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ABSTRACT 

Cotton fiber is one of the most widely used fibers in the textile industry. In the 

U.S., despite increases in exports and production, the decline in domestic use of cotton 

has been the cause for some concern in the cotton industry. The use of synthetic fiber is 

increasing, replacing cotton fiber in textile industry. Nonwovens are the fastest growing 

sector of the textile industry. Nonwovens are engineered fabrics that are a combination of 

traditional textiles, paper and plastic. Nonwoven textile products are largely found in 

products related to hygiene, medical/surgical products, wipes, filters, shoes, in 

coating/laminated substrates, electronics, automotive textiles, geotextiles, furnishing and 

bedding, construction, padding and others.  

This study focuses on evaluating the economic potential for cotton fiber in 

nonwoven textiles by analyzing the nonwoven products and technologies that could use 

cotton and examines the price sensitivity of cotton compared with its substitute fibers. 

Data was collected through an online survey conducted among the nonwoven products 

producing firms. The study shows that cotton has prospect in the production of absorbent 

and hygienic, medical/surgical and health care, personal care and wipes products. It is 

technically feasible to use cotton in nonwoven textiles but economics is the limitation, in 

terms of price, volatility in price, and processing cost for impurities on the cotton fiber. 

The price of cotton fiber is not sensitive to its substitute fibers except for acrylic fiber. 

The cotton using firms are willing to pay a little more to use cotton than non-cotton using 

firms, compared to substitute fibers of cotton. 
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CHAPTER I 

INTRODUCTION 

General Problem 

Cotton fiber is one of the most widely used fibers in the textile industry, and about 

98 percent is used in woven and knitted textiles. The world consumption of cotton fiber 

has increased from 5.35 million metric tons in 1945/46 to 24.95 million metric tons in 

2010/2011(International Cotton Advisory Committee, 2010). Figures 1.1 and 1.2 show 

global trends in the production and consumption of cotton fiber. In contrast to the rest of 

the world, United States (US) cotton mill use decreased from 7.2 million bales in 2002 to 

3.4 million bales in 2011 (USDA1). However, the US is one of the largest producers and 

exporters of cotton in the world (Meyer, MacDonald, and Kiawu, 2011). In Texas, cotton 

is a major cash crop and has a large economic impact relative to other agricultural 

products. Texas alone produces around 40% of the total cotton produced in the US 

(Robinson, and McCorkle, 2006). According to the National Cotton Council of America, 

the cotton industry in Texas generated $5.5 billion in revenue and supported 38,106 jobs 

in 2008 (National Cotton Council of America, 2008). Despite this success in cotton 

export and income production, the decline in domestic use of cotton has been cause for 

concern in the US cotton industry.   

 

                                                
1 USDA stands for United State Department of Agricultural   
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Figure 1.1 World historic trends in cotton fiber production and Cotlook “A” Index 
(Source: ICAC “Cotton World Statistics”) 

 

 
Figure 1.2 World historic trends in cotton fiber consumption 
(Source: ICAC “Cotton World Statistics”) 
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Like most the natural fibers, cotton is biodegradable and has desirable 

characteristics like absorbency behavior, strength, ease of blending, and dyeability. These 

properties make cotton products feel comfortable and soft. Due to its wide range of 

applications and attractive properties, cotton has long been one of the most desired fibers 

and is known as ‘The King of fibers’ (Sawhney, Parikh, and Condon, 2008). A survey 

conducted among 500 respondents by Barnhardt Manufacturing and AC Nielsen in 2004 

showed that 80% of consumers view cotton favorably for attributes like softness, being 

natural, absorbency, and less irritating in baby wipes, and that 79% of mothers would 

prefer natural fibers. Moreover, 63% would pay more for baby wipes containing cotton 

(Mclntyre, 2005).  

According to source of cotton fiber, the categories of cotton are bleached cotton, 

virgin cotton, waste cotton, and reclaimed cotton. Bright white cotton fibers free of non-

cellulose materials and natural color are bleached cotton. Cotton fibers that have not gone 

through recycling or reprocessing are virgin cotton. Cotton fibers that are regarded as 

waste during ginning and textile manufacturing processes, which are collected and 

prepared for other uses, are waste cotton. Finally, reclaimed cotton consists of cotton 

fibers that are obtained by converting processed yarns and fabrics back to a fibrous state 

and preparing it for other uses. The uses of these different categories of cotton fibers may 

be based on the price of the product and the requirements of the technology used in 

producing it. The price of virgin cotton is volatile and higher compared to waste and 

reclaimed cotton fiber. The price of bleached cotton is comparatively higher than other 

cotton fibers due to the cost of processing so that it is free of any impurities.   
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Impurities in the fiber, irregular fiber length and size are some of the drawbacks 

of cotton fiber. These limitations have allowed synthetic fiber to compete with cotton 

fiber. The synthetic fibers include, among others, polypropylene, polyester, acrylic, 

polyamides, and rayon. These fibers are easy to produce in large quantities with 

uniformity, consistency, and predictability. Moreover, synthetic fiber has the advantage 

of customizable fiber properties, designed to resemble the properties of natural fibers, 

which are difficult for cotton fiber to match. Even consumers are attracted to synthetic 

fibers due to ease in handling and durability. In both traditional and technical textiles, 

consumption of synthetic fibers has been increasing while consumption of cotton has 

been decreasing. Sawhney and Condon (2008) state that synthetic fibers, such as rayon, 

nylon, polyesters, and others have caused the market share of cotton fiber in the global 

textile industry to decrease from 55% to 35% within a few decades (Figure 1.3).  

Nonwoven textiles are the growth sector of the textile industry. The growth of 

nonwovens could be associated with the number of US firms producing nonwovens, 

which increased from 29 to 45 between 1998 and 2000 (Woon and Peter, 2002). 

According to the volume growth rate recorded for nonwovens during the period 1990 - 

2000, production was estimated to have increased by 5-7% in the period up to 2010 

(Kiekens and Zamfir, 2002). According to The European Disposables and Nonwovens 

Association (EDANA) and The Association of the Nonwoven Fabrics Industry (INDA), 

production of nonwoven roll goods reached 5.75 million tons globally in 2007, which is 

equivalent to $20.9 billion. They also forecast nonwovens would continue to grow 
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worldwide at a rate of about 7.9% per year during the five-year period between 2007-

2012 and project that nonwovens will have reached 8.41 million tons by 2012.  

 
Figure 1.3 World consumption of cotton and non –cotton fiber 
 (Source: ICAC “Cotton World Statistics”) 

 

Nonwovens are engineered fabrics that are a combination of traditional textiles, 

paper and plastic. Technically, nonwovens are defined by the International Standards 

Organization- ISO 9092:1988 and European Committee for Normalization (CEN) - EN 

29092 as “A manufactured sheet, web or batt of directionally or randomly orientated 

fibers, bonded by friction, and/or cohesion and/or adhesion, excluding paper and 

products which are woven, knitted, tufted, stitch-bonded incorporating binding yarns or 

filaments, or felted by wet-milling, whether or not additionally needled. The fibers may be 

of natural or man-made origin. They may be staple or continuous filaments or be formed 

in situ.” Nonwoven textile products are largely found in products related to hygiene, 

medical/surgical, wipes, filters, shoes, coating/laminated substrates, electronics, 
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automotive textiles, geotextiles, furnishings and bedding, construction, padding and 

others.  Among these products, cotton fiber could be found in personal care and hygiene 

products, medical/surgical supplies, and others, which require the absorption, sanitation 

and disposable properties of cotton fiber. As defined above, nonwoven products are made 

with natural and man-made materials such as: polypropylene, polyester, nylon, rayon, 

cotton, wood pulp and blends of these fibers (Sawhney and Condon, 2009).   

Nonwoven textiles could be a sector of the textile industry where cotton fiber has 

opportunities for growth. In 2008, nonwovens represented 5-7% of total textiles; and 

cotton in nonwovens represented approximately 0.0014% of global textile production or 

around 2% of total nonwoven textiles (Sawhney and Condon, 2008). Cotton, being a 

natural fiber, has advantageous characteristics such as biodegradability, which could be 

an eminent marketable feature due to the current increasing concern regarding waste 

disposal. Some of the nonwoven products manufacturing firms like Ahlstrom, PGI 

Nonwovens, Jacob Holm Industries, and Unitika have produced cotton based nonwoven 

products, but the availability of cotton based nonwoven products is not consistent. 

Although there are various studies focused on cotton fiber utilization in different 

nonwoven technologies and the production of nonwovens in combination with synthetic 

fibers, there is still a lack of information regarding the drawbacks and benefits of cotton 

fiber for potential utilization in nonwovens and the willingness of the producers of 

nonwoven products to pay for cotton fiber. The major objective of this research is to 

evaluate the potential of cotton utilization in nonwoven textiles.  
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Objectives  

This study evaluated the economic potential for cotton fiber in nonwoven textiles 

and analyzed the economic feasibility of cotton use in nonwovens. The specific 

objectives were to: 

 Assess the characteristics of products, technologies, and firms that use, and do 

not use, cotton to obtain information on potential target markets. 

 Examine the sensitivity of change in cotton price relative to substitute fiber 

prices and use of cotton fiber. 
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CHAPTER II 

BACKGROUND ON COTTON IN NONWOVEN PRODUCTS 

The development of nonwoven textiles started in the US, Japan, and Western 

Europe (Albrecht, 2003). These countries produce medical products, house-wraps, 

interlinings and geotextiles. The nonwoven textile industry began with the utilization of 

polymer based fibers, short fibers, and waste fibers. Currently, nonwoven products are an 

integral part of our daily life.  There is a wide range of technology and fibers available to 

manufacture these products. Due to low cost, high manufacturing speed, and the wide 

spectrum of product properties, nonwoven textiles have distinguished themselves from 

woven textiles (Lichstein, 1988; Massenaux, 2003). The production of nonwoven 

products depends upon the fiber property requirements of the desired end product, cost 

effectiveness and available technology.  

Fibers for Nonwoven Products 

The selection of fiber to produce nonwoven products is based on fiber properties 

that could be natural or synthetic fiber properties (Krcma, 1971). Natural fibers include 

cotton, wool, silk, animal fibers, and so on. Except for cotton, all other fibers have some 

limitation on either their supply or the technology to use in nonwoven textiles (Albrecht, 

2003). For cotton fiber, physical properties such as strength (dry and wet), hygroscopic2 

nature and availability of fiber are its strengths, while price and trash content in the fiber 

                                                
2 Being hygroscopic is the ability of a substance to attract and hold water molecules from the surrounding 

environment. 
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are its weaknesses (Table 2.1) (Albrecht, 2003). However, using a combination waste and 

reclaimed cotton for their lower price, with bleached cotton for its freedom from trash 

content, could overcome the limitations of cotton fiber.  

