SUSTAINABLE PRODUCTION PROSPECTS IN VISEGRAD REGION

Czech report

Prof.Ing. Jiří Militký, CSc., EURING, FEA
Liberec, April 2016

project fanpage project website : www.k48.p.lodz.pl/ecomarket

The report was prepared in the framework of the project “Prospects of the Visegrad cooperation in
promoting a sustainable consumption and production model“ The project is supported by the International
Visegrad Fund
http://visegradfund.org/

Preface
The objective of this project is to support and strengthen the cohesion of the V4 countries in the efforts to
achieve a more sustainable consumption culture and thus more sustainable production models in the
selected textile products markets form point of view of consumer and producer as well. Reason is that
needs of consumers are covered by producers but in innovative activities are new challenges for producer’s
side and results are oriented for improvement of consumers needs. In the project this will be done within
the analysis of intermediate connections and influences of:
§

Demand side of the market – consumers

§

Values, attitudes and cultural impact

§

Supply side of the market – produces

§

Legal framework

The results of this report will concentrate on the third point: Supply side of the market – produces
The importance of demand/supply side analyses result from the fact that gradual environmental
degradation, shrinking of non-renewable resources, and lower quality of life are directly or indirectly arising
from snowballing production/consumption. In fact, consumers are not able to directly affect the
sustainability of textile production and maintenance. Starting form selection of raw materials through
textile technologies and maintenance during use till waste treatment it is necessary to solve a plenty of
tasks responsible for final sustainability of products.
Processes of sustainable consumption/production concern increasingly also V4 countries and will not be
efficient unless both production and consumption patterns are modified. Therefore the sustainability
agenda has gradually been shifting to include consumption alongside production. Manufacturers may use
new designs and technologies to minimize the impact of a product on the environment, but their efforts are
pointless if consumer do not buy more sustainable goods and do not change their consumption habits.
In fact sustainability is not about reaching a destination but rather a direction. There is no endpoint which,
when reached, we can declare victory. We can always make our planet, through responsible care, a better
and a safer place for all life forms. This can only be achieved through a collective mindset where we see
environmental, social, and economic challenges not as separate and competing but rather as an
interconnected whole. We must not consider profit making as an economy outside of nature but one where
all is integrated with nature. Industrial processes must shift from linear (open loop) systems, in which
resource and capital investments move through the system to become waste, to a closed loop system
where wastes can become inputs for new processes. This thinking by very nature is rooted not in our
current mentality of short term thinking but by looking long term for the developments that do not
compromise the ability of future generation to meet their own needs.
Main obstacles in these activities improving human life are in fact humans alone:
“There is enough in this world for ever man’s needs, but there is not enough in this world for every man’s
greed.” – Mahatma Gandhi
The report was prepared in the framework of the project “Prospects of the Visegrad cooperation in
promoting a sustainable consumption and production model“ The project is supported by the International
Visegrad Fund
http://visegradfund.org/

Research Aims
The main objective of the project was to too access current consumption patterns in V4 countries, identify
the factors that influence those patterns and finally to draw the conclusions for more sustainable
consumption models. In detail, desk research of sustainable markets and sustainable production is focus on
these topics:
1. Sustainable production in textile branch
Points to Consider Globally
Textile industry and Fibrous structures
Current Concerns in Fibers
Areas of Improvements
Processes of the Future
Conceptualization of Bio Materials
Nanotechnology
Waste treatment
2. Sustainable production prospect in Czech Republic
Organization of activates in textile branch
Role of foreign investment
Current statistical indicators
3. Future trends

1 Sustainable production in textile branch
The 21st century promises to provide an expansive new era of technical advances that will dramatically
influence the world of fibers, fabrics and textiles. In this century, textiles will not only offer the best
functional features of natural and synthetic fibers, but will be highly engineered systems targeted to
provide complex functionalities for technical applications. Biotechnology, fiber engineering and materials
science will be key technologies driving the development of these next generation textile systems. Exciting
new opportunities will arise at the interfaces – integrated science - between these divergent disciplines. The
factors influencing future trends in the fiber and textile industry and application of fibrous structures are
discussed here.
Especially in the textile branch it is a long time discussion about more general aspects of harmony among
technology, environment and human life. In [3] it was written:
„Society expects economic results from technology. Ought not the field of textile technology to change its
direction to concentrate on meeting, through new inventions and discoveries, the most important and
essential needs, such as widening our views of the world, creating new cultures, protecting our health,
keeping us safe, and raising the quality of our daily lives and welfare?“
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While the ability to develop and design innovative textiles and textile products is essential to the
sustainability of textile industries in industrialized countries, the migration of textile production from highincome countries to countries that enjoy competitive advantage in terms of production cost has offered
many valuable lessons. Textile and textile product production have continued to be effective engines of
growth for developing economies [1].
Development of new textile products is very complex process. The final fabrics must go through many
different design and approval stages at many different levels, before they are on the market (see fig. 1) [1].

Fig. 1 Processes involved in development of new product [1].
Producers are able to specify what they can do to prepare new product. Even if all goes according to plan in
the development of a new product, the consumer may still not accept it. Understanding the consumer
adoption process will help a company know what to expect and enable them to plan accordingly [1].
Textile fabric design is highly dependent on the nature of the fiber or yarn component. Understanding the
key requirements that must be fulfilled in order to achieve a successful fiber-to-fabric engineering program
is essential [2].
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Fig. 2 System of textile fabric design
We live in a world in which technology is advancing at such an astonishing rate that it is often difficult to
comprehend its impact on our lives. The application of modern biotechnology for the cloning of adult
mammals, the development of disease and pest resistant crops and miracle pharmaceuticals/nutraceuticals
that promise hope for the management of selected cancers, heart disease and infectious diseases continue
to dazzle us on a daily basis. The textile industry has likewise kept pace and today’s technology can provide
fibers that go well beyond the best that nature can offer. It is indeed narrow to consider textile technology
as a rigid discipline concerned with making filament, yarn and fabric. It is certainly more diverse and is in a
continual state of flux in response to technical innovations and the changing needs of society. One point is
clear, however, and that is that the textile industry must become more profitable in developed nations and
less sensitive to cyclic changes in the world economy. The challenge is to improve short-term financial
performance in a way that accomplishes the long-term transformation necessary for sustained growth.
The inherent characteristics of new textiles underpin the functional and aesthetic qualities in varied
applications beginning with apparel and extending to medicine, aerospace, construction, agriculture and
home furnishings. There has been rapid growth in the polymer, material, information and biological
sciences. Advances in these divergent sciences (and particularly at their interfaces) have begun to allow a
new view of future textile systems.
Points to Consider Globally
The intensity of global competition in textile and apparel industry has increased dramatically and is driven
by changes in regulation of world trade. Both the macro and micro environment is in a state of flux with
rapid evolution of socio-cultural patterns and life style, self awareness and decisional autonomy of
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consumers, rising significance of mass production, and efficient logistics & distribution systems. The vast
majority of clothing sold in affluent countries is manufactured overseas – China in particular. Contract
manufacturing and outsourcing is eroding domestic job base and import/export trade issues continue to
lead to heated debate. To consumers in Europe and North America, this growing reliance on China as a lowcost producer has meant very low retail prices for goods of reasonable quality. However, recent increases
in the value of the Chinese currency, combined with rapidly rising labor costs, have put Chinese
manufacturers in a much less competitive position. The evolving landscape consists of:
•

Globalization with growth in offshore apparel manufacturing slowing with China as the major
producer.

•

Western apparel firms entering the Chinese market.

•

High-tech, nanotech and smart fabrics proliferate.

•

Third party logistics (3PL) supply chain management evolving to serve the global markets.

•

Bricks, clicks and catalogs creating synergies while online sales growth surge.

•

Discount clothing retailers see promise in designer lines.

•

Apparel manufacturing gaining ground in the Europe and USA.

•

Apparel going green.

