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The present study was launched as an initiative by the Agro-industrial division, E-2,
of the European Commission Directorate-General XII for scientific research and
development. This study forms part of a series of studies launched by our division on
important issues pertaining to food and non-food research. Their aim is to present
the current "state-of-the-art" and give recommendations by the authors for future
research which could remove obstacles in the way of introduction of new
technologies and products from the agro-industrial sector into the market place.
It should be stated that this document represents the findings and opinions of the
authors and should not be considered as the opinions or recommendations of the
Commission services.
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INTRODUCTION
On behalf of the Directorate General XII (Science, Research and Development) of the European
Community, a market-oriented study on different applications of domestically-produced plant
fibres in the non-food industry has been carried out. Motives for research in the field of plant fibres
are the development of applications for alternative crops, in order to strengthen the position of non
food crops quantitatively and qualitatively, and so, contribute to reduction of the agricultural (food)
surplus. The traditional markets for EC indigenous plant fibres (e.g. textile and pulp and paper)
should therefore be enhanced and new market outlets be developed. Research on fibre crops for
innovation in processing and creation of new products, responding to needs of markets and
industry, will contribute to enhanced application of plant fibres in society (See Appendix 1).
Objectives
The objectives of this study are (1) exploration of potentials of non wood fibre plants, which can
be domestically grown within EC-countries, for applications in pulp and paper production, textiles
as well as fibre reinforced composites, construction and building materials, geotextiles, nonwovens, insulation materials, and asbestos replacing materials, etc., (2) identification of the major
players in this field; industries, research institutes, universities and organizations, (3) identification
of gaps in current knowledge and R&D needs, (4) identification of technological and economical
bottlenecks, and (5) identification of potential markets.

Approach of the study
Information was gathered in several ways; by desktop literature research, by means of a
questionnaire and interviews. Two questionnaires were set up, one for the appliers of non wood
plant fibres, and one for the producers of these fibres (agriculture). Addresses were selected from
conference proceedings, embassies, references in literature, personal contacts, branch
organizations, from databases like ECHO, BRITE-EURAM and from yellow pages. The
questionnaires were distributed by ATO-DLO (783 questionnaires) and by LIRA (300
questionnaires). LIRA is specialized in textiles, and therefore aimed only at textile companies and
research institutes. The response at ATO-DLO was 28%, of which 66% was interested in plant
fibre application and 49% presently applied or investigated plant fibres. A small selection, due to
limited time, was made from the respondents for visitation. Companies and institutes, in different
branches, were visited for detailed discussions in the United Kingdom, Italy, Belgium and the
Netherlands.
Priorities in the evaluation
The starting point for this study is the economic feasibility, which is a prerequisite for introduction
of new materials on industrial scale. Industries choose their raw materials based on
price/performance ratios, consistency of supply (quantitative and qualitative), dynamic
exchangeability of raw materials and the potency of maximum utilization of production capacity.
Therefore, specific advantages and advantageous characteristics of the various fibrous raw
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materials must be identified and exploited. The priorities in the evaluation of the potentials of
different fibre crops for both textile and non-textile applications have been the identification of
technological and economical bottlenecks for introduction or enhancement of plant fibre
applications; the required research and development in various disciplines and who are involved
or have interest in this.

Perspectives for EC Agriculture and Industry
Agriculture
Establishment of a stable offtake of plant fibres will provide new perspectives for arable farming
and contribute to a solution of the agricultural surplus. Cultivation of fibre crops will be beneficial
as these crops require relatively low amounts of chemicals for crop protection and fertilizers. On
the other hand, plant fibres may be extracted from agricultural waste, so agricultural production
will profit from valorization of the residues.
By-products from agricultural crops may contain a cheap source for cellulosic raw materials.
Promising are the fibers from oilseed flax, which contain lower quality fibres than fibre flax
varieties for traditional textile applications, but may be applicable in non-textile end-uses. Whole
crop utilization is an important issue for enhanced economical feasibility of crops and reduction of
agricultural wastes.
Industries
Industries (small and medium size as well as large enterprises) all over the EC require sul?? raw
materials for mineral fibres (especially asbestos and glass fibres). Plant fibres produced in the EC
certainly will meet the demands for at least a number of the novel applications (fibre reinforced
composites, construction and building materials, geotextiles, non-wovens) on a short term and a
broad spectrum of applications can be developed on a longer term. Participation of large
multinational companies is important for trend-setting in processing of plant fibres in composite
materials and development of environmental safer end-use products.
In the agro-industrial chain, from raw material processing companies to the retail trade of fibre
products, an enhanced activity will provide a new viability and an additional provision of work.
Besides provision of labour in different branches of agriculture and agro-industries, especially in
agricultural distressed areas, additional benefits are to be expected for manufacturers of
consumer products, construction and building materials or fibre reinforced composites. SME's in
different branches of industry will have the benefit from extending their product-range in
environmentally safer products, which are competitive with existing markets in price and
performance.
Environment
Application of plant fibre products in various branches of industry will have a major advantage of
being biocompatible and biodegradable. The use of renewable resources for product development
will contribute to the decrease of the environmental burden caused by consumer goods and
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disposables, building and construction materials, civil engineering, etc. Development of
environmental friendly materials fits into the growing towards an ecologically well-balanced
society.
Plant fibre products can be applied in the area of fibre reinforced composites with thermoplasts
and thermosetting resins for automotive and domestical uses, where the application of plant fibres
will have a positive impact on the waste management.

Recommendations for EC Policy
Stimulation of non-food crop production will enhance the viability of EC agriculture, as crop
diversification will help to overcome problems of overproduction of food crops and contribute to a
spreading of risks. Fibre crops have large potentials for agriculture when novel and enhanced
market outlets can be found.
Textile market
The market share of flax, the main EC indigenous fibre crop, which is grown for textile purposes,
is very modest. The traditional linen industries aim at the very exclusive market of fashion textiles
which is sensitive to many economic factors. The declining market since 1985 threatens the whole
sector. Innovation in processing is the major issue, which could enhance the competiveness with
other (imported) fibres. Eastern Europe produces cheaper flax of a lower quality, but the cheap
labour is a severe menace for Western European spinners and weavers.
Pulp and paper
The EC trade deficit in pulp and pulp wood amounts annually ca. $4,000 m., and the market for
paper is still growing.
Agriculture could supply the pulp and paper industries to a certain extent in their needs for raw
materials. Various types of plant fibres can be produced, which can be applied in a wide range of
pulps for specialty papers (ECU bank notes) to upgrading of recycled paper. A major advantage
of non-wood fibre pulping is the lower energy demand.
Pulp mills situated close to the site of fibre production are more economic because of reduced
transportation costs. Hence the production of fibre within the EC is an incentive to site pulping
facilities within the EC as well. Environmentally benign pulping processes for fibre crops should
therefore be developed. Introduction of these pulps on the conservative paper market requires
positioning of the pulps by means of data sheets, economic evaluations and pilot plant scale
studies.
Non-textile market
Large markets for plant fibre products can be developed especially in non-traditional applications
in new materials for building and construction, automotives and consumer products, etc., when
technological imperfections are overcome.

Conservative industrial estimations, on the size of the market for plant fibres, when promising
applications have been successfully developed, are indicated annually as more than 1.000.000
tons. This means a large expansion of the present fibre crop production (ca. 15x current
production).
Compared with developments in material science based on fossil fuel and minerals in the past
decades, development of materials based on agricultural products did not receive attention and
has been neglected too long, mainly because no powerful agro-industrial support could be raised.
Ecological arguments for development of products based on renewable sources are gaining more
interest from industries, partly because of governmental legislations on the use of asbestos and
recycling of materials. Further EC restrictions on the use of synthetic and mineral materials will
promote the use of agricultural resources.
The main problems for introduction of plant fibre raw materials in industrial applications are the
unfamiliarity with these fibres, the lack of knowledge of product qualification and the variability of
the crop quality. Industries require a guaranteed supply of raw materials.
Therefore, research is urgently required on standardized quality assessment and fibre extraction
technologies, which reduce harvest risks and guarantee a constant quality supply. Modification
research is needed to adapt the fibres to the industrial demands for processing and end product
performance. Application development requires process optimization and product testing, which
should be carried out in close cooperation with industrial parties, to ensure implementations of
research efforts.
Logistics
Optimization of the logistic chain of fibre crop production and processing is indispensable for
development of agro-industrial activities, because a guarantee of constant quality and quantity
supply of raw materials is a major demand. Raw material stocks are essential for continuous
production of products from annually harvested crops. The feasibility of fibre crop applications
depends, besides the price and performance ratio of raw materials and the processing costs, also
on the scale of production, annual turnover to the factory and price fluctuations of raw materials
and end products.
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Major Players
Parties in research
The major EC-research institutes active in the various fields of plant fibre product development
are listed below:

Agrotechnologisch Onderzoeksinstituut (ATO-DLO)

Wageningen

NL

BioComposites Centre

Bangor. N. Wales

UK

BIORAF Denmark Foundation

Akirkeby

DK

British Textile Technology Group (BTTG)

Leeds

UK

CERMAV-CNRS

Grenoble

F

Centre Technique du Papier (CTP)

Grenoble

F

FRAUNHOFER Institut

(various locations)

D

GRNCENTER

Riso

DK

Institut für Angewandte Forschung (IAF)

Reutlingen

D

Institute National de la Recherche Agronomique (INRA)

Thiverval-Grignon

F

Institute Textile de France (ITF)

le Plessis Belleville. Lyon

F

Lambeg Industrial Research Association (LIRA)

Lambeg. Lisburn. N. Ireland

UK

PAPIERTECHNISCHE STIFTUNG

München

D

PI RA Internatinal

Leatherhead

UK

SCOTTISH CROP RESEARCH INSTITUTE

Dundee. Scotland

UK

SILSOE (AFRC)

Silsoe

UK

STAZIONE SPERIMENTALE
per la cellulosa. carta e fibre tessili
vegetali ed artifiali

6

Milan

S U M M A R Y

A N D

R E C O M M E N D A T I O N S

Parties in industry

•

Textile
The linen textile sector is organized in the CILC (Confédération Internationale du Lin et du
Chanvre), which is dominated by the MARZOTTO group (LINIFICIO, Le Blan, ZIGNAGO
e.a.). This group has by far the largest market share and is determining the prices. Several
smaller enterprises are active in France, Belgium, the Netherlands and Northern-Ireland.

•

Paper and pulp
Major players in non-wood pulping and specially paper industries are listed below.