Polypropylene, polyester, and rayon are major synthetic fibers (Moreau, 1990). 

With regard to synthetic fibers, their properties can be altered to meet the demands of 

particular end products for fiber length and diameter and other specific properties. Low 

cost, high volume of production and uniformity of fiber make the synthetic fiber 

generally more desirable and widely available than cotton fiber (Krcma, 1971). Synthetic 

cellulose fibers, such as rayon, are sought after when a nonwoven product requires high 

absorbance. Cotton could be a potential fiber of choice in this area of nonwoven textiles 

because of its absorbency property (Albrecht, 2003).  

Table 2.1 Strengths and weakness of cotton fiber in nonwovens (Bhat et al., 2008) 

Strengths Weakness 
Softness Price volatility 
Absorbency High Cost 
Excellent wicking Trash content 
Breathability Color variations 
Comfort Fiber length variation 
Biodegradability Dusting and linting 
Higher wet strength Nep formation 
Low static potential  
Dyeable/printable  
Chemically modifiable  
Sterilizable by all industrial methods  

Nonwoven Technology 

Currently, there are many different manufacturing technologies and an expanding 

number of applications with wide acceptance of various fibers in nonwoven textiles. 

Generally, the production of nonwoven products takes place in either two or three steps, 
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starting with web formation, followed by web bonding (web bonding could produce a 

final product), and finally, finishing of the product. Web formation mostly consists of 

drylaid, wetlaid, and spunmelt methods. The choice of a bonding method depends upon 

the fiber properties and requirements of the final product. Web bonding uses a 

mechanical, thermal, or chemical process.  

There are two methods in drylaid web formation; one is carding and the other is 

the airlaid method. Drylaid technology is mostly used to produce end products like carpet 

backing, interlining for garments, apparel and upholstery backing, filter media, diaper 

coverstock, wipes, insulation, auto linings, medical fabrics, geotextiles and personal 

hygiene products.   

In carding, a bale of fibers is opened to separate individual fibers. In this process, 

the fibers are segregated by holding one surface stationary while the other surface combs 

the fibers, generating individual separate fibers (Dahiya, Kamath, and Hegde, 2004a). 

Carding is the most commonly used technology to produce nonwoven cotton products 

(Sawhney et al, 2009). The use of carding technology to produce nonwoven products is 

changing over time. From 1994-1999, the use of carding grew to 43.3%, while between 

1999-2004 it decreased to 19.8%; however there was growth in its use from 2004-2009, 

to 37.11% (Lee and Cassill, 2006).  

The airlaid method uses an air stream where short fibers are fed into the air stream 

with a moving belt to form a randomly oriented web. The airlaid process produces lower 

density, greater softness, and an unstratified fiber structure (EDANA, 2008). Blends of 
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cotton with other staple fibers can also be used in the airlaid method (Bhat et al., 2008). 

There was exponential growth in use of the airlaid technology to produce nonwoven 

products from 1994-2009. Its average annual growth rate was 46.2% between 1994-1999, 

73.7% between 1999-2004 and 86.75% between 2004-2009 (Lee and Cassill, 2006). The 

capacity of airlaid technology to handle both natural and synthetic fibers may have 

caused its high growth rate.  

In the wetlaid method, a fiber slurry is spread on a wire screen and dewatered, 

consolidated and dried to form a web structure (EDANA, 2008). Wetlaid technology is 

use in the production of products such as tea bags, wipes, surgical gowns, drapes and 

towels. The use of wetlaid technology in the production of nonwovens has changed over 

the years. It grew on average 16.7% from 1994 to 1999, 42.9% from 1999 to 2004, and 

26.5% from 2004 to 2009 (Lee and Cassill, 2006). These fluctuations in growth may be 

due to innovations in wetlaid and other technologies.  

The spunmelt method consists of a meltblown and spunlaid processes or 

combinations of both called SMS technology. Current technology allows the use of 

thermoplastic polymers with cotton and other fibers in the spunmelt process. The 

combination of cotton with polymer fiber has opened production to a wider range of 

different end products. Growth of the spunmelt technology can be seen in production of 

lightweight disposable products (Pourdeyhimi, 2008).  

The meltblown method uses high velocity air on a low viscosity polymer to 

extrude a fibrous web from spinnerets while the spunlaid method extrudes molten 
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polymer as a continuous filament, which is obtained after cooling (EDANA, 2008). 

Nonwoven products are mostly produced using polymer fibers. In 2005, one-third of the 

world nonwoven products were produced using the spunlaid method, 20% of which was 

manufactured in China (Genis, Usov and Razboeva, 2007). Between 1994-1999, 

production with spunlaid technology grew 56.2%, 62.3% between 1999-2004, and 

49.57% between 2004-2009 (Lee and Cassill, 2006). Growth in the rate of production 

using spunlaid has stayed high since 1994, possibly due to introduction of spunlaid 

technology to China and India. 

Other techniques used in web formation are fibrillation, which uses electrostatic 

spinning, and flash spun, which uses spraying technology under reduced pressure. 

In web bonding, mechanical processes consist of hydroentanglement and 

needlepunching. Hydroentanglement (also called spunlace) uses a high speed jet of water 

to form knots on the fibers; it is mostly applied on carded and wetlaid webs (Dahiya, 

Kamath, and Hegde, 2004b). This technology is used to produce lightweight nonwoven 

products (Lichstein, 1988; Munstermann, Moschler and Watzl, 2003). 

Hydroentanglement is the technique used to produce medical gauze, medical gowns, dust 

cloths, and especially wipes. The needlepunch method uses specially designed needles to 

repeatedly push and pull through the web to bond between the webs. The needlepunch 

method is compatible with webs formed through various technologies (Kamath, Dahiya, 

and Hegde, 2004). It is mostly used for bulky and dense carded, airlaid, or spunmelt webs 

(Lichstein, 1988). Carpet backing fabrics, automobile carpets and headliners, blankets, 

and geotextiles are some of the products that are produced using needlepunch.  
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In thermal processes, controlled heating of synthetic fibers causes the formation 

of bonds between fibers in a web (EDANA, 2008). The thermal bonding method is the 

most popular method of bonding to produce nonwoven products. Chemical bonding 

introduces chemicals or resins in between webs to form bonds (EDANA, 2008). Wipes 

and towels, apparel interlinings, automotive trim, and filter media are some of the 

products where chemical bonding is used. The amount of chemical binder may range 

from 5% to 60% by weight of the fibers (Bhat et al., 2008). Currently, biodegradable 

chemical binders are also available.  

Nonwoven products undergo finishing in order to acquire desired properties in the 

end products. In this process, various chemical and physical treatments are used to attain 

different attributes in nonwoven products such as calendering3, embossing, flame 

retardancy, bacterial barriers, sterility, washability, and cushioning properties. Roll goods 

(fabrics) are also finished to produce final products, which involves cutting, slitting, 

folding, the application of various chemicals/agents, and packaging. The finished 

nonwoven products may be durable, intended for a limited life (short life), or for a single 

use as disposable material. 

Current developments in technology have made it possible to use cotton in some 

way in many different technologies (Table 2.2). Carding, needlepunch and hydroentangle 

methods could utilize 100 percent cotton, while airlaid, spunmelt; thermal bonding and 

chemical bonding methods could combine cotton with other fibers. Due to the presence 

                                                
3 Calendering is a finishing process used on cloth, where fabric is folded in half and 

passed under rollers at high temperatures and pressures. 
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of impurities in cotton fiber, efficient filtration technology is required for its use in 

hydroentangle. Bleached cotton is an alternative to rectify the impurity problem of cotton, 

but bleaching technology is expensive and makes the price of bleached cotton high. 

Improvement in bleaching technology could be another alternative to increase cotton 

fiber use in nonwovens. 

Table 2.2 Nonwoven technologies that could use different types of cotton fibers (Bhat et 
al., 2008) 

Cotton type Web formation Web bonding 

Virgin cotton Carding 

Needlepunch 
Hydroentangle 
Stitch bonding 
Thermal bonding 
Chemical bonding 

Waste cotton 

Carding 
Air laid 
Wet laid 

Hydroentangle 
Airlace 2000/3000 
Chemical bonding 
Thermal bonding 

Reclaimed cotton 

Carding 
Air laid 
Wet laid 
Fiber induction 

Needlepunch 
Hydroentangle 
Stitch bonding 
Thermal bonding 
Chemical bonding 

Nonwoven Products 

Nonwoven textiles are found in a wide range of product categories such as 

household and furnishing, wipes, medical and healthcare, automotive, filtration, 

packaging and stationary, industry and military, personal care, absorbents and hygiene, 

clothing, footwear and baggage, agricultural, landscape, geotextiles and construction. All 

of these products can be broadly categorized as either disposable or durable products 

(Sawhney, Parikh and Condon, 2008; Rong, Leon and Bhat, 2005). According to INDA 

2000 analysis, the North America nonwoven market was worth $3.8 billion, which 
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consisted of 60% disposable and 40% durable products. Market size and growth 

opportunity for some nonwoven products are discussed below.  

In 2000, nonwoven hygiene products market value was $533 million, with an 

estimated average growth rate of 2-3% from 1994-2004. The nonwoven absorbent 

hygiene products consist of baby diapers, adult care, feminine care, training pants and 

under pads. In square yards, the market share by volume of baby diapers accounted for 

68%, adult care products accounted for 15%, feminine care products for 5%, and training 

pants and under pads for 12% (INDA, 2000).  

The wipes market was valued at $370 million in 2000 with a volume market share 

of baby wipes of 62%; household wipes 27% and personal wipes 11%. The average 

estimated growth rate for wipes from 1994-2004 was 3-4% (INDA, 2000).  

Medical/surgical products were valued at $468 million, where the volume of 

gowns drapes and packs accounted for 63%, sterile packaging 21%, and others 16%. The 

medical/surgical market segment was estimated to grow at an average annual rate of 1-

2% from 1994-2004 (INDA, 2000). The use of hydroentangle technology is expected to 

grow for the production of medical and surgical products at around 12% per year for the 

next few years (Parikh, Sawhney and Condon, 2007).  

The value of filtration products (air and liquid) was $300 million in 1998 (Butler, 

1999) and $530 million in 2000, with an average annual growth rate of 4-6% between 

1994-2004 (INDA, 2000). The filtration products are produced using wetlaid, meltblown, 

and needlepunch technologies. It is estimated that in North America, 60-65% of all 
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nonwoven filter media is produced using wetlaid, 30% using spunlaid and meltblown, 

and 5-7% from drylaid technology (Butler, 1999).   

The world population is increasing and the demand for nonwoven products will 

be increasing. Further, the use of these products raises concerns regarding waste disposal. 

