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Abstract: The concept of Sustainable development of the business is explained and requirement of coherence 
between three bottom lines (TBL) of measuring the success of business-financial, social and environmental, is 
emphasized .The alarming situation of the world in terms of limited resources and GHG emission is brought to 
the focus which is a key factor for driving sustainability agenda. Then follows the description on importance of 
creating value for stake holders and the role to be played by the business enterprises in order to attain 
sustainability. Subsequently the urgent need to change the mindset of the people to exploit the weak ones in the 
textile value chain is emphasized. The organization needs to orient its HRD policies and governance and commit 
strongly to ethical business practices as success of Sustainability which makes a strong business case exclusively 
depends on extent to which its management is committed to Ethics. 
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1. Introduction 

 if 

balanced and coherent operation which takes place without the expense of the society or surrounding 
environment. The UN World Commission on Environment and Development (1987), terms sustainability as the, 

 
There was a time when success of business used to be measured only in terms of swelling profits the balance-

purpose of business and thus many of our practices in the business, could be questioned when it comes to looking 
at the corporate social responsibility/commitment or environmental protection is concerned. Over the years, the 
business success has come to the measurement of three bottom lines: Financial, Social and Environmental and in 
all these three aspects, a successful business organization is expected to do well. However, it has been found that 
the companies consider social compliance and environmental compliance more as a burden on them and hence, in 
order to follow the legislative norms and comply with the laws, majority of them are found to do an eye wash- 
many a times called green wash (Fig.1), where in very little is done of the relevance on these two fronts. 
Naturally, the integrated sustainability- as shown in the Fig. 2 remains elusive. 

 
 
 
 
 
 
 
  
 
     

 
                  Fig.1. Green Wash                              Fig.2. Sustainability measurement scheme              
  

The rare natural resources are dwindling at the shocking levels [1]. The global social order, is crumbling and we 
also witnessed financial crisis after crisis, subsequent to the Great Depression [2].The world is witnessing earth-
shattering exploitation of our non-renewable resources, climate change and its alarming effects, as well as, the 
growing Carbon Footprint leading to distressing consequences, such as water scarcity, declining natural capital 
and crop cultivation, hunger, rising costal risks, decreasing global forest areas and so on [1]. Due to the 

practices of the companies, the society and the environment are paying the cost. It is time before it is 
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too late, that this transformation from a culture of unfettered consumerism to a culture of sustainability has gained 
momentum which further brings us to the topic of responsible production and responsible consumption. 
 
UN Global Compact calls the business leaders of the world to follow certain basic principles of responsible 
business practices which include 10 basic principles talking about respecting human rights, taking care of labour, 
Environment, following anti-bribery code of conduct, best business practices in governance, etc. 
Having adversely impacted by the after effects of all these unbridled production activities of the business houses, 
the modern consumer, is increasingly shifting attention to measuring prosperity, through the Ecological Footprint 
[3], the Genuine Saving Estimate [4], Human Development Index [5] and the Ethical Reputation Index in addition 
to the SENSEX  the stock exchange indices of the corporates. 
Can we prosper as an organization when our surrounding society is in abject poverty? Our environment is totally 

 
nnot underestimate financial performance, which can be 

bettered only if the operations of the corporates are lean, cost competitive, visionary, strategic and innovative.  

2. Creating Value for Stake holders through Sustainability 
Sustainability encompasses - 
holders. It should include social commitment-welfare of their workers and their future growth, community and 
their needs in terms of health, education and primary needs like water and sanitation. It should take care of 
environment around it and see that water and air pollution is avoided and it does not burden the planet with 
increased Carbon footprints. It should create truly Sustainable Value model as shown in Fig. 3, 

 

	
	
	
	
	
	
	
	
	

Fig.3.	 	
Merely having the best of technology and thus possessing certifications like ISO 9001-2000 for consistent quality, 
Social Accountability Certification like SA8000, Environment Compliance as depicted in ISO 14000-2001 and 
Occupational Health &Safety Assessment System OHSAS 18001- 2007 do not guarantee that the Enterprise is 
going to be sustainable. We need to do beyond all this what is required to comply with the law. Sustainability 
permeates through the core values and commitments and thus it has to be reflected in all the sub activities of the 

R&D, PR, Brand image building, compliance with laws of the land, marketing and customer satisfaction, after 
sales and way how their goods are finally disposed off, etc. 
As suggested by this model business has to look within (internally) and also external climate in which it operates. 
It has to look for consolidation of the business for the present and plan for the future growth.  
 
2.1 Today, what companies should do to strengthen them internally, 
The company has to put in place best of technology so that it can reduce the waste, make its operations lean, and 
achieves cost- effectiveness while maintaining international quality standards. Recycling of water, energy 
conservation and use of renewable energy are additional measures, it has to adopt. 
 
2.2 Today what companies should do to strengthen its image in external society? 
The company has to manage its reputation, build its image and establish legitimacy of operation, with good 
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rapport with the community. This is possible if transparency and genuine commitment to society, to the law of the 
land, to all the bodies involved in taxation, etc. displayed by the company. 
 
2.3 Tomorrow, keeping future growth in mind, what companies should do to strengthen itself internally for 
building capacity? 
The company has to build-in core competence and nurture valuable talent giving them opportunities to grow. It is 
only then such a loyal talent committed to innovation and constantly encourage to try new things may be able to 
come up with the products based on disruptive technology.  

2.4 Tomorrow, to achieve high future growth, what companies should do externally in response to 
macroeconomics and market? 
Finally market can only grow substantially if the products brought out by the company are innovative and can 
attract the mass market existing at the Bottom OF Pyramid. Hence, the innovative products should be cost 
effective to enable the population in the third world countries to enjoy its benefits.  

3. Sustainability drives innovation and makes business sense 
The manufacturing processes of textiles and garments have to be not only ecofriendly but also free from 
exploitation of labour. The supply chain should not be also brought under unnecessary pressure of cost reduction 
imposed due to improving profitability. End of the day, this agenda of sustainability can be effectively 
implemented, if Brands are ready to chip-in little more their slice of profitability, in favour of all the players down 
the supply chain. Only then, the system will be dynamic, strengthened and truly sustainable. 

4. Sustainability makes business sense and not a burden to carry on. 
Sustainability in the value chain through green chemistry is infact something which makes business sense and it 
offers one, a competitive edge if the company emphasizes on innovation and R&D. The measures like eco-
friendly processing with energy and water efficient processes, minimization of waste generation, recovery of 
various chemicals and heat, adapting to the substitutes which are bio- degradable, conforming to standards and 
legislations and getting accredited with eco-labels are some of the ste
this will surely enhance their acceptability among the customers and profitability,  

 The modern consumer depending upon the type of functional garment would like to see one or more properties 
such as water repellent, oil and stain repellent, self cleaning, UV protecting, antibacterial, aroma and fragrant, 
mosquito repellent, flame retardant, wrinkle resistant, etc. Surely, most of these finishes makes use of 
Nanotechnology and provide a great drive for innovation. It is this innovation which in turn boosts the 
competitive edge to the company. 
 

 Use of Biotechnology and enzymes in textile processing, application of plasma in surface modification of 
textiles, use of ultrasonic energy in colouration, use of supercritical CO2 in waterless dyeing, etc. are a few 
more breakthroughs in process intensification as well as alternative sources of energy. The product based on 
these technologies further improves the competitiveness of the company and all this is found to be triggered 
due to the inevitable need to make our operation sustainable. 