These influences in the industry are creating diverse marketplace opportunities and challenges. For a firm
to succeed it must be innovative in developing new technologies, products and processes while reducing
cycle times, cutting cost and creating strategic alliances with suppliers. In addition, it must continually utilize
new advances to proactively involve retailers and consumers in the new product development process.
With the slow decline of the industry in US, Europe and Japan, these factors take on added urgency to
change the direction towards a more prosperous future.
The underpinnings of the new emerging paradigm of textile industry in the West must be grounded in two
critical components – excellence and innovation [7]. Excellence for the organization refers to being the very
best in the core competency of the company be it operational, technical, marketing, business etc.
Innovation on the other hand is the ability of the organization to deliver to the customer something new
which is also of value and strongly desired by the consumer. It is a combination of these two factors that
will determine long term success or failure.
The future activities in the textile branch will be critically dependent on the following factors:
1.

Serious financial imbalances.

2.

Recession in US and Europe.

3.

Oil price volatility.

4.

Energy and water costs on the increase.

5.

Sustainability & Environmental Awareness.

6.

China & India becoming dominant economic players, Africa and certain Asian and Subcontinent
countries will gain importance.
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7.

Slower textile consumption internationally, less than 2% growth forecasted thru 2020
U.S. apparel market growth at just 1%

Growth rates are significantly lower than company’s projections. Core business reinvestment rate (R&D +
CAPX + Advertising) falls below 10% of sales and R&D budget flat or falling for more than a single year.
There are no formal tracking of potential ‘disruptive technologies’ and limited tracking of low-end
competitors in core business and limited primary research on existing non-customer groups in core business
[7].
Emerging business trend are global trade practices facilitating value chain integration across the continents
and Asian dominance eyeing Weston know-how to create niche segments. The future textile systems will
be compromise of some specific needs (fig. 3).

Fig. 3 Factors impacting the next generation of textiles
Society of future will be urban oriented, mobile, with changes in family life (more singles) and dramatically
more aged population. All there aspects will be reflected into demands of clothing. From point of view of
design it will be probably comfort over fashion and formality replaced by individuality.
On average, almost 20% of a company sales results from new product introductions.
Within the new product sales almost half come from line extensions.
The new or radically innovative products are necessary because:
-

On average 26% of revenue at engineering companies is earned from products less than 3 years
old.

-

Executives expect new product revenue as a share of total sales to hit 40% in 2010, up from just
21% in 1998.

-

Companies with strong R&D strategies are 73% more profitable
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-

Research indicates that 70% of today's manufactured goods will be obsolete in six years. For
companies in the fast moving industries of hi-tech and fashion goods, obsolescence may take only
a year.

The importance of new product for overall business is shown in fig. 4.

Fig. 4 Sources of overall business
There are some business paradoxes for future development:
-

How to grow bigger, but remain small and personal.

-

How to combine creativity with efficiency.

-

How to be prosperous but also socially acceptable.

-

How to reward owners of ideas as well as owners of company.

Main future drivers will be people (education, diverse, efficient, effective), speed & productivity (faster,
quicker, rapid turn-around, short deadline), service (trouble-shooting, on-time, quick response, quality,
relationship), responsible care (recycle, reuse, reduce, reclaim, environmental awareness, energy
conservation), innovation (e-commerce, new products & processes) and globalization (opportunities, risk,
growth).
The business case for new products in a company is overwhelming. It is the very essence and lifeblood of
growth, prosperity and wealth of the organization, a country and indeed the world. Simply stated, it is the
creation of new “green space” in textiles. Green space refers to the virgin segments of the market where no
competition exists and subsequent development of new products, processes and technology to get a
foothold with an unassailable competitive advantage. Science and knowledge developed from new ideas,
inventions and innovations for the sake of mankind and society must finally yield value to get a foothold for
long term impact. The term “green space” was coined by Christenson at the Harvard Business School [6].
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The creation of “green space” yields a source of a steady stream of cash flow which allows organizations to
adapt to ever changing business environment. In addition it helps them to diversify into new markets for
additional sources of revenue.
One cannot stand still for fear of being run over by a competitor. The customers’ appetite for something
new is insatiable and must be met to hold on to the existing base and add new ones for growth. This results
in constant demand for something cheaper, better, simpler that is easier to use to provide a sustainable
competitive advantage.

Textile industry and Fibrous structures
Textile and clothing plays an important role in the processing industry of EU countries. This sector of the
economy employs about 6.2 million people (9.3% of the work force). The total turnover represents approx.
4 % of total added value in the processing industry. This is indeed a significant portion and concomitant
involvement of large number of citizens. With increasing global competition and availability of commodity
products made in Asia the production in Europe must focus on consumer-oriented specialty textile
products. These products with so called intelligent response will be used for special clothing and technical
textiles mainly. The forecast for utilization of intelligent response textiles is shown in fig. 5 [8].

Fig. 5 Forecast for use of textiles with intelligent response in 2021 (1944 mil EUR total) [8].
The reasons of development for the textile industry are consistent with the development of mankind. The
main factors influencing the textile industry are primarily population size and increasing life span
expectancy. It is expected that by 2050 the world population will increase to 8.9 billion. With average
expected consumption of 20 kg of textiles per person per year a total of 178 billion tons of textiles per year
will be required. In addition, by the year 2020 between 15 to 25 % of population in developed countries will
be over 65 years of age. Seniors requirement for textiles have vastly different characteristics - namely
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higher emphasis on safety. With a longer working span in societies the requirements of textiles will change
accordingly. It is strongly suggested physiological differences, physical potential and comfort of clothing
when designing clothes for the demographically changing older population are to be considered.
These human factors are closely tied to the changes of trends in the availability of information, virtual
availability of everything (including goods) and globalization of society. A typical feature of classical textile
structures is that their utility is manifested with strong practical component in mind. A user’s experience
with similar products plays an important role in decision making. The prevailing classical principles of
production, consumption and innovations impact productivity and the economy. The need to capture the
market often leads to hasty new product introductions without a detailed analysis of real consumer
benefits. In well designed advertisement campaigns and sales promotions, companies sometime use
improper and often misleading information in order to attract new customers. On the other hand, a
number of breakthroughs have diffused at a slow rate since potential buyers are not fully informed and
prepared for adoption.
Textile industry is characterized by series of rapid cycles of innovation driven by rapidly changing consumer
needs and desire for new products. To achieve a permanent sustainable development, it is necessary to
incorporate emerging innovations from other scientific disciplines i.e. an integrated scientific approach. This
involves flexible production technologies resulting in effective and ecologically friendly productions for care
of global responsibility, using conventional and renewable material alternatives and decreasing the water
and energy demand for industrial development.
The utilization of fibrous structures has been critical to the success of many industries over the millennium.
It is associated directly with the development of human society. It has been influenced by many other
disciplines, such as mechanical engineering, material engineering, electronics and biotechnology.
Nanotechnology and nanomaterials including nano-composites have also utilized the innovation concepts
emerging from the textile industry. Fibrous structures are used not only in garments for clothing and
technical textile applications, but also as special material for construction and composites. New textile
structures giving rise to new products should be created for clothing materials with emphasis on
adaptability to the changing conditions. Special technical textiles with unique properties are required for
new and emerging applications.

Current Concerns in Fibers
Fibers are very specific materials with some extraordinary properties in comparison with polymers of the
same chemical composition. Reason is so called fibrous structure which appears in practically all natural
chemical and synthetic fibers. This structure is responsible for enhanced mechanical properties in the
direction of fibrous axis and huge anisotropy of physical properties.
The quality of fibers depends critically on the aim of evaluation. For fiber producers the quality means the
achievement of required technological parameters (geometrical evenness, fineness, shrinkage, mechanical
and physical parameters, etc.).
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For textiles producers the quality means the ability to fulfill requirements of technologic operations and
process ability (friction, surface properties, cohesion, selected mechanical and physical properties and
evenness).
For consumers is fiber quality hidden in the properties and comfort of fabrics (hand, wearing pleasance,
thermal comfort, transport properties etc.).
Changes of fibers parameters responsible for their quality depend on the fibers origin. Natural fibers as
cotton, bast fibers and wool are created by nature not for purpose being used for the textiles creation.
Major changes of their properties are very difficult. In fact it is possible to use of techniques requiring long
time as selection, breeding, gene manipulation, etc. The main aim of improvements is to select fiber
varieties bringing the good process ability (spinning ability) and mixing. On the other hand, the chemical
and synthetic fibers (viscose, polyamides, polyesters, acrylic fibers, polyolefines, etc,) are prepared by
humans for textiles creation. Their properties can be simply changed by the by the variation of fiber
spinning, drawing and heat setting conditions. It is simple to change markedly majority of properties by
selection of fibers geometry (denier, cross section profile, texturing) and spinning conditions (rate of
production, drawing degree, and temperature treatment). The proper chemical modification is another way
to change some of properties [9].
In the man made fiber industry, there is a repertoire of distinct technologies to draw from to develop new
products. These are:
•

First and foremost is the ability to manipulate the polymer molecule to create new functional
property variance including cationic / acid dyeable, low shrinkage and melting point changes to
new functionality such as flame retardant, anti microbial, low pilling to mention a few.