Cotton may have an opportunity in different nonwoven products due to its properties 

(Table 2.3).  

Table 2.3 Cotton based nonwoven products (Bhat et al., 2008) 

Products category Products 
Personal care products Swabs, cosmetic pads, tissues, medical/dental 

(wipes, sponges, plugs), diaper components (pads, 
tampons), adult continence baby and consumer 
wipes 

Durable/ semi durable products Apparel (clothing, performance wear, outerwear, 
medical gown and drape, interlinings)  
Home furnishings (bedding, mattress pads, wall 
coverings, decorative felts) 

Industrial products Filter media, geotextiles, protective apparel 
absorbent media (oil and chemical), insulation 
(thermal and acoustical), packaging 

Previous Studies and Cotton Utilization in Nonwovens  

Studies conducted on nonwoven textiles mostly focus on the feasibility of 

manufacturing cotton-based nonwovens, and on the utilization of different technologies 

and fibers. There has not been any previous study, to my knowledge, regarding the 

economic potential for the cotton in nonwoven textiles. Some of the studies that have 

focused on cotton utilization in nonwoven textiles with different technologies are 

discussed below.  

A study conducted by Sun, Zhang and Wadsworth (2000), used thermal bond 

technology to develop cotton-based nonwovens to analyze bonding temperature and 
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strength in nonwoven product. Three different amounts of cotton (i.e. 40%, 50% and 

60%) were used with polypropylene staple fiber as a bonding material. In this study, as 

the bonding temperature increased, the bonding strength and other strength properties 

increased as well, causing less breathability and higher stiffness; further, increase in the 

cotton/polypropylene ratio improved bonding strength and wear resistance. Similarly, 

Kamath, Bath, and Mueller (2005) concluded that natural fibers possess good bonding 

ability with thermoplastic binder polymers. Wadsworth, Suh and Allen, (2000) reported 

laminated cotton based nonwoven products to be suitable for short-wear-cycle apparel 

such as medical gowns, head covers, bed sheets, and consumer products such as 

disposable underwear, towels, and wipes.  

Kinzel (1991) determined that at least 10% synthetic fiber is required to use 

thermal bonded techniques to produce cotton based nonwoven products; while 100 % 

cotton based nonwoven products can be produced using needlepunch and hydroentangle 

technologies. Goynes et al. (1995) and Kinzel (1991) conducted degradability tests for 

hydroentangle nonwoven products and concluded that 100% cotton nonwoven fabric was 

completely biodegradable.  

A study conducted by Sawhney et al. (2010) concluded that the absorbency of 

greige (scour/bleach-less) cotton could be controlled by optimizing water pressure in the 

hydroentangle process to fabricate nonwoven products. Further, Parikh et al. (1999) 

concluded that cotton based nonwoven products produced using hydroentangle 

technology had better aesthetic, physical characteristics, and cost competitiveness over 

traditional woven gauze.  
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Sekine et al. (2010) developed nonwoven products using cotton with graft 

polymerization4 technique to absorber metals. Another application of cotton based 

nonwovens is in acoustics. Parikh, Chen and Sun (2006) produced noise reducing 

nonwoven products using cotton with other natural fibers (jute, kenaf) and synthetic 

fibers (polyethylene terephthalate, polypropylene). Jiang, Chen and Parikh (2009) 

showed that nonwoven acoustics products with cotton surfaces have higher sound 

absorption. Similarly, Mueller and Krobjilowski (2003) have stated cotton based 

composites have remarkably good acoustical properties.  

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
4 Graft polymerization is the technique where a polymer chain is anchor on an end of active surface. 



Texas Tech University, Kishor P. Luitel, August 2012 
 

19 
 

CHAPTER III 

METHODS AND PROCEDURES 

Nonwoven products are produced using different fibers and technologies. To 

identify the target markets for specific fibers, it is necessary to assess the potential 

products produced and technologies to be used. In this study, substitute fibers for cotton 

were identified. The products produced and technology used for the substitute fibers 

could help in understanding future prospects for cotton fiber. An online survey was 

conducted to collect this information regarding different fibers and technologies used, 

products produced, future prospects of cotton fiber and the price premium producers of 

nonwoven products were willing to pay for cotton fiber.  

Survey Design and Structure  

 The questionnaire was designed in consultation with experts who are familiar 

with the nonwoven textile industry. Interviews with firm representatives from the cotton 

fiber, waste cotton fiber and nonwoven textile industries were conducted. Contacts were 

made through the INDA conference and later contacted through email by telephone to 

gain understanding of the industry, and to design and evaluate the questions in the 

questionnaire.  

All of the questions were multiple choice with single selection or multiple 

selections. The questionnaire had different branches and multiple levels (appendix A). In 

some questions, an ‘others’ choice with space to specifically answer to the question was 

made available if the choice list did not have a desired selection. Similarly, in some 
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questions, a ‘don’t know’ choice was made available. Rank order questions were also 

included. In ranking questions, respondents were asked to partially rank up to the top 

three choices from the list. Typically, asking respondents to rank more than three choices 

results in inefficient responses (Caplan, Grijalva, and Jakus, 2002).  

Following the structure outlined in appendix B, the questionnaire starts with 

number of years in production of nonwoven products, identifying the fiber used in the 

production of nonwoven products and the firm’s cotton use status (i.e., current cotton 

using, formerly cotton using, and non-cotton using). After identifying the firm’s cotton 

use status, different sets of question are asked for each category of firm (however, the 

general theme of the question was same).  

The next section of questions identifies end products, technologies, and fibers 

used in production by means of multilevel questions. There are many kinds of nonwoven 

end products and technologies available in the market. Agglomerating a group of 

products similar in their functionality with higher probability of using cotton was carried 

out in order to distinguish those products that have potential for incorporating cotton 

based nonwovens. The selection of product was base on the highest average annual sales 

among the 13 different products categories including ‘others’ option to select as a 

primary product. The response from cotton using firms was for cotton based nonwoven 

products, the response from formerly cotton using firms was for products they used to 

previously produced using cotton and the response from non-cotton using firms was for 

products they produce based on other fibers (i.e., except cotton fiber). Likewise, the most 

commonly used technologies were considered for the choice list of technologies, which 
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comprises five different technologies and an ‘other’ option for web formation and 

similarly for web bonding. The last question in this multilevel question was about the 

fiber used in the primary product. If the firm is currently cotton using or formerly cotton 

using, respondents were asked to indicate the percentage of cotton used and type of 

cotton used in that product, while non-cotton using respondents were asked for the 

primary fiber they use. The identification of type of cotton was a multiple selection 

question (i.e., among virgin cotton, waste cotton, and reclaimed cotton). The same set of 

questions was asked again if the firm had a secondary product. 

The next section was designed to collect information on factors that affect the 

usability of cotton in nonwoven textiles. Respondents were asked to rank the top three 

reasons among five/six representing factors most likely to affect cotton fiber use. The 

current cotton using firms were asked for reasons they continued using cotton fiber in 

their products, while firms that switched their fiber use to non-cotton fibers were asked to 

identify relative advantages of non-cotton fibers over cotton fibers. Similarly, for non-

cotton using firms, reasons for not using cotton fiber were elicited.  

The final section of the questionnaire was designed to identify substitute fibers for 

cotton fiber and future prospects for cotton use among different types of firms. 

Information on price sensitivity of cotton fiber was also collected in this section. The 

complete set of questions is shown in appendix B. 
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Survey Administration  

The mission of the Texas Tech University Institutional Review Board (IRB) is to 

protect the rights and welfare of human subjects participating in research. The 

questionnaire was reviewed and approved by the IRB (Appendix E). ‘Survey Monkey’, an 

online survey-conducting platform was used to conduct the survey. The questionnaire 

was coded on ‘Survey Monkey’ and pre-tested by six different individuals before the 

survey was conducted. On average, it took 10-15 minutes for an individual to complete 

the questionnaire. Rodman publishing is one of the leading sources of information 

regarding the global nonwoven industry; it also publishes a magazine that is widely 

recognized among nonwoven textiles producers called ‘Nonwoven Industry Magazine’. 

They identified two groups of nonwoven producing firms (i.e., roll goods manufactures 

and end products manufacturers). Roll goods manufacturers are those firms that produce 

the textile substrates that are required by the end-product manufacturers to produce 

finished products. Rodman publishing launched the survey among its global subscriber 

list of Nonwoven Industry Magazine using Survey Monkey on Feb. 8, 2012 and a 

reminder was sent on March 7, 2012. The survey was closed on April 5, 2012. The same 

questionnaire was sent to both groups of industries.  

Willingness to Pay 

Analysis of willingness to pay (WTP) for cotton was done to test the price 

sensitivity of cotton with its substitute fibers in the production of nonwoven products. 

The WTP method has three defining characteristics: incentive compatibility, statistical 

efficiency, and procedural invariance (Bateman, 2009). A one and one half-bounded 
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question format in descending sequence was used to analyze the WTP. In this format, a 

positive response to the first question terminates the question, while a negative response 

leads to a second question. In the first question, each respondent was asked whether they 

would be willing to pay a specific premium (τj%) higher than the price of their stated 

substitute fiber. The τj% varies across each respondent (i.e., τj is 10% or 30% or 50%).  

The random occurrence of each τj% is around 33.33% of the total respondents, which 

allows the estimation of the decision relevant characteristics of the WTP distribution. The 

randomness of τj % makes it incentive compatible because respondents cannot 

strategically answer ‘No’ in hope of being offered a lower premium. The second question 

limits the WTP to an interval, which will increase the statistical efficiency of the survey. 

The price of substitute fiber was benchmarked at zero to estimate the sensitivity in 

variance of price of cotton fiber.  

The response from the first question will bound the WTP to an interval of [τj, ∞), 

(∞, τj] or 0. The second question explores the (-∞, τj] interval and limits the response to 

the interval between [0, τj] and (-∞, 0]. These intervals will preserve the transitivity 

nature of the responses, making this method procedurally invariant. From these intervals, 

three different distributions were generated (i.e., I1, I2, and I3). Let I1 represent the 

respondent whose WTP is zero and less than zero, let I2 represent the respondent whose 

WTP is positive but will not pay the stated price, and let I3 represent the respondent 

whose WTP is equal to or higher than the stated price. Hite, Hudson, and Intarapapong 

(2002) give the likelihood function for this distribution using the probit model.  
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Here,   

 φ = the probability distribution function of the normal distribution 

Φ = the cumulative distribution function of the normal distribution 

τj = (j = 10%, 30% and 50%) = relative cotton purchasing price 

xi = a vector of explanatory variables parameterized by β 

σ = the standard error. 