 
 5. Ethical commitment and Sustainability 

to follow at least to secure 
absolutely worth and thus, this planet has to be cared for. Caring for People and Planet along with profit will not 
be sustainable unless there is a strong commitment of the management and mainly the promoters as well as all the 
stake holders. There is an equal responsibility on the consumers to encourage goods which are manufactured with 
sustainability at the core. However, social accountability and commitment to respect environment cannot sustain 
without the ethical commitment of the top management and readiness to make use of transparent and fair business 
practices.  
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inter connected. In absence of commitment to ethics, both social welfare as well as environmental protection will 
be always discounted, at any convenient opportunity. We as enlightened individuals should abolish all kinds of 
prejudices of language, race and religion and believe in global citizenship. To be successful in our profession and 
to become positive contributor to the betterment of society, we need to accept the concept of equal opportunities 
to all and gender equality. Our very family structure will be strengthen when our commitment to ethics grows and 
to the same extent the darkness of corruption will disappear. Those who care for this World and its future, such 

also another dimension of sustainability. Good governance and no room for any exploitation or bribery are some 
of the features of an enterprise which can vouch for sustainable business operations. Such business activities will 
create positive value and generate true wealth for the prosperity of mankind. 

6. Conclusions 
Sustainability is not a one time subject. A lot of awareness needs to be created from various forums / conferences 
etc. It has to be the core principle of functioning of any enterprise. Newer values su  One 

- existence of economies for 
collective prosperity aimed at maximizing human happiness, will eventually emerge. Only the ethically 
committed corporate firms wi - 
their Brand image will have to sincerely aspire to be the change- agent of society, economy and the environment 
by following in letters and spirit, the words of Mahatma G  
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Abstract: 

which consists 
yields a bleak future. It suggests limited supplies of natural resources that pose an obstacle to future world 
economic growth. This paper makes an assessment of a sustainable future for textiles based on economic, social, 
and environmental dimensions. Both strategic and tactical remedies for the textile value chain are provided. The 
collective actions suggested will not ensure success but rather provide a framework for a better and safer planet. 
 
Keywords: Sustainability, polyester, textile, strategic & tactical remedies. 
 
1. Introduction 
 Humanity is passing thru tumultuous times particularly as it relates to our relationship with the entity we hold so 
dear  Mother Earth. Earth is unable to provide resources at the rate we are consuming them. Indeed, what we 
are doing now cannot go on. We live today by borrowing from the future. The living planet report makes clear 
that more than 30 years ago the world moved beyond the point it could support its population sustainably. Since 

 (Fig. 1), and each person consumes more. 
Textile consumption is about 10 kg fibre per year per person [1]. Global resource depletion scales with the 
population and with per-capita consumption. So today, humanity burns through the resources of 1.5 Earths in a 
year; thus it takes the planet a year and a half to regenerate what we use annually. Stated differently, we are 
destroying in millennia to evolve. Future generations will ask, and justifiably so, 

 
 

 
Fig. 1. Global population growth over the last 2000 years with doubling times marked 

 
To combat the situation, sustainability has become the battle cry.  It is an increasingly popular catchphrase and a 
movement which congers up the complete spectrum of emotions from euphoria to depression.  We know the 
narrative: ecosystems in decline, species loss, water scarcity, climate chaos, spread of diseases coupled with the 
resultant social and economic turmoil. However, it simultaneously provide the warm feeling that comes with 
being green, earth friendly, natural, and ethical. Several authors have tried to define sustainability, the most 
popular of which - was coined in 1987 by the United Nations' World Commission on Environment and 
Development  the Bruntland Commission.  In their definition sustainability means "meeting the needs of the 
present without compromising the ability of future 
definition is provided by The American Institute of Architects.  They envisioned sustainability as  
prosperity of all living things.  
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So what is the role of textile and apparel industries in this debate? It operates on a global basis and is considered 
as one of the major product groups in world trade of manufactured goods as suggested by the World Trade 
Organization. To become sustainable, the industry needs a dramatic change at all levels starting with design, 
production, marketing, sales and promotion. With a focus on growth and profits it is now time to change that 
model and include global citizenship competencies to counter the problems around the world. The future of 
textiles and apparel, much like other industries, is facing problems of limits to natural resources, global warming, 
sustainability issues, and social and political upheaval [2].  
The narrative that currently frames this industry, and perhaps others, is summed up in a few simple words  

reach the end of this article. 
 
2. Planetary pulse 
The growth oriented society we live in is now out of control and destroying the bases of life itself. The 
globalized political economy, driven by its need to accelerate growth and measuring success by its rate of 
growth, is what systems theorists call a 'runaway' and chaotic system. It is, in effect, a suicide economy. We're 
all part of it. What are the intrinsic components of this non-sustainability? 
 
2.1  The great unravelling 
Human history marches on and continues to unfold its 0.15 million year story of dazzling creativity. The genius 
of mankind has overcome numerous apparently insurmountable problems thru this journey to meet its needs. The 
agricultural revolution, which took centuries, accomplished the basic task of providing food for ever increasing 
number of inhabitants. The Industrial Revolution provided higher standards of living to a large group of people. 
Now we confront another quandary; we are destroying the planet that provided us all of what we have today [3]. 
This is reflected in: 

 Ecosystem decline 
 Habitat loss 
 Species extinction 
 Human body burden and chemical stressors of various types and quantity 

 
2.2 The great warming 
The atmosphere has a natural supply of "greenhouse gases." It captures heat and keeps the surface of the Earth 
warm enough for us to live on. Without the greenhouse effect, the planet would be an uninhabitable, frozen 
wasteland. 
Before the Industrial Revolution, the amount of carbon dioxide (CO2) and other greenhouse gases released into 
the atmosphere was in a rough balance with what was absorbed in natural sinks. For example, plants take in CO2 
when they grow in spring and summer, and release it back to the atmosphere when they decay and die in fall and 
winter. In the Industrial Age, in the mid-1700s, human activity took off and people started emitting large 
amounts of greenhouse gases. Fossil fuels were burned more and more to run our cars, trucks, factories, planes 
and power plants, adding to the natural supply of greenhouse gases. The gases which can stay in the 
atmosphere for centuries -thick heat 
blanket around the Earth. The result is that the globe has heated up by about one degree Fahrenheit over the past 
century and it has heated up more intensely over the past two decades. 
 
2.3 The great inequities 
The current North-South disparity in economic development is extreme while the gap associated with access to 
resources and information is narrowing. International equity defined as the ratio of average income in non-
OECD to OECD nations was 0.13 in 2005. A study by the World Institute for Development Economics 
Research at United Nations reports that the richest 1% of adults alone owned 40% of global assets in the year 
2000, and that the richest 10% of adults accounted for 85% of the world total. The bottom half of the world adult 
population owned barely 1% of global wealth.  
 
3. Major sustainability frameworks 
No one is suggesting that we cease all human activity, i.e. that we stop extracting all materials from the earth,  
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stop producing all human-made substances and must never disturb a natural landscape, to reverse the current 
negative trend associated with human survival. The problem is not that we mine and use heavy metals, use 
chemicals and compounds produced by society, or disrupt natural processes. It is, rather, that our industrial and 
economic systems have developed so that environmentally damaging practices like these will continue to grow 
indefinitely, having greater and greater impacts over time. As long as our impacts were small relative to the 
capacity of the planet to handle them, the big picture wasn't so scary. But because we are systematically 
increasing these impacts, they are now large and getting larger. As a result, we are at the point where there aren't 
"plenty of fish in the sea". This is the trouble. These systematic increases cannot be sustained on a finite planet. 
There are many thoughtful minds that have postulated a variety of viable alternatives to our current activities. 
Some of these are: 

 The ecological footprint 
 The natural step 
 Natural capitalism 
 Industrial ecology 
 Cradle-to-Cradle  
 Biomimetics 
 Zero Emissions Research and Initiatives (ZERI) 

 
4. Strategic vectors of sustainability  
Traditionally we have emphasized economic development above all else in our pursuit to achieve prosperity. All 
indicators now suggest this to be short sighted for long term welfare of humanity  either we pay now or we pay 

.  As an example, too often in the past, costs of dealing with wastes, effluents and 
emissions are not accounted for as costs of products, but instead pushed off onto the environment for people 
living near the exposure sites to pay later (much later)  These costs include increased health risks, polluted air, 
polluted water, and polluted land. We only consider the lowest cost per unit produced instead of cost per unit 
consumed which initiates more waste in the name of profits. One basic analytical approach is to view this 
process as an interaction among three systems: the environmental (and other resource) system, the economic 
system, and the social system [4]. These then form the strategic vectors of sustainability (Fig. 2). 
 