•

Many different additives can be incorporated at various points in the polymer reaction system.
These materials do not react with the basic polymer but modify properties such as color, luster,
suppression of side reactions etc.

•

The fiber thickness (denier) can now be obtained over a wide range from nano and micro fibers to
heavier denier as filling materials to mono filaments for industrial applications. The most common
is cotton system (1.2 dpf) and worsted system (3 to 4 dpf) based primarily on the respective
market size.

•

A wide variety of cross section can be spun such as round, trilobal, octalobal, scalloped oval, hollow
to mention a few. Almost any shape we can think off can indeed be produced. However, the
industry produces only a limited number listed above for efficiency and productivity reasons.

•

Two primary processes of staple manufacture and continuous filament production are widely used
to obtain the desired length of the fiber. The former provides shorter fibers in the range of
approximately 1inch for cotton blends to six inches for filling systems. The later, as the name
suggest, provides filaments of very long dimension, limited only by the size of the package. Small
cut lengths (a few mm) are made for flocking applications.
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•

The fiber strength and elongation (T/E) can be controlled over a wide range from very weak with a
tenacity of 2-3 gpd to very strong with tenacity of 10 – 12 gpd. Most of the improvement is
obtained thru process changes of draw and heat treatment.

•

Finally, the fiber surface can be altered either by mechanical means such as crimping or chemical
treatment via silicone and a host of other surface applications for desired mill or
consumer/market value requirements.

This collection of technology portfolios can be combined in myriads of ways to develop a host of products.
This provides a vast spectrum of offerings which include the delicate haute couture fashion for the
celebrated runways of Paris, London and New York to industrial products for workers on oil rigs in Siberia,
to protective systems for soldiers in the inhospitable war zone environment of Iraq to Afghanistan.
The selection of sustainable fibers is not so simple. Usually the natural fibers and fibers based on the
renewable resources are nominated as more sustainable. In fact the majority of lifetime energy use of a
garment is in usage-phase (washing, drying, ironing) as is shown in fig. 6 for the case of t shirts.

Fig. 6 Life time energy use for cotton T shirts
From point of view of gross energy required for production of 1 kg of man made fibers is the one of the best
choice the polyester fiber (see fig.7)
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Fig. 7 Energy required for production of 1 kg of man made fibers
Major limitation of polyester as sustainable fiber is requirement to use of non renewable sources. But in
reality the situation is not so critical (see fig. 8)

Fig. 8 Consumption of non renewable resources for production of polyester fibers
A polyester fiber comprises 40% of world textile production but for production it is necessary to use less
than 1% of world oil production. The advantages of polyester are more visible if it will be compared
requirement of water and land necessary for production of fibers (see fig 9).

Fig. 9 Land and water use for production of 1.000 kg of fibers
It is visible that cotton use is potentially limited by surplus of water necessary for growing. The waste water
from cotton plants is very highly polluted. Limitation of wool is the land use mainly. Macro events with
greatest influence on fiber production and selection in future are:
· Population growth
· Food availability / security
· Climate change
· Oil scarcity
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· Water scarcity
For nomination of the best fiber from point of view of future demands it will be therefore one of best
candidate polyester fibers because their versatility, ease modification and economic production. The partial
(PTT fibers) or full (PLA fibers) replacement of fossil fuel-based raw material by bio-based raw materials will
be beneficial as well.
Areas of Improvements
There are a few short comings, which have impeded rapid advancement of the sector that textile engineers
must overcome.
As seen historically, for textiles to succeed, we must focus on disruptive innovations. Existing technical
programs in both academic and industry today, in general, focus on understanding improvement of current
technology. This will inevitably lead to sustaining innovation for incremental gain. Clearly, there is no
substitute for good science. But we must change our mindset to elicit disruptions for the success of textiles.
Even with our storied past of providing breakthrough technologies for society (Condensation/Addition
Chemistry for synthetic fibers) textile scientists, in recent times, have not been at the forefront of radical
changes. With some exceptions, most noticeably with the synthetic dyes replacing natural dyes in 1860 and
the introduction of condensation/addition chemistry in 1935, textiles has fostered a culture of sustaining
technologies.

These technologies are incremental in nature. This form of innovation only provides

incremental improvement in product performance. What all sustaining technologies have in common is
that they improve the performance of established products along the dimensions of performance that
mainstream customers in major markets have valued. Textile industry of the past has brilliantly provided
novel product innovations over time, but of incremental nature where by sustaining existing businesses
within the existing industry structure framework. The customers have been satisfied thru better, cheaper
and faster mentality. In the final analysis, the strategy of the suppliers of textile products has been to
satisfy the same and now declining customer base focused on their narrow vested interest. In the future
this mind set will not succeed. For the textile industry to emerge once again as a dominant force in the
global economy, what is required of us is disruptive innovation [3].
Disruptive technologies emerge occasionally, bringing with them innovations that, at least in the near term,
result in worse product performance. However, they bring to the marketplace a very different value
proposition than previously available.

Generally, disruptive technologies under perform established

products in mainstream markets. But they have other features that a few fringe (and generally new)
customers value. Products based on disruptive technologies are typically cheaper, simpler, smaller, and,
frequently, more convenient to use. Furthermore, disruptive technologies that may under perform today,
relative to what users in the market demand, may be fully performance competitive in the same market in
the future. However, established companies shy away from investing in disruptive technologies. First,
disruptive products are simpler and cheaper; they generally promise lower margins, not greater profits.
Second, disruptive technologies typically are first commercialized in emerging or insignificant markets. And
third, leading firms’ most profitable customers generally don’t want, and indeed initially can’t use, products
based on disruptive technologies. By and large, a disruptive technology is initially embraced by the least
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profitable customers in a market. Hence, most companies with a practiced discipline of listening to their
best customers and identifying new products that promise greater profitability and growth are rarely able
to build a case for investing in disruptive technologies until it is too late.
Textile scientists have been slow to participate in the new emerging disciplines characterized by rapid
growth. These new growth sectors of the economy and concomitant emerging technologies are
characterized by three salient features:
•

Highly synergistic

•

At the frontiers of small, and

•

In a “feeding frenzy” of each other

These technologies are:
•

IT (communication, computing, sensors, electronics, machine intelligence).

•

Bio (genomics, molecular biology, designer life forms).

•

Nano (coatings, barriers, computers, sensors, materials).

•

Energetics (solar, biomass, explosives, propellants, storage).

•

Societal Technological Systems (distance learning, virtual presence, tele-everything, robotic
everything, digital earth/digital airspace).