Hite, Hudson, and Intarapapong use this model to analyze the WTP for water 

quality improvement through reductions in agricultural nonpoint pollution. The above 

likelihood function is analyzed using the Lifereg procedure in SAS 9.2, which uses the 

survival distribution function. The dependent variable consists of an interval data i.e. 

minimum and maximum willingness to pay for cotton fiber.  All the explanatory 

variables are dummy variables. These variables are for cotton using firms, formerly 

cotton using firms, and for each substitute fiber (i.e. polypropylene, polyester, rayon, 

polyamide, and acrylic). Due to the problem of singularity, the dummy variable for non-

cotton using firms and ‘other’ substitute fiber are not used.  The interpretation of each 

parameter (β) is against the excluded category. 
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CHAPTER IV 

RESULTS AND DISCUSSIONS 

Response Rate from the Survey 

The first successful delivery of the survey was completed to 3,064 end products 

manufacturers and 2,059 roll goods manufacturers on Feb. 8, 2012. Among those, 271 

end products manufacturers and 213 roll goods manufacturers opened the survey. The 

successful delivery of the reminder on March 7, 2012, occurred to 2,979 end products 

manufacturers and 1,953 roll goods manufacturers, where 153 end products 

manufacturers and 125 roll goods manufacturers opened the survey link. Until April 5, 

2012, the total valid response received from the survey was 245, where 118 were end 

products manufacturers and 127 were roll goods manufacturers. In total 762 respondents 

opened the survey, resulting in 32.15% complete survey response rate. On average, 

respondents were 26 years in the nonwoven products production business.  

Multiple responses from the same firms were observed, as 58 respondents self 

identified their firms, 19 of which are distinct firms. The multiple responses from same 

name firms do not indicate the duplication of responses. This is due to the presence of 

sub-divisions of firms located all over the world, which may produce different kinds of 

products. The maximum multiple responses was seven from a roll goods manufacturer 

and six from an end-product manufacturer. Four of the self-identified firms were both roll 

goods, and end products manufacturers, five were end-product manufacturers only, and 

ten were roll goods manufacturers only. More surveys were sent to roll goods 
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manufacturers than to end product manufacturers, leading to more responses from roll 

goods manufacturers compared to end-product manufacturers. 

According to the responses, there are more non-cotton using firms compared to 

cotton using or formerly cotton using firms (Table 4.1). Responses from the formerly 

cotton using firms were relatively low and average years in nonwoven business was 37 

years, which may indicate that these firms could not sustain their products under certain 

constraints that accompany using cotton fiber, which are discussed later in this chapter.  

Table 4.1 Firms response regarding cotton use status 

Firm classification Percentage response (%) 
Non-cotton using  
Cotton using 
Previous cotton using 

52.24 
31.02 
16.73 

Most of the respondents used polypropylene (76.33%) and polyester (75.51%) as 

raw materials to produce nonwoven products (Table 4.2). About 31% of respondents used 

cotton in their production of nonwoven products. This result indicates that most of the 

nonwoven products are produced using synthetic fibers, and that the use of cotton fiber is 

low. Mostly the cotton fiber is used in combination with other fibers. Responses were 

similar among the roll goods manufacturers and end product manufacturers (Appendix 

D.1 -D.4).  
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Table 4.2 Response for fiber used in production of nonwoven products from total survey 

Fiber used in production of nonwoven products *Percentage response %) 
Polypropylene 76.33 
Polyester  75.51 
Rayon  43.67 
Cotton  31.02 
Polyamide 30.20 
Others  30.61 
Acrylic 25.31 

*Total percentage may not add to 100% 

Current cotton using firms were asked to identify the percentage of types of 

cotton fiber they use (i.e., virgin cotton, waste cotton, and reclaimed cotton; the definition 

of each fiber types was provided). To identify the percentage of different types of cotton 

fiber used, a weighted average was calculated among the percentage use responses for the 

types of cotton fiber. The weighted average was calculated in two steps, first average 

percentage of each type of cotton was calculated, and secondly the average of each type 

of cotton was calculated by multiplying the numbers of responses for their corresponding 

types of cotton fiber and dividing all by total number of responses for all cotton type. The 

proportion of their total cotton used for virgin cotton, waste cotton and reclaimed cotton 

was 69.84%, 19.37% and 10.79%, respectively. The availability of waste cotton and 

reclaimed cotton is low, which is the primary reason for their lower use.  

Responses for Nonwoven Products and Technology from End Products 

Manufacturers 

Current cotton using and formerly cotton using firms both provided the requested 

information regarding the cotton based nonwoven products and technology used in those 

products. The roll goods manufacturers and end product manufacturers are two distinct 
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groups. The responses from end product manufacturers were only considered for the 

product category and technologies used because they manufactured final consumer 

products.   

Of the 118 different end product respondents, 38 identified both their primary and 

secondary products. Absorbent and hygiene products are the largest category of products, 

with the highest average annual sales, followed by wipes and medical and healthcare 

products (Table 4.3). The fibers used in these products have similar properties, which are 

high absorbent capacity and easy handling for sanitation purposes. 38.46% of the total 

absorbent and hygiene products responses came from current and formerly cotton using 

firms, while non-cotton using firms produce 58.97%. Similarly, among the total 

responses for wipes and medical and healthcare products, 44.83% and 55.56% were 

produced using cotton, while 55.17 % and 40% were produced using non-cotton fiber, 

respectively.  

Table 4.3 End-product manufacturing firm’s response for nonwoven products 

Nonwoven products produced  (n=156) Percentage response (%) 
Absorbent and Hygiene Products                                             25.00 
Wipes                                                                                       18.59 
Medical and Healthcare products                                             16.03 
Filtration                                                                                  12.18 
Household and Furnishing                                                       5.77 
Industrial and Military                                                             5.77 
Fabrics                                                                                       4.49 
Personal care products                                                             3.85 
Automotive                                                                              3.21 
Agricultural, Landscape, Geotextiles and Construction           2.56 
Clothing, Footwear and Baggage                                            1.92 
Other products                                                                      0.64 
Packaging and Stationery                                                        0.00 
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Cotton based medical and healthcare products were produced using spunlaid 

(40%), and thermal (26.67%) technologies. Absorbent and hygiene products that do not 

use cotton fiber were produced using polypropylene fibers (70.83%) with spunlaid 

(45.83%) and thermal (50%) technologies. On average, across all products produced by 

cotton using and former cotton using firms the cotton content in nonwoven products 

ranges between 1-9%. Both types of products used similar technology and one fiber may 

be substituted for another fiber.   

Table 4.4 End-product manufacturers response for web formation technology 

Web Forming Technology (n=156)                                  Percentage response (%) 
Carded                                                                          30.13 
Spunlaid (Spunbonded)                                             24.36 
Airlaid                                                                          21.79 
Meltblown                                                            14.1 
Other(co-form, spunlace)                     5.13 
Wetlaid                                                                         4.49 

 

Carding, spunlaid and airlaid were the most frequently used web formation 

technologies (Table 4.4) while, thermal bonding, hydroentanglement and chemical were 

the most frequently use web bonding technologies (Table 4.5) among end product 

manufacturers. 53.19% used carding to produce cotton based products, while 46.81% 

used it to produce non-cotton based products. 33.33% of respondents use thermal 

bonding for cotton based nonwoven products; while 66.67% use it to produce non-cotton 

based products. 41.67% used hydroentanglement to produce cotton based products, while 
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58.33% used it to produce non-cotton based products. To produce cotton based 

nonwoven products, carding and hydroentangle are the most frequently use technologies.   

Table 4.5 End product manufacturers responses for web bonding technology 

Web bonding Technology (n=156)                                         Percentage response (%) 
Thermal Bonding                                                        30.77 
Hydro-entanglement (Spunlaced)                         23.08 
Chemical Bonding                                                      18.59 
Needlepunching                                                           15.38 
Other(co-form, laminating, hydrogen bonding)     7.05 
Stitch bonding                                                               5.13 

Responses for Substitutes Among all Manufacturers 

Most of the respondents considered rayon a substitute fiber for cotton, followed 

by polyester and polypropylene (Table 4.6). About 62% of current cotton using and 

formerly cotton using firms consider rayon a substitute fiber for cotton; compared to 

48.44 % of non-cotton using firms. The responses for substitute fibers were similar 

among roll goods manufacturers and end products manufacturers compared to the total 

responses (Appendix Table D.5 and D.6). Among the rayon fiber respondents, the most 

frequently produced products were absorbent and hygiene products, using carding and 

hydroentangle technologies (Appendix D.7). 

Table 4.6 Total survey response for substitute fiber 

Substitute fiber (n=245) Percentage response (%) 
Rayon                                                                    54.69 
Polyester                                                               19.59 
Polypropylene                                                      18.78 
Other                                                                    4.08 
Acrylic                                                                 2.04 
Polyamide                                                           0.82 
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Responses for Reasons to Use Cotton from Current Cotton Using Firms  

A natural products characteristic that comes using cotton fiber in a product is the 

major factor influencing firms to use cotton fiber. Marketing features were the most 

frequently cited reason to use cotton in the production of nonwoven products (Table 4.7). 

Cotton fiber physical properties such as its melting temperature, absorbency, density, are 

also significant reasons for cotton using firms to choose cotton as their production fiber.  

Table 4.7 Ranked response regarding reasons for using cotton from cotton using firms 

Reason for Using cotton (n=76) Rank 1 Rank 2 Rank 3 
Cotton fiber Marketing features  
(Natural products, cotton properties, consumer 
demand, luxury products) 

39% 17% 13% 

Cotton fiber has required physical properties 
(melting temperature, absorbent, density) 

25% 22% 17% 

Cotton fiber has relative price advantage compare 
to substitute fiber (fiber cost, production cost) 

12% 20% 24% 

Company has reliable source of cotton fiber 9% 22% 13% 
Others (customer demand, thermal properties) 5% 0% 7% 

*Total percentage may not add to 100% due to multiple responses 
 

Among current cotton users, the percentage responses for an increase or decrease 

in future cotton use were similar (Appendix Table C.1). Most of the respondents did not 

want to change the quantity of cotton they use. Among those who intended to increase 

their cotton use, the major reason was cotton fiber marketing features rather than cotton 

fiber physical properties (Appendix Table C.2). The major reason to decrease cotton use 

was higher production costs associated with using cotton compared to substitute fibers, 

due to the higher price of cotton fiber and processing requirements for using cotton (i.e., 

filtration cost of trash contained in cotton fiber) (Appendix Table C.3). The reasons to use 
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cotton fiber responses from roll goods manufacturers and end product manufacturers 

were similar to the overall responses (Appendix Table D.8-D.15).  