 
Fig. 2. Dimensions of sustainability 

 
Hence 'real' improvement (economic development) cannot occur in the world unless the strategies which are 
being formulated and implemented are environmentally sustainable over the long-term. In addition they must be 
consistent with social values and institutions, and encourage 'grassroots' participation in the development 
process. Thus there will be no sustained development or meaningful growth without a clear commitment at the 
same time to preserve the environment and promote the rational use of resources . Similarly, to be socially and 
culturally sustainable, development must be gauged by the values [which] a society itself or some member 
thereof, deems to be requisite for its health and welfare  Thus we must not see environmental, social and 
economic challenges as separate and competing but rather as an interconnected whole. 
Environmental sustainability is the process of making sure current processes of interaction with the environment 
are pursued with the idea of keeping the environment as pristine as naturally possible based on ideal-seeking 
behaviour. Thus, environmental sustainability demands that society designs activities to meet human needs while 
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indefinitely preserving the life support systems of the planet. This, for example, entails using water sustainably, 
only utilizing renewable energy, and sustainable material supplies (e.g. harvesting wood from forests at a rate 
that maintains the biomass and biodiversity). 
 
5. The role of textile in sustainability 
Textile as a sector of economic activity is not unique in its contribution to non-sustainability. Along with the rest 
of the world, it too is rapidly heading towards a precipice: an environmental, social, and political disaster that we 
can all see unfolding before our eyes. What will happen when we run out of resources? By the middle of the 
century, we will have 10 billion people competing for finite resources from clean water to energy to food. So 
what are the textile specific issues and some logical solutions we should consider? Let us consider a limited 
number of components to understand the patterns of non-sustainability in textiles [5]. 

 Control of growth of greenhouse gases  
 Safeguard water quality 
 Efficient energy utilization 
 Biodiversity protection and desertification prevention 
 Waste product management 

 
6. Moving into the future  a summary 
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. Instead of 
keeping score as a gross cash flow we must think of the whole system balance sheet. 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 driven not by fossil 
fuels but by alternate energy sources. 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. 

 
 
greed.   Mahatma Gandhi 
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Abstract: Traditionally modules within Higher Education are taught as discrete subjects. This has advantages 
since it enables students to develop knowledge and skills specific to each individual elements of the subject 
discipline. The expectation is that students will integrate and make sense of all the discrete elements. Whilst this 
is the ideal scenario, in practice often the first opportunity to integrate the various elements with a project occurs 
at final year. The purpose of the model presented was to integrate sections of the curriculum previously taught as 
separate entities into a single element at second year, using a blended learning approach to combine theory and 
practice. Thus, providing the opportunity for student to synthesize the knowledge obtained in various elements 
of their studies and develop an understanding of emerging/new technologies much earlier within their studies. 
The model differs from others: firstly by utilising fully integrated team teaching, engaging a diverse range of 
subject experts to enable network beyond the programme team, reinforcing research informed teaching and the 
teaching/learning nexus. Secondly active learning was employed as a means of challenging the learner, thus 
developing life/subject skills through establishing systematic connections of the different elements of their 
learning. Finally, through peer-support and networking, knowledge was exchanged (knowledge transfer) 
between students as they progressed through the development stages. This paper presents a successful model of 
blended learning which integrates research, technology, design and practical skills underpinned by the advanced 
study of textiles which is essential to any clothing curriculum. 

Keywords: Curriculum design, performance materials, product development, active learning.   

1. Introduction 
This paper presents a model for integrating the study of advanced product development using performance 
materials into the curriculum for clothing technology students. The model presented has been delivered 
successfully at level 5 (National Framework for Higher Education Qualifications) over a period of four 
consecutive years as part of the wider Clothing Design and Technology curriculum. It has demonstrated that it is 
a sustainable method for integrating knowledge from different disciplines including material science, design, 
pattern construction, seam engineering and garment technology into a single unit for learning. This paper 
presents a case study for the first year of implementation which is based upon tutor reflection from observations, 
formative feedback from the learners (questionnaires) and discussion of the product development from one 
action set (team of students). 
in terms of academic learning, teaching and the wider skill development. The results of the study present a strong 
case for utilising this model to facilitate an integrated approach to learning within advanced product 
development and the study of performance materials for undergraduate mainstream clothing students, which may 
have wider applications in the HE sector. 

2. Performance clothing 
The global market for performance clothing in particular the category which focuses on sports applications has 
increased dramatically in the last decade, recent predictions expect this market to reach $126.30 billion by 2015 
[1]. The growth in this market is largely driven by sociological factors including: participation in active sports 
and outdoor pursuits as individuals aspire to healthier lifestyles and increase leisure time to pursue these 
activities [1-4]
importance [1-4]. This has led to a demand for stylish, versatile and functional sports apparel with a blurring of 
the traditional boundaries of fashion, sports, functional and performance apparel. Functional and performance 
materials are now mainstream in this category of apparel and therefore it is essential for clothing students to have 
both a detailed understanding of the performance characteristics of the materials and knowledge regarding how 
to utilise them within clothing applications to maximise aesthetics without losing functionality.  

3. Methodology 
The model presented (Fig. 1) is based the principle of action learning which supports the development of  
learner  
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competencies (knowledge and understanding); the expansion of life skills (key and professional skills); the 
advancement of high order cognitive skills (analysis, synthesis and evaluate); and, the appreciation of 
metacognitive strategies (learning how to learn and reflection) [5,6]. It includes a strong element of teamwork to 
enable the learners to co-construct knowledge, through both application (through an integrated approach to 
advanced product development) and reflection (peer support).  The unit was delivered over a period of 24 weeks 
for 48 hours. It was split into two parts, firstly knowledge acquisition (12 weeks of research), and secondly 
knowledge application (12 weeks). Initially students were split into teams of 8/9 students (n=66). A brief was 
presented which involved designing a high-tech range of clothing for a specific outdoor pursuit. During the 
initial 12 weeks the student groups were supported through a series of guest lectures which focused broadly 
around four core areas, design, market analysis, technology, and clothing realisation. Each student researched 
into an individual element of the range which when consolidated would represent the most cutting edge selection 
of garments for the selected outdoor pursuit, the research report was individual and specific to each individual 
garment/product design, however, the data collection was a team effort. The second part of the project enabled 
the student to discuss, debate and decide on one garment to further develop. A vast range of high-tech material 
were available to the students, four specialists lecturers (supported by a technical team) were available for 
second block of 12 weeks to enable the group to construct seams, test materials, develop patterns and engineer 
specific elements of the garments. Each student team was further sub-divided into 4 to enable all the testing to be 
completed simultaneously. Every third week the teams would re-form to share their results, thus impacting and 
refining their decisions on a regularly basis to ensure the garment/concept they developed/produced was fit-for-
purpose. 