Man-made fiber sector has enjoyed rapid growth in the past few decades. However, synthetic fibers are
derived from oil which besides being a finite resource of raw material has experienced considerable
volatility in the recent past and perhaps in the foreseeable future. To experience long term growth and
profitability, it is imperative to develop a blue print for sustainable future for textiles. This is possible with
technologies of new polymer platforms likely to emerge from the biological synthesis of polymeric
materials, an approach which offers in some cases the precise specification and synthesis of modular
building blocks for polymeric materials. The need for architectural specificity and uniform macromolecular
structure has never been greater. It is expected that biosynthesis will become increasingly important for
traditional chemicals. It is no longer necessary to start with a barrel of oil to produce chemicals but rather
crop plants may become attractive feedstock sources. Fermentation can be used to make a fine quality ale,
or for that matter synthetic polymers. Comfortable, easy-care apparel may soon be made with fibers
derived from feedstock that have been fermented from sugar.
Using microbes or biocatalysts, a number of biological processes to make monomers or polymers can be
developed. Three general approaches may be used: (1) inserting genes into seeds, growing the plants, and
then isolating the monomer or polymer. (2) inserting genes into microbes which then process a feed source
producing the desired polymer intermediate, and (3) using recombinant DNA technology to prepare
protein-based polymers via bacteria.
Companies are developing technology that uses genetically altered microorganisms to produce basic
chemicals including some that are not readily made from petroleum. Starting with glucose it is possible to
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produce intermediates that can be used to make nylon and polyester. The process is expected to be less
expensive and more environmentally benign than traditional chemical methods [4].
With the advent of genetic engineering, it is now possible to create molecules that are difficult to synthesize
by traditional methods. For example, the polymer polytrimethylene terephthalate (PTT) has enhanced
properties as compared to traditional polyester in selected applications. Yet commercialization has been
slow because of the high cost of one key intermediate, i.e. 1,3-propanediol (3G). PTT is a unique polymer
which combines the resilience of nylon with inherent stain and static protection and potentially polyesterlike economics, but today is very expensive to manufacture by traditional chemical routes.
The impact of biotechnology to transform textile cannot be underestimated. Today, there are two classes
of manmade fibers: regenerated cellulosic from wood and cotton, and wholly synthetic fibers made from
petrochemical sources. New classes of fibers—including synthetic biopolymers (PLA) derived from green
plants, microorganisms or enzymatic processes are already here. Thus, bioprocessing offers vast and
emerging opportunities. Fermentation processes using genetically modified microorganisms will give rise to
new routes to polymer intermediates or to directly synthesized polymers. The predominant driving force
for this transformation is for products with new and improved properties. These are based on abundant,
cost effective and domestically renewable feedstock, delivering sustainable growth.
Biotechnology also offers a route to protein-based polymers with enhanced structural properties. Fibers
and biocomposites in nature have attained remarkable levels of sophistication through evolutionary
selection. The biosynthetic process is uniquely adapted to making such materials because it allows precise
specification of hierarchical order.
From a technical perspective, textile scientists are still not able to accurately predict parameters of life cycle
such as performance and fatigue. In critical areas of functional products it opens issues of liability and
financial exposure. As we enter new arenas which require fibrous structures, for example polymer optical
fibers, the fiber properties are not adequate for non textile applications. Additionally, there is a tendency to
over exaggerate the performance benefits in new emerging end uses. Phase change materials incorporated
in textile structures have been available for over a decade but have failed to find a strong foothold due to
lack of customer satisfaction. Finally, trade barriers and government subsidies has been the norm to protect
the textile industry and make it appear to be profitable. In a highly competitive globalized world, these
measures are only a short term fix to any long term structural issues. Textile industry must learn to survive
and indeed prosper without long term support from external sources.
Processes of the Future
Commodity fibre technology is generally mature and broadly available to investors (capital orientation);
hence competitive advantages in process technology worldwide are shrinking fast.

Next generation

technology will be driven by many factors, primarily to retain or regain a competitive position.
Creation of knowledge (product, process, and business) will be the deciding factor for survival and
sustainable growth [12]. The industry structure will continue to be characterized by intense competition
providing ultra-high quality products and highly efficient production schemes. A few large multinational
companies that will consist of a diverse fiber portfolio and production capabilities and market-oriented
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organizations will carry out fiber production. To improve the level of control over quality, have greater
speed and efficiency, and capture added value retained by them, there will be more integrated relationship
within the value chain. This will yield a more collapsed structure with vertical (backward or forward)
integration. The control in the value chain itself will move down stream closer to the ultimate consumer.
Strong global business alliances will emerge to effectively utilize the synergy (technology, market share and
channel control) of the partners at reduced risk and ease of market access. In efforts to restore profitability,
adjustments will occur through the rationalization of existing firms and facilities with decentralized business
structures for increased shareholder value. This will result in fewer, more efficient producers and a number
of specialized companies.
Market forces require that firms either adapt or close. Realistically, the compression now occurring in the
industry will not tolerate mistakes. Weaker companies that are “weeded out” from textile may strategically
shift resources by re-deploying to other industries – fibers to resins. The presence of e-Commerce will
provide higher efficiency through rapid information exchange and perhaps higher margins through
availability of consistent global pricing.
The textile sector has enjoyed the benefits of cost reductions and productivity improvements in the last
decade. This has been due to processing improvements, including greater automation, increased spinning
speeds, production capacity enhancements and process simplification. The production cost variance of fiber
manufacturers is governed by both the investment per ton of fiber as dictated by economies of scale and
the cost of basic feedstock. The investment cost for new plants is determined by raw material conversion
costs and all downstream processes which include spinning, drawing and texturing.
Future fiber manufacturing technology must also accommodate mass customization in the market place.
Specifically, a system of specialized product variants for small-lot production can provide high value-added
products to the consumer.
Conceptualization of Bio Materials
The bio-fiber industry is still in its infancy trying to identify and explore market niches that add value to this
approach. This systemic and integrated “from the cradle to the cradle” concept is equally concerned with
the carbon’s complete cycle and with the promotion of the replacement petrochemical derived fibers with
equivalent bio-fibers from renewable sources. Current production volume in fibers is estimated to be
between 50.000 and 100.000 tons per year. However, the long term prospects indicating if it is becoming a
mainstream fiber with mass application (e.g. a volume of 3-5 MM Tons) or a niche for specific end-uses and
target groups, remain undefined and uncertain. Hence understandings of the unfolding technological
change that accompany a new introduction are critical. This is necessary to help the major constituencies
with a strong vested stake – industry, R&D community and policy makers.
The information will guide decision makers regarding resources to invest and nurture those directions
which indicate the greatest potential. Furthermore, it will help define strategies for a successful outcome.
The course of innovation may be measured by a number of factors ranging from R&D investments, process
technology advances, total consumption in terms of annual sales or inventory on hand etc – just to mention
a few. Innovation diffusion is best described by the characteristic S-shaped curve based on the
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“bandwagon” effect assumption. Hence, a firm’s decision to adopt a new technique is dependent on the
number of firms already using it. Bio-fibers were launched by existing players (e.g. DuPont for PTT) as well
as newcomers (e.g. NatureWorks – Cargill for PLA, Metabolix for PHA, Clereplast for nano additives etc).
However it also requires setting up vertical alliances in aligning investments and marketing.
The main aspect of the innovation process are that it can be both internal or external to the company
and is directed by simultaneous emergence/substitution of both old and new techniques involving changes
in characteristics driven by market place. These are embodied in a number of factors such as patents,
design, licenses, skilled personnel etc. All these factors demonstrate both the complexity and difficulty
accompanying an estimate of the pace/rate and extent of the innovation diffusion process.
In terms of understanding the terminology, there are three distinct concepts:
Bio-based: Materials produced using carbon that comes from contemporary (non-fossil) biological sources
and may or may not be biodegradable. Carbon 14 signature quantifies bio-based content.
Biodegradable: Biodegradable materials are limited to materials that convert to carbon dioxide, water and
biomass through the microbial digestion. They may or may not be bio-based. The American Society of
Testing and Materials (ASTM) has standards for bio-based and biodegradability.
Biopolymers: Biopolymer is a term that includes bio-based and some biodegradable plastics, as well as nonplastic materials, such as proteins, lipids and DNA. Hence, according to ASTM D6866-06, a biopolymer is a
special polymer that involves living organisms in its synthesis process. It therefore has a partial or total
biochemical origin whereby it can be partially or totally produced from natural, renewable materials
(biomass) and can be biodegradable, thus satisfying ASTM D6400-04, or not. Biopolymers can be grouped
into three classes as given below [4, 5]:
1.

Polymers extracted directly from biomasses, with or without modification. For example starch
modified polymers and polymers derived from cellulose.

2.

Polymers produced directly from microorganisms in their natural or genetically modified state. The
typical example is polyhydroxyalcanoates (PHAs).

3.

Polymers obtained with the participation of bio-intermediaries, produced with renewable raw
materials. Examples are: polylactic acid (PLA); bio-polyethylene (BPE) obtained from
polymerization of ethylene produced from bio-ethanol; bio-nylon via diacids from biomasses; and
bio-polyurethanes which incorporate polyols of vegetable origin.

Generally leader in old technology cannot become leader in new technology due to:
1.

Different raw materials used for the two technologies.

2.