Responses to Reasons for Stop Use Cotton from Formerly Cotton Using 

Firms  

The most frequently cited reason for stopping the use of cotton was higher 

production costs compared to substitute fibers (Table 4.8). Other reasons, such as a 

change in consumer demand for cotton based nonwoven products and difficulty in 

procuring cotton fiber were given by firms to shift from being a cotton using to a non-

cotton using firm. The reasons regarding stopping the use of cotton were similar to those 

from the cotton using firms that indicated a future decrease in their cotton use.  

Table 4.8 Ranked responses from formerly cotton using firms regarding reasons for 
stopping use of cotton 

Reason for stop using cotton (n=41) Rank 1 Rank 2 Rank 3 
Change in production cost compare to substitute 
fiber (high fiber price, high processing cost, 
technological constrain ) 

37% 10% 12% 

Change in consumer demand for the product 
(price competition between substitute products ) 

17% 24% 12% 

Due to relative price volatility of cotton compared 
to substitute fibers 

10% 20% 10% 

Introduction of new fiber that substitute cotton 
fiber 

12% 10% 7% 

Difficulty in procurement of cotton    7% 12% 15% 
Others 15% 0% 12% 

*Total percentage may not add to 100% due to multiple responses 

Among the formerly cotton-using firms, 29% have prospects of considering 

cotton use in the future (Appendix Table C.4). The marketing properties and physical 

properties of cotton fiber were the major reasons for these firms to consider using cotton 
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fiber again (Appendix Table C.5). This response was also similar to those firms currently 

using cotton. The response from roll goods manufactures and end-product manufactures 

were similar to the overall responses (Appendix Table D.16-D.21). 

Responses to Reasons for not Using Cotton from Non-Cotton Using Firms  

The majority of the non-cotton using firms indicated that they did not produce 

products that could use cotton (Table 4.9). Otherwise, the most frequently cited reason 

was the higher production cost compared to substitute fibers for cotton, which was also 

the major reason for firms to shift from cotton to non-cotton using firms. Other reasons 

include cotton incompatibility with the products and technologies of the firm, and relative 

price volatility of cotton fiber. Among the non-cotton using firms, 46% were willing to 

use cotton if all constraints were removed (Appendix Table C.6). The response from roll 

goods manufactures and end-product manufactures were similar to the overall responses 

for not using cotton fiber (Appendix Table D.22-D.25). 

 Table 4.9 Ranked responses regarding reasons for not using cotton from non-cotton 
using firms 

Reason for not using cotton(n=128) Rank 1 Rank 2 Rank 3 
Production cost compare to substitute fiber  
(high fiber price, high processing cost, 
technological constraint ) 

24% 21% 15% 

Difficulty in procurement of cotton    3% 9% 12% 
Due to relative price volatility of cotton compared 
to substitute fibers 

6% 13% 7% 

Change in consumer demand for the product  
(price competition between substitute products ) 

8% 14% 9% 

Don’t Produce Products that could use cotton 45% 7% 13% 
Others 11% 6% 8% 

*Total percentage may not add to 100% due to multiple responses 
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Willingness to Pay (WTP) 

The descriptive statistics of the variables used in the WTP regression are shown in 

table 4.10. All the variables in the regression are dummy variables, where the proportion 

of cotton using firms was 31% and proportion of firms considering rayon as substitute 

fiber for cotton was 54%. The results of the WTP analysis are presented in table 4.11. 

The total sample used is 245, combining both responses from roll goods manufacturers 

and end-product manufacturers. The pseudo- R2 was 0.03, which is not surprising, as  

cross-sectional analyses of this type will have low pseudo- R2.    

Table 4.10 Descriptive statistics of variables 

Variable Name Mean Std. Error 
Cotton using firms 0.31 0.03 
Previous cotton using firms 0.17 0.02 
Non-cotton using firms 0.52 0.03 
D_Polypropylene 0.19 0.03 
D_Polyester 0.20 0.03 
D_Polyamide 0.01 0.01 
D_Acrylic 0.02  0.01 
D_Rayon 0.54  0.03 
D_Others 0.04 0.01 

 

The only significant parameters were for cotton using firms, and acrylic as a 

substitute fiber at 10% level. The currently cotton using firms are willing to pay 14.9 % 

higher than non-cotton using firms for the substitute fiber. Likewise, those considering 

acrylic as a substitute are willing to pay 24.5 percent more for it than other fibers as 

substitutes for cotton. The number of responses that considered acrylic as a substitute for 

cotton was low however, but it is statistically significant and can be justified based on 

products produced using acrylic. The responses for acrylic fiber are only from roll goods 
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manufacturers. According to the responses from roll goods manufacturers, acrylic fiber 

was used in products like wipes, battery separators and absorbent and hygienic products 

using carding, airlaid, meltblown, spunlaid, hydroentangle, needlepunch, and thermal 

technologies. All these products could be produced using cotton with those technologies. 

The percentage of cotton in those products could vary (i.e., they could also be cotton 

blends). In view of the acrylic based products, the characteristics of acrylic should be 

similar to cotton fiber. The estimates for other fibers are not statistically significant, 

which indicates that there is no price competition with cotton fiber. Non-cotton using 

firms do not have the technologies to use cotton fiber and they also do not produce the 

products that could use cotton, resulting a corner solution were the firms that are using 

cotton are only interested in cotton fiber to use in production of nonwoven products.   

Table 4.11 Estimation of WTP result (dependent variable=willingness to pay) 

Variables Name  Estimate Standard Error χ2- value Pr > χ2 
Intercept   -5.359 7.5329 0.51 0.4768 
Cotton using firms 14.9372 3.6706 16.56 <.0001** 
Previous cotton using firms -3.9882 4.6114 0.75 0.3871 
D_Polypropylene        8.8915 8.3242 1.14 0.2855 
D_Polyester         0.3093 8.3196 0 0.9703 
D_Polyamide        14.9762 19.8315 0.57 0.4501 
D_Acrylic         24.5314 13.4408 3.33 0.068* 
D_Rayon         8.1109 7.8501 1.07 0.3015 
Sigma(σ) 22.2201 1.64   

*Statistically significant at the 0.10 level. 
** Statistically significant at the 0.05 level. 
 

Discussion  

Some specific nonwoven products and technologies could be indentified from the 

responses of the nonwoven producing firms that offer some opportunities for cotton fiber. 

Most of the respondents that could be either cotton using or non-cotton using are focusing 
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on wipes, absorbent and hygienic products, and medical and healthcare products, which 

are the fastest growing market segments in nonwoven textiles. Hygiene product 

consumption was 1.41 million tonnes, equivalent to 27% of total nonwoven production in 

2007, and it was estimated that by 2012 its share of total nonwoven production would be 

29% (INDA, 2008). The responses for agricultural, landscaping geotextiles and 

construction, and filtration nonwoven products were mostly from roll goods 

manufacturers using polypropylene or polyester. This may be due to the characteristics of 

these products, which are available as a fabric (roll goods) in the market. In 2008, these 

products comprised 20% of total nonwoven consumption (INDA, 2008).   

According to the survey responses, absorbent and hygienic products were most 

frequently produced using polypropylene, filtration products were produced using 

polyester, and wipes were produced using rayon. By 2012, polypropylene demand will be 

1.160 million tonnes, which is 21% higher than 2007 (INDA, 2008). There is an 

increased use of polypropylene in durable products such as geotextiles, automotive 

carpeting, coating substrates, indoor/outdoor carpeting, blankets, upholstered furnishings 

and bedding (INDA, 2008). Consumption of polyester was expected to grow at 6.1% per 

year until 2012 (INDA, 2008). Most of the growth is in the production of disposable 

products such as wipes, filtration, surgical packs and gowns (INDA, 2008). The 

consumption of rayon is mostly in wipes applications.  Rayon is currently relatively 

expensive and in low supply compared to polyester, resulting in marginal growth in rayon 

use (INDA, 2008). 
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The most frequently used web formation technology was carding, followed by 

spunlaid. In 2008, world nonwoven production was at 6.186 millions tonnes, 46% and 

43% was produced using spunlaid and carding, respectively (INDA, 2008). Spunlaid is 

growing at a faster rate due to the expansion of the technology to China and India (INDA, 

2008).  

Wipes, medical and healthcare products, and absorbent and hygiene products are 

the most produced cotton fiber products using carding and hydroentangle technologies. 

Cotton based nonwoven products could be found in medical sponges, pharmaceutical 

coils, disposable wipes, tampons, cosmetic pads, beauty coils, jeweler padding and 

several other miscellaneous products. However, products from the carding system are not 

considered nonwoven production (INDA, 2008). It was estimated that 35,000-40,000 

tonnes of cotton would be consumed in nonwoven textiles in 2012 (INDA, 2008). Given 

this projection, specific cotton fiber consumption may comprise 28,000 tonnes of virgin 

cotton, 7,600 tonnes of waste cotton and 4,400 tonnes of reclaimed cotton based on the 

responses in this study. Sawhney and Condon (2008) estimated that 2% of nonwoven 

products consist of cotton fiber. The developments in spunlace technology and the 

increase in production of wipes could lead to an increase in cotton consumption for the 

production of nonwoven products (INDA, 2008).  

The major reason to use cotton fiber is its marketing features (i.e., natural 

products, cotton properties, consumer demand, and luxury products) followed by its 

physical properties (i.e., melting temperature, absorbent, density). Cotton is used in 
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wipes, absorbent and hygienic products and medical and healthcare products due to the 

reasons stated above.  

The development of cotton based products is slowed due to higher production cost 

compared to substitute fibers, which includes high fiber price, high processing cost, and 

technological constraints. Currently, the price of cotton is more volatile than other fibers, 

which may have caused its use to decrease. Further, synthetic fiber is gaining on cotton 

fiber in terms of performance, which may lead to synthetic fiber based products that are 

similar to cotton based products. 