Phase 1 Knowledge Acquisition Phase 2 Knowledge Applications Knowledge Desemination
12 Weeks 12 Weeks

Co-construction of
Knowledge

Learning OutputLearning ActivityLearning Activity
Instruction
Facilitation
Discussion

Instruction
Facilitation
Discussion

Weekly guest lectures

Team research

Peer assisted learning

Lecture as facilitator

Range of clothing for an
outdoor pursuit

Individual technical report
to justify the product

development

Skill development

Textile testing

Advanced
materials

Seam
evaluation

Advanced
joining method

Pattern
development

Product
development

Garment
construction

Product
development

Proof of concept

Prototypes

Experimental results

Synthesise data

Group synthesis

Fitness for purpose

Individual
technical report

based on 8 weeks
experimentation

Reflection

Formative feedback

Peer assisted learning

Skill development

Knowledge transfer

Formative feedback
------ Reflection-------
Peer / tutor support

Learning Output

Presentation
Development of Life

Skills

Fig. 1. Active learning model for integrating learning advanced materials 

4. Case study  results and discussion  

he 
team selected a series of waterproof, breathable materials (from their research during the first term) to test the 
material physical properties and sewability (advanced joining methods). Two areas of the garment concept were 
selected for further development (Fig 2), the hood (shape, visibility, fit), and the pit-vent. The group worked 
together to progress through the stages of development, at time receiving conflicting information: material that 
performed well in the textile testing did not necessary join together with ease. Therefore, the team had to 
negotiate whether to use a material that had a lower performance to allow the desired fit/aesthetics to be achieve 
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or whether to modify the design to optimise the desired performance material. Over a series of 16 hours in the 
labs and cutting room the selected team was able to develop aspects of the garment and confidently conduct a 
presentation to articulate their results and justify their decisions, all teams kept a reflective log of activities. 

 
Fig. 2. Case study level 5 (2007-2008) 

5. Learner feedback 
Formative learner feedback was gathered at two points during the 24 weeks delivery, at the end of the first and 
second terms. The response rates were generally low (however, this is not uncommon for 1st and 2nd year unit 
evaluations in HE) 22% for term 1 and 52% at term 2. 88.3% of the respondents agreed (A) or strongly agreed 
(SA) that the unit progressed at a pace they could cope with and the contents of the lectures/seminars were 
clearly explained (77% A/SA), they also acknowledged that they were clearly informed regarding how the unit 
would be assessed (76% A/SA). In terms of the teaching over 80% A/SA that the teaching team was well 
prepared, had good subject knowledge, easy to approach outside class, provided effective resources for learning 
and were effective teachers. Overall the learners were satisfied with the quality of the unit (73% A/SA). This is 
supported by the external examiner comments: it was reported that the students were very enthusiastic about the 
unit. 

6. Discussion 
During the first term it became apparent the value of a guest lecture programme, not only did this reinforce the 
research teaching nexus, it provided a wider network internally and externally for the students. The guest 
lecturers opened up research areas that had not previously been considered  clothing comfort, advanced 
materials, innovative joining methods, and functional design. The blended learning approach also had a number 
of benefits, there was a noticeable increase in research as the groups shared resources information, which 
enabled the students to have access to a wider range of information this had clear benefits in terms of raising 
attainment. Through combining theory and practice using an action learning model, the quali
investigation skills increased dramatically. The average attainment for the unit at the end of term one was 62%, 
by the end of second term this had risen to 70% (excluding the five non-submissions) at level 5 this clearly 
demonstrated the impact on the students learning. Further to this knowledge transfer was demonstrated not only 
by the quality of the research, but the advancement of professional skills including peer assisted learning, critical 
analysis, communication, negotiation and presentation skills. There was a strong sense of belonging as groups 
transpired into effective teams with a shared sense of vision and drive. Through extensive dialogue teams made 
informed choices regarding materials and seam engineering based on quantitative analysis, leading to a deeper 
understanding of performance materials generally and how they are used in advanced products, many teams 
furthered their learning by applying primary data techniques to obtain information from consumers, industry 
experts and commercial samples. The extent this model had on learning should not be underestimated, it brought 
together staff from different area to engage with students simultaneously in dialogue. There are a number of 
challenges which should be noted. The value of an academic lead to synthesise on a weekly level is required, this 
integrates the guest lectures seamlessly (which may otherwise have seemed somewhat independent), this 
however places demands on resources. During the second term the value of getting all the four experts together 
with the whole group had enormous benefits to learning and knowledge transfer, the excellent feedback received 
for teaching illustrated the value placed on this by the learners. Whilst it is acknowledged that some students 
experienced challenges in team working, it should be noted that this is an essential skill required for the global 
apparel industry; and as advances are made in material science and more technical innovations become available, 
students will be required to be able to transfer skills within multidisciplinary teams. The students co-constructed 
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knowledge with their peers, lecturers, and technical staff, this project enabled all involved to challenge the 
boundaries of knowledge and understanding and thus presents a sustainable model for learning.    

7. Conclusion 
This project in no way suggests that in apparel based subjects we should abandon the current model of having 
discrete specialist units which provide the foundation for specific skill development. It is merely suggesting that 
opportunity should be created within the curriculum at all levels for some element of true integration which 
brings together not only the academic learning aspects, but the opportunity for wider skill development and the 
opportunity to network with staff from different areas simultaneously. This model of learning offers a true 
integrated approach to learning, embedding staff research and has the potential to open new research 
opportunities as students are working at the cutting edge of their field within advanced product development.   
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1. Introduction 
The paper discusses the issue of how people and organization need each other. The changing paradigm of the 
present business atmosphere has characteristics like: The consumer economy drives business realities and the 
lifetime employment has become a theory of the past. We have demographic advantage. The present work Life 
Cycle time is crashing. The aspirations of young workforce are very high. 
More women are getting into workplace. Mergers and acquisitions is becoming a way of life. Global workforce 
is also taken into account. Implications of changing paradigm are as follows: People have choices. People are 
mobile and their commitment is short term. 
People demand much more. Newer models of employment are coming into force and there is also challenge of 
diversity. There are four fundamental forces that are fuelling the war for getting right people. 
There are four fundamental forces that are fuelling the war for getting right people. 

 The irreversible shift from Industrial age is taking place to the Information age. 
 The demand for high calibre managerial talent is getting intensified. 
 The reality of doing more with less is becoming evident. 
 The growing propensity for better prospects is making people to switch from one company to another. 

 
2. Supply concerns of human capital 
The median age of Asian population is around 24 years. On account of shortage of experienced resources, 
companies are employing relatively inexperienced resources. The number of workers under 30 in the new 
economy sectors is estimated at around 83%. Organizations operate on thin middle and senior management layer 
on account of poor availability of  resources in the age group of 30+. Supply shortage at middle & senior 
management is unrealistically pushing up price of jobs. 

3. Textile industry 
Textile industry is not a preferred choice at the campus as it has a perception of old age industry. The 
management being more entrepreneur led rather than professional management , which has traditional mindset 
and is majorly unorganized. The major challenges faced by textile industry are: 

 Skill gap 
 Labour shortages and cost 
 Technology  
 Lack of new thinking  
 Adaptability 
 Infrastructure  
 Compliance   

 
4.  
Retention of employees is a major challenges and management should take actions in meeting employees 
expectations in terms of monetary and non-monetary techniques. 
Hewitt Associates Study, found that employees look for a unique combination of the following factors 

 The belief that one works for a great company 
 Exciting work 
 Meaningful opportunities 
 Career and personal development 
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 Work/life balance 
 
5. Non-monetary retention suggestions 
Institutionalize a value system conducive to Retention 

 Demonstrate respect for employees 
 Appreciate employees contribution to organizational success 
 Nurture & celebrate organization traditions 
 Involve employees in decisions concerning their job & overall  direction of company. Generate a  

      sense of ownership 
 Align vision & mission to employees aspirations 
 Communicate openly & vigorously. Help employees to see  & appreciate the bigger picture 
 Connect people to work that motivates & inspires 
 Create Partnership, squash status barriers, share good & the bad 
 Promote culture supportive of innovation, risk-taking, creativity 
 Develop a one-to-one approach without losing the group focus 
 Put in place an effective predictive mechanism to gauge comfort, commitment & contentment level  

      in the organization 
 Create an environment of emotional bonding 
 Emancipate Action, allow for failure, reduce bureaucracy 
 Build an ethical [passing tests of probity & integrity] & responsible [to the environment/planet]    

      organization. 
 Organizations will attract  quality talent by offering a unique employee value proposition 
 HR will be challenged not only by external market forces but also internally by employees   

      themselves 
 If we want high quality talent, we need to offer them high quality opportunities.  If not, they will go  

      to our competitors. 
 
