration for designers.
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Abstract
In large composite units producing varieties of yarn and fabric, the production
department personnel are always busy in tackling day to day operators, with
machine problems and production activities. To help production, understanding
technical problems, analysis of the problems and helping to meet speciﬁcation
at right time, quality assurance is the necessity of today.
Textile mills produce varieties of yarn, fabric and sell it to customer i.e. garment
maker in domestic and export market. The customer always expects quality
product at right time. The yarn /fabric supplied by mills always need to maintain
the speciﬁcations as per requirement of customers. If the product produced have
some defects or does not meet norms as per speciﬁcation or not supplied in time
by supplier, the customer will look for new supplier who can meet their
requirement.
To assure the quality in-house and to retain the customer, an Independent body is
required, i.e. the quality assurance personnel, who plays important role in textile
mills.

Figure 1 Quality Management
What is Quality?
Various experts deﬁne quality as follows:
Ÿ It is conformance to requirement-Crosby
Ÿ A predictable degree of uniformity and dependability at low cost and suited
to the market- Deming
Ÿ Fitness for use – Juran
In general, quality means conformance to speciﬁcation and satisfaction of
customers.
Quality Product + Quality Service = Customer satisfaction + lasting relationship
with customers.
Table 1: Diﬀerence between Quality Control and Quality Assurance

Diﬀerence between Quality Control and Quality Assurance
Quality Control
Quality Assurance
It is a technique
It is a concept
Dependent on production
Independent of production
On line function
Outside function (within company)
Link between production and
Link between production, marketing and
quality
customers
Role is to achieve speciﬁcation
Role is to design speciﬁcation of product
required for customers, to retain customers
consistently, to retain quality
and maintain customer satisfaction.
Quality Assurance = Quality + Performance Control Guarantee

Various roles of Quality Assurance (QA)
Policy Matters
In textile industries it has been observed that senior
executives are taking the policy decisions regarding
product selection and various strategies. Sometimes it may
go wrong due to wrong perception of individual which may
lead to huge loss in business, and chance of losing the
reputation in market. To avoid this situation, while taking
policy decisions, concerned seniors from marketing,
production, ﬁnance and also quality assurance should be
involved. The matter should be discussed openly by
considering market situation, production capacity, capability
and standard required and also on new product development
etc.

department has to monitor and assure that running
parameters are maintained. And if some parameters or
process need to change for improving quality / reducing cost
(keeping Quality standards in mind), or any new product
development etc, the QA head has to discuss and plan the
appropriate trial. The trial result should be discussed with
concerned production manager, with information to manager
and after approval from Unit Head to implement it in bulk
process.
To avoid rework, and delay in delivering the goods, Right
First Time i.e. RFT approach is always helpful. For this,
selection of ﬁber, yarn, chemicals, and dyes etc. are to be
standardized. QA department has to take lead in
standardizing operation with concerned managers.
To have RFT in production, particular system helps to
produce speciﬁed product.
The system followed by various companies may vary as per
their methodology and policy.
For example, before producing bulk, pilot sample i.e. ﬁrst
bulk always helps to assure quality in bulk production. This
can help to deliver right product at right time.

Production Check list
Normally reputed customers used to ﬁll up the fabric preproduction checklist while giving bulk order. It contains
details on fabric speciﬁcation including yarn, its
composition, physical and chemical standards, process
route, lot size, testing methods and which test to be carried
out, ﬁrst bulk sample, inspection method with point system
and allowable points etc. All these points need to be
discussed and submitted before bulk production. For
discussing all above points with customer, the marketing and
quality assurance Head have to be involved. While ﬁlling
these speciﬁcations list, quality assurance Manager has to
discuss it with concerned production managers.
The supplier needs to produce pilot sample before bulk
production and to check whether it is meeting the
requirements as speciﬁed by the customer.
Quality assurance Manager has to monitor all these activities
convey directly or through marketing personnel to customer.
This procedure always helps supplier to produce right
product at right time, and meeting and understanding
customer's need.
SOP and RFT
To produce required quality yarn or fabric, and to avoid
rework, there is a need of having standard operating
procedure (SOP) for various processes being done from ﬁber
to fabric stage, ie spinning, weaving, processing, Technical
designing, LAB/ QC, Inspection, Engineering and packing
department. In all these departments operating parameters
are maintained and followed. To see that quality parameters
are met, that process parameters during processing not to
change by department technical manager/oﬃcer. The QA

Figure 3: Fabric Inspection m/c Non-conformance and preventive /corrective action
In textile mills, while producing yarn and fabric, noticed
varieties of abnormalities (defects) in it, do not meet
speciﬁcation as required by customers. Normally, in day- today meeting of concerned managers of each department with
Unit Head, the defect samples are being displayed in ﬁnish
inspection department. It is observed that, without analysis of
the defect are shown to concerned manager. He may be bias
in his opinion to accept his department fault. It may cause
conﬂict during meeting. To avoid such situation QA oﬃcer
/Manager can give his independent opinion with help of
analysis and also suggest the means for correction and
prevention in subsequent production after discussing with
department manager. This analysis helps to identify the root
cause for taking proper action to prevent same problem in
successive production.
Customer complaints -It's handling and services
After supplying product i.e. yarn of fabric (grey or ﬁnished),
sometimes there is a chance of getting some kind of
complaint from various customers. After receiving
complaint from customer, it is necessary for QA head to reply
within 24-48 hours, looking at the type of complaint. After

getting complaint, sometimes it is not possible to know exact
nature of the abnormalities in product supplied to them. By
looking at defective sample of yarn or fabric, one cannot
judge exact frequency and type of problem customer is
facing. To know correct nature of complaint and details of the
issue, the Quality Assurance Manager can visit the customer
place after talking with them, to understand the defect level,
correct frequency of it, and then to give right feedback to the
production team.

By involving all concerned while producing yarn of fabric
whether grey or ﬁnished, the involvement of all, always helps
to motivate each individual and it helps to improve eﬃciency
of working.

This attending customer's complaint by QA can help to get
unbiased analysis report and corrective and preventive steps
can be taken on priority at unit level. Also, customer is
satisﬁed.

Figure 5; Motivation

Employee's motivation
Quality assurance manager must have technical knowledge,
skill for team building and handling internal customers
within the unit.
For solving chronic or day-to-day problems, it is always
beneﬁcial to involve operatives of all machines and have
suggestions from them as well as supervisory staﬀ in
production department. It is found that, more ideas can be
generated from shop level personnel. Thus, it is the need to
encourage them.