Cotton fiber has some potential to grow in the nonwoven textiles sector. Current 

cotton using firms expressed a higher WTP for cotton, which may suggest at least some 

segments of products having strong demand for cotton. Cotton using firms understand the 

present scenario and future opportunities of cotton fiber. Many different products are 

produced using acrylic, where cotton could instead be used. The cost factor affects the 

selection of fiber during the production of nonwoven products. Polypropylene, polyester, 

polyamide and rayon products are not price sensitive with respect to cotton price. Acrylic 

is the only fiber that is price sensitive with respect to cotton. 
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CHAPTER V 

CONCLUSION  

Conclusion  

Cotton fiber has prospects for expansion into different nonwoven products, which 

have a huge market and high potential growth. Nonwoven products such as absorbent and 

hygienic products, medical/surgical and health care products, personal care products and 

wipes are the category that requires similar fiber properties such as absorbency, ease of 

handling for end products user, disposability and sanitation value. It is technically 

feasible to use cotton in nonwoven textile but economics is the limitation, in terms of 

price, volatility in price, and processing cost for impurities on the cotton fiber. Cotton's 

price volatility interferes with firms' ability to plan for the long term, while impurities 

present in raw cotton fiber places technological constraints on its uses. These constraints 

on the use of cotton fiber have been addressed by polypropylene fiber, which has limited 

the use of cotton fiber. Cotton fiber may have opportunity for expansion into products 

that use acrylic, but further study will be needed to identify the specific products and 

fiber characteristics of acrylic fiber compared to cotton fiber. In analyzing the survey data 

for this project, each response was considered as a single firm, which could be a 

limitation on the results of this study.   
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                                         APPENDIX A 
               FLOW-CHART OF THE QUESTIONNAIRE 
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Continued… 
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Continued…
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                                                             APPENDIX B 

QUESTIONNAIRES FOR NONWOVEN TEXTILE FIRMS 

The purpose of this questionnaire is to collect information about current and potential use 

of cotton in nonwoven textile companies. Any information collected from this survey will 

not be disclosed or published individually. The Privacy of the individual respondent is 

protected. The final results generated from this survey will be available to those who 

participate in this survey, if they are interested. Please respond as completely as possible to 

all the questions. If there isn’t appropriate option available, Please select others to input the 

answer. Definition of some of the terms could be found in the survey questions. 

Questionnaires for Nonwoven textile companies 

1.  Number of  years this company has been producing nonwoven products:  
_____________ 

2. Fibers used towards production of Nonwoven Products? 
 

 

 If cotton is selected in the above question,  

2.1. Source of cotton fibers and approximate  percentages of total cotton use:  
Source of cotton   Percentage of cotton use (%) 

 Virgin cotton __________________ 

 Waste Cotton __________________ 

 Reclaimed cotton __________________ 

 

 

 

 

 Polypropylene     Acrylic      Rayon     Polyamide   
 Polyester     Cotton  Other (please specify)  
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For companies that use cotton in production of nonwoven products 

1. Ranking of top 2 cotton-containing product categories based on average annual sales: 
(Rank from 1-2, with 1 for highest sales (i.e. primary product) and 2 for second highest 

sales (i.e. secondary product). If there are less than 2 categories, rank only the ones 

produced.) 

End products Categories 

 Fabrics 

 Medical and Healthcare products 
 Packaging and Stationary 
 Absorbent and Hygiene Products  
 Household and Furnishing 
 Automotive 
 Industrial and Military 

 Clothing, Footwear and Baggage 
 Wipes 
 Filtration 
 Personal care products  
 Agricultural, Landscape, Geotextiles and Construction 

 Other products … 

 

 

 

 

 

 

 



Texas Tech University, Kishor P. Luitel, August 2012 
 

51 
 

Questions for each two products which are selected in above question 

1.1. Most commonly used technology used to produce the (NAME) product category. 
(Select only one from each group of technologies) 
Web formation Technology 

Carded Airlaid Wetlaid 
Meltblown Spunlaid (Spunbonded)   Other…….. 

   
Web bonding technology  

Chemical Bonding Thermal Bonding Needlepunching 
Hydro-entanglement 

(Spunlaced) 
Stitch bonding   Other…….. 

 

1.2. Average percentage of cotton used in the (NAME) product category: 
Cotton percentage  

 1-9%  10- 19%   20-29%   30-39%   40 – 49% 
  50-59%   60-69%   70 – 79%   80-89%   90-99% 

  100%     
 

1.3. Sources of cotton used in production of the (NAME) product category:  (Select all 
that apply.)  

 

 

2. Ranking of top 3 reasons for choosing cotton as a raw material to produce nonwoven 
products. 

(Rank from 1-3, with 1 for highest priority and 3 for lowest priority.  If there are less 

than 3 reasons, rank only the ones reason.) 

 Virgin cotton  Waste Cotton  Reclaimed cotton 

Reasons  

 Cotton fiber has required physical properties          
     (melting temperature, absorbent, density) 

 Cotton fiber marketing features  
     (Natural products, cotton properties, consumer demand, luxury products) 

 Company has reliable source of cotton fiber 

 Cotton fiber has relative price advantage compare to substitute fiber  
      (Fiber cost, Production cost) 

 Others … 
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3. Does your company have any future plans to change percentage of cotton in 
nonwoven products?  

 Increase    Decrease    No change     Don’t Know    

If response is increase/ decrease only 

3.1. State the future expected new percentage of cotton in nonwoven products:  
 

 

 

 

3.2. Ranking of top 3 reasons for expected (Increase/ Decrease) in the percentage of 
cotton in nonwoven products:  (Rank from 1-3, with 1 for highest priority and 3 
for lowest priority.  If there are less than 3 reasons, rank only the ones reason.) 

 

New Percentage of cotton fiber in nonwoven products 
 1-9%  10- 19%   20-29%     30-39% 

  40 – 49%   50-59%   60-69%   70 – 79% 
  80-89%   90-99%   100%  Don’t Know 

Reasons  to increase the cotton use 

 Cotton fiber has required physical properties          
     (melting temperature, absorbent, density) 

 Cotton fiber marketing features  
     (Natural products, cotton properties, consumer demand, luxury products) 

 Company has reliable source of cotton fiber 

 Cotton fiber has relative price advantage compare to substitute fiber  
      (Fiber cost, Production cost) 

 Others … 

Reasons  to decrease the cotton use 
 Change in production cost compare to substitute fiber  

       ( high fiber price, high processing cost, technological constrain ) 
 Difficulty in procurement of cotton     

 Due to relative price volatility of cotton compare to substitute fibers 

 Change in consumer demand for the product  
      (price competition between substitute products ) 

 Introduction of new fiber that substitute cotton fiber 

 Others … 
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4. Select one fiber that is most likely to substitute for cotton, considering fiber 
properties. 

 

 

 

The following question will only have one percentage i.e.10 or 30 or 50 and will change 

with companies. For each percent (10, 30, 50) at least 40 samples should be collected. 

Fiber is selected based on substituted fiber in above question, if none selected use rayon.  

5. If the price of cotton per pound was 10% or 30% or 50% higher than the price of 
substitute fiber would you use cotton to produce nonwoven products? 

  YES       NO  Do not want to use at any price 

 

If the response is No 

5.1. Would you pay any positive premium for cotton higher than substitute fiber to 
produce cotton based nonwoven products? 

 YES       NO   Do not Know 

 

 

End of Questions 

 

 

 

 

 

Fibers    

Polypropylene  Polyester  Polyamide  Acrylic 

Rayon  Others …  Don’t know  
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If response in question no.3 does not have Cotton fiber  

4. Have you used cotton to produce any nonwoven product before? 
 YES        NO            

If response is Yes in above question 

1. Ranking of top 2 cotton-containing product categories based on average annual sales you 
used to produce:(Rank from 1-2, with 1 for highest sales (i.e. primary product) and 2 
for second highest sales (i.e. secondary product). If there are less than 2 categories, 
rank only the ones produced.) 

End products Categories 
 Fabrics 

 Medical and Healthcare products 
 Packaging and Stationary 
 Absorbent and Hygiene Products  
 Household and Furnishing 
 Automotive 
 Industrial and Military 

 Clothing, Footwear and Baggage 
 Wipes 
 Filtration 
 Personal care products  
 Agricultural, Landscape, Geotextiles and Construction 

 Other products … 

 

Questions for each two products which are selected in above question 

1.1. Most commonly used technology used to produce the (NAME) product category. 
(Select only one from each group of technologies) 

Web formation Technology 
Carded Airlaid Wetlaid 
Meltblown Spunlaid (Spunbonded)   Other … 

   
Web bonding technology  

Chemical Bonding Thermal Bonding Needlepunching 
Hydro-entanglement            

     (Spunlaced) 
Stitch bonding   Other … 
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1.2. Average percentage of cotton used in the (NAME) product category:  
Cotton percentage  

 1-9%  10- 19%   20-29%   30-39%   40 – 49% 
  50-59%   60-69%   70 – 79%   80-89%   90-99% 
  100%     

 

1.3. Sources of cotton used in production of the (NAME) product category: (Select all 
that apply)  

 

2. Ranking of top 3 reasons for stopping the production of cotton based nonwoven 
products.  

(Rank from 1-3, with 1 for highest priority and 3 for lowest priority.  If there are less 

than 3 reasons, rank only the ones reason.) 

 

 

 

 

 

 

 Virgin cotton  Waste Cotton  Reclaimed cotton 

Reasons  for Stopping Production of Cotton Based Nonwoven Products 
 Change in production cost compare to substitute fiber  

       (high fiber price, high processing cost, technological constrain ) 
 Difficulty in procurement of cotton     

 Due to relative price volatility of cotton compare to substitute fibers 

 Change in consumer demand for the product  
      (price competition between substitute products ) 

 Introduction of new fiber that substitute cotton fiber 

 Others … 
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3. Would your company consider using cotton again to produce nonwoven products in 
future?  

 Yes    No    Don’t Know    

If Response is YES only 

3.1. State the expected new percentage of cotton  in your nonwoven products in 
future: 

 

3.2. Ranking of top 3 reasons for using cotton  again in nonwoven products in future: 
 (Rank from 1-3, with 1 for highest priority and 3 for lowest priority.  If there are less 

than 3 reasons, rank only the ones reason.) 

 

4. Select one fiber that is most likely to substitute for cotton, considering fiber 
properties. 

New Percentage of cotton fiber in nonwoven products  
 1-9%  10- 19%   20-29%  30-39% 

 40-49%   50-59%   60-69%   70 – 79% 

  80-89%  90-99%   100%    Don’t Know 

Reasons (IF response is Yes) 

 Cotton fiber has required physical properties.  
     (melting temperature, absorbent, density) 

 Cotton fiber marketing features  
     (Natural products, cotton properties, consumer demand, luxury products) 

 Company has reliable source of cotton fiber 

 Cotton fiber has relative price advantage compare to substitute fiber  
      (Fiber cost, Production cost) 

 Previous constrain has been solved 

 Others … 

Fibers   
Polypropylene  Polyester  Polyamide  
Acrylic  Rayon  Others … 
 Don’t know   
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The following question will only have one percentage i.e.10 or 30 or 50 and will change 

with companies. For each percent (10, 30, 50) at least 40 samples should be collected. 

Fiber is selected based on substituted fiber in above question, if none selected use rayon.  

5. If the price of cotton per pound was 10% or 30% or 50% higher the price of 
substitute fiber would you use cotton to produce nonwoven products? 

  YES       NO  Don’t want to use at any price 

 

If the response is No 

5.1. Would you pay any positive premium for cotton higher than Substitute fiber to 
produce cotton based nonwoven products? 