•

Arjo Wiggins

UK

St. Regis

UK

Dansk Fibre 1 ndustri

DK

Organoceii

D

Clextral

F

Groupe Lana

F

SELESA

ES

CAESA

ES

SAICA

ES

Ceiuiosa de Asturias

ES

KNP

NL

PARENCO

NL

SUNDS DEFIBRATOR

S

Innovative markets
Non-traditional applications for plant fibres have the interest of large multinational
companies active in the fields of synthetic resins (DSM, Shell, Hoechst, Solvay, Hi-mont,
Ciba-Geigy, ATOCHEM) as well as assemblers and producers of automotive parts
(DAIMLER-BENZ, PSA, FIAT, TENMAT, ECCO, etc.) but also in aerospace industry
(DORNIER, DASSAULT and MESSERSCHMIDT).
In the field of cement boards asbestos replacement is urgently needed for companies like
REDCO/Eternit (B), Italcementi (I), WINTEC (F), Dansk Eternit (DK) and many others.
The major industries active in non-woven production of plant fibres are FELTEX and
LANTOR.
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Structure of the Report
General introduction, summary, conclusions and recommendations are given in the first part of
the report. In chapter 1 the results of the questionnaire, concerning all applications are discussed.
In the chapters, dedicated to specific applications, these arguments are not repeated, only
specific problems are discussed. Chapter 2 discusses several fibre crops, agronomical aspects of
the fibre crops, fibre extraction methods and economical aspects of fibre crops. In the sequential
chapters 3, 4, 5, 6, and 7, each group of applications is considered. Each chapter starts with an
introduction, followed by the main players in this field, and the present market situation. The
possibilities for plant fibres in these markets are discussed, and process technologies and
research needs will be identified. Finally, the potential markets and economical aspects are
pointed out. In chapter 8 some extra applications of plant fibres are examined. Each chapter ends
with conclusions and recommendations.
The information is based on the questionnaire, literature research and personal contacts, and may
reproduce personal experiences and opinions.
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RCH NEEDS
Considering the number of positive reactions to the inquiry, the current research performed at
many research institutes and the number of industries involved in plant fibre application, it can be
stated that plant fibres have good opportunities as industrial resource. Gaps in current knowledge
and research needs for agro-industrial development of fibre crop applications are given in this part
of the report.
Quality assessments
Objective quality assessment at an early stage of fibre-crop production and -processing is
essential for establishing the product and market potential. Objective quality assessment is a
requisite for new applications, but breeders, fibre processing industry and trade will also benefit
from reliable, reproducible standard measurements of quality. Quality assessment methods
should be quick and cheap and possible to apply at an early stage of the production chain, using
small samples.
Constant quality and quantity
For industrial application of plant fibres in different market outlets it is of general interest that fibre
materials can be produced with a guarantee of constant supply quality and quantity, especially as
now, certification of materials and processes becomes more important in industries.
Inconsistency of plant fibre quality, due to climatological conditions, may be dimished by fibre
extraction methods or by breeding plants, which are less vulnerable to the climatological
conditions. Plant breeding may give results on a longer term.
Industrial demands
Integration of fundamental scientific research on quality parameters of plant fibres and applied
research in cooperation with users is essential for the development and introduction of innovative
applications. In order to develop innovative applications, knowledge of industrial demands on raw
materials, processing costs, waste-water demands, end products and processability will be
indispensable.
Implementation of research in industrial applications will be helped by close involvement of
industrial partners in testing of materials and product prototypes. Incorporation of industries has to
be pursued as much as possible. Developments will require external assistance for industrial
scale production of raw materials and processing of semi-manufactured products. Technology
transfer to non-participating industries may be desired for developments, which are likely to occur
as a spin-off from research achievements.
Supply
The logistic chain from agricultural production to industry should be as efficient as possible to
achieve high quality and low costs. The chain from agriculture to customer consists of many
parties, but, to be more efficient, the number of parties should be reduced. Furthermore, long-term
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investments for developments like scaling up production and logistic chain support systems are
required in the fibre-supplying sector, in order to make the price competitive with man made
fibers. A logistic chain support is a collection of quality standards, standardized quality
measurements, information provision and co-operation between the suppliers and users.
Constant quantity supply can be achieved when the logistics of the chain are controlled; e.g. with
quota, contract cultivation, spreading of cultivation over different EC-countries, by keeping buffers
(economically unattractive, loss of quality) or by import of fibres from outside the EC. The need for
constant quantity supply can be minimized when plant fibres are exchangeable in the production
process.
Standardization & normalization
Various industrial applications of plant fibres require different relevant technical data. Many
general qualifications of plant fibres are unknown or data are very divergent. To meet the
industrial requirements, testing of physical fibre-product characteristics according to ISO / DIN /
ASTM standards is urgently needed. Translation of textile and paper & pulp industrial standards
into normalized forms (SI units) will be of great help for novel industrial applications of plant fibre
products. Standardization will ease the research on characteristics and the communication
between different application areas. Performance review methods of the end product should be
set up, in order to evaluate the fibre characteristics.
More fundamental knowledge is required on (bio)chemical and physical behaviour of fibrous
materials based on plant fibres under certain processing and storing conditions and in end use
applications.
Fibre adaptation & modification
Successful implementation of plant fibre products on some markets will require adaptation of the
fibre quality and performance. Adjustment of plant fibre specifications to industrial demands, can
make use of technologies which have been developed in wood manufacturing, textile or paper
industries to improve processing and performance of cellulosics. Such techniques include
mercerization, finishing, fire-proofing, durability extension, and improvement of mechanical
properties. In addition, physical-chemical treatments, varying from refining, fibrillation, cottonizing
to impregnation, coating, cross-linking, grafting or chemical modification and derivatising can be
used. For the design of rational modifications of plant fibres, it is important to have detailed
information on the chemical composition and the surface characteristics on a molecular level.
Performance assessment
Price/performance ratios are an important item when comparing materials. Materials based on
fibres can be tested according to standard test methods (ISO, etc) for their performance.
Research is needed, however, to assess durability and degradability. Durability tests should
measure the resistance to the environment (moisture, chemicals, microbes, uv-light) of the end
product.
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Performance assessment methods are required for fundamental research towards the relation
between the properties (morphological, physical, chemical) of fibre and the end product.
The fibre products have to be tested, but no objective, standardized methods are available.
Economics
Economic data on plant fibre production costs, transportation, storage, investments in equipment,
financial returns, processing of plant fibres and plant fibre products should become available to
industries. Security concerning costs will make it more attractive to introduce a new material or
invest in new processes. Pronounced and clear agricultural EC policies concerning subsidies and
tariffs on imported raw materials will encourage plant fibre application.
Environment
The environmental aspects of plant fibre products (substitution of synthetic or asbestos fibres and
advantageous waste management) are an advantage for society and may be used as a marketing
item for industry. But, the total eco-balance of plant fibres and alternatives, like man-made fibres,
will have to be taken into account. Cultivation, fibre extraction, production processes and waste
management of plant fibres have to be compared with raw material acquisition, production and
waste management of man made fibres.
Basic knowledge on the health aspects of cellulosics, and especially plant fibres is lacking.
Generally, it is assumed that cellulosics cannot give rise to health problems like asbestos or glass
fibres, but scientific evidence has not been given. It is of great importance for industrial use of new
raw materials to have information concerning health aspects. Such a certificate will promote the
introduction of agricultural cellulosic fibres in industries, where ISO-norms become more and
more important.
Marketing
Product promotion is an essential requisite for successful introduction of plant fibre products on
non-traditional markets. More marketing efforts should be employed in order to tackle the poor
image of plant fibres. Promotion of plant fibres for industrial use might increase the market
potentials and decrease the ignorance of users.
Agriculture
Further research of the large scale cultivation of EC indigenous fibre crops, especially flax, hemp,
miscanthus and kenaf is needed. The lack of knowledge, has been indicated in crop agronomy
(varieties, fertilizers, pesticides), the harvesting and postharvesting technology, quality
assessments, the industrial demands on the fibre quality. The impact of differences in raw
material (caused by genotype and growth and harvesting conditions) for the quality of end
products needs further investigation. If these impacts are well understood, it becomes possible to
improve the control and manipulation of yield and quality in order to produce custom made fibres.
The input of fertilizers, pesticides and other chemicals (desiccants), should be limited as much as
possible for environmental protection. The relation between plant fibre properties and the end
product requirements is unknown.
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Harvesting and processing technologies
New technologies for harvesting and fibre plant processing techniques should be further
improved, regarding production speed and environment. The decrease of uniformity of the fibre
quality caused by the extraction process should be minimized.
New fibre extraction technologies, like steam-explosion and extrusion techniques, which are in an
advanced stage of development, are promising tools for the production of a constant quality of fibre
raw material for textile as well as for non-textile applications. The process is less dependent on the
quality of the initial raw material and the process parameters are adjustable to a certain extent. The
use of new fibre extraction methods should be attempted to upgrade the value of by-products.

Textiles
Innovations in the textile production chain like improvement of fibre extraction and spinning
technology are indispensable for survival of the flax sector.
Flax textile industry mainly aims at the high value linen textiles, applied in fashion. This market
segment holds two disadvantages; the dependence on fashion and the sensitivity to economic
factors. Development of other markets for linen or flax by-products (tow) may reduce the
dependence on the fashion market. Valorization of the by-products will reduce the costs of the
long fibres. Long fibres may be used in mixture yarns with cotton, silk or synthetics.
Cellulose from fibre crops may be succesfully applied as raw materials for viscose production.
High performance textiles may be developed by gel-spinning technology development of cellulose
suspensions.

Pulp anti Paper
Application of agricultural crops in pulp and paper requires research on environmentally safe and
economically feasible pulping processes.
Using plant fibre raw materials for pulping and paper making, the processes have to be adapted.
The following aspects should be paid attention to: environmental safe production, energy
demands for pulping, costs of processing, difference in characteristics between wood and plant
fibres in relation to difference in characteristics between wood and plant fibre pulps, like lower
pulping yield, silica-content, runnability, drainage, and shelf life of the pulps. There is not much
knowledge about the behaviour of fibres and chemical composition in relation to papermaking.
Non-wood fibres would find more application if the ignorance in pulp and paper industry could be
reduced. Promotion of the possibilities and information, by means of a data sheets, will encourage
non wood plant fibre application.
Essential knowledge and know-how, which is lacking for (non polluting) pulping technologies are
efficient decorticating machinery, biological treatments, lignin (bio)degradation and methods to
improve or adjust the properties of the pulps.
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Polymer Matrix Composites
Research should be executed for Polymer Matrix Composite (PMC)-processing optimizations like
pretreatments of fibres (removal of components or modifications) and adjusted processing
techniques.
Research on modifications of plant fibres is required to provide the industry with fibres
miscellaneous characteristics, so that different demands for composite applications can be met.
Modification of the fibres needs to be carried out in relation to moisture sensitivity, chemical
resistance, adhesion to matrix, biodégradation and durability, temperature resistance and
flammability.
As waste management of plant fibre composites is expected to be advantageous compared to
glass fibre composites, it would be of great use to support this argument with scientifical data. An
eco-balance of different PMCs should be set up.
The interaction between fibre and matrix is not yet fully understood. Advanced materials can be
developed when the intrinsic properties of the fibres can be fully exploited. Enhanced
performance of plant fibre reinforced composites can be attained when the compatibility of the
cellulose fibres with the various synthetic matrices, e.g. adhesion and dispersion, can be
increased. Fibre pre-treatments and selection of suitable matrices should therefore get attention.
Investigations with advanced methods such as Confocal Fluorescence Light Microscopy, FTIR,
NIR, NMR-lmmaging and other non-intrusive techniques, will provide more insight.
Processing technologies, developed for synthetic and glass fibre PMCs, can be applied without
much adaptation for plant fibres, but research should be carried out on the behaviour of plant
fibres during processing to obtain high quality end products. Standardized performance
assessment methods should be used.