Conclusion
Quality assurance is the link between production and
customers, by whom the desired quality can be, produced
which meets speciﬁcation, so the delivery can be achieved in
given time. QA can also help for value addition, research and
developments in yarn and fabric quality, which can withstand
in global market and satisfy the customers. Management has
to support quality assurance, so that company's interest and
customers' needs are met.
Above paper is as per my textile industry experience in
various mills in India.
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Resetting Education in New Normal Era
Digital intervention has transformed both society and the economy with an impact on day to day life. Its impact on
education and training was much more limited until the COVID-19 pandemic. The pandemic has demonstrated that
having an education and training system which is ﬁt for the digital age is essential. COVID-19 has demonstrated the
need for higher levels of digital capacity in education and training. It has also led to the exaggeration of a number of
existing challenges and inequalities between those who have access to digital technologies and those who do not.
Bridging the Digital Divide
The most recent study by McKinsey states that learning loss is global and signiﬁcant owing to technology haves and
have-nots. Technology often exacerbates the divide, and not always bridging it, unless there is equity ensured. Data
from the National Sample Survey Oﬃce (NSSO), 75th round, shows that less than 5 per cent of rural households have
computers. The number barely touches 25 per cent in urban India. Hence, even a majority of urban population do not
have access to computers. The only option thus is a mobile phone which does not ensure quality learning. Bridging the
digital divide is necessary to ensure education equality. A society divided by economics is prone to be digitally
divided, more so when the digital divide becomes acute in the rural and tribal areas of India irrespective of class
positions.
The pandemic has accelerated an existing trend towards online and hybrid learning
This shift has brought forth new and innovative ways for students and educators to reform their teaching and learning
activities and to interact in a more personal and ﬂexible manner online. These changes call for a strong and
coordinated eﬀort at the government level to support education and training systems to address the challenges
identiﬁed by the COVID-19 pandemic, while putting forward a long-term vision for the way ahead for global digital
education.
Seamless Transition from Classroom to Virtual Mode
There's great promise in the fashion industry in India. Its growth is fueling demand for professionals who can think
originally and innovatively about fashion and create sustainable and trendy designs. Amity School of Fashion
Design & Technology (ASFDT) at Mumbai focuses on creating globally-competitive graduates for the fashion
industry through a strong emphasis on holistic education and training, high-quality research, industrial linkages and
social responsibility initiatives. The institute has leant to live with the new normal and the implementation of digital
learning in fashion, design and creative business education has been seamless. The existing courses augmented with
collaborative online learning led to a focus towards creating better opportunities and all-round development of our
students and enriched the overall learning experience. Moving beyond the traditional classrooms, the curriculum was
re-visited to incorporate digital learning platforms to enhance their skills at their convenience. Virtual connect was
established via digital labs, participation in online discussion forums, posting reports & feedback on activities,
internet -research on assigned topics, online quiz tool, assigning video clips and more. School of Fashion Technology
at Mumbai developed an immersive, creative learning framework that consisted of an Induction program and a tailormade program for the new batch that hinges on content and delivery platforms which Gen Z enjoys. COVID
scholarships & ﬁnancial support was also announced. This futuristic approach motivates students to explore the
course curriculum with experiential approach, rather than just conﬁning themselves to books & seat time. The key
takeaway is that our students were able to adapt to the circumstances with resilience and explore technology to
achieve better learning. It creates opportunities for training in real life settings and contributing with innovation to
the world of fashion.
E-mail:bchanana@mumbai.amity.edu

TAI Ahmedabad Unit performed various activities as under:
Students Internship of BE Semester VI students of L. D.
College of Engineering
Under the MoU signed between The Textile Association
(India) Ahmedabad Unit and Gujarat Technological
University for conducting student internship for BE and
Diploma Students an internship of 2 weeks program was
carried out for BE Semester VI students of L. D. College of
Engineering. Due to prevailing situation of pandemic, the
whole program was carried out in online mode.

74th Annual General Body Meeting of TAI-AU & Prize
Distribution Function to bright students:
The Textile Association (India) Ahmedabad Unit arranged its
74th Annual General Body Meeting & Prize distribution
function to the bright students from donors of “Late Shri B.
A. Shah Educational & Welfare Fund” and “Hirabhai J. Patel
Textile students Diploma/Degree fund” held on 25th
September, 2021 at Dinesh Hall, Ashram Road, Ahmedabad.

Eminent speakers from industry were invited to deliver
hands on experience to the students. Total 61 students
participated in online internship from 24th May to 4th June,
2021. A certiﬁcate of completion of 2 week internship has
been given to all students who participated.
Seminar on Prevention and Minimization of Pollution
with Innovative Technology
Shri H. S. Patel, President was delivering his welcome
address in the program

Shri H. S. Patel, President was delivering his welcome
address in the program
Oﬃce Bearers and Donors on the dais during prize
distribution function

Mr. Hariwadan Jajal delivering his speech on how to
prevent and minimize pollution with innovative technology
The Textile Association (India) Ahmedabad Unit organised a
Seminar on Prevention and Minimization of Pollution with
Innovative Technology on 11th September, 2021 at Dinesh
Hall, Ahmedabad. During the seminar Mr. Hariwadan Jajal,
Consultant delivered speech on the subject matter. Total 170
members of the association participated in the seminar.
Program was followed by high-tea and a surprise gift to all
the participants.

The AGM was conducted as per agenda of the association
and after immediate of AGM at the same place prize
distribution function was carried out. In the prize distribution
function from the Late Shri B. A. Shah fund association
handed over total 09 mementos with certiﬁcates to the
students who are the children and grandchildren of member
of our association. The mementos and certiﬁcates handed
over by the hands of Shri Prashant B. Shah, son of Late Shri
B. A. Shah. From last year association also started Student
Chapter to encourage the textile pass out students from L. D.
College of Engineering and RCTI, Ahmedabad.
Shri Hirabhai J. Patel handed over mementos with
certiﬁcates to the two students; one from L. D. College of
Engineering and another from RCTI, Ahmedabad, who were
the rankers in the year 2021. Both the programme was
followed by dinner and was giving a surprise gift to all the
participants

Photograph of prize distribution function
Full Body proﬁle checkup - Blood Tests for members of
TAI-AU:
The Textile Association (India) Ahmedabad Unit arranged a
Full Body Check-up-Blood & Urine tests program on 3rd
October, 2021 at Dinesh Hall for its members and their
family members. Total 494 members registered their names
for the said tests.
There were total three types of tests (i) Test-A: Executive
body proﬁle which covered CBC-ESR (21 tests), Liver

function proﬁle (3 main tests), Diabetic proﬁle, Kidney
function (3 tests), LIPID proﬁle (7 tests), SKELETAL
proﬁle, URINE examination (24 tests) (ii) Test-B: Combo of
Vitamin 12 & D (iii) Test-C: SARS covid antibody test (post
covid-19 infection). All the tests conducted by the Scientiﬁc
Diagnostic Centre Pvt. Ltd. with special rates for the
members of TAI-AU. After the testing, association arranged
for live Nasta and handed over a Corona Kit to all the
members attended.