6. The essence of human  capital 

 The key HR challenge in the years to come will be  our ability to leverage human capital.   
 To create a sense of meaning and purpose in our enterprise.  
 To recognize that every individual has a SOUL. 

 
7. Conclusion 
The answer to talent retention lies in understanding why Employees Stay in an Organization are due to pride 
factor, confidence factor, Emotional factor, Trust factor and Fit factors. However the challenge is to put in place 
strategies & actions which sustains & strengthens above-listed characteristics of an organization. 
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Abstract: In the field of Textile and Clothing, Radio Frequency Identification (RFID), which is one of the most 
promising technological innovations, is used in manufacturing, inventory control, warehousing, distribution, 
logistics, automatic object tracking and supply chain management. RFID technology can improve the potential 
benefits of supply chain management through reduction of inventory losses, increase of the efficiency, increase 
in the speed of processes and improvement of information accuracy. Although the technology existed for several 
years, the technological challenges and cost issues are the major hurdles for the widespread use of RFID.  In this 
paper, the authors have addressed the key challenges faced by RFID, disadvantages and future directions of the 
technology.   
 
Keywords: RFID, fashion, textiles, supply chain management, inventory, retail.  
 
1. Introduction 
The rapid pace at which the technological innovations are being introduced in the world poses a potential 
challenge to the retailer, supplier and enterprises. In the field of Information Technology (IT) there is a rapid 
growth in the last 30 years [1-3]. One of the most promising technological innovations in IT is Radio frequency 
identification (RFID) [4-6]. The RFID technology was evolved in 1945 as an espionage tool invented by Leon 
Theremin for the Soviet Government [7, 8]. At that time it was mainly used by the military. The progress in 
microchip design, antenna technology and radio spread spectrum pushed it in to various applications like supply 
chain management, retail, automatic toll collection by tunnel companies, animal tracking, ski lift access, tracking 
library books, theft prevention, vehicle immobilizer systems, railway rolling stock identification, movement 
tracking, security, healthcare, printing, textiles and clothing. RFID can make the companies more competitive by 
changing the related processes in supply chain, manufacturing and retailing. 
Although several RFID research publications till date focused on various applications of RFID, there is a dearth 
of review of the literature on the application and challenges of RFID in textile and clothing business. Hence, an 
attempt has been made in this paper to review various challenges faced by the technology and the future 
directions.  
  
2. Advantages of RFID 
Barcode systems, although used for product information, inventory control, have some drawbacks as compared 
to RFID [9, 10]. The amount of information stored in a barcode is very less as compared to RFID. RFID can 
store up to 1000 bytes of data. An RFID is specific to each item, whereas the barcode is not. Barcode needs 
human interaction for proper operation. It requires time-of-sight access to an optical scanner for the product 
related information. The barcode is to be replaced if the information it contains needs modification, but in RFID 
it can be modified at stages of the supply chain by the interaction between the microchip and the reader software.  
The barcode system is less accurate as compared to RFID.   
 
3. Challenges faced by RFID system 
Although RFID technology has already been applied effectively, have certain technological barriers that still 
need to be overcome to optimize its application. These lacunas are high investment, lack of security and privacy, 
and some related to the technology of RFID [11-13]. 
 
3.1 Cost 
Although there is a great potential of RFID in the local logistics sector, the major drawback is the cost of the 
RFID tag is higher as compared to barcode system [12, 14]. So industrial leaders are concerned about the return 
on investment and net profit by investing the extra cost in to the existing system. The cost depends on the 
volume of usage. The lowest cost tags available on the market are as low as 7.2 cents each in volumes of 10 
million units or more.  The average cost of a RFID tag is around 30 to 40 cents if the volume is not sufficiently 
large but the cost is only 4 cents for a barcode.  The companies like Wall-mart, Benetton, and Prada are trying to 
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still reduce the price. After the price is reduced all the retailers and manufacturers can implement the technology. 
Apart from the initial cost, there is cost involved in maintenance and up keeping of the system. But RFID tags 
will completely replace the barcode system in future.   
The use of RFID in supermarkets is worthwhile because the transactions speed in supermarket should be fast and 
prompt to reduce the queuing time whereas in fashion industry the purchase is not in bulk so transaction speed is 
not very relevant in fashion industry. So the cost of using RFID tags for economical/low-priced clothes will 
impact significantly on the final cost of the garment. But where quick scanning is required in case of larger 
purchases and promptly replenishing merchandise, the use of RFID is very important and trustworthy.  
 
3.2 Security and privacy 
 The security and privacy of the RFID against unauthorized readers is in debate from the very beginning [15-17]. 
There is a great challenge to the consumer privacy. The consumers using the product with RFID tags can be 
traced easily. The RFID tag broadcasts the ID serial number or the Electronic Product Code (EPC) to the nearby 
reader. There is a very high chance of privacy violations. The size of the dress a woman wants can be publicly 
readable by any nearby scanner. Due to this problem the cloth retailer Benetton has planned to withdraw the use 
of RFID tags in its apparel products. CASPIAN (Consumers against Supermarket Policy Invasion and 
Numbering) group, based in US has claimed that RFID tags embedded in items can track the consumers creating 
unwanted surveillance and an invasion of privacy.  
Many security measures have been proposed for RFID in various literatures to overcome the above problem [16, 
18]  being 
sold out. The tag also can be removed physically from the product before they are placed on the hand of the 
consumers. The other approaches are Cryptographic approach, Hash Function approach, Faraday Cage approach, 
Randomized Hash Lock, backward channel XORing, Active Jamming approach, Regulation approach etc.  
 
3.3 RFID attacks 
Tag damage: the RFID tags can be damaged by attackers or due to the improper handling of the material. This 
attack in turn can prevent the data communication with the reader.  
Fake tags: The attackers may replace the original tags with fake ones, which will prevent the data transfer or 
provide fake information to t the reader. 
Security attacks: the attackers can break the security algorithm used in the RFID system or modify the message 
in the reader.  
 
3.4 Compatibility 
A lot of time and money is needed to set up the RFID systems, which may not be economical for many 
companies. Furthermore, RFID may not be compatible with some existing technologies and even if it can be 
integrated with existing system the expectancy of 100% data accuracy is still a matter of concern [19, 20]. This 
becomes more important when the suppliers and buyers have to deal with their overseas counterparts. Some 
companies are afraid of using the RFID technology as the high investment may be replaced by some other 
technologies as the technological advancements in near future may bring better technologies than RFID. 
 
3.5  Technology 
 As the RFID is based on the concept of Radio Frequency, it can be interfered with other radio transmissions, 
metals, liquids etc. [11, 21, 22]. The degree of interference depends upon the frequency of the tag and the usage 
environment, which may lead to inaccurate reading. For example the use of RFID readers to read the price tags 
of purchased merchandise at the checkout counters may be interfered by radio waves from other merchandise. In 
addition, the merchandise are made in different countries and may be packed with different material.   
 