Building and Construction Materials
For Inorganic Matrix Composites (IMCs) such as fibre reinforced cement, research is needed on
application of plant fibres in processing technologies like autoclaving, extrusion and the
Hatscheck procedure. Environmentally safe, low cost modification of plant fibres should be
developed in order to create alkali resistant plant fibres without cement retarding components,
with little water absorption and no agglomeration.
For boards and panels, (environmentally safe) new binders are needed to replace formaldehyde
based resins. Valorization of waste lignin of pulping mills as a natural adhesive for cellulosics is of
interest for use in boards and panels.

Geotextiles
Development of the market for biodegradable geotextiles, which offers large perspectives for fibre
crops, requires research on durability and durability extension of various plant fibre products. Civil
engineering and industries should define the demands on the performance of geotextiles.
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The long term performance (e.g. strength) of geotextiles, under certain fluctuating conditions of
humidity, temperature, uv-light, mechanical loading and microbial decay should be investigated in
order to tailor the life time of plant fibre geotextiles.
Other research topics should be the determination of physical, chemical, hydraulic and
mechanical properties of plant fibres and plant fibre geotextiles, and enhanced processing
techniques. Prerequisites for research are standardized quality and performance (durability) tests.
Erosion control, soil separation and drainage applications of plant fibres as woven-textiles, nets,
mats, non-wovens or individual fibres as reinforcement, should be further investigated.
Economical data on costs of geotextiles, installation and removal should be compared for
synthetics and plant fibre based geotextiles.

Non-Wovens
The share of plant fibres on the growing market of non-woven textiles for use in a wide range of
applications (from hygienic & medical tissues to geotextiles and from filters to insulating or
reinforcing materials) is only limited and could be much expanded.
Research topics for non-woven production improvement are adaptation of carding technology and
felting machinery for plant fibres and reduction of dust production during processing. Fibre
characteristics, like tensile strength, crimp, absorption and dimensional stability and their
behaviour during processing should be investigated.
Development of suitable environmental safe binders will enhance the market perspectives for
non-woven applications in many products.
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CONCLUSIONS AND RECOMMENDATIONS
Each chapter ends with conclusions and recommendations. The summarized conclusions and
subsequently the recommendations are listed.

General Conclusions (Chapter 1 and 2)
The response to the questionnaire was 28%, of which 66% were interested in plant fibre
application and 49% presently used or investigated plant fibres. Industries represent 52% of the
response.
The fibre crops flax, cotton and jute are most frequently investigated and applied.
Properties
Plant fibres are selected for technical properties, performance and for environmental and
agronomical reasons. Process related criteria are exchangeability of materials, processing speed,
processing costs and amount of waste production.
Quality inconsistency
The fibre quality is determined by plant species, growth and harvesting conditions, and fibre
extraction methods. Variation of these factors leads to inconsistency of fibre properties (harvest
risk). Fibre extraction methods can be adapted in order to control the quality of the fibre. The
annual variations of raw material can be reduced through appropriate preparation technology.
The quality of fibres from agricultural residues is more diverse than the quality of fibre crops, due
to the fact that they have a lower priority for the farmer than the main product and the crops have
not been selected for their fibre content.
Quality criteria
Quality criteria for fibres depend much on the envisaged application. The most important criteria
are fibre dimensions (length-diameter ratio), elasticity, tensile strength, modulus, strain, wear
resistance, fineness, degradability, durability, density, absorbing capacity, low variations in
properties, purity, fire resistance and thermal resistance, low fibre breakage during processing,
and ability to mix with other fibres.
Qualitative specifications are expressed in a wide range of values and units, common to textile or
paper and pulp industry.
Quality assessments methods
At this moment, objective and standardized methods are not available for determination of fibre
characteristics. This obstructs the introduction of plant fibres as industrial raw material for nontraditional applications. There is need for quick analytical methods for determination of the quality,
at an early stage in the production chain, using small samples, together with good definition of
testing-equipment.
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Price/performance ratio is a very important issue when comparing several raw materials, but a lot
of ignorance exists concerning the price and the determination of performance.
Adaptations
Certain properties of the plant fibre give difficulties in processing or application, like inconsistency
of quality (within and between batches), mechanical behaviour, moisture related properties and
durability. Therefore, application of plant fibres requires specific adaptations of processing
technology, because of their different character compared to man-made fibres or wood fibres.
Adjustments may be pretreatments, surface treatments, modifications, adaption of processing
technologies and machinery.
Economics
The competitiveness of plant fibres depends on cultivation and harvesting costs, performance of
the processing costs, quality of the fibres, prices of alternative fibres, and the end price of the
application.
High investments costs, poor market prospects, bad image of plant fibres, no guarantee of a
constant quality supply and uncertainty towards political decisions concerning agriculture and
subsidies are barriers for industries to apply agricultural resources.
Economical data on cultivation, harvesting, transportation, storage, and processing of plant fibres
and plant fibre products are not available to industries and agriculture.
The political decisions regarding agricultural developments, on national and international (EC,
GATT) levels are an uncertain factor for agro-industrial developments. Future subsidies of fibre
products are not guaranteed, and because of that, industries are not very keen on subsidized
products.
The arithmetic means of the feasible prices of plant fibres in ECU'S per kg range from 0.690
(PMCs), 0.650 (IMCs), to 0.549 (MCs) for composites, 0.616 (textiles), and 0.352 (paper and
pulp). These values should be used with caution.
Potential markets are indicated for flax and cotton in textiles, paper and pulp, composites,
geotextiles and non-wovens. Jute and sisal have potentials in the composites market and hemp in
the paper and pulp.
If the GATT deliberations succeed and the tariffs on imported fibres are abolished, the difference
in price of EC indigenous and imported plant fibres will increase.
Logistics
Problems in the logistic chain are structure of the supplying market, constant quantity supply and
bulky character of the fibre. The consequences of the low density of plant fibres are high costs for
transportation and storage.
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The constant procurement of plant fibres must be guaranteed for industrial application. The chain
from farmer to industry (supplying market) is too complicated, resulting in problems with supply
and high costs.
Constant quantity supply can be achieved when the logistics of the chain are controlled; e.g. with
quota, contract cultivation, spreading of cultivation over different EC-countries, by keeping buffers
(economically unattractive, loss of quality) or by import of fibres from outside the EC. The need for
constant quantity supply can be minimized when different plant fibres are exchangeable in the
production process.
Linen industry
Fibre flax is mainly sold at the high value linen market, which is a risky market as it depends on
fashion and conjuncture. At this moment, large problems exist in the fibre flax sector. After the
peak years 1983 up to 1985, the stocks increased, and the prices for everyone, except the
customer, diminished. Besides the application of fibre flax in textiles, other applications were
never seriously considered. The whole sector of the linen industry relies to some extent on this
risky market.
Image and ignorance
Plant fibres are often associated with inferior products, rot, vermin, etc. Industries are, therefore,
not keen on applying plant fibres. Besides, in industries, there is much ignorance concerning plant
fibres.
Health items
Asbestos, glass and cellulosic fibres may be dangerous to the health of the labourer. Generally, it
is expected that the diameter of the fibre determines the impact in the human body. Therefore,
asbestos fibres, as they split lengthwise, should carry a higher risk than glass fibres, which split
diametrically. Studies on the health risk of cellulosic fibres were not traced, but probably, the
health risks are mainly caused by fungi and microbes, which grow on cellulosic fibres.
Relation industry - research institutes
In application-directed research programs, research institutes, industries and possible funding
organizations (national governments, EC) should co-operate. A large communication gap can be
observed, as research institutes and universities are too modest. To obtain funding, research
institutes or industries already have to present results.
Agronomy and raw material processing
Agronomical aspects of EC indigenous and new fibre crops like flax, hemp, kenaf, and
miscanthus are investigated at several European institutes. As flax has been cultivated for a long
time in Europe, good varieties and knowledge about the cultivation and harvesting are available.
For other fibre crops, much research is needed as no experience with large scale cultivation is
present. Flax and hemp can be grown throughout Europe, only dew retting may be problematic
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due to too dry (Southern Europe) or too wet (Northern Europe) climate. Kenaf, esparto and cotton
can only grown in the most southern parts of Europe (Spain, Italy and Greece). Miscanthus
requires much water, although it can stand drought for a long time, and it has to be cultivated in a
wet climate. Most fibre crops require low amounts of fertilizer and pesticides. Crop improvement
for EC indigenous fibre crops should aim at fibre yield, fibre quality, resistance to lodging,
synchronic maturing, and resistance to disease, pests and pesticides.
Fibre crops, which are cultivated on commercial scale in Europe, are linseed flax (NL, B, UK, F,
DK, I) fibre flax (NL, B, F, I), hemp (F, I, ES), and cotton (I, ES).
New crops should (1) be competitive on the world market, (2) fit in existing crop rotation and (3)
not substitute existing agricultural crops, according to an agricultural organization. As miscanthus
is a perennial crop, and does not fit in existing crop rotation, it will be rejected by these criteria.
New harvesting equipment for flax, with higher efficiency, and reduced processing costs, is being
developed by institutes and industries, but not yet available on the market.
Modern fibre extraction methods are developed with the following objectives in mind; (1) reduction
of harvest risks due to retting processes on the field, (2) constant quality supply, (3) production
cost reduction, (4) reduction of environmental pollution and (5) reduction of the number of parties
involved in the process. Newer methods do not yet yield the same high quality fibres as when
traditional methods are applied, but industries often prefer uniform rather than high quality.
Further research is still needed before introduction on industrial scale. Non-traditional methods
are decortication on the farm, decortication of entangled straw, steam explosion, enzymatical
retting, chemical retting, extrusion, and the green flax extraction processes.
Dicotyledons, which yield bast fibres (fibre flax, hemp, kenaf, jute) require similar fibre extraction
methods. Research on one type, for instance flax, might be applicable on other bast fibre yielding
plants. This argument is also valid for monocotyledons.
Farmers and processors face technical and economical problems when starting to cultivate and
process fibre crops. Technical problems are lack of expertise in cultivation of fibre crops,
ignorance towards new extraction methods, poor harvesting machinery, and fibre quality
inconsistency. Economical problems are price level of plant fibres, inconsistency of prices,
competition with other fibres, too few users, uncertain financial returns, high required capital
investments, and high storage and transportation costs.
Because of environmental restrictions, straw may not be burned anymore in many EC-countries;
new applications are examined as e.g. in pulp and paper applications. Preparation technology is
developed.
Research gaps
The gaps in research are mainly knowledge of fibre extraction technology, chemical and physical
fibre characteristics, possible modification of the fibres (inside and surface), processing
techniques of the fibres, and the relation between processing technology and the end product.
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Polymer Matrix Composites (PMCs) (Chapter 3.1)
The plant fibres used most frequently for PMCs, are flax, cotton and jute.
The performance advantages of plant fibres in PMCs are technical/chemical properties, low
density, high stiffness and strength, and noise absorbance.
Specific quality criteria for PMCs are purity, adhesive properties, reinforcing potential (strength),
wear resistance, brittleness, stiffness, moisture related properties, heat stability, and resistance to
chemicals.
Economical advantages for the use of plant fibres in PMCs are price compared to other fibres with
respect to strength/density ratio.
Processing advantages are mainly the less wear on the processing equipment and less fibre
fracture in melts (compared with glass fibres), the compatibility with specific matrices, the post
moulding workability and the lower (or absence of) health risks for the craftsman. Unpredictability
of the process, long production cycles, insufficient data on life time of the end-product and
processing costs are problems concerning thermoset PMC-processing in general.
Waste management of glass fibre reinforced PMCs is difficult; burning leaves much ashes and
recycling is only possible for thermoplast composite materials. Present research on recycling and
alternatives like chemical conversion, pyrolytic conversion or energy regain, may broaden the
possibilities. The advantages of plant fibres in composite applications are substitution of manmade and glass fibres, and advantageous waste management (combustibility and energetic value
of composites).
Gaps in research are related to fibre characteristics, fibre preparation and modification, interaction
between fibre and other materials (matrix, binders, other fibres), resin flow and fibre orientation,
and standardized and normalized performance determination.
Pretreatments (removal of fat, wax, and modification of the surface layer), and technologies are
not yet fully developed.
Disadvantages of certain plant fibres in some applications, are mechanical (fatigue, creep, and
static behaviour), chemical (low resistance to chemicals, sensitivity to moisture, susceptibility to
microbial attack, low heat resistance) and morphological (fibre dimensions, porosity, wax and
silica content).
There is a need for low cost resins with positive environmental properties. This will open the
commodity market earlier.
A market potential for plant fibre reinforced composites is present in construction, machine
building, sports and leisure, biomedical aids, automotive parts, and aircraft.
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Building and Construction Materials (Chapter 3.2)
Opportunities for applications for plant fibre products in building and construction materials are
obvious. Many applications may be realized in non structural materials for indoors, like boards,
partition panels, sandwich panels and laminated sheets for thermal and acoustic insulation, in
materials for outdoors (structural or non structural), like cement and plaster boards, fibre
reinforced concrete of other kinds of concrete like low density concrete and foam concrete,
mortars and plaster, and in ceramics with insulating or construction properties.
The fibre crops most frequently applied in building and construction materials are flax, sisal, jute,
and cotton.
The choice of the materials is made by the commissioner or architect.
Inorganic matrix composites (IMCs)
In IMCs (e.g. cement, concrete and plasters), cellulosic fibres are used in the form of wood pulps
or plant fibres.
Important arguments for application of plant fibres in IMCs are asbestos substitution (reduced
health hazard), saving of weight (easy handling), waste management, improvement of mechanical
properties (impact-, flexural-, bending-, tensile strength, toughness, crack resistance) and
compatibility with hydrophilic matrices.
Specific quality criteria for the use of fibres in IMCs are strength, purity concerning cement
retarding components, alkaline resistance, and fineness. Problems with plant fibres in building
materials may be moisture sensitivity, thermal resistance, mechanical behaviour (low modulus,
creep), adhesion to matrix and susceptibility to microbial attack. Processing difficulties are
removal of soluble components and wood, agglomeration of the fibre, and the required refining
step before utilization of plant fibres.
Boards and panels
An important argument for application of plant fibres in boards and panels is the valorization of by
products of fibre processing (e.g. flax shives).
Criteria for boards and panels are acoustical and thermal insulation properties, formaldehyde
release and adhesion between binder and fibre or particle. Similar problems as with IMCs exist,
when applying plant fibres in boards and panels, like moisture sensitivity, thermal resistance, and
susceptibility to microbial attack.
The development of building and construction material based on plant fibres, produced with
uncomplicated processing techniques may have a positive spin-off for developing countries.
Introduction of environmentally safe materials in the building sector have to be stimulated or
regulated by the government.
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Geotextiles (Chapter 4)
The main functions of geotextiles in construction projects are soil stabilization, drainage, soil
erosion control and providence of circumstances that stimulate vegetation growth.
Geotextiles have potential market outlets for plant fibre geotextiles in civil engineering (erosion
control, foundations, sound barriers, temporary separation, filters, armament or drainage),
horticulture/agriculture (shadow gauze, irrigation mats, clod gauze, lawns, as weed prevention,
windscreen, twine, substrates) or in building and construction (temporary installation, foundation
or retaining structure).
The market for geotextiles amounts annually 300 million m2 in Europe, which is mainly based on
synthetic materials.
Important arguments for application of plant fibres in geotextiles are biodegradability,
biocompatibility, anesthetically or environmentally friendly by-products and no removal costs.
Degradation of the plant fibre geotextiles is a major advantage, but at present, the life time of the
geotextile is not yet controllable.
Quality demands on geotextiles imply overperformance, concerning life time (> 200 years) and
strength - only required during installation. Non-woven geotextiles based on cellulosics can give
problems with installation due to little strength.
Biodegradable geotextiles are investigated already by several institutes and producers. At this
moment, commercial biodegradable geotextiles are mostly based on jute, coir and straw, in
combination with man-made fibres or paper.
The choice of the materials is generally made by commissioners or architects. Definition of the
required performances of geotextiles in various applications by commissioners, will enable
producers of natural geotextiles to determine the feasibility of the use of their products. Certified
data sheets of these products should become available.