Financial Assistance to the needy members:
The Textile Association (India) Ahmedabad Unit has been assisting ﬁnancially to the more than 80% disable children of
Association's member every month and this activity started from August, 2020.

Not only that TAI-AU also helped ﬁnancially to the members who suﬀered during COVID-19 and lost loved one and facing
ﬁnancial burden after it.

The Special Annual General Body meeting and 70th Annual
General Body meeting of TAI, Mumbai Unit was held on 1st
October 2021. These meetings were conducted in the TAI,
Mumbai Unit's newly developed oﬃce premises for the ﬁrst
time.

70th AGM
Mr. Suresh G. Vaidya resigned from the Trusteeship due to
his personal reasons. Mr. Vilas Gharat who was the President
of TAI, Mumbai Unit was unanimously elected as the Trustee
in place of Mr. Vaidya for term 2021-2025. All the members
present appreciated the eﬀorts made by Mr. Vaidya and Mr.
Gharat for the betterment of the TAI, Mumbai Unit.
Mr. Rajiv Ranjan was unanimously elected as the President
of TAI, Mumbai Unit for the term 2021-2023. Mr. Vikas
Sharan was re-elected as the Vice President of TAI, Mumbai
Unit for the term 2021-2023. All the members congratulated
the President and Vice President.

Special AGM
You are aware that the Managing Committee & Governing
Council of the TAI, Mumbai Unit held on 25th August 2021
has unanimously approved to postpone the Elections of
Managing Committee & Governing Council members taking
into consideration the pandemic conditions in the
country.This decision of postponing the elections for the
term 2021-2023 was again unanimously approved in the
Special AGM held on 1st October 2021.

The Textile Association (India) - Mumbai Unit held 70th
Annual General Body meeting of on 1st October 2021 which
was conducted in the TAI, Mumbai Unit's newly developed
oﬃce premises “Santosh Apartments” for the ﬁrst time.
This decision of postponing the elections for the term 20212023 was again unanimously approved in their Special AGM
held on 1st October 2021.
In the AGM Mr. Rajiv Ranjan was unanimously elected as
the President of TAI, Mumbai Unit for the term 2021-2023
and Mr. Vikas Sharan was unanimously re-elected as the Vice
President of TAI, Mumbai Unit for the term 2021-2023.

M.C. & G.C. Members
Mr. Ashok Juneja who was the G.C. member of TAI, Mumbai
Unit has resigned and in his place Prof. K. D. Gawand has
been appointed as a G.C. member. As there were two posts of
Managing Committee were vacant due to the demise of Mr.
R. G. Malvankar and transfer of Prof. K. D. Gawand to the
G.C. These two vacant positions were ﬁlled in by Mr. Navin
P. Agrawal and Dr. K. S. Muralidhara.
These changes were unanimously approved in the M.C. &
G.C. meeting held on 25th August 2021 and the same was
approved in the AGM held on 1st October 2021.

Mr. Rajiv Ranjan
Former Executive Director & CEO,
Hindoostan Mills Ltd. (Thackersey
Group)
M r. R a j i v R a n j a n i s a s e n i o r
professional and a strategic business
leader with 40+ years of multidomain, cross-functional experience
in the textile industry in India. This
includes extensive exposure to a gamut of areas with an
overall P & L responsibility of businesses across the tenure.
In his last major industry assignments as Executive Director

& CEO at Hindoostan Mills Ltd. (Thackersey Group),
Mumbai, and earlier as President (Textiles) at Mafatlal
Industries Ltd., Mumbai. He successfully led the businesses
by enabling leadership, business and people transformation.
He proved his competence in setting up Greenﬁeld projects
& turning around operations while scaling them up into
sustainable & proﬁtable businesses.
He is actively associated with The Textile Association
(India), Mumbai Unit. He unanimously elected as the
President of TAI, Mumbai Unit for the term 2021-2023.
Mr. Vikas Sharan
Director - India Operations, Saurer
Textile Solutions Pvt. Ltd.
M r. Vi k a s S h a r a n h a s h a d a
distinguished career in the textile
machinery and machine tools industry
spanning more than twenty nine years
in India and abroad.
He holds a Diploma in Textile Manufactures from DKTE
Society's Textile & Engineering Institute, Ichalkaranji,
Other Oﬃce Bearers as under:

Bachelor's Degree in Textile Technology from Veermata
Jijabai Technological Institute (VJTI), Mumbai, along with a
Post Graduate Diploma in Business Management (PGDBM)
from Narsee Monjee Institute of Management Studies
(NMIMS), Mumbai.
Mr. Sharan currently heads Saurer Textile Solutions Pvt. Ltd.
as Director - India Operations. He is a sitting member on the
Board of Saurer India, as a Whole Time Director.
Apart from the above, Mr. Sharan is attached to the following
associations:
1. Textile Machinery Manufacturers' Association (TMMA)
(India) - Executive Council Member.
2. Invited member on Board of Studies (BoS) of Textile
Manufactures Department at VJTI since 2018.
3. Lifetime member of VJTI Alumni Association (VAA).
The other facets of Mr. Sharan include a keen interest in
sports, music, travelling and photography.
He is actively associated with The Textile Association
(India), Mumbai Unit. He unanimously elected as the
President of TAI, Mumbai Unit for the term 2021-2023.

It is a proud to the Textile
Association (India) that Mr.
Ashok Juneja, National
President, TAI has been nominated
as Industry Expert / External
Member by Footwear Design &
Development Institute (FDDI),
Ministry of Commerce & Industry, Govt. of India, in their
newly constituted sub-committee to assist and provide
necessary inputs to review the existing syllabus of school

of Fashion Design courses/programs. FDDI is a premier
academic and training institution dedicated to the
development and growth of Footwear Product, Leather
Product, Retail and Fashion Design & Merchandise
sectors.
Mr. Ashok Juneja has been also nominated as Member of
Department Advisory Committee – Textile Technology
by the Technological Institute of Textile & Sciences
Bhiwani (TITS Bhiwani), Haryana.