3.6 Lack of standardization 
RFID is at the infancy stage and there are many hurdles ahead of it. There are many versions of RFID that 
operate at different frequencies and need different software and readers. So the need is to be agreed upon one or 
group of frequencies to have interoperability between the manufacturers, retailers and distributors. Currently, 
two organisations: EPC global and International Standards Organization (ISO) are working to standardize the 
use of RFID in UHF spectrum [11]. Although, standards such as EPC class 1 G2 protocol and ISO 18000-6 are  
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being released, both the standards are yet not finalised and lack compatibility with each other [23].   
     
4. Future trend of RFID 
Although several challenges are present for the adoption of RFID, they can be overcome with the technical 
developments. Similar to other emerging technologies, RFID will become a reality in many fields over time. 
Research and development can help in mitigating the associated problems with the use of RFID. The 
technological issues such as 100% reliability can be achieved by: (1) installing multiple antennas with different 
orientations per reader, (2) customizing the tag and antenna design for each material type and (3) installing 
multiple readers to increase readability of the tags. Reading multiple tags simultaneously is possible by the use 
of binary search technique. Repetition of reading the tags can be avoided by putting the tags already read into 
sleep mode. Research and development will help in maximizing the antenna power pattern and the chances of 
successful reading. 
For successful application of RFID, existing research should focus on a host of disciplines, such as electronic 
engineering, information systems, computer science, and business strategy. Prior to the research and 
development, it is vital to determine the principal concerns of RFID, whether technological, application related, 
or security related. Maintaining security of the RFID tags is a challenging job. The improvement in information 
technology and design of smart RFID tags can help to overcome this challenge. 
 
5. Conclusion 
The use of RFID systems in textile and clothing sector is rapidly increasing. In future almost all the 
manufacturers, distributors and retailers in textile business will be using the RFID system. Although, RFID 
systems cannot completely replace the barcode technology, due to higher cost but the accuracy, speed and the 
return on investment is high in RFID system. RFID system is a promising technology, which will become 
ubiquitous in the future helping organizations to solve problems in supply chain management, security, personal 
identification and object tracking. Important technical challenges still need to be resolved for fully successful 
operation of RFID. It will take some years may be a decade or so, before the full benefits of RFID technology is 
realized. We will increasingly see how RFID technology can extend the ability of computers in combination 
with internet to sense and respond to the physical world. In future, RFID will make computing an unobtrusive, 
intuitive part of everyday life, as refreshing as a walk through the nature.  
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Abstract: Building a 3D yarn's geometric configuration is key to build the 3D structure of fabric. The paper 
concentrates on modelling a 3D yarn based on NURBS (Non-Uniform Rational B-Spline) curve technique. 18 
control points are used to design the cross-sections of the 3D yarn by quadratic B-spline curve. Cross-section of 
round, elliptical, race-track, lens and other shape can be designed automatically. The shape preserve quasi 
uniform cubic B-spline curve is applied to fit the central line of the yarn by a series of control points. By using 
different cross-sections along the central line, a fancy yarn can also be modelled. In order to imitate a 
photorealistic twist effect, 1D, 2D and 3D texture are mapped on the surface of the 3D yarn. The imitated 
pictures indicates the method is effective. 
 
Keywords: Yarn, 3D modeling, NURBS, twist effect. 
 
1.  Background 
Building a realistic 3D fabric structure attracts the researchers' attention recently. How to model a 3D yarn 
geometric configuration is the base of building the structure of the fabrics. Many methods related to the 3D 
yarn's model were proposed[1-6]. However, all the methods mentioned just design a smooth yarn, some details 
such as texture or twist effect cannot be reflected. Since NUBRS [7] Non-Uniform Rational B-Spline 
curve is the most popular tool to design a 3D geometrical object, the target of the study is to model a 3D 
uneven yarn with twist effect. It is also expected that the model must be flexible enough to build the yarn with 
non-uniform diameters or cross-sections and meet all the needs that not only be able to suit all the cross-sections 
available at present, but also to the ones may be proposed in future. 
 
2. Principle 
B-spline curve was firstly introduced by Schoenberg. Many equivalent definitions of B-spline curve are 
proposed. According to De Boor-Cox, a pth-degree B-spline curve is defined by 

n
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where the Pi are the control points, and the Ni,k(t) are the pth-degree B-spline basis functions defined on the 
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p+1 times in the knot vector . 
A 3D object can be modeled as a surface according to Computer Graphics. 2 sets of curves are modeled in two 
directions to control the shape of the surface as shown in Figure 1. The surface of the yarn can be regarded as a 
NURBS surface which is controlled by a grid consists of many controlling points. In one direction, a series of 
cross-sections are controlled by those points while the central line of the line is determined by the same points in 
another direction. 

                            
 Fig. 1 B-spline surface patches    Fig. 2   Designing of a single yarn (a: a yarn in a 3D structure    
and a 3D cylinder.               b:the cross-sections and the central line of the yarn, c: control grids for yarn surface ) 
According to the Peirce's theory [8] on woven structure, the yarn can be described by the shape of the cross-
sections and the central line. The idea can be extended to knitted fabrics and braided fabrics. Figure 2 shows an 
idea to design a single yarn in a woven fabric based on the conditions that the theoretical diameter of the yarn, 
central line of the path determined by a sequence of the key control points, the shape of the cross-sections at 
each key points and twist number of the yarn are given. All the calculating and the rendering of the graphs are 
fulfilled by MSVC and OpenGL[9]. 
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3.  Cross-section 
In the study, the cross-sections of the yarn is designed by quasi-uniform quadric B-spline curve given a sequence 
of control points Pi (i .A segment of quadric B-spline curve can be determined by 3 consecutive 
control points as shown in Figure 3. Point P(t) on the curve can be calculated by 
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Fig. 3.  A quadric B-spline curve     Fig. 4. the principle of controlling the shape of the cross-section  
                                                                     by an octagon with 10 control points 
When using quasi-uniform quadratic B-spline curve (belongs to NURBS) by 3 sequent control points P0,P1 and 
P2, the designed curve must interpolate the two middle points P(0) and P(1) of the two segment lines P0P1 and 
P1P2. Meanwhile, the two segment lines (P0P1 and P1P2) connecting the first two control points and the last two 
control points must be tangent to the curve at the two middle points (P(0), P(1)) as shown in Fig. 3 . 
In Perice's theory[9-11], the cross-section of the yarn can be described as circle, ellipse, race-track, lens or other 
shape, all those figures can be easily expressed or fitted by quasi-uniform quadratic B-spline curve. Figure 4 
demonstrates how to design cross-section of the yarn. Supposing Pi(i=0,1,...,9) are the control points of the cross-
section, P0 and P8 overlap and P1 overlaps P9. If P0,P1,...P7 are distributed at the vertexes of a regular octagon, 
the a circular is nearly formed. If Pi (i=0,1,4,5) move to Pi', then an ellipse will be formed. If the points move 
forward to Pi", then a race-track shape cross-section is formed. The ratio a/b,c/a and more parameters can be 
used to control the shape of the cross-sections. A more precise control can be carried out by a 16-polygon with 
18 control points as shown in Figure 5,where a circle, an ellipse, a round rectangle, a lens, and a flat base ellipse 
cross-section are demonstrated. More combination of shape mentioned above can also be designed based on the 
principle. 

         
  a: ellipse        b: race-track      c: round rectangle     d: lens        e: flat base ellipse 
Fig.  5.  Different shape of the cross-section designed by quadric spline curve  
             (the points in the figure are the control points, which may not on the curve) 
 