Non-Wovens (Chapter 5)
In plant fibre non-wovens mostly flax, and cotton, and a little hemp, sisal, coir, and wood fibres are
used.
The advantages of plant fibres are mechanical properties (wet tensile strength), absorption,
stability, rough surface (better mechanical bonding), degradability, safety, and natural image.
Quality criteria are consistency of quality, cordability, crimp, handling, micronaire value, handling,
visual appearance, and biodegradability.
Non-wovens can be produced from plant fibres with different techniques. Possible non-woven
processing methods for plant fibres are wet laid and dry laid formation. The fibres can be bonded
chemically or mechanically (needle-punched or hydro-entangled).
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Drawbacks and bottlenecks of plant fibres for non-woven application are dust (pollution of the
process line), need for special felting machinery, low carding efficiency and undeveloped carding
technology.
Potential markets for non-wovens, based on plant fibres, are hygiene, sanitary and medical
biodegradable non-wovens, geotextiles, mattresses, padding in furniture and clothing, or as
reinforcement in composites.
Stimulating aspects are the growing non-woven market, and expected environmental regulation
on synthetic non-wovens. Plant fibres are not yet well known in the non-woven industry.

Paper and Pulp (Chapter 6)
Plant fibres still form a minor part of the raw material resource for the pulp and paper industry.
Chemically pulped flax, hemp and cotton fibres are used most frequently for production of
specialty paper grades. Semi-mechanical straw pulp is used for packaging/corrugated board
production in Spain and France. The long fibre pulp from annual plants is expensive (1250
ECU/ton), so small scale industries are economical feasible. The short fibre pulp from annual
plants is made from agricultural wastes (straw) and provides some specific properties (stiffness
and printability), making it to an interesting raw material. New for paper production specially grown
annual plants will have to compete with existing and established wood pulps and those from fast
growing woods like eucalyptus and poplar.
For annual plants, specific quality criteria are the total yield of crop per hectare per annum, the
purity of the raw material, the percentage of fibre fraction in the crop, fibre length, length/thickness
ratio of fibres, ash and silica content and chemical composition. The amount of fines produced,
the effective removal of nodes and pith, pulp yield, bleachability (environmentally clean), the
beating behaviour and collapsibility of the fibres are important.
Sheet forming characteristics and dimensional stability, resulting paper strength and/or stiffness,
z-strength, drainage time, water retention value, density, fineness, degradability, absorption,
printability, opacity and constant quality are the main quality criteria for papermaking. Specific
criteria will count for specific products. These data are not yet available.
The logistics of the annual fibre crops will be a major difference with wood. Annual plants have a
bulk higher than wood. This implies, that transport, storage and processing need more volume
than with wood. The annual harvesting necessitates a year round storage system. For those
countries where drying on the land is not possible, other storage systems like ensilage have to be
developed. A constant raw material quality is key parameter. Attention has to be paid to
separation systems, when bast and stem fibres of dicotyledons are used separately. New
harvesting equipment (mainly) for flax, with higher efficiency, and reduced processing costs, is
being developed by institutes and industries, but is not yet available on the market.
The processing procedures from woods to paper products are not developed for annual plants
and will have to be adapted. Not much research has been carried out in this field yet. With more
severe environmental legislation cleaner processes will have to be applied. Much research is
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done on extrusion and organosolv processing, but progress is slow. A positive aspect is that
annual plants are normally pulped more readily than hardwoods and certainly easier than
softwoods.
Potential markets for long plant fibres are upgrading waste paper pulps, and reinforcement of any
pulp in general, as a competitor for softwood pulps if available at a competitive price.
Short annual plant fibres can be used in corrugated boards, although waste paper is very cheap.
Some properties like additional stiffness must be available to make these pulps attractive.
For the better quality paper grades like printing, writing or copying paper the use of annual fibres
for better printability is very interesting. The dirt in waste paper makes it a less attractive raw
material. For newspaper and LWC (Light Weight Coated) grades, this is less important.
Whole stalk mechanically based pulping of dicotyledons gives newsprint and LWC quality paper
grades, while no separation of the long and short fibres is needed.
The total costs of different processing of annual plants compared with wood and the product
quality will determine whether annual plants will be used or not.
Possible use of annual plants would be greatly improved, with more co-ordination and co
operation. A data bank, promoting possibilities and supplying information about physical and
chemical characterisation of annual plants would make industries aware of raw materials other
than wood. Fibre demands of the industry should also be translated to agricultural production.
As annual plants are not yet widely used, many items already mentioned in the conclusions will
have to be worked out further. Especially environmental cleaner techniques and ways to make the
total costs for annual fibre processing competitive with wood are needed.

Textiles (Chapter 7)
Cotton is considered as the fibre with the best balance of properties for a wide range of textile
products for mass use. It is efficiently processed and can be readily blended with other fibres. The
textile infrastructure for processing exists and use of indigenous produced cotton depends on
price and quality. Cotton can be grown in the Mediterranean countries of the EC, but agricultural
requires large quantities of chemicals for crop protection. Increase of production within the EC is a
question of policy.
Flax occupies a small sector of the world textile market (2.7%), mainly for high quality, up-market
linens. It requires specialist machinery and processing techniques (high production costs) and
while it has many virtues it also has drawbacks. The textile infrastructure still exist in the EC, but
is declining fast due to current declining markets. Product promotion and new product
development (blends, technical textiles) could stabilize or improve the outlet on the textile market.
If the major emphasis in promoting the increased use of agrofibres was placed on flax it should
result in the most rapid results.
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Linseed flax is already grown for seed in substantial amounts and it would be advantageous to
find textile uses for the shorter, coarser fibres which it yields.
Hemp yield s coarser textiles than flax and could be used for some products where linen already
exists or in new areas such as geotextiles. Within the EC no textile industry is based on hemp
fibres. If efficient fibre retting and extraction methods were established adapted (flax) spinning
techniques can be used.
Processors of textile fibres are not, on the whole, enthousiastic about novel plant fibres, feeling
that the fibres in current use have reached their present state by virtue of proven economic,
technical and aestetic properties. Other fibres, at present not available in commercial quantities,
do not seem to offer significantly better properties or prospects of marketing textiles which could
have a sizeable market.