Fear of competing with themselves doesn’t allow old technologies to do research in new
technology.

Bio-fibers from biomaterials are therefore defined as materials that contain biopolymers in various
percentages and can be extruded/molded under thermal-mechanical (heat & pressure) stress. They are
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thus potential alternatives to conventional thermoplastic synthetic fibers of petrochemical origin, such as
polyolefines and polyester.
The redesign of polymers is already happening, and biopolymers are already on the market. However, the
use of biopolymer is small (0.1 to 0.2 per cent of total EU plastics). The technology to produce them on a
large scale is still in its infancy and so is the research on their impacts.
Environmental considerations: Although significant research and product development has been done with
biodegradable plastics, there is debate as to whether they actually degrade in natural habitats rather than
under experimental conditions, particularly if they are present in large amounts.
Biodegradation may also influence the types and concentrations of soil micro flora in disposal areas.
Enrichment of soil with certain micro flora which could have unanticipated risks, such as an outbreak of a
new microbial disease
Bio-based plastics require biological feedstock, which can be corn, Soya, wheat or sugarcane, for example.
This raises questions around sufficient farming land to cultivate the feedstock and possible conflicts with
food production.
One solution could be the use of alternative feed-stocks and industry is investigating algae for the
production of bio-based polymers. The use of algae as a feedstock may have less impact because it has a
high yield, can grow in a range of environments and does not compete with land-based food crops.
Although bio-based polymers are renewably sourced, this does not mean that they will reduce waste.
Instead, they produce a different form of plastic waste that may require different waste management
systems.
However, it must be ensured that any changes in the product do not have “side-effects” further down the
line during the products use or disposal. For example, if redesign actually makes a product less durable,
then it will be discarded and replaced more often, which could increase plastic waste.
There is disagreement about the life cycle impact of biopolymers and some research indicates biopolymers
may have a more negative impact on the environment than conventional polymers due to their weight and
production methods. Some biopolymers have less impact on fossil fuel use and global warming potential
than traditional polymers; they could have greater environmental impacts in terms of eutrophication and
eco-toxicity. These would be caused by fertilizer use, pesticide use and land use change required for
agriculture production as well as from the fermentation and other chemical processing steps.
However, European Bio-plastics (the trade association for manufacturers of bio-plastics in Europe) suggests
that it may not be appropriate to directly compare bio-plastics (which are at a very early development
stage) to older materials as the latter have optimized their life cycle over time.
The environmental assessment of man-made cellulose fibers, cotton, novel bio-based fibers (PLA fibers),
and fossil fuel-based fibers (PET and PP) based on some indicators as non-renewable energy use (NREU),
renewable energy use (REU) and cumulative energy demand (CED) are given in fig. 10.
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Fig. 10 Comparing one tone staple fiber, cradle-to-factory gate [21].
The numbers above each column in fig. 1 represent CED. The uncertainty ranges represent the uncertainty
of CED. For man-made cellulose fibers, the uncertainty ranges are caused by using different pulp mix and
different allocation methods; for cotton, the lower value represents Chinese cotton and the higher value is
for US cotton. Lenzing Viscose Asia is viscose fiber based on Eucalyptus as wood source and Asia Local
electricity, coal, gas, oil. Lenzing Viscose Austria is viscose fiber based on Beech as wood source. Tencel
Austria is Lyocell fiber based on Eucalyptus and Beech as wood source. Tencel Austria 2012 is Lyocell fiber
processed by 100% recovered energy. PLA with wind purchases wind energy (via renewable energy
certificate) to offset process electricity [20].
In terms of cumulative energy demand (CED), cotton is the most favorable choice. Man-made bio-based
fibers, including cellulose fibers and PLA fibers, require relatively large REU compared to cotton, PET and PP.
This is caused not only by the feedstock energy requirements, but also by the large amount of biomass
energy used in the production.
The comparison of cradle-to-factory gate global warming potential (GWP) divided into the impact of
released fossil CO2 and embodied biogenic CO2 is shown in fig. 11. Indicator GWP is based on a number of
factors, including the radiative forcing of each greenhouse gas relative to that of CO2, as well as the decay
rate of each gas (the amount removed from the atmosphere over a 100 years) relative to CO2 [22].
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Fig. 11 Comparing one tone staple fiber, cradle-to-factory gate. Breakdown into the impact of released
fossil CO2 and embodied biogenic CO2 (default allocation method for byproducts).
It can be seen that all man-made cellulose fibers have lower GWP than PET fibers; all man-made cellulose
fibers except for Lenzing Viscose Asia have lower GWP than PET, PP, PLA without wind and cotton; Lenzing
Modal and Tencel Austria 2012 have nearly zero carbon emissions; and Lenzing Viscose Austria has a
negative GWP, which means that it sequestrates more carbon in the product than it emits. Viscose fibers
are generally not so versatile and cannot be used for majority of textile products. Their low mechanical
response in wet state and high swelling are their main limitations.
New polymer platforms may emerge from the biological synthesis of polymeric materials, an approach
which offers in some cases the precise specification and synthesis of modular building blocks for polymeric
materials. The need for architectural specificity and uniform macromolecular structure has never been
greater. It is expected that biosynthesis will become increasingly important for traditional chemicals. It is no
longer necessary to start with a barrel of oil to produce chemicals but rather crop plants may become
attractive feedstock sources. Fermentation can be used to make a fine quality ale, or for that matter
synthetic polymers. Comfortable, easy-care apparel may soon be made with fibers derived from feedstock
that have been fermented from sugar [12]
In that vein DuPont is developing technology that uses genetically altered micro organisms to produce basic
chemicals including some that are not readily made from petroleum. Starting with glucose it is possible to
produce intermediates that can be used to make nylon and polyester. The process is expected to be less
expensive and more environmentally benign than traditional chemical methods. Progress has been faster
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than expected in this area and if the pilot production is successful, the process could be commercialized in
the near future.
With the advent of genetic engineering, it is now possible to create molecules that are difficult to
synthesize by traditional methods. For example, the polymer polytrimethylene terephthalate has enhanced
properties as compared to traditional polyester in selected applications. Yet commercialization has been
slow because of the high cost of one key intermediate, i.e., 1,3-propanediol (3G) for this novel polyester.
Through recombinant DNA technology, DuPont and Genencor have created a single micro organism
containing all the enzymes to convert cornstarch into this intermediate. Biotechnology now offers the
prospect of a low cost, environmentally sound route to the production of a key feedstock for this new
polyester and in quantities approaching these for traditional polyester.
After two decades of research, DuPont is looking to biotechnology to transform a number of DuPont
businesses. Today, there are two classes of manmade fibers: regenerated cellulosic from wood and cotton,
and wholly synthetic fibers made from petrochemical sources. The future may offer new classes of fibersincluding synthetic biopolymers derived from green plants, micro organisms or enzymatic processes. Thus,
bio processing offers vast and emerging opportunities
Fermentation processes using genetically modified micro organisms will give rise to new routes to polymer
intermediates or to directly synthesized polymers. The predominant driving force for this transformation is
for products with new and improved properties. These are based on abundant, cost effective and
domestically renewable feed stocks, delivering sustainable growth.
As an example, DuPont has been working to create synthetic analogy to silk. By using recombinant DNA and
learning exactly how a spider makes its silk, we have created synthetic spider silk as a model for a new
generation of fibrous materials. This approach includes the use of advanced computer simulation
techniques that integrate all the information available about the structure of the evolutionary materials.
Synthetic genes are then designed to encode information-matching aspects of the materials (see fig. 12).
These genes can be cloned into an expression host to produce the silk proteins, which can subsequently be
dissolved and spun into silk-like fibers. Spider silk is but one example of a sizable family of biopolymers
possessing a combination of properties that synthetic materials cannot yet approach. With its unusual
elastic properties, learning from silk may impact other existing materials such as Lycra® and nylon.
The new generation of advanced materials from biotechnology research has the potential to transform our
lives in ways which can only be imagined.
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Fig. 12 Architectural Hierarchy of Materials
Nanotechnology
The “nano“ in nanotechnology comes from the Greek word “nanos“ that means dwarf. One nanometer is
-9

one billionth i.e. 10 meter. Nanotechnology endeavors are aimed at manipulating atoms, molecules and
nanosize particles in a precise and controlled manner in order to build materials with a fundamentally new
organization and novel properties. The fundamentals of nanotechnology lie in the fact that properties of
substances dramatically change when their size is reduced to the nanometer range. When a bulk material is
divided into small size particles with one or more dimension (length, width, or thickness) in the nanometer
range, the individual particles exhibit unexpected properties, different from those of the bulk material. The
nanometer range is characterized by the transition of a material‘s behavior from “quantum like” behavior of
atoms and molecules to the “continuum like” behavior of bulk materials. Nanotechnology has made a
tremendous impact on functionality and performance.
Fig. 13 shows the share of different nanomaterials used in consumer and industrial applications. It can be
seen that large number of nano products in the market are using nano-silver followed by carbon nanotubes
and nano Zn/ZnO. Considering the growing applications of nanotechnology in various fields, market
research agency Luxresearch (www.luxresearchinc.com) estimated that the market opportunity for
nanotechnology based products by 2015 would be about USD 2.44 trillion.