Government Approves PLI Scheme with incentives for Textile Sectors
Taking steps forward towards the vision of an 'Aatmanirbhar
Bharat', Government led by Hon'ble Prime Minister, Shri
Narendra Modi, has approved the PLI Scheme for Textiles
for MMF Apparel, MMF Fabrics and 10 segments/ products
of Technical Textiles with a budgetary outlay of Rs. 10,683
crore. PLI for Textiles along with RoSCTL, RoDTEP and
other measures of Government in sector e.g. providing raw
material at competitive prices, skill development etc. will
herald a new age in textiles manufacturing. PLI scheme for
Textiles is part of the overall announcement of PLI Schemes
for 13 sectors made earlier during the Union Budget 202122, with an outlay of Rs. 1.97 lakh crore. With the
announcement of PLI Schemes for 13 sectors, minimum
production in India is expected to be around Rs. 37.5 lakh
crore over 5 years and minimum expected employment over
5 years is nearly 1 crore.
PLI Scheme for Textiles & MITRA
Parks Scheme is at advance stage
of Approval informed Shri Piyush
Goyal, Union Minister for
Commerce & Industry, Textiles,
Consumer Aﬀairs and Public
Distribution while interacting with
the leaders of Textile Industry in
India. He further stated "We must
aim to increase textiles exports 3
times from present export value of
$33 bn to $ 100 bsssn of textiles exports at the earliest. We
must all collectively resolve to reach the target of $ 44 bn of
exports in 2021-22 for Textiles & Apparel including
Handicrafts”. He also informed that the Textile Ministry is
working closely with MOF to resolve the issue of old dues on
incentives for Exporters.
PLI scheme for Textiles will promote production of high
value MMF Fabric, Garments and Technical Textiles in
country. The incentive structure has been so formulated that
industry will be encouraged to invest in fresh capacities in
these segments. This will give a major push to growing high

value MMF segment which will complement the eﬀorts of
cotton and other natural ﬁbre-based textiles industry in
generating new opportunities for employment and trade,
resultantly helping India regain its historical dominant status
inglobal textiles trade.
The Technical Textiles segment is a new age textile, whose
application in several sectors of economy, including
infrastructure, water, health and hygiene, defense, security,
automobiles, aviation, etc. will improve the eﬃciencies in
those sectors of economy. Government has also launched a
National Technical Textiles Mission in the past for promoting
R&D eﬀorts in that sector. PLI will help further, in attracting
investment in this segment.
There are two types of investment possible with diﬀerent set
of incentive structure. Any person,
(which includes ﬁrm / company)
willing to invest minimum ₹300
C r o r e i n P l a n t , M a c h i n e r y,
Equipment and Civil Works
(excluding land and administrative
building cost) to produce products
of Notiﬁed lines (MMF Fabrics,
Garment) and products of
Technical Textiles, shall be eligible
to apply for participation in ﬁrst
part of the scheme. In the second
part any person, (which includes
ﬁrm / company) willing to invest minimum ₹100 Crore shall
be eligible to apply for participation in this part of the
scheme. In addition, priority will be given for investment in
Aspirational Districts, Tier 3, Tier 4 towns, and rural areas
and due to this priority Industry will be incentivized to move
to backward area. This scheme will positively impact
especially States like Gujarat, UP, Maharashtra, Tamilnadu,
Punjab, AP, Telangana, Odisha etc.
It is estimated that over the period of ﬁve years, the PLI
Scheme for Textiles will lead to fresh investment of more
than Rs.19,000 crore, cumulative turnover of over Rs.3 lakh

crore will be achieved under this scheme and, will create
additional employment opportunities of more than 7.5 lakh
jobs in this sector and several lakhs more for supporting
activities. The textiles industry predominantly employs
women; therefore, the scheme will empower women and
increase their participation in formal economy.
PLI scheme for Textiles will promote production of high
value MMF fabric, garments and technical textiles in the
country. The incentive structure has been so formulated that
industry will be encouraged to invest in fresh capacities in
these segments. This will give a major push to growing high
value MMF segment which will complement the eﬀorts of
cotton and other natural ﬁbre-based textiles industry in
generating new opportunities for employment and trade,
resultantly helping India regain its historical dominant status
in global textiles trade.
There are two types of investment possible with diﬀerent set
of incentive structures. Any person, (which includes ﬁrm /
company) willing to invest minimum Rs. 300 crore in plant,
machinery, equipment and civil works (excluding land and
administrative building cost) to produce products of notiﬁed
lines (MMF fabrics, garments) and products of technical
textiles, shall be eligible to apply for participation in ﬁrst part
of the scheme.
The scheme aims to boost the production of these products
and regain India's position as one of the largest sources of
apparels and textiles globally. While India remains one of the
largest producers globally, its share of global production and
exports have constantly eroded over the past decade as
smaller nations like Bangladesh and Thailand have raced
ahead. The government wants the scheme to cause a shift
from traditional textiles to newer more globally sought-after
products. Most apparel manufacturing is increasingly
becoming dependent on MMF. The new scheme is expected
to help India quickly catch up with competing economies by
switching to products and production methods more
conducive to consumer tastes and corporate demands.
The share of MMF in India's traditional textile export basket
remains low with only a-ﬁfth of all textile products are MMF
while the rest are cotton. Interestingly, globally the trend is
the opposite. Earlier, the government had announced a Mega

The Late Professor G. M. Nabar,
Felicitation Committee and the
Department of Fibres and Textile
P r o c e s s i n g Te c h n o l o g y, I C T,
organised an oration by Dr. Wolfgang
Schumann- Managing Director of
RUDLF GmbH, Germany on
Professor G. M. Nabar Sustainability in Textiles - Utilising
(Director of UDCT 1957-69) Natural Resources on Wednesday
22nd Sept, 2021. The Online aired
program received an overwhelming response from the
students, academicians, and industry representatives from
across the world.