Other Applications (Chapter 8)
Fibre crops have potentials for applications in other areas than those discussed so far like
biomass for energy generation, filters, membranes and other separation media, filler materials,
packaging materials and chemicals and specialities. Product valorization of agricultural residues
could contribute to enhanced viability of fibre crops for agricultural production.
Cellulose from fibre crops may be applied in production of cellulose derivatives (CMC, HEC, CA,
etc.) rayon and viscose.
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This study on application of plant fibres was carried out by literature research (1.1), by interviews
with companies, institutes and universities (1.2), and by means of a questionnaire (1.3). All
methods will be briefly elucidated. The findings of all these procedures are given in 1.3.2,
irrespective of the origin.
1.1

DESKTOP LITERATURE SEARCH
Literature was traced in the ATO-DLO-library, the library of the Agricultural University of
Wageningen, or received from respondents of the inquiry.

1.1.1

Databases
In databases from the European Commission, like ECHO, addresses of companies, institutes and
universities, who are active in the field of plant fibres, were traced. Addresses were also retrieved
from conference proceedings, branch organizations, yellow pages, references in literature,
personal contacts and embassies. From EUROSTAT in Luxembourg, data on flax, hemp and
cotton agricultural production were extracted.

1.2

INTERVIEWS
From the respondents on the questionnaire, the most interesting organisations in each area were
selected for more detailed discussion. The selection for visitation was done in such a way that
information was obtained on each different application and on the situation in different countries.
Companies, research institutes and universities, active in the area of fibre plant processing,
textile, paper and pulp, composites (PMCs, IMCs), building materials, non-wovens, and
geotextiles in the United Kingdom, Italy, Belgium, and the Netherlands were visited. It should be
noted that only a limited selection could be made due to limited time and budgets.

1.3

QUESTIONNAIRE

1.3.1

Approach of the questionnaire
Two different questionnaires were set up, one for the potential users of plant fibres (1), and one
for the producers of plant fibres (2). The first inquiry was sent to companies, research institutes
and universities working with textiles, fibre reinforced cement, concrete and polymers, paper and
pulp etc.. The other inquiry was sent to plant breeders, seed merchants agricultural advisers etc.
and related research institutes and universities.
Design of the questionnaire
The inquiries were divided in two parts. The first was to derive background information on the
respondent, like name of the company or research institute, and address. The second part
concerned the application of plant fibres (For more detailed information see Appendix 4 and 5). All
data derived from the inquiry are treated confidentially.
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The questions of inquiry 1 are composed to achieve information on the following subjects:
•

Review of the industries and research institutes on their interest in the application of
plant fibres, type of plant fibre(s), application, annual turn-over, experience, etc.

• The criteria used for quality, if possible quantitative
• The gaps in R&D
• The main drawbacks and advantages for application of plant fibres
• The potential market outlets, estimated potentials, feasible prices.
The questions of inquiry 2 are composed to achieve information on agronomical aspects like:
• Review of the industries and research institutes on their interest in the increased
application of plant fibre crops, which plant fibre crops, annual production, experience,
etc.
• The potential market, yields, feasible prices
• The criteria used for quality
• The gaps in R&D
• The main drawbacks and advantages for application of plant fibre crops
The questionnaire was written in English. The low response from the Southern European states
and possibly France, might be partly caused by language barrier.
The questions were open and a few were multiple choice with some room for more detailed
information. The questionnaire is deliberately developed with open questions only because of the
complexity of the subject and in order to leave as much scope as possible for personal opinions
and suggestions. In view of the size and structure of the sample, caution in drawing conclusions
should be exercised.
The questionnaires were accompanied by an introductory letter, explaining the goal of this
research project (See appendix 3).
After approximately one month a reminder was sent to those who did not respond, with a request
to complete the inquiry. Some organisations were contacted by telephone.
Response to the questionnaire
The number of questionnaires received are categorized by application in Table 2.
More than 1300 questionnaires were distributed, including 300, which were sent by LIRA in
Ireland, to textile related organisations. The questionnaires, sent at ATO-DLO, were evenly
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distributed over the EC member states; France (187), Germany (180), United Kingdom (142), the
Netherlands (104), Belgium (89), Spain (100), Italy (99), Denmark (48), Portugal (33),
Luxembourg (17), Greece (23) and Ireland (13). Inquiries were also sent outside the EC; Sweden
(13), Finland (7), Austria (5), Norway (2) and Switzerland (5).
About 5% of the distributed questionnaires, was concerned with agronomy (70 companies or
research institutes).
Of the 1049, by ATO-DLO distributed, questionnaires approximately 40% was send to research
institutes and 60% industries. The total response was 289 questionnaires (28%). A high response
of 28% can be ascribed to a careful selection of addresses. The non-responding group may be
categorized in a non-interested because of
•

unfamiliarity with plant fibres

• negative experiences with plant fibres
• prejudices towards plant fibres
• other core business
• language barrier
The response to questionnaire 1 is composed as reported in Table 1.

Table 1

Response

Interest in

Investigation of

Application

Application and

[%]

plant fibres
[%]

of plant fibres
[%]

of plant fibres
[%]

investigation of
plant fibres [%]

Industries

30

21

7

3

4

S ME

22

11

3

3

3

Research institutes

30

22

11

<1

6

Universities

15

11

5

1

2

3

1

1

<1

100

66

27

7

Organisations
TOTAL

15

Of the respondents 66% are interested in plant fibres applications and 49 % are investigating
and/or applying plant fibres. Interested in EC precompetitive research are 63% of the
respondents.

28

Table 2
Received questionnaires

TE

P&P

MC

PMC

IMC

GT

NW

AG

Total

104

5

10

5

9

3

2

1

7

44 (42%)

89

4

2

3

1

2

1

1

3

15 (17%)

UK

142

3

12

8

7

4

1

2

13

54 (38%)

F

187

6

7

7

6

2

-

3

4

35 (19%)

D

180

7

13

7

8

4

1

2

4

49 (27%)

ES

100

-

7

1

1

1

-

1

1

16 (16%)

I

99

4

5

2

3

1

-

-

4

2 3 (23%>)

GR

23

-

-

2

1

1

-

-

1

5 (22%)

DK

48

2

6

5

1

4

1

-

4

20 (42%)

PO

33

-

1

-

-

-

-

1

1

7 (22%)

IR

13

1

-

-

-

-

-

-

-

3 (23%)

L

17

-

-

-

-

-

-

-

-

0 ( 0%)

SF

7

3

4

2

-

-

-

-

-

6 (86%)

S

13

-

5

3

2

1

-

-

1

9 (69%)

CH

5

1

1

-

1

-

-

-

-

2 (40%)

AU

5

-

-

-

-

-

-

-

-

0 ( 0%)

N

2

-

-

-

1 (50%)

36

73

44

289 (28%)

Coun
try

Total
distributed
numbers

NL
B

Total:

1050

45

40

23

6

11

Remarks:
1) The total is not exactly the sum of the different applications, this is due to the fact the some respondents are working on more than one
application.
2) PMC = polymer matrix composites
TE = textile
GT = geotextiles
IMC = inorganic matrix composites
P&P = pulp and paper
NW = non-wovens
AG = agronomy
When the sort of composites is not specified by the respondent, or as the respondent produces or investigates both PMCs and IMCs, or
works with building materials, the answers are collected under MC (matrix composites).

Approach of data processing
To categorize all the information from the questionnaires, SPSS (see Appendix 8) was used. The
data obtained from the inquiry have been processed by using crosstabulations. Crosstabulations
show the joint distribution of two or more variables that have a limited number of distinct values.
The frequency distribution of one variable is subdivided according to the values of one or more
variables. The unique combination of values for two or more variables defines a cell, the basic
element of all tables.
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Crosstabulations were made for variables, e.g. fibres, and different applications. These results are
given in the Tables 3 -10. Further, feasible prices, annual turnovers and potential market outlets
for plant fibres and plant fibre products were studied. Each application has been examined in
more detail and various comments given in the questionnaires have been evaluated. The
numbers between the parentheses refer to the respondent. These results are given in the
chapters 3 (composites), 4 (geotextiles), 5 (non-wovens) 6 (paper and pulp), 7 (textile) and 8
(other applications). The results of the agronomical questionnaire are discussed in chapter 2.

1.3.2 Results of the questionnaire
The results of the remaining questions are given in crosstabulations, in which the variables are
counted per application. The applications are polymer matrix composites (PMCs), inorganic matrix
composites (IMCs), other matrix composites (MCs;), textile, paper and pulp, geotextiles and nonwovens.
The number of respondents per question and the total count of each answer, irrespective of the
application, are given. The total count is not the sum of the counts per application, because some
respondents are involved with more applications. The number of respondents per question varies,
because the respondents did not fill out all the questions. The respondents are industries as well
as research institutes and universities.
A X-sign is used when the cell in the table is not relevant (e.g. cereal straw for textile application).
Fibres
The kinds of plant fibres used in several applications are given in Table 3. For plant fibres which
are used most frequently, the number of respondents per application was counted.
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Table 3
Fibres used in different applications

PMC

IMC

WIC

TE

p&p

GT

NW

Tota

Number of
respondents

21

14

25

20

34

3

5

93

Flax

8

4

14

14

14

1

3

41

Hemp

3

0

4

5

7

1

1

14

Kenaf

1

1

0

0

7

0

1

7

Miscanthus

2

2

5

—X—

7

1

0

10

Jute

6

5

5

5

2

1

0

15

Abaca

0

2

1

1

8

0

1

10

Sisal/agave

3

2

5

4

5

1

1

17

Coir

1

0

2

0

2

0

1

5

Cotton

5

5

5

10

10

0

3

25

Straw

0

1

7

—X—

10

0

0

20

Wood

4

4

3

—X—

—X—

0

1

13

Fibres

The most generally applicable plant fibres are flax and cotton in different kinds of end uses.
Besides flax and cotton, jute, sisal, straw and wood are used for structural matrix composites. In
paper and pulp applications, many respondents use hemp, abaca, miscanthus and straw. In
composite and paper and pulp applications, many different kinds of plant fibres are used in
research or production.
Beside the fibre crops in table 3, application of other fibre crops were reported; bamboo, ramie,
reeds, grasses, sorghum, phalarias, arundo, robinia, ginestra (broom) and agricultural residues
like rapeseed straw, rice straw, bagasse, sunflower, palm leaves and woods like pine, eucalyptus,
willow and poplar.
Reasons for selection
The selection criteria, which industries use for raw material, are various. The reasons for selecting
plant fibres are given in table 4.
The main criteria for the selection of plant fibres are price of the fibre, technical and chemical
properties, performance and environmental aspects.
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Table 4.
Reasons for selection of plant fibres

Reasons for selection

PMC

IMC

MC

TE

P&P

GT

NW

Tota

Number of respondents

20

13

22

17

36

2

6

93

Price of the fibre

6

2

4

4

2

0

1

17

Market pull

1

0

0

3

4

0

0

5

Only suitable material

0

0

0

0

1

0

0

1

Abundant availability

1

1

4

0

1

0

0

8

Tech./chem. properties

5

2

9

3

10

1

1

23

Compatibility with other materials

1

1

0

0

0

0

0

2

Environment

3

1

2

0

6

1

0

12

Performance

3

3

1

2

2

0

3

15

Substitute for other fibre

4

1

0

0

0

0

0

4

Domestic production

0

1

1

2

3

0

0

6

Mission of respondent

2

4

. 1

5

2

0

0

8

Other reasons for selection of plant fibres are tradition and mission; some institutes or companies
work with plant fibres because they have always done so (e.g. linen industry) or because they
represent producers or users of plant fibres. Further motives include involvement in plant fibre
research, or general interest in developments in new materials. Research institutes, universities
and agronomical branch organisations often have agronomical reasons for plant fibre research,
e.g. fibre surpluses crops may be an alternative for agricultural land use, fibre crops may fit in the
agricultural cycle, agricultural surpluses or residues may be a source for fibres, or investigation of
fibre crops is carried out in order to obtain knowledge and know-how in cultivation, in vitro
manipulation of fibre plants and in fibre extraction processes.
Selection because of specific properties, which are attributed to more types of fibre crops, may
indicate that exchange of different raw materials (when properly processed) is possible in many
applications. This will increase the dependence of the industrialist to one raw material resource.
Gaps in research
The plant fibres can be applied in many products, in which usually other fibres should be used.
For new applications, new knowledge is needed and in table 5 some research gaps are given.
Processing technology of plant fibres is the most generally recognized as R&D gap, together with
knowledge of chemical and physical fibre characteristics. This is valid for all applications.
Furthermore, fibre extraction techniques, performance assessment and the predictability of the
influence of the raw material on the final product are significant hiatuses in R&D too.