4. Central line 
If a cubic B-spline curve is required to pass through a sequence of key points, all the control points of the curve 
can be determined by reversal of interpolation by linear system. However, the method is not robust since a tiny 
change of the control points may result in a big change of the curve shape. In order to obtain a stable and 
desirable curve, a shape preserving cubic B-spline curve is preferred here. The principle is well explained as in 
Figure 6. If three consecutive control points Qi,Pi+1and Qi+1 are collinear, and Pi+1 is the midpoint of the line 
segment QiQi+1, then the line segment QiQi+1 will tangent to B-spline curve at point Pi+1, that is to say, the curve 
will interpolate or pass through Pi+1. Thus, if a B-spline curve is expected to interpolate a series of key points, 
just let all the key points be the control points while insert 1 control point in front of and behind each points 
respectively requiring the condition that each original key control point is the midpoint of the newly inserted 
control points. Meanwhile, the tangent line of curve at the interpolated point is defined as the direction of its 
neighboring points before and after, then all the final control points are calculated automatically. Figure 6  shows 
that a cubic B-spline curve with control points Pi,Pi+1,Pi+2,.. is required to pass through the point Pi+1 , then Qi 
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and Qi+1 are required to be calculated at first. In order to make a control grid to design the yarn surface, the 
cross-sections corresponding to the new inserted control points Qi and Qi+1 have to be auto-generated according 
to the given control points Pi,Pi+1,Pi+2, a linear interpolated method is used to calculate the control points of the 
new cross-section according to the cross-sections that had been determined. Figure 12 shows how to insert the 
control points according to the given interpolated points. 

  
Qi+1

Pi+1

Qi

Pi+2

Pi
Cross-section has
been detemined

Cross-section has
been detemined

Cross-section has
been detemined

Cross-section
to auto-generateCross-section

to auto-generate                                       
Fig.6. Principle for designing the shape preserve curve                    Fig.7 a. 1D texture   b. 2D texture 
 
5. Twist effect 
1D and 2D texture can be mapped on the surface of yarn to simulate the twist of yarn as shown in Figure 7. For 
1D texture mapping, parallel lines are drawn on the surface of the yarn. The slop of the lines are dependent on 
the twist angle of the yarn. Since the lines are uniformly distributed, the twist effect will be worsen when the 
yarn is enlarged. If a 2D texture mapping technology is applied, an image or a picture scanned from the real yarn 
is mapped on the surface of the 3D yarn to reflect the twist and even hairiness. Obviously, it is more realistic but 
requires numerous pictures to imitate different twist effects for actual application. 
Another improvement is applying a bumping texture to acquire 3D twist effect. By adding random disturbance 
(or troughs and ridges) on the contour of the cross-section of the yarn, the surface of the 3D yarn will appear 
bright and shade effect according to Computer Graphics. When transforming the troughs and ridges at different 
sections, the twist effect will appear. If a trough or a ridge is deliberately discarded at random, the migration 
effect of fibers in the structure of the yarn is imitated. The principle is explained in Figure 8 and Figure 9. Figure 
10 shows an imitated 3D twist yarn with race-track cross-section. 

Q0

1
0Q

Q1

Q2
Q3

Q41
4Q

1
5Q

1
1Q

1
2Q

1
3Q

Original outline of the cross-section

New outline of the cross-section                                           
Fig. 8 Adding random disturbance     Fig. 9.  Assembling            Fig. 10.  Yarn with      Fig. 11. Yarns in a woven 
on the contour of cross-section                   the cross-sections     race-track cross-section              structure 
             
6. Application and Discussions 
Woven fabrics, knitted fabrics or braided fabrics comprise of many yarns. If the configuration of every single 
yarn in the fabric is determined, the 3D structure of the yarn is determined and model. Figure 11 demonstrates 
some 3D figures of the woven structure. One interesting thing is to model folded yarn or fancy yarn by single 
yarn, which is similar to model the whole fabric if every component single yarn is determined. Figure 12 shows 
how two single yarns are combined to form a folded yarn. Figure 13(a) shows a folded yarn in 3D space, Figure 
13(b) shows an imitated single yarn with 3D twist effect which is in fact comprised of many single yarns, and 
Figure 13(c) shows a fancy yarn which is designed by using many different cross-sections. From all the pictures, 
it is concluded that NURBS is an effective tool to design a 3D yarn. 

  
Fig. 12    a 2-ply 3D yarn                            Fig. 13.  3D yarn with many variations 
(a): with 3D twist effect  
(b): the central line of one component single yarn 
 (red point: the control point;  blue point: the inserted and auto-calculated control point)   



                                                                Global Textile Congress, Bangkok, 13-15 Feb 2015	

 

Modeling of 3D yarn's geometric configuration 
Tianyong Zheng, Zhengtao Shi, Jing Wei, Zhen Wu and Tingting Li 

98	
  

7. Conclusions 
The paper introduces a basic method to model a 3D yarn. The outline of the yarn is controlled by NURBS 
surface which is in turn determined by cross-sections and central line. The cross-section of the yarn is designed 
by quasi-uniform quadratic B-spline curve while the central line is designed by shape preserving cubic B-spline 
curve. Some fancy yarn with various cross-section in a same yarn such as slub yarn or knep can be designed by 
the method. More realistic yarn can also be designed by mapping 1D,2D or 3D texture on the surface of the yarn. 
If each yarn in a textile assembly is designed or determined, then a folded yarn, or woven structure, knitted 
structure and braided structure can be modeled as well. 
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Abstract: Almost 80% of global merchandise trade, by volume, is effected by sea-freight; because of reasonable 
cost, convenience, familiarity, availability & reliability. Shipping & port services are vital to trade 
competitiveness of developed & developing countries.  
However, maritime transport business is facing complex environment involving persistent downward risks & 
challenges. Some of the aspects mainly affecting seaborne trade are slow down in world economy, recession in 
European Union, weaker economies in developing countries like China & India and continued negative effect of 
2008-09 crises in global trade. Furthermore, sea-freight rates have remained low & volatile due to oversupply of 
vessels & competition. It is seen that many times sea freight rates are even lower than operating costs of shipping 
companies. Some other factors also make shipping business uncertain & unsettling. 
In emerging opportunities in ocean freight transport business, there are many favourable /optimistic trends 
balancing business operations. The opportunities include, deeper regional integration, South South cooperation, 
new trading partners & growing trade with cooperation agreements, technology & efficient transport , 
development of new production centers in lower value added & labour intensive sector, growing world 
population & rise in middle class consuming category , new sea routes like Panama Canal & Arctic routes, new 
developing country banks ((BRICS) to finance transport infrastructure etc. There are some other aspects which 
can become opportunities to shipping business. 
The paper is an attempt to highlight challenges & opportunities in Ocean freight trade. 
 
 
1. Introduction 
This is an era of globalisation, i.e. international business. This has vitally important aspect of cross border trade 
of merchandise. The trade involves transport of goods, from one country to the other. The transport for export or 
import of goods can be effected by sea freight or air freight or by road lines.  
It is known that seafreight is the most commonly used mode of transport by the international business 
community, generally because of reasonable cost, convenience, availability, familiarity & reliability. Almost 
80% of global merchandise trade, by volume, is effected by sea freight & handled by ports worldwide. 
Therefore, trade competitiveness of all countries developed & developing countries alike & landlocked countries 
depends heavily on effective access to international shipping services & port networks.  
It is necessary to analyse the general performance of seaborne transport and trade, which is depending upon 
various factors relating to the world economy and global conditions, in recent times. 
As regards specific trends, in both years of 2011 & 2012 the world seaborne trade increased by 4.3% by volume, 
compared to previous years. Furthermore, the trade appears to be encouraging by domestic demand in China, 
intra  Asian exchanges of merchandise & South  South¹ trade. 
In spite of above global shipping trends, sea freight transport is facing new & complex environment, involving 
both challenges and opportunities.  
 