Integrated Textile Regions and Parks scheme (MITRA) to
attract large investment and employment generation in the
sector to further boost domestic manufacturing and to create
world-class infrastructure in one place with plug & play
facilities. It will enable the textile industry to achieve size and
scale so as to become globally competitive and also create
global champions in exports. Under the scheme, 7 Mega
Textile Parks will be established over 3 years.
Main points of PLI Scheme;
Ÿ Government has approved Production Linked Incentive
(PLI) Scheme for Textiles. With this, India is poised to
regain its dominance in Global Textiles Trade
Ÿ Leveraging Economies of Scale, the scheme will help
Indian companies to emerge as Global Champions
Ÿ Help create additional employment of over 7.5 lakh
people directly and several lakhs more for supporting
activities
Ÿ Scheme will also pave the way for participation of
women in large numbers
Ÿ Incentives worth Rs. 10,683 crore will be provided to
industry over ﬁve years
Ÿ It is expected that this scheme will result in fresh
investment of above Rs 19,000 crore and additional
production turnover of over Rs.3 lakh crore in ﬁve years
Ÿ Higher priority for investment in Aspirational Districts &
Tier 3/4 towns
Ÿ Scheme will positively impact especially States like
Gujarat, UP, Maharashtra, Tamil Nadu, Punjab, AP,
Telangana, Odisha etc.
Mr. R. K. Vij, Secretary General of Polyester Textile and
Apparel Association (PTA) welcomed PLI Scheme and
thanked the Textile Ministry and Commerce Ministry for
announcing such schemes to promote MMF in India in line
with International trend. He said that this scheme will
positively impact the states with strong textiles ecosystem.
Ultimately it will create more investments, more turnovers,
more jobs (especially for women), more export, more
domestic consumption and more proﬁts for Man Made
Industry. He also further suggested Govt. that in future it
should also consider to include products like PSF, DTY, FDY
also which are major raw material to produce these value
added products speciﬁed in the PLI scheme.

Professor Ravindra Adivarekar welcomed the audience and
briefed it about the signiﬁcance of the endowment, and the
academic research accolades and visionary administrative
achievements of Late Professor Nabar in consolidating and
expanding the institutional standard at the global level.
The family members of the late Professor Nabar – son
Vikram Nabar and daughters Veena Nabar and Vrinda Nabar
– graced this occasion and shared their gratitude.
Professor Aniruddha Pandit, Vice Chancellor welcomed
everybody to the memorial lecture and paid homage to late

Professor Nabar for paving the path and raising the bar of
academic and research excellence of this institute. He
thanked Dr. Schumann, the 4th generation entrepreneurial
family entering 100th year of sustainable establishment, for
selecting an apt topic for this oration.
Dr. GVG Rao, a distinguished alumnus of the institute and
the President of Atul Colors, introduced the speaker,
highlighting the unique academic credentials of Dr.
Schumann from the University of Fribourg, Switzerland to
the Harvard Business School, USA. Gaining in-depth
knowledge of the Textile Chemicals industry by hands-on
and on-site learning helped him grow the business many
folds and extend the reach across many continents and
countries including a strong foothold in India. Following the
mantra of 'Think Global, Act Local”, Dr. Schumann is
transforming his organisation in terms of innovative product
development keeping sustainability at the core.
Dr. Schumann delivered a highly
informative and knowledge
sharing lecture. Given below are
excerpts. After giving brief
information about the organisation
and its historical milestones, Dr.
Schumann shared his perspective
about the global market potential
and dynamics within the textiles
and auxiliary chemicals domain
Dr. Wolfgang Schumann
and
the relevance as well as
Managing Director,
signiﬁcance of innovative product
RUDOLF Germany
development at RUDOLF.

Reliance Industries Limited (RIL), India's largest private
sector company is doubling its PET recycling capacity by
setting up a recycled polyester staple ﬁber (PSF)
manufacturing facility in Andhra Pradesh. The move is part
of RIL's commitment to lead the industry on circular
economy, enhance its sustainability quotient and bolster the
entire polyester and polymer value chain.

He explained the approach behind Logical chemistry to
achieve Magical performance eﬀect, the critical importance
of focussed, concept-based research keeping environment,
safety and product stewardship aspects in mind, while
meeting the stringent international norms. He shared relevant
details of various innovative products based on natural and
sustainable resource utilisation, and the aspects of
traceability, trackability and circularity along with the
signiﬁcance of intellectual property rights so as to safeguard
the interests of the innovator in terms of the eﬀorts and
resource spent in innovative product development.
He highlighted the importance of sustainability, and the
research directed towards recycling and upcycling of various
components into reusable products. Dr. Schumann
elaborated on the envisaged future trends and the direction of
research and technology to meet the forthcoming challenges,
and the collaborative association and participation of
academic institutes with industrial organisations to shape up
the sustainable growth.
During the post oration question answer session, Dr.
Schumann ably responded to various questions pertaining to
the innovative research activities, ideas, concepts, materials
and methods.
Proposing the Vote of Thanks, Professor R. R. Deshmukh,
Registrar, ICT, appreciated the audience for attentively
participating in the Professor Nabar endowment lecture and
expressed gratitude to Dr. Schumann for delivering the
excellent talk explaining the importance of 'Sustainability in
Textiles - Utilising Natural Resources'.

create wealth from waste throughout the country. RIL is
driving various initiatives such as Fashion for Earth in
partnership with Lakmé Fashion Week and the United
Nations in India, Hub Excellence Programme and Circular
Design Challenge to inculcate circularity and sustainability
concepts in polymer, textile and fashion industries.

RIL's initiative to more than double its recycling capacity to 5
billion post-consumer PET bottles will ensure India
maintains over 90% recycling rate. RIL is focusing on
sustaining India's post-consumer PET recycling rate which is
currently the highest in the world.

Commenting on the development, Mr. Vipul Shah, COO Petrochemicals Business, RIL, said, "The expansion of PET
Recycling capacity is part of Mr Mukesh Ambani's vision to
transform our legacy business into sustainable, circular and
net zero carbon materials business and support the
entrepreneurs to take risk throughout the value chain. RIL is
committed to development of entire value chain and it shares
expertise and technical know-how with the entrepreneurs to
produce top quality products at lowest possible costs. RIL
has underwritten the entire production from Srichakra's
facility to provide support for development of the business.”

RIL will empower entrepreneurs to divert post-consumer
used packaging from landﬁlls, setup recycling facilities and

While expressing pleasure in partnering with RIL, Mr.
Srinivas Mikkilineni, Director - Srichakra Ecotex Pvt. Ltd.,

As a part of this endeavour, Srichakra Ecotex India Pvt. Ltd.
will build and operate exclusively for RIL the new recycled
PSF – Recron GreenGold and PET ﬂakes wash-line in
Andhra Pradesh.

said, “The agreement with RIL provides an excellent
opportunity for Srichakra to expand its footprint into the
recycled polyester staple ﬁber market. The alliance will
propel Srichakra's commitment to reduce plastic pollution
and facilitate both organizations to advance the circular
economy for plastic waste in India. RIL's industry expertise,
technical knowledge, and business assurances will allow
Srichakra to research, innovate and develop high-quality and
sustainable products for RIL's GreenGold portfolio.”
RIL currently recycles PET bottles at its Barabanki,
Hoshiarpur and Nagothane plants. The post-consumer PET
bottles are used as a raw material for manufacturing recycled polyester ﬁber. The ﬁbers manufactured through this
process are branded as Recron GreenGold and RIL through
its Hub Excellence Partners (HEP) (selected downstream