Fundamental research towards definition of fibre characteristics and relation between
structure/morphology and physical properties of both fibre and end product should become
available. Knowledge about relations between fibre processes and the requirements for final
industrial use is essential. Industry should define quality demands accurately. Therefore
standardized quality specifications should become available.
Quality characteristics of the fibre should be determined as early as possible in the production
chain. Pertinent quality measurements are of interest to farmers, so when the crop is still on the
field, the farmer can determine the quality of the fibres and see if it is worth the trouble of
harvesting. Therefore quick analyses for determination of the quality and better definition of
quality and development of testing-equipment are required.
More information on the resistance to the environment (moisture, chemicals, microbes) of the end
moisture product is required regarding durability and degradability.
A non technical gap in R&D is the lack of economical data for most crops on costs of cultivation,
costs of processing and end use production. For economic evaluation of plant fibre application,
many aspects have to be taken into account.

Table 5.
Gaps in R&D

Gaps in R&D are..

PMC

IIVIC

MC

TE

P&P

GT

NW

Total

Number of respondents

21

12

22

18

25

2

4

78

Extraction techniques and its
influence on the final fibre quality

3

2

2

4

3

1

0

10

Production techniques

7

4

6

4

6

0

3

22

Fibre product performance

5

3

2

0

0

1

0

9

(Bio)decjraclation

2

1

3

1

1

2

1

7

Moisture related properties

2

2

2

1

0

0

0

5

Thermal resistance, flammability

3

2

0

4

1

0

0

6

Chemical characteristics

7

3

8

5

3

1

0

18

Physical characteristics

4

6

7

5

5

1

0

18

Influence of the raw material
on the final product

1

1

3

3

2

0

0

9

Influence of the fibre species
on the final product

0

0

2

1

2

1

0

4

Industrial demands
on fibre properties

1

1

2

3

2

0

0

6

Industrial demands
on fibre processing

0

0

2

2

0

0

0

2

Industrial demands
on product specification

0

0

2

2

0

0

0

2
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Drawbacks for plant fibre application
In Table 6 the drawbacks for plant fibre application are given.
Major drawbacks of plant fibres are inconsistency of quality (within and between batches),
moisture related properties, mechanical behaviour, and durability. For application in many
composite matrices, moisture absorbance and swelling are severe problems. For paper and pulp
production, availability of sufficient quantities of fibre for a low price is a problem. For building and
construction materials, flammability is an important issue.
The price of plant fibres is determined by various factors, like species, quality, costs of cultivation,
harvesting, fibre extraction costs, etc. Besides the price for the raw material, industrialists will look
at processing costs, costs of alternatives, price of the end product, etc.

Table 6.
Drawbacks

PMC

IMC

MC

TE

p&p

GT

NW

Total

Number of respondents

23

15

30

20

38

3

6

113

Moisture related properties

7

7

7

1

3

0

0

20

Price

2

4

6

5

14

2

1

25

No consistency of quality
between batches

3

1

6

4

2

0

0

11

No consistency
of quality within a batch

3

2

6

3

4

0

2

15

Mechanical behaviour

5

2

3

2

4

1

0

15

Availability

3

0

3

3

10

0

1

18

Thermal resistance, flammability

3

3

5

1

1

1

0

10

2

16

Drawbacks

Durability

1

3

8

0

0

2

Susceptibility to microbial attack

1

2

2

2

2

0

0

7

3

0

0

2

Environment

0

0

1

1

Competition of exotic fibres

0

0

1

2

1

0

0

2

—X—

1

1

—X—

—X—

—X—

-X- -

2

Interface behaviour

1

0

0

0

0

0

0

2

Dust

0

0

0

1

0

0

1

2

Chemical purity

1

2

1

1

2

0

1

6

Alkali resistance

From the remarks given by the respondents, it is concluded that the confidence in the market is
very poor. Companies and institutes are worried about the bad reputation of plant fibers,
uncertainty of supply, inconsistency of prices and so on, and these items obstruct the decision for
possible investments in new process equipment. More information will clear much of the
uncertainty.
Quality criteria
The quality criteria per application are given in Table 7. The criteria are divided in morphological,
physical and chemical properties.

Table 7
Quality criteria

Quality criteria

PMC

IMC

MC

TE

P&P

GT

NW

Tota

23

11

24

17

32

Oo

5

102

Length

17

7

16

15

26

1

5

76

Purity

9

9

7

12

19

2

5

52

Dust

0

0

1

1

1

0

1

3

Fineness

7

5

6

15

14

1

5

41

Fibrillation

3

2

3

5

10

0

1

17

Elasticity

16

6

15

11

8

2

1

47

Tensile strength

12

5

18

8

15

2

3

58

Strain

10

4

12

10

18

2

1

49

Density

11

4

7

7

14

1

1

36

Absorbing capacity

5

5

10

9

11

0

4

34

Softness

3

1

1

5

2

1

3

12

Anti-static

3

2

1

7

4

0

1

13

Insulation

1

2

3

2

1

1

0

9

14

5

9

3

3

1

1

32

Durability

3

7

9

6

7

3

2

35

Degradability

8

6

8

6

11

1

4

37

Number of respondents
Morphological

Physical

Chemical
Adhesive properties
Other

35

A P P R O A C H

O F

T H I S

I

S T D D Y

à
General applicable quality criteria are morphological characteristics like fibre dimensions (lengthdiameter ratio), purity, fineness, physical characteristics like elasticity, density, tensile strength,
strain, and absorbing capacity, chemical characteristics like adhesive properties, and others like
durability, and degradability. Moreover, for paper and pulp application, fibrillation is important,
while for composites, compatibility with matrices (adhesion and dispersion) is important too.
The performance should be comparable to glass fibres, man-made fibres and wood, depending
on application.
Further, low variations in properties, modulus, wear resistance, creep characteristics, brittleness
during processing, thermal resistance and flammability, water absorption, ability to be mixed with
other fibres, waterproofness, good adhesion, and the amount of waste production during
processing (waste stream management) are important issues. The waste production affects the
costs (loss of material).
The exact criteria depend of course on the application. For instance, the required fibre length
depends on the intended processing methods; e.g. for PMCs, continuous fibres for composites,
and short fibres for injection moulding materials.
Bottlenecks in plant fibre application
In Table 8 the bottlenecks per application are given. The bottlenecks are divided in agricultural,
processing, scientific and economic aspects.

Table 8
Bottlenecks

PMC

IMC

MC

TE

P&P

GT

NW

Tota

Number of respondents

28

13

32

23

43

4

6

127

Fibre quality

11

5

16

12

17

2

3

53

Fibre supply

5

5

7

9

20

1

2

40

Storage/logistics

3

4

5

4

19

0

1

28

Other agricultural bottlenecks

4

2

7

4

4

0

1

16

Fibre processing

16

3

21

17

26

1

4

74

Other technical bottlenecks

7

3

7

2

8

1

1

26

Scientific bottlenecks

10

4

12

9

9

2

1

37

Price/performance

15

9

16

12

22

2

4

69

Marketing

11

8

15

9

14

1

2

44

Other economical bottlenecks

0

0

4

3

4

0

1

9

Bottlenecks
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It can be concluded that fibre quality, fibre processing, and price/performance are the largest
bottlenecks for each application. Other important bottlenecks are fibre supply, science and
marketing. For paper and pulp applications, storage and logistics is a bottleneck.

•

Bottlenecks concerning fibre quality
One of the major problems with plant fibres is the variation of fibre characteristics from
harvest to harvest. The fibre quality is determined by variety of the plant, growth and
harvesting conditions, and fibre extraction method. The growth and harvesting conditions
are climate, soil, fertilizer, time of sowing and harvesting, etc. Variation of these factors
leads to inconsistency of fibre properties. This phenomenon is called the harvest risk. Raw
material processing methods can be adapted in order to control the quality of the fibre. The
annual variations of raw material can be reduced through appropriate preparation
technology.
Another way to minimize the harvest risk is by development of fibre plants which are less
dependent on climatological conditions. Plant breeding and genetic engineering offer
prospectis, but results may not be available on a short term.
Quality consistency is very important for industries, as more and more industries are
applying certification (e.g. ISO-9000). The raw materials have to be guaranteed within
certain limits.
The fibre quality is very hard to determine. At present, the fibre characteristics are checked
by experienced craftsmen, but the grading is very subjective. When quality characteristics
are well defined, there will be a need for quality control systems to determine the quality of
a certain batch of fibres. Normalized and standardized measurements (SI Units) are
essential for quality specifications in many industrial end uses. Fibre quality assessment is
very different for textile or paper and pulp applications and not applicable for other end
uses. Research on objective quality assessments for plant fibres will be beneficial to future
breeding research, fibre trade and application research.
To illustrate that demands and units vary widely, the desired quality characteristics of the
different respondents are reported in the Appendix 9.
Fibres may originate from fibre plants, especially grown for fibre production, or from other
plants, which are grown for other purposes, and yield fibres as a by-product. Generally,
fibre quality is less for agricultural residues and little is known of the applicability. Due to
the fact that fibre quality is not considered during cultivation, the quality of the fibres are
very diverse. Diversion in agricultural residues makes it very hard to find applications. The
use of agricultural residues has two advantages; the cheap price and decrease of disposal
of waste, but disadvantageously is the unreliability of supply and inconsistency of quality.
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Bottlenecks in logistics
The supplying sector has to guarantee a long term availability of high quality processed
fibre, offered at an attractive price. Due to the climatological conditions not only the quality
of the fibres is influenced, but also fibre quantities are unpredictable.
The logistic chain of agricultural production to end uses of plant fibres is one of many links.
In the case of flax, the fibres go, sequentially, from farmers to scutchers, hacklers, traders,
spinners, weavers, tailors, retail trade and finally, to the customer. The organisation of the
collecting and processing sector is not structured, despite the little number of involved
industries. The degree of specialization of the companies is very high, and the culture of
the market is aimed at high quality linen for exclusive use in fashionable textiles. The linen
industries are dominated by only a few larger textile companies. These problems in the
supplying sector drive up the prices of the flax fibres. The supply of 'waste' fibres (e.g flax
tow) and the collection of waste material give problems too.
Plant fibres are bulky (low density). The large volume of the plant fibres is a disadvantage
during transport and storage, and therefore transportation- and storage costs will be high.
As annual crops are harvested in only one season, storage will be required for industrial
production on all seasons.
Guaranteed supply of plant fibres can be achieved by contract cultivation, quota, and
cultivation spread over different EC-countries (reduction of climatological risks). Storage of
large amounts of plant fibres will be economically unattractive and will lead to loss of fibre
quality.