Fig. 13 Nano materials based products in the global market [23]
The report was prepared in the framework of the project “Prospects of the Visegrad cooperation in
promoting a sustainable consumption and production model“ The project is supported by the International
Visegrad Fund
http://visegradfund.org/

Nanomaterials when engineered at the atomic and molecular level and are integrated into fabrics can
exhibit certain properties which alter the physical properties of textiles. Nanotechnology also has real
commercial potential for the textile industry. This is mainly due to the fact that conventional methods used
to impart different properties to fabrics often do not lead to permanent effects, and will lose their functions
after laundering or wearing. This technology provide high durability for fabrics because nanoparticles have a
large surface area-to-volume ratio and high surface energy thus presenting better attraction to fabrics and
increase in durability of the function [3]. Selected typical properties of nanomaterials are:
n

Extreme huge specific surface area

n

Similarity of dimensions with UV and visible rays. Color and scattering depends on nano particle size.

n

Critical length (mean free path, scattering length) dealing with some materials properties (conductivity
diffusion) is comparable or higher than nanoparticles dimension

n

Toxicity of particles increases with decreasing particles size

Influence of particle size on selected geometrical characteristics is shown in tab. 1.
Table 1. Selected geometrical characteristics of fine nanoparticles

Very common mistake is assumption that nano particles have better mechanical properties in comparison
with more voluminous particles. In facts is cohesion energy per atom (diameter d) dependent on the
diameter of particles (D) by relation

⎛ d⎞
⎛ 1⎞
E = Eb ⎜1 − ⎟ = Eb ⎜1 − ⎟
⎝ D⎠
⎝ L⎠
where Eb is cohesive energy for bulk material. For nanoparticles it is ratio L = d/D from 0.1-0.01 and
cohesive energy is increasing with particle diameter. It is interesting that starting from diameter of
nanoparticles around 100 nm is E practically constant. This is one natural definition of nano range.
Nanoparticles have versatile applications in textile industry. They can beneficially replace the classical
micron particles used in finishing for obtaining soil release, stain resistance, flame retardation, wrinkle
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resistance, moisture management, anti-bacteria, anti-static and UV-protection, improvement of dyeability
and so on. Incorporating nanoparticles into a textile can affect a host of properties, including shrinkage,
strength, electrical and thermal conductivity etc [30].
Nanoparticles such as metal oxides and ceramics are also used in textile finishing altering surface properties
and imparting textile functions. Nanosize particles have a larger surface area and hence higher efficiency
than larger size particles. Besides, nanosize particles are transparent, and do not blur color and brightness
of the textile substrates. The particle size is therefore one of main factors influencing efficiency of their use.
As an example, the fabric treated with nanoparticles TiO2 and MgO replaces fabrics with active carbon,
previously used as chemical and biological protective materials [32]. The photocatalytic activity of TiO2 and
MgO nanoparticles can break harmful and toxic chemicals and biological agents. These nanoparticles can be
preengineered to adhere to textile substrates by using spray coating or electrostatic methods. Finishing
with nanoparticles can convert fabrics into sensor-based materials. If nanocrystalline piezoceramic particles
are incorporated into fabrics, the finished fabric can convert exerted mechanical forces into electrical
signals enabling the monitoring of bodily functions such as heart rhythm and pulse if they are worn next to
skin [34].
In the textile branch the following nanomaterials are used: nano fibers (electrospinning), surface nano
roughening, nanoparticles (powders), nano porous materials, nano composites, quantum dots and carbon
nanotubes. The application of nanotechnology in the textile branch is described e.g. in the review [30]. One
example of use of silver nanoparticles created in situ on the cotton fabric for antimicrobial finishing was
published in the work [31]. Deposition of these particles on cotton fiber surface is visible from fig. 14.

Fig. 14 Cotton fibers with deposited silver nanoparticles [31]
Coating is a common technique used to apply nanoparticles onto textiles. The coating compositions that can modify
the surface of textiles are usually composed of nanoparticles, a surfactant, ingredients and a carrier medium [27].
Several methods can apply coating onto fabrics, including spraying, transfer printing, washing, rinsing and padding.
Of these methods, padding is the most commonly used [28-29]. The nanoparticles are attached to the fabrics with
the use of a padder adjusted to suitable pressure and speed, followed by drying and curing.
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A definition of nanotechnology for the textile industry was elaborated, which is also the basis for the "Hohenstein
Quality Label for nanotechnology" [35]: "Nanotechnology refers to the systematically arranged functional structures
which consist of particles with size-dependent properties."
A textile product therefore does not qualify for the Hohenstein Quality Label merely on the basis that it has
nanoparticles incorporated within the fibers or that the fibers are enclosed in a nanoscale coating [35]. Rather, the
nanoparticles or nanolayers in or on the textile must be systematically arranged (fig. 15) and thus demonstrably
result in a new function.

Fig. 15 Definition of nanotechnology according to the Hohenstein institute [35].
At the same time there must not be any negligible negative effect on the textile properties [35]. The definition of
textile nanotechnology according to Hohenstein institute:
n

application of functional systems in the sub-micron range based on the use of „sub-nits“ (nanoparticles
/molecules) systematically arranged

n

specific size-dependent properties

n

products with all new or far improved functions

n

textile properties not being negatively affected

Waste treatment
The demand for textiles has increased significantly in the last decade due to rise in living standards of
people. However, increased demands of textiles also brought the challenges to dispose significant amount
of wastes (fig. 16) generated during the processing and end of life textile materials [13, 14].
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Fig. 16 Textile Waste
Generally textile wastes are classified as either pre-consumer or post-consumer textile waste. Preconsumer textile waste is the leftovers or byproducts from textile, fiber-or cotton industries that can be
remanufactured for the automotive, aeronautic, home building, furniture, mattress, coarse yarn, home
furnishings, paper, apparel and other industries. On the other hand, post-consumer textile waste is the
waste of fleece, flannel, corduroy, cotton, denim, wool, and linen, which are discarded as landfills or
incinerated as an alternative fuel source.
Incineration of textile wastes is relatively simple and it can reduce the consumption of fossil fuels. The
calorific values of different materials are in tab. 2.
In recent years, research on recycling and reuse of textile wastes, instead of land filling or incineration, has
gained a lot of importance due to the increased awareness of environmental concerns. This is because,
textiles in landfill biodegrade to form methane gas which is released into the air and is not suitable for
human consumption [13, 14].
Table 2 Calorific values of different materials
Material

Calorific value [kJ/kg]

Mineral oil

45 000

Polypropylene

43 000

Natural gas

35 000

Hard coal

29 000

polyester

22 000

Wool

20 000

Paper

17 000

Cotton

15 000

Similarly incineration of textile wastes leads to release of toxic fumes which are hazardous in nature [13].
European Union (EU) typically being more progressive on environmental issues have implemented laws
(Directive 2000/53/CE) to prevent the land filling of waste materials (fig. 17) [15-17].
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Fig. 17 European instructions 2000/53/CE [15]
In the context of environment protection and current disposal of the textile wastes, it becomes essential to
recover useful products from the wastes for economic reasons. Traditionally, textile wastes have been
converted to individual fiber stage through cutting, shredding, carding, and other mechanical processes.
The fibers are then rearranged into products for applications in garment linings, household items, furniture
upholstery, automotive carpeting, automobile sound absorption materials, carpet underlays, building
materials for insulation and roofing felt, and low-end blankets [13, 14]. In this way, textile waste industries
were emerged typically as shoddy producer, laundry and wiping rag producer, shredders and garneters.
However, the recent increased competition and reduced profit margins in such industries have forced the
mankind to find alternative more profitable applications of textile wastes. The idea of hydrolytically
pyrolyzing textile wastes into carbonaceous compounds and subsequently milling it to carbon nanoparticles
could provide cost-effective solutions to these struggling industries [18]. In this way, recycling of textile
wastes into carbon nanoparticles could provide stable supply to increasing demands of carbon
nanoparticles. Moreover, textile wastes are also expected to receive profitable economical return due to
multifunctional performance of carbon nanoparticles in different sectors. As for the Czech Republic,
research on recycled carbon fibers was carried out previously by Aeronautical Research and Test Institute in
Prague (VZLÚ) in collaboration with Faculty of Textile Engineering, Technical University of Liberec [19].