L to R: Michael Künzle (Mayor), Bernhard Jucker
(Chairman of the Board of Directors of Rieter), Norbert
Klapper (CEO Rieter), ChristaMeier (City Councilor and
Head of Building Department) are laying of the foundation
stone
The foundation stone was laid for the Rieter CAMPUS on the
western part of the Rieter site at the Winterthur location on
September 8, 2021, which includes a customer and
technology center as well as an administration building. The
Rieter CAMPUS will make an important contribution to the
implementation of the innovation strategy and to the
enhancement of the company's technology leadership
position.
At the same time, the investment of around CHF 80 million is
a commitment to the Winterthur site and to Switzerland as a
business location. With a ﬂoor area of over 30000 m2, the
Rieter CAMPUS oﬀers space for around 700 ultra-modern
workplaces.
For this purpose, Rieter and a specialist in oﬃce architecture
have developed a contemporary space concept for the “Open
Space Oﬃce” that is tailored to the needs of the company,

mills) manufactures R | Elan GreenGold fabrics, one of the
greenest fabrics in the world.
At present, RIL converts more than 2 billion post-consumer
PET bottles into ﬁbers annually. With addition of Srichakra
capacity RIL will be instrumental in converting about 5
billion used PET bottles into value-added ﬁbers.
For more information, please contact:
Key Contact:
Tushar Pania
Reliance Industries Ltd.
M.; + 91 9820088536
E-mail: tushar.pania@ril.com
visit: www.srichakraecotex.com

divided into meeting rooms, focus rooms and some
individual oﬃces. The underground car park provides 88
parking spaces, and a further 12 outdoor parking spaces are
being created in front of the technology center. “In the course
of its 225-year company history, Rieter has helped shape the
city of Winterthur. The foundation for the future as a leading
technology company is now being created with the new
CAMPUS. In this way, Rieter is giving a clear indication of
its commitment to the Winterthur site and to Switzerland as a
business location”, commented Bernhard Jucker, Chairman
of the Board of Directors of Rieter Holding AG. Innovation
is an important part of Rieter's strategy and crucial for the
company's success. For this reason, Rieter invests more than
CHF 50 million annually in research and development.
Thanks to this commitment, Rieter is making a decisive
contribution to the further development of systems for
sustainable yarn production and their digitization. The Rieter
CAMPUS will provide an attractive working environment
that promotes creativity and innovation. The new CAMPUS
is a showcase project in terms of economic feasibility, energy
eﬃciency and sustainability. Rieter relies on renewable
energy for construction. This includes heat generation via
geothermal probes and a photovoltaic system on around
1300m2 of roof area. “In this way, the entrepreneurial focus
on sustainable and energy-eﬃcient solutions for yarn
production is reﬂected in the overall concept of the
CAMPUS,” emphasized Rieter CEO Norbert Klapper. The
move into the new building is planned for 2024.
For further information, please contact:
Rieter Holding Ltd.
Investor Relations
Kurt Ledermann
Chief Financial Oﬃcer
T +41 52 208 70 15
F +41 52 208 70 60
investor@rieter.com,
www.rieter.com

Nonwovens producers need their products to be ﬂawless –
but they know this objective takes some doing in practice.
'Ordinary' fabric inspection routines simply can't deliver:
only automated systems using high-performance
spectroscopes are able to achieve the required standards,
ensuring that quality is always signiﬁcantly better. So,
nonwovens manufacturers might be interested to hear ﬁrst
hand at the upcoming INDEX from the only provider of an
eﬀective ﬁber and fabric quality monitoring solution.

EDANA and INDA, the leading global nonwovens
associations, recently issued the 2021 edition of their
'Standard Procedures' guidance for nonwovens and related
industries. These authoritative documents aim to deﬁne, in
technical terms, relevant products – including 107 individual
test regimes.
This special article covers a range of intermediate measures
and test processes for spunlace and other nonwoven
technologies – leading ultimately to products with top class

Competitiveness
Incentive Support
(CIS) will also be
provided to each
PM MITRA park
for
early
establishment of
t e x t i l e s
manufacturing
units in PM
MITRA. State
Government supports will include provision of 1,000
Acre land for development of a world class industrial
estate.

SRTEPC applauds government's approval to set up PM
MITRA parks as another milestone development in the
textile Industry.
Under the leadership of Hon'ble Prime Minister Shri
Narendra Modi, in a milestone development in the textile
industry, Government has approved setting up of 7 PM Mega
Integrated Textile Region and Apparel (MITRA) Parks as
announced in Union Budget for 2021-22. The prime
objective of this MITRA parks is to realise the vision of the
Government to building an Aatmanirbhar Bharat and to
position India strongly on the Global textiles map.
SRTEPC Chairman Shri Dhirubhai R. Shah congratulated
the government for approving to set up of the 7 PM MITRA
parks and thanked Hon'ble Prime Minister Shri Narendra
Modi, Hon'ble Finance Minister Smt. Nirmala Sitharaman,
and Hon'ble Minister of Textiles, Commerce and Industry,
Consumer Aﬀairs, Food and Public Distribution Shri Piyush
Goyal and Minister of State for Textiles Smt. Darshana V
Jardosh for this initiative to set up the MITRA parks. The
MITRA parks will play a very important role to provide a
ready-made international quality manufacturing platform in
the plug and play mode, SRTEPC Chairman Shri Dhirubhai
R. Shah mentioned.
The PM MITRA scheme an integrated textile ecosystem
encompassing - Farm to ﬁbre; ﬁbre to factory; factory to
fashion; fashion to foreign. SRTEPC Chairman Shri
Dhirubhai R. Shah informed that this integrated ecosystem
will help in further growth of textile segment in the economy
in general and the MMF textile sector in particular which is
rare globally.
Some of the salient features of the 7 Mega PM MITRA are as
given below:
Ÿ The 7 Mega PM MITRA will be setup at Greenﬁeld /
Brownﬁeld sites located in diﬀerent willing States.
Proposals of State Governments having ready
availability of contiguous and encumbrance-free land
parcel of 1,000+ acres along with other textiles related
facilities & ecosystem are welcome.
Ÿ

Maximum Development Capital Support (DCS) of Rs.
500 crore to all Greenﬁeld PM MITRA and a maximum
of Rs. 200 Crore to Brownﬁeld PM MITRA will be
provided for development of Common Infrastructure
(@30% of the Project Cost) and ₹ 300 Crore of

Ÿ

For a Greenﬁeld PM MITRA park, the GOI Development
Capital Support will be 30% of the Project Cost, with a
cap of ₹ 500 Cr. For Brownﬁeld sites, after assessment,
Development Capital Support @30% of project cost of
balance infrastructure and other support facilities to be
developed and restricted to a limit of Rs. 200 Crore. This
is in a form of viability gap funding to make the project
attractive for participation of private sector.