 YES       NO   Don’t Know 

 

 

End of the Questions 
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For Companies that does not use cotton in production of nonwoven products 

If response in question no.4 in NO  

1. Ranking of top 2 nonwoven products based on average annual sales: 
(Rank from 1-2, with 1 for highest sales (i.e. primary product) and 2 for second highest 

sales (i.e. secondary product). If there are less than 2 categories, rank only the ones 

produced.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

End products Categories 
 Fabrics 

 Medical and Healthcare products 
 Packaging and Stationary 
 Absorbent and Hygiene Products  
 Household and Furnishing 
 Automotive 
 Industrial and Military 

 Clothing, Footwear and Baggage 
 Wipes 
 Filtration 
 Personal care products  
 Agricultural, Landscape, Geotextiles and Construction 

 Other products … 
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Questions for each top two sales products 

1.1. Mostly commonly used technology used to produce the (NAME) product Category: 
(Select only one from each group of technologies) 

 

1.2. Select only one major raw material you use for the (NAME) product Category.  
(The fiber that has the highest percentage in quantity on the product category) 

Fibers   
Polypropylene  Polyester  Polyamide  

Acrylic  Rayon  Others … 

 

2. of top 3 reason for not using cotton to produce nonwoven products:  
(Rank from 1-3, with 1 for highest priority and 3 for lowest priority.  If there are less 

than 3 reasons, rank only the ones reason.) 

 

 

 

 

 

 

 

Web formation Technology 
Carded Airlaid Wetlaid 
Meltblown Spunlaid (Spunbonded)   Other … 

   
Web bonding technology  

Chemical Bonding Thermal Bonding Needlepunching 
Hydro-entanglement  

     (Spunlaced) 
Stitch bonding   Other … 

Reasons  for  not Producing Cotton Based Nonwoven Products 
 Production cost compare to substitute fiber  

       (high fiber price, high processing cost, technological constrain ) 
 Difficulty in procurement of cotton     

 Due to relative price volatility of cotton compare to substitute fibers 

 Change in consumer demand for the product  
      (price competition between substitute products ) 

 Don’t produce products that could use cotton 

 Others … 
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3. Select one fiber that is most likely to be substitute by cotton, considering fiber 
properties. 

 

4. If all constrains are removed would you consider using Cotton Fiber to produce 
nonwoven products?  

 

 

If response in question above is YES  

The following question will only have one percentage i.e.10 or 30 or 50 and will change 

with companies. For each percent (10, 30, 50) at least 40 samples should be collected. 

Fiber is selected based on substituted fiber in above question, if none selected use rayon.   

5. If the price of cotton per pound was 10% or 30% or 50% higher the price of 
substitute fiber would you use cotton to produce nonwoven products? 

  YES       NO  Do not want to use at any price 
 

If the response is No 

5.1. Would you pay any positive premium for cotton higher than substitute fiber to 
produce cotton based nonwoven products? 

 YES       NO   Do not Know 

 

End of the Questions 

 

Fibers    

Polypropylene  Polyester  Polyamide  Acrylic 

Rayon  Others ………  Don’t know  

YES    NO  Don’t Know 
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Thank you for taking the time to complete and submit this survey. Your insight and 

information are very valuable to us in making informed decisions. Use the space 

below to provide additional comment and suggestion. 

Again, Thank  you for your cooperation 

If you would like to receive the result of this survey, please enter your email 

address: ______________________________ 

Should you have any further questions or concerns about this survey of its 

questions, please contact Kishor Luitel at kishor.luitel@ttu.edu  

 

Definition: 

Virgin cotton: Cotton fibers that haven’t gone through recycling or reprocessing. 

Waste Cotton: Cotton fibers that are regarded as waste during the ginning and textile 

manufacturing processes which are collected and prepared for other uses. (Price 

advantage over virgin cotton) 

Reclaimed cotton: Cotton fibers that are obtained by converting processed yarns and 

fabrics back to a fibrous state and preparing these for others uses. (Price advantage over 

virgin cotton) 

The product categorization of nonwoven products was done based upon INDA and 

EDANA product categories. Further, the product categorization has been done according 

to the products that have potential of using cotton fiber.  

mailto:kishor.luitel@ttu.edu
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                                                                    APPENDIX C

RESPONSES FROM TOTAL NUMBER OF SURVEYS  

(Roll goods and End products Manufacturers) (N=245)  

 
Table C.1 Responses regarding future prospect of cotton use from cotton using firms 

Change in cotton percentage (n=239) Percentage response (%) 
No change 42% 
Don’t know 25% 
Decrease 17% 
Increase 16% 

 
 
Table C.2 Responses regarding reasons for increase of cotton percentage in future from 
cotton using firms  

Increase reason (n=12) Rank 1 Rank 2 Rank 3 
Cotton fiber has required physical properties         
(melting temperature, absorbent, density) 

0% 16.67% 25.00% 

Cotton fiber marketing features (natural products, cotton 
properties, consumer demand, luxury products) 

58.33% 0.00% 8.33% 

Company has reliable source of cotton fiber 16.67% 25.00% 25.00% 
Cotton fiber has relative price advantage compare to 
substitute fiber (fiber cost, production cost) 

25.00% 25.00% 0.00% 

 Others …….. 0 0 0 
*Total percentage may not add to 100% due to multiple responses 
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Table C.3 Responses regarding reasons for decrease of cotton percentage in future from 
cotton using firms 

Decrease reason (n=13) Rank 1 Rank 2 Rank 3 
Change in production cost compare to substitute fiber 
(high fiber price, high processing cost, technological 
constrain) 

30.77% 15.38% 30.77% 

Difficulty in procurement of cotton     0.00% 23.08% 23.08% 
Due to relative price volatility of cotton compare to 
substitute fibers 23.08% 7.69% 7.69% 
Change in consumer demand for the product (price 
competition between substitute products ) 15.38% 15.38% 15.38% 
Introduction of new fiber that substitute cotton fiber 23.08% 23.08% 0.00% 
Others (difficult, processing) 7.69% 7.69% 0.00% 
*Total percentage may not add to 100% due to multiple responses 
 
 
Table C.4 Responses regarding future prospect for cotton use from formerly cotton using 
firms 

Future prospect of using cotton  Percentage response (%) 
Yes 
No 
Don’t Know 

 29% 
37% 
34% 
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Table C.5 Responses regarding reasons for prospective use of cotton in future from 
formerly cotton using firms 

Reason for using cotton again (n=12) Rank 1 Rank 2 Rank 3 
Cotton fiber has required physical properties        
(melting temperature, absorbent, density) 33.33% 25.00% 16.67% 
Cotton fiber marketing features  
(Natural products, cotton properties, consumer 
demand, luxury products) 33.33% 25.00% 16.67% 
Company has reliable source of cotton fiber 8.33% 0.00% 8.33% 
Cotton fiber has relative price advantage compare to 
substitute fiber  
(fiber cost, production cost) 16.67% 8.33% 8.33% 
Previous constrain has been solved 0.00% 8.33 16.67 
Others 0% 0% 0% 
*Total percentage may not add to 100% due to multiple responses 
 
 
Table C.6 Responses regarding future prospect of cotton use from non-cotton using firms 

Future prospect of using cotton if all constraints removed Percentage response (%) 
Yes 
No 
Don’t know 

46% 
27% 
27% 
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                                           APPENDIX D 

SEPARATE RESPONSES FROM ROLL GOODS MANUFACTURERS 

                 AND END-PRODUCT MANUFACTURERS  

Table D.1 Firms' responses regarding cotton use status from roll goods manufacturers 
Firm classification (N=127) Percentage response (%) 
Non-cotton using         
Cotton using                 
Previous cotton using  

 48.82 
33.07 
18.11 

 
 
Table D.2 Firms' responses regarding cotton use status from end products manufacturers 

Firm classification (N=118) Percentage response (%) 
Non-cotton using         
Cotton using                 
Previous cotton using   

55.93 
28.81 
15.25 
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Table D.3 Responses for fiber used in production of nonwoven products from roll goods 
manufacturers 

Fibers Response Percentage (%) 
Polyester 77.17 
Polypropylene 71.65 
Cotton 45.67 
Rayon 44.09 
Polyamide 31.5 
Other 30.71 
Acrylic 24.41 

*Total percentage may not add to 100% due to multiple responses 
 

Table D.4 Responses for fiber used in production of nonwoven products from end 
products manufacturers 

Fibers Response Percentage (%) 
Polypropylene 81.36 
Polyester 73.73 
Rayon 43.22 
Cotton 39.83 
Other 30.51 
Polyamide 28.81 
Acrylic 26.27 

*Total percentage may not add to 100% due to multiple responses  
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Table D.5 Roll goods manufacturers' responses for substitute fiber 

Substitute fiber (n=127) Percentage response (%) 
Rayon                                                                   55.12 
Polyester                                                              18.9 
Polypropylene                                                      16.54 
Other                                                                    4.72 
Acrylic                                                                 3.15 
Polyamide                                                           1.57 

 

Table D.6 End-product manufacturers' responses for substitute fiber 

Substitute fiber (n=118) Percentage response (%) 
Rayon                                                                   55.08 
Polypropylene                                                      21.19 
Polyester                                                              20.34 
Other                                                                     2.54 
Acrylic                                                                 0.85 
Polyamide                                                           0 
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Table D.7 Responses for different fibers regarding technology use and product produced 
from end-product manufacturers. 