2 Sustainable production prospect in Czech Republic
Textile clothing leather and shoemaking industries are important part of EU processing industry.
Employment rate is about 3.2 million of persons (about 9.3% of all working places in processing industry.
Number of companies are around 250 000 and turnover is approximately 240 thousands millions EUR. This
is roughly 4% of total added value of EU processing industry. One half of this total added value belongs to
the textile industry. Employment rate of female persons is around 64.5%. Czech Republic is traditionally on
the top level especially in research and development in the field of textile machinery. It is possible to
mention inventions of shuttle-less weaving looms, open end spinning and needle-less electrospinning as
one of major improvements in textile field. Textile technology was traditionally oriented to the mass
products for apparel industry mainly covering approximately 5 % of GDP. After Velvet revolution this
orientation was changed to the products with higher added value and to the technical textiles area. Number
of companies was dramatically reduced but productivity of work was increased. In the last few years the
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number of companies is changed nonsignificanty and the stabilization or growing of production is visible.
Statistical data in this chapter are from electronic journal “e-ATOK Revue” published monthly by association
ATOK and from “Statistical yearbook of Czech textile, clothing and leather industry 2014”.

Organization of activates in textile branch
In Czech Republic are three governing partners involved in research and development in the area of textile
products:
Association of Textile-Clothing and Leather Industry (ATOK) is a nonprofit organization that brings together
legal entities and individuals of the Czech textile-clothing and leather industries. It is the largest professional
association in this sector in the Czech Republic. It is an important place for formulating opinions and
demands of the Czech textile manufacturers to state authorities and international organizations. It
stimulates new business contacts and cooperation as well as exchange of commercial, economic, statistical
and technical information The members are mainly manufacturers, but also research institutes, schools and
business organizations in this sector. The Association was established in 1990. It is a classic employer’s
union, which provides standard services to its members, as it is in other EU countries. It is involved in many
projects, both in educational as well as promoting cooperation in the field of science and research and
networking with other companies inside and outside the EU. It has concluded cooperation agreements with
associations Gesamtverband der deutschen Textil und Mode Industrie, Taiwan Textile Federation and the
China National Textile and Apparel Council. Association of Textile-Clothing - Leather Industry.
Czech Technology Platform for Textiles (ČTPT) creates connection between European Technology Platform
for the future of textiles and clothing (ETP) and Czech textiles and clothing industry. ČTPT’s objectives follow
the objectives of the ETP, the mission of ČTPT is creation of such an innovative environment in order to
enable the qualitative and quantitative growth of innovation activities of Czech textiles and clothing plants.
ČTPT aims to ensure the long-term competitiveness of the Czech textiles and clothing industry.
Cluster of Technical Textiles (CLUTEX) is group of Czech companies, research institutes and textile faculty
focusing on research and development in technical fabric branch. It concentrates particularly on the
cooperation in the area of national and international projects (research and development, education,
business etc.), on joint marketing and promotion as well as on obtaining and sharing information. The
cluster is also seeking to increase prestige of Czech firms and at the same time Czech textile industry. It will
be achieved by focusing to production with higher added value, making higher use of R&D results and
improving qualification of workers.

Strategy of the Czech Textile and Clothing Industry till 2025 is oriented on:
-

increasing the share of technical textile sector at the expense of the traditional sector;

-

the focus on business and production model;

-

active approach to monitoring and creation of conditions of production relocation;
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-

rearranging priorities in the activities and processes in favor of the design and post-production
phases, as well as bigger involvement of most of manufacturing companies in the protection of
their interests,

-

development and prosperity rely on skilled, competent and motivated personnel,

-

high-tech and unique product development.

Role of foreign investment
The foreign investors were very important in the era of changing orientation from standard mass
production to the customer oriented products wit higher added value. The development of production in
Czech Republic from 1993 till 2013 is shown in fig. 18.

Production in Czech Republic billions Kč
companies production
companies under foreign control
total production

Fig. 18 Production in Czech Republic in different types of companies’ control
Data in 2013 are indicating that companies controlled by foreign investors are covering 39.8 % of total
production and more than fifty percent (51,9 %) of industrial production. Share of companies controlled by
foreign investors on Czech production was increasing very quickly till 2006 and then is nearly stagnated. On
the other hand is share of foreign investors on new added value significantly lower.
Direct foreign investors were investing till 2015 more than 3.5 billions Kč but approximately 60% (1.6 billons
of Kč) were returned to them through dividends. The structure of changes of operation excess, dividends,
reinvested profits, taxes and salaries during time is companies controlled by foreign investors is shown in
fig. 19.
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Companies under foreign control billions Kč
net operation excess
dividends
reinvested profits
taxes
salaries

Fig. 19 Financial characteristic of companies controlled by foreign investors

Czech Republic is now in the phase when the profit used for reinvestment is much lower in comparison with
dividends (see fig. 19). The growing potential based on the foreign investors is therefore significantly
reduced.

Current statistical indicators
The number of employees in textile, clothing and leather industry was significantly decreased till 2009 and
after this year was stabilized. The rate of employees number decrease was higher in the textile and
clothing companies and in leather branch was very slow (see. fig. 20).
Number of employees

textile
total

clothing
leather
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Fig. 20 Number of employees in light industry.
Number of employees during last five years is not systematically changed, but highest variation is in
textile industry (fig. 21).
Number of employees
textile
clothing
leather
total

.
Fig. 21 Number of employees in light industry during last five years.
The number of employees is partially connected with number of companies (see fig. 22)
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Fig. 22 Number of employees in light industry during last five years
The monthly takings per one employee during last five years are slightly growing (see fig. 23)
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Fig. 23 Monthly takings per one employee in light industry during last five years
The mean monthly salary of one employee during last five years are growing more quickly (see fig. 24)

Mean monthly salary Kč
textile
clothing
leather
total

Fig. 24 Mean monthly salary of one employee in light industry during last five years

Very interesting figures are import and export of textile and clothing commodities. In 2014 were into Czech
Republic imported textile products of total price 63.69 billons Kč which is about 7 billions Kč more in
comparison with year 2013. Practically the same increase is in clothing commodities (see fig. 25).
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Fig. 25 Import of textile and clothing products in 2013 and 2014
This increase is indication of purchasing power and increasing demands of Czech customers for textile and
clothing products. In 2014 were from Czech Republic exported textile products of total price 65.68 billons
Kč which is about 6 billions Kč more in comparison with year 2013. The increase in clothing commodities
was 3 billions only (see fig. 26).

Textile commodities export - millions Kč

textile 2013

clothing 2013

textile 2014

clothing 2014

Fig. 26 Export of textile and clothing products in 2013 and 2014
Reason of this situation is transfer of Czech clothing companies production into (mainly Asian) foreign
countries.
The structure of Czech textile commodities import is shown in fig 27 and structure of Czech textile
commodities export is shown in fig 28.
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Fig. 27 Textile commodities import
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Fig. 28 Textile commodities export
It is visible that the import/export relation for Germany, Italy and other countries (with portion per country
less than 3%) is nearly in balance. Czech Republic has not significant export/import relation with Hungary.
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Export into Poland is approximately three times more in comparison with import. Czech Republic is
exporting 6% of textile commodities into Slovakia but import is much smaller. Interesting is import form
India and Turkey probably based on low price standard products offer.