The proposed facilities in the PM MITRA parks are the
following:
1. Core Infrastructure: Incubation Centre & Plug & Play
facility, Developed Factory Sites, Roads, Power, Water
and Waste Water system, Common Processing House &
CETP and other related facilities e.g., Design Centre,
Testing Centres etc.
2. Support Infrastructure: Workers' hostels & housing,
logistics park, warehousing, medical, training & skill
development facilities
SRTEPC Chairman Shri Dhirubhai R. Shah mentioned that
setting of the PM MITRA parks will give a huge boost to
production and export of international quality MMF textiles
viz., manmade ﬁbre, MMF yarns, MMF fabrics and MMF
made-ups, and garments in India. This will also help India to
increase market share in overseas markets and position India
a one of the textile leaders. Shri Dhirubhai R. Shah,
Chairman, SRTEPC informed that Surat is the major MMF
textiles manufacturing hub in the country and he suggested
that Government may consider setting up of PM MITRA
parks in Surat also.

Addressing market needs for circular economy solutions and
reinforcing Lenzing's commitment to achieving net-zero
emissions by 2050. Key milestones achieved since launching
one year ago with an overwhelming response from global
fashion brands including JACK & JONES using carbon-zero
TENCEL™ branded lyocell ﬁbers in its latest jeans range.
Continue to gain momentum from mill partners around the
world to further innovate raw material usage
Celebrating the ﬁrst anniversary of the launch of carbon-zero
TENCEL™ branded ﬁbers, the Lenzing Group today
announced the expansion of carbon-zero TENCEL™
branded ﬁbers to REFIBRA™ technology to address the
growing industry demand around “circular fashion” and
carbon neutrality. The ﬁrst carbon-zero TENCEL™ branded
lyocell and modal ﬁbers, which launched last year, have
continued to gain momentum among industry partners
including fashion brands and mills. Available in September
2021, the expansion aims to provide more innovative
solutions for fashion brands to meet carbon reduction targets
and consumers to enjoy sustainable products, reinforcing
Lenzing's commitment to achieving net-zero CO2 emissions
by 2050.

This is echoed in the brand's latest range of jeans that
incorporates 38% of carbon-zero TENCEL™ Lyocell ﬁbers,
oﬀering high environmental value and beneﬁts of silky
smoothness, enhanced breathability, greater strength and
being gentle on the skin.
“The JACK & JONES team is delighted to partner with
TENCEL™ to bring to life more sustainable products that
are also comfortable and of high quality, showcasing our
unwavering commitment to enhancing sustainability in the
fashion world,” said Mikkel Hochrein Albrektsen, Creative
Buying Manager of JACK & JONES.
Additionally, Lenzing is expanding collaboration with
fashion brands across the globe to integrate carbon-zero
TENCEL™ ﬁbers in their latest collections. From leading
Chinese lingerie brand, Aimer, Chinese premium home
textile brand, Luolai, German fashion label,
ARMEDANGELS, Danish clothing label, Selected
FEMME, Korean fashion brand Cozynet, Portuguese
premium fabric producer and intimate brand, IMPETUS to
US-based home furnishings retailer, West Elm, companies
across the fashion and home segments are actively reviewing
their raw material usage to go carbon-zero. Through a
“reduce-engage-oﬀset” approach, Lenzing is also working
closely with supply chain partners such as Al Karam, Calik,
Samil and WTS to innovate raw material usage and
technologies to bring new sustainable ﬁber types to the
textile market.

The expansion demonstrates Lenzing's solid commitment to
building a truly sustainable textile industry, not only through
the reduction of carbon footprint, but also via increased
circularity through the REFIBRA™ technology. This
pioneering technology involves upcycling cotton scraps
from garment production and transforming them into cotton
pulp. The cotton pulp is then added to sustainably sourced
wood pulp to produce virgin TENCEL™ Lyocell ﬁbers. This
innovation reinforces Lenzing's ongoing eﬀort to the Science
Based Targets (SBT) initiative and support of the United
Nations Sustainable Development Goals to limit global
warming.

“As a textile producer, it is our responsibility to enhance
sustainability in the textile industry,” said Luis Antonio
Aspillaga, CEO of WTS (World Textile Sourcing). “We are
proud to collaborate with Lenzing and oﬀer a eco-friendly
product which uses carbon-zero TENCEL™ ﬁbers, thus
contributing to the well-being and protection of our planet.”

“Although more supply chain partners, brands, and retailers
are proactively searching for ways to reduce carbon
emissions to align with the United Nation's global climate
goals, the textile industry still has a long journey ahead to
reach its goal of carbon-zero status. We hope that, by sharing
our latest innovations such as the carbon-zero TENCEL™
branded ﬁbers with REFIBRA™ technology, we can make
carbon-zero initiatives mainstream practices, ultimately
achieving a carbon neutral textile industry,” says Florian
Heubrandner, Vice President Global Textiles Business at
Lenzing AG.

Building on carbon zero and circularity momentum to
achieve net-zero by 2050
By oﬀering carbon-zero TENCEL™ ﬁbers with
REFIBRA™ technology, Lenzing provides the industry
more sustainable material options right from the beginning of
the product life cycle, bringing Lenzing one step closer to its
goal of reaching zero carbon emissions by 2050. Moving
forward, Lenzing will continue to work with industry
partners to reduce the product's carbon footprint and oﬀset
unavoidable emissions to ultimately drive decarbonization in
the textile industry.

Joining forces with brand and mill partners across the
value chain
JACK & JONES, an international leading denim brand and a
long-time partner of Lenzing, has been championing
sustainability with its low-environmental impact products.