Fiber used Most frequent response for each fiber 
Web Forming 
Technology 

Web bonding 
Technology Nonwoven products 

Polypropylene 
Spunlaid(spunbond)  
47.37% 

Thermal  
63.16% 

Absorbent and hygiene  
44.74% 

Polyester 
Carding  
39.29% 

Needlepunch  
28.57% 

Filtration  
17.86% 

Polyamide 
Spunlaid(spunbond)  
50% 

Thermal  
50% 

Filtration  
50% 

Acrylic 0 % 0% 0 % 
Rayon Carding 50% Hydroentangle 

62.50% 
Absorbent and hygiene 
37.50% 

Cotton Carding  
36.23% 

Thermal 
23.19% 
Hydroentangle 
21.74% 

Absorbent and hygiene 
21.74%, 
Medical and healthcare 
21.74% 
Average cotton % on Products 

(36.23% of respondents use 1-
9% cotton on products) 

Others Airlaid 63.64% Chemical 
45.45% Wipes 36.36% 

*Total percentage may not add to 100% due to multiple responses 
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Table D.8 Responses regarding reasons for using cotton from cotton using firms among 
roll goods manufacturers 

Reason for Using cotton (n=42) Rank 1 Rank 2 Rank 3 
Cotton fiber has required physical properties (melting 
temperature, absorbent, density) 

28.57% 11.90% 23.81% 

Cotton fiber marketing features  
(Natural products, cotton properties, consumer demand, 
luxury products) 

38.10% 16.67% 16.67% 

Company has reliable source of cotton fiber 7.14% 28.57% 9.52% 
Cotton fiber has relative price advantage compared to 
substitute fiber  
(Fiber cost, production cost) 

11.90% 19.05% 19.05% 

Others (customer demand, thermal properties) 7.14% 0% 9.52% 
*Total percentage may not add to 100% due to multiple responses 
 

 

Table D.9 Responses regarding reasons for using cotton from cotton using firms among 
end-product manufacturers 

Reason for Using cotton (n=34) Rank 1 Rank 2 Rank 3 
Cotton fiber has required physical properties (melting 
temperature, absorbent, density) 

20.59% 35.29% 8.82% 

Cotton fiber marketing features  
(natural products, cotton properties, consumer demand, 
luxury products) 

41.18% 17.65% 8.82% 

Company has reliable source of cotton fiber 11.76% 14.71% 17.65% 
Cotton fiber has relative price advantage compared to 
substitute fiber  
(fiber cost, production cost) 

11.76% 20.59% 29.41% 

Others (customer demand, thermal properties) 2.94% 0% 2.94% 
*Total percentage may not add to 100% due to multiple responses 
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Table D.10 Responses regarding future prospect of cotton use from cotton using firms 
among roll goods manufacturers 

Change in cotton percentage(n=42) Percentage response (%) 

Increase 16.67% 
Decrease 19.05% 
No change 47.62% 
Don’t know 16.67% 

 

 

Table D.11 Responses regarding future prospect of cotton use from cotton using firms 
among end-product manufacturers 

Change in cotton percentage(n=34) Percentage response (%) 

No change 35.29% 
Don’t know 35.29% 
Decrease 14.71% 
Increase 14.71% 
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Table D.12 Responses regarding reasons for increase of cotton percentage in future from 
cotton using firms among roll goods manufacturers 

Increase reason (n=7) Rank 1 Rank 2 Rank 3 
Cotton fiber has required physical properties         
(melting temperature, absorbent, density) 0.00% 0.00% 42.86% 
Cotton fiber marketing features (natural products, cotton 
properties, consumer demand, luxury products) 71.43% 0.00% 0.00% 
Company has reliable source of cotton fiber 14.29% 42.86% 14.29% 
Cotton fiber has relative price advantage compared to 
substitute fiber (fiber cost, production cost) 14.29% 28.57% 0.00% 
 Others  0 0 0 
*Total percentage may not add to 100% due to multiple responses 
 

 
Table D.13 Responses regarding reasons for increase of cotton percentage in future from 
cotton using firms among end-product manufacturers 

Increase reason (n=5) Rank 1 Rank 2 Rank 3 
Cotton fiber has required physical properties         
(melting temperature, absorbent, density) 0.00% 40.00% 0.00% 
Cotton fiber marketing features (natural products, cotton 
properties, consumer demand, luxury products) 40.00% 0.00% 20.00% 
Company has reliable source of cotton fiber 20.00% 0.00% 40.00% 
Cotton fiber has relative price advantage compared to 
substitute fiber (fiber cost, production cost) 40.00% 20.00% 0.00% 
 Others  0.00% 0.00% 0.00% 
*Total percentage may not add to 100% due to multiple responses 
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Table D.14 Responses regarding reasons for decrease of cotton percentage in future from 
cotton using firms among roll goods manufacturers 

Decrease reason (n=8) Rank 1 Rank 2 Rank 3 
Change in production cost compared to substitute fiber 
(high fiber price, high processing cost, technological 
constraint) 50% 0.00% 25.00% 
Difficulty in procurement of cotton     0.00% 25.00% 25.00% 
Due to relative price volatility of cotton compared to 
substitute fibers 25.00% 12.50% 0.00% 
Change in consumer demand for the product (price 
competition between substitute products) 0.00% 12.50% 25.00% 
Introduction of new fiber that substitutes for cotton fiber 12.50% 25.00% 0.00% 
Others (difficult, processing) 12.50% 12.50% 0.00% 
*Total percentage may not add to 100% due to multiple responses 
 

 

Table D.15 Responses regarding reasons for decrease of cotton percentage in future from 
cotton using firms among end-product manufacturers 

Reasons for decrease (n=5) Rank 1 Rank 2 Rank 3 
Change in production cost compared to substitute fiber 
(high fiber price, high processing cost, technological 
constraint) 0.00% 40.00% 40.00% 
Difficulty in procurement of cotton     0.00% 20.00% 20.00% 
Due to relative price volatility of cotton compared to 
substitute fibers 20.00% 0.00% 20.00% 
Change in consumer demand for the product (price 
competition between substitute products) 40.00% 20.00% 0.00% 
Introduction of new fiber that substitutes for cotton fiber 40.00% 20.00% 0.00% 
Others  0.00% 0.00% 0.00% 
*Total percentage may not add to 100% due to multiple responses 
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Table D.16 Responses from formerly cotton using firms regarding reasons for stopping 
use of cotton among roll goods manufacturers 

Reasons for stopping use of cotton (n=23) Rank 1 Rank 2 Rank 3 
Change in production cost compared to substitute fiber 
(high fiber price, high processing cost, technological 
constraint) 

43.48% 8.70% 17.39% 

Difficulty in procurement of cotton     8.70% 13.04% 13.04% 
Due to relative price volatility of cotton compared to 
substitute fibers 

4.35% 13.04% 13.04% 

Change in consumer demand for the product  
(price competition between substitute products) 

21.74% 30.43% 0.00% 

Introduction of new fiber that substitutes for cotton fiber 4.35% 13.04% 4.35% 
Others 13.04% 0% 13.04% 
*Total percentage may not add to 100% due to multiple responses 
 
 
Table D.17 Responses from formerly cotton using firms regarding reasons for stopping 
use of cotton among end-product manufacturers 

Reasons for stopping use of cotton (n=18) Rank 1 Rank 2 Rank 3 
Change in production cost compared to substitute fiber 
(high fiber price, high processing cost, technological 
constraint) 

27.78% 11.11% 5.56% 

Difficulty in procurement of cotton     5.56% 11.11% 16.67% 
Due to relative price volatility of cotton compared to 
substitute fibers 

16.67% 27.78% 5.56% 

Change in consumer demand for the product  
(price competition between substitute products ) 

11.11% 16.67% 27.78% 

Introduction of new fiber that substitutes for cotton fiber 22.22% 5.56% 11.11% 
Others 16.67% 0.00 % 11.11% 
*Total percentage may not add to 100% due to multiple responses 
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Table D.18 Responses regarding future prospect of cotton use from formerly cotton using 
firms among roll goods manufacturers 

Future prospect of using cotton (n=23) Percentage response (%) 
Yes 
No 
Don’t Know 

43.48% 
26.09% 
30.43% 

 
 
Table D.19 Responses regarding future prospect of cotton use from formerly cotton using 
firms among end-product manufactures 

Future prospect of using cotton Percentage response (%) 
No 
Don’t Know  
Yes 

50.00% 
38.89% 
11.11% 
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Table D.20 Responses regarding reasons for prospective use of cotton in future from 
formerly cotton using firms among roll goods manufacturers 

Reason for using cotton again (n=10) Rank 1 Rank 2 Rank 3 
Cotton fiber has required physical properties        
(melting temperature, absorbent, density) 

40% 20% 10% 

Cotton fiber marketing features  
(natural products, cotton properties, consumer demand, 
luxury products) 

20% 30% 20% 

Company has reliable source of cotton fiber 10% 0% 10% 
Cotton fiber has relative price advantage compare to 
substitute fiber  
(Fiber cost, production cost) 

20% 0% 10% 

Previous constraint has been solved 0% 10% 10% 
Others  0% 0% 0% 
*Total percentage may not add to 100% due to multiple responses 
 
 
Table D.21 Responses regarding reasons for prospective use of cotton in future from 
formerly cotton using firms among end-product manufacturers 

Reasons for using cotton again (n=2) Rank 1 Rank 2 Rank 3 
Cotton fiber has required physical properties        
(melting temperature, absorbent, density) 

0% 50% 50% 

Cotton fiber marketing features  
(natural products, cotton properties, consumer demand, 
luxury products) 

100% 0% 0% 

Company has reliable source of cotton fiber 0% 0% 0% 
Cotton fiber has relative price advantage compared to 
substitute fiber  
(fiber cost, production cost) 

0% 50% 0% 

Previous constraint has been solved 0% 0% 50% 
Others  0% 0% 0% 
*Total percentage may not add to 100% due to multiple responses 
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Table D.22 Responses regarding reasons for not using cotton from non-cotton using firms 
among roll goods manufacturers 

Reasons for not using cotton (n=62) Rank 1 Rank 2 Rank 3 
Production cost compare to substitute fiber  
(high fiber price, high processing cost, technological 
constrain ) 

16.13% 20.97% 17.74% 

Difficulty in procurement of cotton    1.61% 11.29% 6.45% 
Due to relative price volatility of cotton compared to 
substitute fibers 

4.84% 6.45% 8.06% 

Change in consumer demand for the product  
(price competition between substitute products ) 

4.84% 12.90% 9.68% 

Don’t produce products that could use cotton 62.90% 3.23% 6.45% 
Others  6.45% 6.45% 8.06% 
*Total percentage may not add to 100% due to multiple responses 
 
 
Table D.23 Responses regarding reasons for not using cotton from non-cotton using firms 
among end-product manufacturers 

Reasons for not using cotton (n=66) Rank 1 Rank 2 Rank 3 
Production cost compare to substitute fiber  
(high fiber price, high processing cost, technological 
constrain ) 

31.82% 21.21% 12.12% 

Difficulty in procurement of cotton    4.55% 7.58% 16.67% 
Due to relative price volatility of cotton compared to 
substitute fibers 

7.58% 18.18% 6.06% 

Change in consumer demand for the product  
(price competition between substitute products ) 

10.61% 15.15% 7.58% 

Don’t produce products that could use cotton 27.27% 10.61% 18.18% 
Others  15.15% 6.06% 7.58% 
*Total percentage may not add to 100% due to multiple responses 
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Table D.24 Responses regarding future prospect of cotton use from non-cotton using 
firms among roll goods manufacturers 

Future prospect of using cotton if all constraints removed Percentage response (%) 
No 
Yes 
Don’t know 

40.32% 
35.48% 
24.19% 

 

 

Table D.25 Responses regarding future prospect of cotton use from non-cotton using 
firms among end-product manufacturers 

Future prospect of using cotton if all constraints removed Percentage response (%) 
Yes 
Don’t know  
No 

56.06% 
30.30% 
13.64% 
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                                                                      APPENDIX E 

INSTITUTIONAL REVIEW BOARD (IRB) EXEMPTION 
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