3. Future trends
Fiber systems prepared by using of textile technologies are increasingly applied outside conventional
clothing textiles. Besides standard technical textiles, such systems, acting as flexible, multifunctional,
sufficiently durable, easy to shape / dismantle and light-weight special materials, are used in a range of
other fields such as mechanical engineering, electronics, building and medical. The problem is that these
materials can be custom-prepared for a specific application only when experts on the design, structure and
properties of textile fiber structures are involved.
In order to deal with tasks related to innovated applications it will be no longer sufficient follow the
traditional empirical approach, but it will be necessary to apply a systematic interdisciplinary attitude
leading to the development of the applied scientific subject of FIBRE ENGINEERING. The need to integrate
activities from efficient preparation technologies and modification of textile structures to the design of new
and highly innovated textile products is increasingly obvious. Textile products are known for high-speed
innovation cycles duet to the consumer nature of such goods. On the other hand, many processes of
preparing textile structures are only slightly influenced by development in the field of machinery and their
control.
In order to implement innovated products it is also necessary to take as much advantage as possible of
innovation impulses from other fields and synergy interaction in chain of product design, production and
the supply of new effects. This mainly applies to flexible manufacturing technologies moving towards
efficient and ecological production, the use of alternative as opposed to conventional natural resources,
achieving special effects and reducing energy demands.
The main issues preventing efficient solutions are: fragmented knowledge of limited availability in the fiber
engineering field, a low concentration of interdisciplinary specialists, the limitation of new solutions to
immediate results without generalization and clarification of the principle of their phenomena and
limitations resulting from the lack of material and technical supplies.
Textiles are also directly related to health care and improved quality of life as textile structures are not only
the so-called protective shells of the human body, but can also be used as information and control systems
for interactions with surroundings. Textiles also have a major share in waste, most of which is currently
disposed of at high cost. The effective use of fiber waste from textile production for creating high valueadded materials such as nano- and microparticle systems will be beneficial from a financial as well as
ecological point of view. To reduce energy consumption related to lighting (as one of the basic requirement
of society) it will also be possible to use line illumination systems based on side conductive optical fibers in
textile structures (see fig. 29)
All of these areas of issues related to the development of human society will be included in research and
development activities. The focus on the essential issues of human society (health care and the quality of
life, reducing energy demands and productive use of waste) will ensure the textile industry of future will
gain in significance in general.
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The future of textiles production depends in fact on the current research activities, demands of customers
and requirements of future society. Some of current tendencies will be probably inspected in details and
corrected according to new findings

Fig. 29 Application areas of side emitting optical fibers
Typical example is problem of organic cotton. Plenty of companies and customers are convinced that
organic cotton is more ecologically friendly and have better impact on human health. Reality is very far
from these too optimistic expectations.
Standard cotton cultivation comprises fertilization, pest control and irrigation. In opposite case is cotton
quality variable (dependent on the weather and pests). Cotton crops are targeted by a variety of insects,
and over 100 weed species have been recorded in cotton fields worldwide. These pests contribute
substantially to crop losses and to fiber yield and quality. Usually a combination of herbicides is required to
control all problematic weed species over a growing season. Glyphosate [(N-phosphonomethyl) glycine] or
Roundup, is a broad-spectrum, non-selective herbicide which is active on most species of green plants but is
non-toxic to mammals and fish and rapidly degraded by soil microorganisms.
There are two basic ways how to manage cotton cultivation processes:
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Genetically modified cotton to control certain insect pests. Insect-resistant transgenic cotton (Bt cotton) is
the major crop genetically engineered. Bt cotton contains toxin genes from the soil bacterium Bacillus
thuringiensis. These genes activate proteins that cause lethal damage to the insect larvae that feed
preferentially on cotton. In contrast with many insecticides, these proteins are not toxic to mammals or
birds. Roundup Ready cotton contains a herbicide tolerance gene from Agrobacterium that is resistant to
glyphosate. Glyphosate can therefore be used to control weeds in a Roundup Ready cotton crop. Crossing
of Bt transgenic cotton with Roundup Ready cotton has produced varieties, containing Bt toxin genes
coupled with herbicide-resistance genes.
Organic cotton i.e. cotton grown without the use of any synthetically compounded chemicals (i.e.,
pesticides, plant growth regulators, defoliants, etc.) and fertilizers. Chemicals considered ‘natural’ can be
used in the production of organic cotton. Bacillus thuringiensis (Bt), a naturally occurring soil bacterium, can
be used as a natural insecticide in organic agriculture. Transgenic cottons, containing Bt genes, are not
allowed to be used for the production of organic cotton.
Organic’ is a labeling term. For cotton to be sold as ‘organic cotton’, it must be certified by an independent
organization that verifies that it meets or exceeds defined organic agricultural production standards. A
three-year transitional period from conventional to organic cotton production is required for certification.
Cotton produced during this three-year period is described as ‘transitional’, ‘pending certification’ (in
California), or ‘organic B’ (in Australia) [37].
Proponents of organic cotton and those who market organic cotton products promote the idea that
conventional cotton is not an environmentally friendly produced crop. Factual documentation for many of
the statements expressed by proponents of organic cotton is lacking and some global corporations base
their marketing programs around undocumented, misleading, incorrect, information [36].
Organic cotton economy
Proponents: Organic cotton is produced at low cost. Reality: Organic cotton is more expensive to produce
q Organic cotton production costs at about 50% higher in comparison with conventional cotton.
q

Organic cotton usually has lower yields, which requires more land to produce the same quantity of
cotton and can have lower grades, which affects economics; and it requires significantly more labor
to produce.

q

The growing of organic cotton usually requires many workers to kill weeds, which increases labor
and production costs.

q

It also can require more energy than conventional cotton production because of increase tillage.

Use of pesticides
Proponents: Pesticides and crop protection products are overused and misused in conventional cotton
production in developed countries and in many developing countries.
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Reality: Because of better management practices, the use of crop protection products is decreasing in all
countries and what is used is heavily regulated in developed countries and regulated to some degree in
developing countries.
Residues of pesticides in cotton
Proponents: conventional cotton is covered with pesticides harmful to consumers and certified organic
means ‘pesticide residue-free’.
Reality: from a residue free standpoint, there is essentially no difference between conventionally
grown cotton and organic cotton.
Bremen Cotton Exchange tested for pesticides residues (herbicides, insecticides, fungicides) on US and
other cottons. The results showed that all cotton satisfy the Eco-Label standard and easily pass the
regulations for foodstuffs, ‘Thus cotton under German law can be used as a foodstuff [38]. The
customer demand for organically grown cotton is not a residue-free issue. There is no difference
between organic and conventionally grown cotton from a residue standpoint [39].
Organic cotton summary:
n

The word ‘organic’ is a word that symbolizes a lifestyle

n

Certification or regulation and the ‘science’ behind organic products are not what most consumers
care about when buying organic products.

n

Organic producers expect a price premium for the cost of certification, risk for lower yield, and
possibly lower quality due to spotted or more trash in the cotton due to imperfect control of
bollworms or other insects and problems in harvesting.

n

Spotted and higher trash cotton (lower grades of cotton) could cause the farmer to receive a
discounted price (not premium).

n

From a consumer residue standpoint there is no difference between conventionally grown cotton
and organically grown cotton.

Conclusion
The essential mission of textile and fiber science has been to provide comfortable clothing though new
market opportunities also emerging, under the umbrella, are functional textiles. It is only when scientists
have fulfilled their mission through generation of green space has the profession soared and prospered.
Green space refers to the virgin segments of the market where little or no competition exists. Hence,
subsequent development of new products, processes and technology should yield a strong foothold with an
unassailable competitive advantage. Green space is characterized by introduction of what is called
“disruptive” technologies. A disruptive technology enables innovative companies to create new business
models that alter the economics of the industry.
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The primary winning new strategy for a company is to provide a unique superior product desired by the
customer. A repertoire of technologies in textiles based on the unique core competency of the industry
creates the basis of new products and processes in fibers.
Success, growth and profits in textile industry in the Europe must be grounded in two critical components –
excellence in life cycle performance and sustainability coupled with disruptive innovation in the
transformational process; hence creating new green space in textiles.
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