Bottlenecks in fibre processing
Fibre extraction and mechanical/chemical preparation is expensive and not sufficient
adapted for non-textile applications. Fibre preparation and extraction sometimes has to be
adapted to technologies and machinery used by end product manufacturer. Bast fibre
crops like flax and hemp require extraction of the fibre bundles, yielding technical fibre,
therefore they need specific processing techniques. Fibre processing techniques, yielding
constant qualities of fibres, should be investigated for commercial/industrial implementation
of plant fibres. Preparation, and pretreatment, for instance to remove wax/silica, is a
problem in processing of cereal straws and some other graminae. Fibre surface treatment
technology is not sufficiently developed. Suitable manufacturing processes for each end
product should be developed. Due to unknown industrial specifications for fibres, only
limited technical data on fibre quality and processing are available.

Bottlenecks in science
Scientifical bottlenecks are the relationships between morphological or chemical structures
and the basic properties and performance of the end product, chemical composition or
modification of the fibres (inside and surface), and the modelling of fibre processing to
certain end use requirements.

A large communication gap between fundamental scientific research (universities) and
industrial developments can be observed. There is too little funding for research and too
little co-operation between research institutes and industries. Knowledge of fundamental
aspects is essential for more efficient design of processes and products; knowledge of
product specifications need to be correlated to raw materials properties.
Few experts on plant fibres are available in the scientific centers. In trade, especially in the
flax market in the Netherlands, Belgium and France, expertise is still available, but is
slowly dying out.

EC funding
Participation of industries in EC-funded projects is sometimes very difficult. The EC
contributes only when the first results or end products can be shown. Industries have, at
that moment, already invested a lot of money in the project. In this way the EC creates a
system of rewarding rather than stimulation.

Bottlenecks related to economy and markets
Price / performance ratio is a very important issue when comparing several raw materials,
but a lot of ignorance exists concerning the price and the determination of performance.
The performance of plant fibre products should be according to specifications.
Determination of the performance of end products produced with plant fibres is not
possible in a well established way (standardized/normalized methods). The
price/performance ratio has to be competitive with synthetic fibres. Price/performance
should be judged with respect to general properties and durability.
Marketing efforts are essential, if plant fibre products are introduced, while in society there
is a lot of misunderstanding with respect to plant materials. Biological materials are
associated with rot, low water resistance (swelling), flammability, vermin, inferior materials,
etc. This prejudice can be changed by education.
On the other hand, many industries and end users are not aware of plant fibre products
and their advantages. Besides unawareness, it is difficult to replace existing products;
industries are not interested in innovation as long as things are going well. Too quick
introduction of not fully developed plant fibre products, may do more harm than good. The
attitudes of companies towards increased application of plant fibres are very negative,
according to a marketing study in 1988; synthetics were seen as superior in practically all
fields (price, quality, quantity, special technical demands)
Increased application of plant fibres will favour many parties, like agriculture, fibre plant
processors, new industries and the environment, but the success of the plant fibres as an
industrial source is mainly determined by the present industry. If they do not want to invest
in this area, plant fibres as raw material will fail.
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Environment
The ecological factor is not yet clearly accepted since 'disposal' cost of non-degradable
fibres is not documented. The customer looks at price and performance of the products,
not at environmental issues.

•

Subsidy
The political decisions regarding agricultural developments, on national and international
(EC, GATT) levels are an uncertain factor for agro-industrial developments.
Before the farmers will grow annual fibre crops, they have to be assured that the industries
want to buy. The industries will not use plant fibres, until the supply is assured. Therefore,
introduction of plant fibres as raw material is only possible when at the beginning it is
subsidized. In time, the industries should make it economically viable, so the subsidy can
be minimized. But there is a large resistance of the industries against subsidized raw
material, they expect the price to rise when subsidies are minimized.
On the other hand, outside the EC, Swedish and Canadian trees as source of cellulose,
are subsidized too, and used abundantly as raw material, but in this case, industries are
confident in continuation of the subsidy because the supplying countries fully rely on these
products for their economy.

Advantages of plant fibres
The advantages of the use of plant fibres are given in Table 9.
It can be concluded that environmental advantages of plant fibres are generally recognized by
respondents. The economic and performance advantages are in second and third place. The
processing advantages are not widely recognized, except for the PMC and MC application. This is
due to the fact that the processing advantage of plant fibres over glass fibres is only valid in this
application.

Table 9
Advantages

Advantages
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PMC

IMC

MC

TE

P&P

GT

NW

Total

Number of respondents

34

13

35

26

48

4

6

145

Economical

27

9

25

17

23

1

2

89

Environmental

29

9

28

23

34

4

5

110

Performance

11

7

16

12

23

0

3

62

Processing

11

4

11

5

9

1

1

37

Other

0O

2

6

0

7

1

0
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Economics
Cultivation of fibre crops, which are an alternative rotation crop or an established national
crop, will enhance economical viability of arable farming. Cultivation of annual crops gives
a better cash flow than perennial crops, like trees. For the Greeks, there is another
advantage; plant fibres are more available than wood.

•

Environment
Several environmental aspects are relevant for enhanced plant fibre use;
• the cultivation of the plant fibres is, in relation to manufacturing of man-made fibres, non
polluting. Cultivation of plant fibres requires small amounts of fertilizer, pesticides, and
herbicides. Plant fibres are a renewable resource.
• use of agricultural waste, by-products; no burning of cereal straw, use of environmental
'waste' products
•

waste management: biodegradable, C02 neutral, combustible and recyclable with
certain matrices.

• health: non hazardous, and craftsman friendly.
Recycling of plant fibres is only possible for textiles, like bags, sacks, etc. This is a feasible
option, when the following conditions are fulfilled; no contamination from batching oils; no
pesticide or herbicide residues; no plastic stitching; no printing with non-biodegradable
inks; and no metal clips or badges which cannot be easily removed. The plant fibres can
be re-used as felts, or alternatively composted.

•

Performance
The performance advantages depend largely on the envisaged application, and the fibre
used; aspects are, for instance, purity, low density, high strength, modulus, strain, impact
strength, hygroscopic, high cellulose content, crystallinity and polymerisation degree.

•

Process
Processing advantages of annual fibre crops is the low energy consumption for pulping
compared to wood cellulose. Moreover, working with plant fibres instead of asbestos or
glass fibres, will be less irritating for the skin and give less health hazard to the lung, as
cellulosic particles are carbohydrates, which will be better degradable for the
immunological defence mechanisms of the human body.

41

APPROACH

OF

THIS

STUDY

Substitutes
Plant fibres can be a substitute for other materials. In Table 10 some are given.

Table 10
Substitute

PMC

IMC

MC

TE

P&P

GT

NW

Tota

Number of respondents

32

12

31

22

36

3

5

135

glass

27

7

20

12

9

1

0

62

asbestos

10

9

15

10

10

1

1

41

wood

13

8

18

10

39

2

4

82

man-made fibres

9

6

16

11

11

1

4

44

none

0

0

1

3

1

0

0

3

other

5

0

5

4

4

1

1

18

Substited fibres

Potentially, plant fibres may substitute glass fibres, asbestos fibres, wood fibres and man-made
fibres. In polymer matrix composite application, mainly glass fibres, and in paper and pulp, mainly
wood fibres can be replaced (partly) by plant fibres. In cement matrix composites, asbestos
replacement may develop a large market for plant fibre application.
Plant fibres may substitute in the certain the following man-made fibres: polyolefines,
(polypropylene (PP), polyethylene (PE)), polyester, (poly-) aramids (Kevlar), nylon, rockwool,
rayon, and viscose. Other fibres that may be substituted by plant fibres are cotton and wool, for
instance as insulation materials, as they possess a better price/performance.
Economy and market aspects
The price for plant fibres which is feasible for different applications varies at lot. The arithmetically
average of feasible end use price for fibres in the different applications in ECU per kg dry weight
and the number of respondents is given. This number must be seen as an indication, the size of
the sample is very small and the deviation is large.
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Table 11

Price

No. of respondents

PMCs

0.690 ECU

25

IMCS

0.650 ECU

11

Application

MCs

0.549 ECU

21

textile

0.616 ECU

16

paper and pulp

0.352 ECU

29

(total average

0.547 ECU

94)

No values are given for geotextiles and non-wovens, because the number of responses was too
low for reliable conclusions.

•

Annual turnovers
In pulp and paper industry, several industries are using non wood plant fibres. In Spain
different companies use more than 300,000 tonnes of various raw materials for pulping,
mainly wheat straw (110,000 tonnes) and eucalyptus (180,000 tonnes), but also flax,
hemp, abaca, sisal, and kenaf are applied. Wheat straw is mainly used for corrugated
medium. In the Netherlands, a company for bank notes uses 3,500 tonnes of flax, hemp
and abaca and in France, 5,000 tonnes of cotton linter and 2,000 tonnes of abaca, jute,
sisal and kenaf are used for speciality paper. A German pulp and paper company uses
2,000 tonnes of flax, miscanthus, bamboo and kenaf. In Italy, starch fibres as a resource
for paper making are being investigated. At this moment 3,000 tonnes are used in industry.
In the UK, 8,000 tonnes of wheat straw are used for the production of compressed board.
Ecological building materials are produced with 5,000 tonnes of wood and paper in
Germany.
For filler in car seating, a German company applies 4,000 tonnes of cotton (recycled
clothes).
In the fibre reinforced cement sector, 50 tonnes of cellulosic fibres are used (Italy), 12,000
tonnes of flax fibres (Denmark) and 200 tonnes of various plant fibres (flax, jute, sisal,
ramie and abaca) (Belgium).
A Dutch producer of non-wovens and technical textiles applies 1000 tonnes plant fibres,
mainly jute.
The amount of cotton used in laminates is 500 tonnes of fibres and in moulding
compounds 3,500 tonnes of fibres (NRLO, 1990). In fibre reinforced PMCs, 15 tonnes of
jute are used in the UK.
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In Table 12 the possibilities of the specific plant fibres in the different applications is given.
Potential markets for different plant fibres are categorized; flax and cotton fibres have
potential in markets for the textile, the paper and pulp, the composites, geotextiles and
non-wovens.

Table 12.
Crosstabulation of plant fibres and market outlets

textile

pulp and paper

PMC

IMC

MC

geo-textiles

non-wovens

X

X

X

X

X

X

X

hemp

X

X

X

X

abaca

X

X

X

X

miscanthus

X

X

X

flax

sisal

X

X

X

jute

X

X

X

X

coir

X

X

X

X

cotton

X

X

X

X

X

X

wood

X

X

X

X

X

X

straw

X

X

X

X

X

X

X

X

other

X

X
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HEALTH ITEMS
Mineral fibres and especially asbestos, have the reputation of being detrimental for human health.
Mineral fibres have the common characteristic to be man made, produced by the melting of
minerals like sand (silica), stones (limestone and volcanic stones) and metals (aluminium).
Different methods (spinning, blowing, centrifugation) convert the melted material into fibres, which
can be pasted to blankets, boards, etc. The resistance to high temperatures and good insulation
properties make mineral fibres suitable materials with wide applications.
To the detriment of health the length of the fibre is very important. The fibres can break so they
become shorter, separate from the material and float in the air. When workers apply or remove
(during demolition) these materials, dust will come free. Mostly there is insuffient air exhaust. The
health effects can be divided in short term effects (irritation) and long term effects (chronic
complaints of the bronchia and cancer).