For more information please contact:
Rita Ng
Head of Global Marketing Services – Lenzing
Phone: (852) 3718 5675
Email: r.ng@lenzing.com

Following the success of SubliXpress, ColorJet Group is all
set to take transfer paper printing to the next level. Dye
sublimation printing is dominant in the digital textile printing
sector accounting for almost 50% of all digital textile prints
across the polyester & apparel domain. The dye sublimation
textile printing market which was valued at USD 8.1 billion
in 2019 is facing a CAGR of 10.7% during the forecast period
of 2020-2025 and is expected to reach a value of USD 14.2
billion by 2025. Considering the need for a high production
sublimation printer to mitigate this high demand, ColorJet
has launched SubliXpress Plus.
The SubliXpress Plus
comes with 8 staggered
Kyocera heads that can
print variable drop sizes of
5,7, and12 pL as demanded
to produce exceptionally
sharp lines and create
smooth gradients in color
tones. The high-speed,
high-quality printing with
minimal ink consumption is a result of decades of experience
in manufacturing digital inkjet printers.
The ColorJet SubliXpress Plus is ideally positioned for
existing high-volume dye sublimation printers & ﬁrst-time
investors looking to upgrade their business with high
production machine. The company also foresees a good
potential for this zero water-consuming printing technology
that would add a ﬁllip to sustainable garment manufacturing
as it would work very well on fabrics made with recycled
polyester – knit and woven.
Despite the adverse impact of the pandemic, ColorJet has
continued to work and develop the next ground-breaking
technology for the sublimation printing market.
Trailblazing technology to suit all kinds of paper
On its 1.8 m printing width, the machine can handle a wide
range of paper starting from 18 gsm and above.
The Leaf clamp is yet another ingenious improvisation to

Art and Fashion amalgamate yet again as the central theme
"Art Decoded" for Sasmira's Institute of Design and
Textiles (SIDT)'s Annual Fashion Event - Enchanté 2021
held on 17th September, 2021. This long-standing
relationship between Art and Fashion was the foundation for
this boundary-pushing, innovative and revolutionary
showcase of garments conceived, designed and made by the
immensely talented graduating students of SIDT.

prevent the paper from curving up at the edges when printing.
Being able to use low gsm paper and the ability to print on a
less than ideal paper roll with ease, it addresses some major
practical shop ﬂoor concerns. The vacuum bed which holds
the paper in place is wider and the suction pressure can be
varied.
The two-stage drying system provided immediately after the
printing zone stops the paper from puckering even when
printing large patches of solid color.
HSTR™ or High Sense Paper
Tension Regulator detects
ﬂuctuation in paper tension and
corrects it almost instantly to
ensure error-free printing.
Increased machine up-time,
uninterrupted production
The printer includes features for
enhanced productivity including
a 900 mm diameter feed roll,
high precision servo motor, and large rubber roller with
pneumatic shafts for a ﬁrm grip of the paper roll core. The
machine is also equipped with multiple brush rollers to
continuously smoothen out the paper as it moves from feed
roll to re-winding of printed paper.
Superior print quality
The new SubliXpress Plus is equipped with gold plated metal
encoder to give more precise ink jetting at high speeds,
eﬀectively leading to longer service life. In addition to this,
the AST™ or Active Seaming Technology is used for
producing superior quality at high speed.
In short, the SubliXpress Plus is a high production, highquality printing solution for sublimation inks on paper that
are low on printing costs.
For more details, please contact:
Mr. Abhijeet Kumar
ColorJet India Ltd.
Cell: +91 98119-92462
Email: abhijeet.kumar@colorjetgroup.com

Dr. Shivram S. Garje, I/C Director of Mumbai University's GICED graced the occasion as the Chief Guest encouraging
the students for their endeavors. Shri Mihir Mehta, Vice
President SASMIRA. Dr. Kamal Tandon, Director Education, SASMIRA blessed the students and appreciated
the eﬀorts of team SIDT and team Teﬂa for putting up a show
of such caliber in spite of numerous odds faced earlier.

Forty-six students participated in the gala event, divided in
eighteen groups showcased their collections. The students
designed Indian, Indo-western and western garments. The
Jury panel consisted of; Manali Jagtap -Fashion designer,
Reshma Bombaywalla - Model & Jewelry designer, Asif
Merchant - Designer & MD of CATWALK and Lokesh
Karekar-Visual artist& Director of LOCOPOCO Design
Studio India). Forty-six students participated in the gala
event, divided in eighteen groups showcased their
collections. The students designed Indian, Indo-western and
western garments.
The Jury panel consisted of; Manali Jagtap -Fashion
designer, Reshma Bombaywalla - Model & Jewelry
designer, Asif Merchant - Designer & MD of CATWALK
and Lokesh Karekar-Visual artist& Director of
LOCOPOCO Design Studio India).
Special Guests were Shri Amit Dolawat, Indian actor; Rituraj
Mohanty, Bollywood Playback Singer and Winner of reality
singing show 'India's Raw Star'; Kunal Pandit performed at
the eventto the delight of the audience. The Fashion Show
Sequences were directed by Shri Lobo and his fantastic team
to with Panache and Grandeur.

of opportunities when we compare it with other countries.
What's essential is dedication and vision to analyze the
opportunity. Our students are very focused and hardworking
and our faculties are trying to train them not only in garments
and fashion but also about textile, fabrics, yarns and other
important aspects”.
Dr. Krishnendu Datta, Dean, SIDT said, “The faculties of
SIDT, Mousumi Golui, Priyanka Betgeri, Karishma
Nanavati, Fatema Gondalwala, Pratik Solanki, and
Soudaminee Gavankar have worked extremely hard despite
the trying times of pandemic, to mentor the students. The
students put an excellent fashion collection to showcase their
design and creativity. Enchanté 2021 celebrates the positive
– 'never-say-die' attitude of Sasmira's Institute of Design and
Textiles.”
COVID restrictions compelled to keep the physical audience
to 120 people only and the show was streamed live on
Facebook and YouTube and more than 2400 people
comprising SASMIRA council members, industry
executives, partners, and parents virtually attended the event
and posted encouraging and over whelming comments.

Following were the award categories and the winners for the
evening.
Most commercially Viable - Alchemy – Uma, Shreya,
Shaileja
Best surface ornamentation - Broken but Beautiful –
Meenakshi, Shilpa
Best Ramp Appeal - The Kiss – Prithi, Darshana, Rutuja
Best Collection - Dripping Jazz Gaurav, Imran, Riddhi

The event was very well organized by Teﬂa's which is a
renowned event management group based in Mumbai.
Aseem Singh, Director, Teﬂa's said, “It was a challenge and
moral responsibility for us to manage and execute the event
following government norms laid due to Covid. We are
happy that we havesuccessfullyexecuted this event. We wish
all the Best to the students of SASMIRA and congratulate all
the winners and participants for their precious contribution to
the show's success. ”

Shri Mihir Mehta, VP, SASMIRA was of the view that, “In
India, the fashion industry is at an infant stage. There are a lot

For more information about the event:
Visit: www.sidt.sasmira.org