2. Challenges Facing Seaborne Trade 
In order to review ocean borne trade & prevailing challenges faced by it, many evolving trends which affect 
international shipping business need to be considered. These aspects tend to make the trade vulnerable to 
downside risks & uncertainty, and are as follows  

 The global economy slowed down. In the years 2011, 2012 & 2013 world G.D.P. increases show 2.8%, 
2.2% & 2.1%, indicating declining trends. This could simultaneously decline import demands of both 
developing & developed countries. 

 The problems of recession in European Union & fragile recovery in U.S. economy are increasingly 
affecting exports of developing countries. 

  Economies turning weaker in larger developing countries like China & India, which has effects on 
developing & low income regions.                                
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 There appears to be continued negative effect of 2008 & 2009 crises on global demand, finance & trade; 
on shipping loads. The volume of world merchandise trade in exports/imports both declined by about 13% 
in 2009, than previous year.     

 There is a rise of South & shift of economic influence away from traditional centers of growth. 
 
The above are related to world economy. There are other developments which prove to be challenging to ocean 
freight transportation, as given below  

 Structural shifts in global production patterns in many fields like engineering, automobiles, textile 
garments & others have taken place. This is by way of new production values, international supply chain, 
subsidiaries collaborations, joint ventures, buy back systems etc. 

 The sea freight rates have remained low & volatile in various cargo carriers for containers, liquids & dry 
bulk. Due to available oversupply & new shipbuilding in the industry, many times freight rates are lower 
than operating costs. This could be the result of competition & also rise in fuel prices. In any case, 
competitive sea freight rates offered by shipping companies are affecting the economy of ocean freight 
transport trade.  

 The manufacturing cost of vessels (for given capacity) are high. Average vessel of 6500 - 120000 TEUs² 
capacity may cost around U.S. $ 75 - 105 million in general. The payback periods of the products are 
longer approx. 8  8.5 years. Moreover, costs towards operations, maintenance, and spares have 
increased. 

 As regards energy costs, the fuel costs account for 50-60% of total operating expenses. These are   
increasing continuously. The fuel used is a type of diesel. European Brent price determines bunker fuel 
charges. Average cargo vessel with 9500 TEUs capacity may require about 125 tons of fuel per day, for 
standard sailing schedule. 

 Changes in comparative advantages & mineral resource endowments, in particular, oil & gas, have 
affected the trade. 

 Demographic changes show that there is an increase in ageing population in developed countries, and also 
seen is fast growing population of younger age groups, in developing and poor countries. This has resulted 
in some changes in global production, consumption and subsequent movements of related merchandise. 

 Arrival of container megaships & other transport related technological advances have also made changes 
in business.  

 Effects of shipping transport on climate changes also need to be reviewed. The cargo carrying vessels are 
often recognised as sustainable, energy efficient & relatively environmentally friendly. However, shipping 
is still a considerable source of green house emissions. The vast amount (approx 9%) of emissions 
containing carbon dioxide & sulphur from ships has significant climate changes. Other environmental 
problems include vessel oil spills, ballast water disposal, air pollution, dredging, vessel scrapping & waste 
disposal at sea etc. The natural hazards also can be added here. 

 Freight Forwarders  They are generally booking bulk business and are negotiating hard with shipping 
companies. In many incidences, freight forwarders or N.V.O.C.Cs³ are offering lower freight rates than 
shipping companies. 

 Land locked countries have a lack of terminal access to sea, resulting in remoteness & isolation from 
world markets. This also affects sea freight transports mainly for minerals, ores, coal, etc. in general, due 
to operational difficulties, long distances, inadequate & costly transport services.   

For ocean freight transportation business, there are emerging trends turning to opportunities, that may encourage 
the cargo shipping trade.  
 
3. Developments turning into opportunities for sea freight trade 

 There appears deeper integration & South South cooperation. 
 Growing diversification of sources of supply enabled by technology & efficient transportation may be 

supporting sea freight business.   
 Technological Developments  There are new types of eco ships coming into services. These are fuel 

efficient, eco friendly technologically superior models, for betterment of seaborne trade. 
 As mentioned earlier, fuel charges form major operating costs for shipping companies. In order to make  
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substantial savings in the fuel consumption, slow steaming technique is used for operating the ships. 
Marine engine manufacturer Wartsila calculates that fuel consumption can be reduced by 59% by 
reducing the cargo ship speed from 27 knots to 18 knots. This will reduce fuel consumption drastically, 
will benefit shipping companies , at the cost of additional days sailing. Net effects of slow steaming 
methods are certainly contributing to big savings in fuel cost.  

 Emerging new trading partners & access to new markets facilitated by growing trade & cooperation 
agreements. 

 Countries like China going towards higher value added products thus involving other developing countries 
like Africa, S.E. Asia, in lower value added & labour intensive sectors. This could result in diverting & 
also enhancement of sea freight trade. 

 Growth of global demand for merchandise due to growing world population & rise in middle class 
consumption category. 

 The opportunities for efficient sea freight transports also could increase due to Panama Canal  expansion 
& new Arctic sea routes. 

 Proposal to establish developing country banks like proposed (BRICS BANK) with the potential source to 
finance to meet significant needs of investments in transport infrastructure. 

 In the context of difficult conditions in cargo shipping, many private equity firms have seized the 
opportunity created by tight credit markets & historically low ship values to invest in ships & shipping 
companies. Between 2011 & 2012 , private equity funds have financed around 22 shipping transactions 
with total value above the level of U.S. $ 6.4 billion. The participation of private equity funds appears 
fundamental for growth of the industry. And the new sources of capital to support the trade is welcomed 
by the sector.  

   Liner Conference is an agreement between two or more shipping companies to provide scheduled cargo or 
passenger services on particular trade route, under uniform rates and common terms.  The conference 
system & practices in shipping companies is continuing. This facilitates exporter /importers to get vessels 
to any destination, without delays & at reasonable costs. 

   Land locked countries exports & imports are posing difficulties in ocean freight transport, as mentioned 
 there are positive initiatives to make transit 

transport systems with proposed transit belt system. The ocean freight transport of minerals, ores, coal & 
 

   Mineral Resources  There are unexplored sources of minerals in some countries in the world. Anosy 
region in Madagascar has untapped area for minerals, ilmenite, hard rock ( with gemstones , sapphire & 

explored for mining . Therefore, mineral resources is another considered to be an opportunity for seaborne 
trade , in near future. It is relevant to mention that  3.5 billion people belong to oil / gas / mineral rich 
countries in the world. Africa possesses 30% world mineral resources , 10%  oil  &  8% gas.   
 

4. Notes 
1. South-South Trade    South refers to regions / countries in lower side of the globe , these countries are other 

than North U.S.A. , Canada , W. Europe , Advanced E. Asia. The latter form Global North, which has 1/4 th of 
world population & controls 4/5th of world income. Global south is with 3/4th of population & 1/5 of world 
income. 

2. T.E.Us.  The cargo carrying capacity of vessels is denoted by TEUs. One TEU is Twenty Feet Equivalent, 
i.e.  one container of 20' X 8' X 8' size. Similarly Forty Feet Equivalent is FEU unit.  

3. N.V.O.C.Cs.  They are non vessel owners & cargo carriers. They do not own vessel nor containers. They 
book max cargo with shipping companies. 

4. Panama Canal Expansion   Panama Canal is century old, connecting Atlantic & Pacific oceans. This is 
modified / expanded to 77 kms length. This connects 160 countries, reaches 1700 ports. Today up to 13,500 
TEUs capacity vessels can be passed. 

5. Arctic Routes  In two months of the year, there is no ice in some regions  of Arctic & vessels can use the  
routes.  

6. Almaty Programme of Action    Almaty is a city in Kazakhstan , where convention was held by world bank  
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& others. The results of the programme may be observed by 2014 or 2015. 
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