Short term effects
When fibres stick to the skin, red and itchy marks appear, which might become inflamed and
which can cause an allergic reaction or eczema. Irritation appears when the fibres have a length
of more than 5 um. Allergic reactions are also caused by certain binders, used in the fibre product,
like phenol-formaldehyde.

Long term effects
Long term effects on the bronchia, which are not malignant are asthma, chronic bronchitis and
lung fibrosis. Not much is known about these diseases, because most research is concentrated
on the possible risk of cancer. The emphasis is on lung cancer, and secondly on cancer of
peritoneum and the larynx. At present, researchers think that the sizes of the fibres determine the
health risk. Fibres with a diameter of 3 |jm, a length of more than 5 pm and a ratio of length and
diameter of more than three, are indicated as risky.
Additives in fibre products, like binders and oils, can also cause cancer. Some of these additives
evaporate and thereby become a risk.
Large research (on 40,000 persons), done in the USA and in Europe, indicates that the chance of
dying from lung cancer is greater for people who worked with mineral fibres. The excess mortality
was higher for asbestos than for other mineral fibres. This is probably caused by the fact that the
fibres of asbestos can split lengthwise once they are in the human body. This way smaller (more
dangerous) fibres appear. Mineral fibres can only split diametrically, so the length decreases, but the
diameter (and therefore the health risk) stays equal. Generally, the amount of suspicious fibres will
be less for mineral fibres than for asbestos, but still a risk for cancer cannot be excluded.
It is not known if the effect of asbestos and mineral fibres would be the same if the concentrations
were similar. Some researchers believe that, through the years, mineral fibres, in contrast to
asbestos, dissolve in the lungs (less accumulation), lose their fibre characteristics and becomes
less dangerous.
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The processing of asbestos fibres is forbidden in most countries of the EC, it may only be used in
roofing, but not in friction linings, automotive linings etc. The substitutes for asbestos have
drawbacks; some synthetic fibres contain toxic prussic acid. During wear and processing these
accumulate in the lungs and are not biodegradable. There is no restriction on glass fibres, but
there are safety regulations in glass fibre applying factories.

Straw
Health problems with straw are dust and growth of microbes and fungi in wet straw (> 40 °C). The
workers must wear dust masks. Straw dust is less hazardous than hay, which contains pollen and
is less dry. Fungal spores are present in straw, wood and other ligno-celluloses.

Flax
As a result of the retting process, which breaks down the phloem (soft vascular tissue surrounding
the fibre bundles) substantial amounts of dust are generated during dry processing. This dust
represents a health hazard since it can stimulate the disease byssionosis, according to
Honeybourne et al (1982) and for this reason workers in the processing of the fibre should be
carefully protected from exposure to the dust (Gilbertson, 1990).

Research
Much research is done on synthetic fibres, but little is known about cellulosic fibres. Byssinosis is
probably due to pollution and not the celluloses. Literature concerning mineral fibres is very
complicated (medical science) and often contradictory.
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1. 5

CONCLUSIONS AND RECOMMENDATIONS

Conclusions
The response to the questionnaire was 28%, of which 66% were interested in plant fibre
application and 49% presently used or investigated plant fibres. Industries represent 52% of the
respondents.
The fibre crops flax, cotton and jute are most frequently investigated and applied.
Plant fibres are selected for price, technical properties, performance and for environmental and
agronomical reasons. Process related criteria are exchangeability of materials, processing speed,
processing costs and amount of waste production.
Quality criteria for fibres depend much on the envisaged application. The most important criteria
are fibre dimensions (length-diameter ratio), elasticity, tensile strength, modulus, strain, wear
resistance, fineness, degradability, durability, density, absorbing capacity, low variations in
properties, purity, fire resistance and thermal resistance, low fibre breakage during processing,
and ability to mix.
Drawbacks for some plant fibre application are inconsistency of quality (within and between
batches), mechanical behaviour, moisture related properties and durability.
The gaps in research are mainly knowledge of fibre extraction technology, chemical and physical
fibre characteristics, possible modification of the fibres (inside and surface), processing
techniques of the fibres, and the relation between processing technology and the end product.
The competitiveness of plant fibres depends on cultivation and harvesting costs, performance of
the processing costs, quality of the fibres, prices of alternative fibres, and the end price of the
application.
High investments costs, poor market prospects, bad image of plant fibres, no guarantee of a
constant quality supply, and uncertainty towards political decisions concerning agriculture and
subsidies are thresholds for industries to apply agricultural resources.
Objective testing methods are not available for the determination of relevant fibre characteristics.
This obstructs the introduction of plant fibres as industrial raw material. There is need for quick
analytical methods for determination of the fibre quality, at an early stage in the production chain,
using small samples, together with good definition of testing-equipment. Standardized and
normalized determination of fibre properties (data sheets, certificates) will be helpful for trade and
industrial use.
Qualititative specifications are expressed in a wide range of values and units, common to textile or
paper and pulp industry.
The quality of agricultural residues is more diverse than the quality of fibre crops, due to the fact
that they have a lower priority for the farmer than the main product.
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The fibre quality is determined by variety of the plant, growth and harvesting conditions, and fibre
extraction methods. Variation of these factors leads to inconsistency of fibre properties (harvest
risk). Fibre extraction methods can be adapted in order to control the quality of the fibre. The
annual variations of raw material can be reduced through appropriate preparation technology.
Application of plant fibres requires adaptations of processing technology, because of their
different character compared to man-made fibres or wood fibres. Adjustments may be
pretreatments, surface treatments, modifications, adaptation of processing technologies and
machinery.
Economical data on cultivation, harvesting, transportation, storage, and processing of plant fibres
and plant fibre products are not available to industries and agriculture.
Fibre flax is mainly sold at the high value linen market, which is a risky market as it depends on
fashion and conjuncture. At this moment, large problems exist in the fibre flax sector. After the
peak years 1983 up to 1985, the stocks increased, and the prices for everyone, except the
customer, diminished. Besides the application of fibre flax in textiles, other applications were
never seriously considered. The whole sector of the linen industry relies to some extent on this
risky market.
The political decisions regarding agricultural developments, on national and international (EC,
GATT) levels are an uncertain factor for agro-industrial developments. Future subsidies from fibre
products are not guaranteed, and because of that, industries are not very keen on subsidized
products.
The constant procurement of plant fibres must be guaranteed for industrial application. The chain
from farmer up to industry (supplying market) is too complicated, resulting in problems with supply
and high costs.
The consequences of the low density of plant fibres are high costs for transportation and storage.
Guaranteed supply of plant fibres can be achieved by contract cultivation, quota, and cultivation
spread over different EC-countries (reduction climatological risks). Storage of large amounts of
plant fibres will be economically unattractive and will give loss of fibre quality.
Asbestos, glass and cellulosic fibres may be dangerous to the health of the labourer. Generally, it
is expected that the diameter of the fibre determines the impact in the human body. Therefore,
asbestos fibres should carry a higher risk as they split lengthwise than glass fibres, which split
diametrically. Studies on the health risk of cellulosic fibres were not traced, but probably, the
health risks are caused by fungi and microbes, which grow on cellulosic fibres.
In application-directed research programs, research institutes, industries and possible funding
organisations (national governments, EC) should co-operate. A large communication gap can be
observed, as research institutes and universities are too much modest. To obtain funding,
research institutes or industries already have to present results.
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Price / performance ratio is a very important issue when comparing several raw materials, but a
lot of ignorance exists concerning the price and the determination of performance.
Plant fibres are often associated with inferior products, rot, vermin, etc. Industries are, therefore,
not keen on applying plant fibres. Besides, in industries, there is much ignorance concerning plant
fibres.
The arithmetic means of the feasible prices of plant fibres in ECU'S per kg are 0.690 (PMCs),
0.650 (IMCs), 0.549 (MCs) 0.616 (textiles), and 0.352 (paper and pulp). These values should be
used with caution.
Potential markets are indicated for flax and cotton in textiles, paper and pulp, composites,
geotextiles and non-wovens. Jute and sisal have potentials in the composites market and hemp in
paper and pulp.

Recommendations
Quality assessments
Objective quality assessment at an early stage of fibre-crop production and -processing is
essential for establishing the product and market potential. Objective quality assessment is a
requisite for new applications, but breeders, fibre processing industry and trade will also benefit
from reliable, reproducible standard measurements of quality. Quality assessment methods
should be quick and cheap, possible to apply at an early stage of the production chain, using
small samples. Performance review methods of the end product should be set up, in order to
evaluate the fibre characteristics (data sheets).
Constant quality and quantity
For industrial application of plant fibres in different market outlets it is of general interest that fibre
materials can be produced with a guarantee of constant supply quality and quantity, especially as
now, certification of materials and processes becomes more important in industries.
Inconsistency of plant fibre quality, due to climatological conditions, may be dimished by fibre
extraction methods or by breeding plants, which are less vulnerable to the climatological
conditions. Plant breeding will give results on a long term.
Industrial demands
Implementation of research in industrial applications will be helped by close involvement of
industrial partners in testing of materials and product prototypes. Incorporation of industries has to
be pursued as much as possible. Developments will require external assistance for industrial
scale production of raw materials and processing of semi-manufactured products. Technology
transfer to non-participating industries may be desired for developments, which are likely to occur
as a spin-off from research achievements.
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Integration of fundamental scientific research on quality parameters of plant fibres and applied
research in co-operation with users is essential for the development and introduction of innovative
applications. In order to develop innovative applications, knowledge of industrial demands on raw
materials, processing costs, waste-water demands, end products and processability will be
indispensable. Therefore, discussions between research institutes and industrial partners has to
be stimulated.
Supply
The logistic chain from agricultural production to industry should be as efficient as possible to
achieve high quality and low costs. The chain from agriculture to customer currently consists of
many parties, but to be more efficient the number of parties should be reduced. Furthermore,
long-term investments for developments like scaling up production and logistic chain support
systems are required in the fibre-supplying sector, in order to make the price competitive with man
made fibers. A logistic chain support is a collection of quality standards, standardized quality
measurements, information provision and co-operation between the suppliers and users.
Constant quantity supply can be achieved when the logistics of the chain are controlled; e.g. with
quota, contract cultivation, spreading of cultivation over different EC-countries, by keeping buffers
(economically unattractive, loss of quality) or by import of fibres from outside the EC. The need for
economically constant quantity supply can be minimized when plant fibres are exchangeable in
the production process.
Standardization & normalization
Various industrial applications of plant fibres require different relevant technical data. Many
general qualifications of plant fibres are unknown or data are very divergent. To meet the
industrial requirements, testing of physical fibre-product characteristics according to ISO / DIN /
ASTM standards is urgently needed. Translation of textile and paper & pulp industrial standards
into normalized forms (SI units) will be of great help for novel industrial applications of plant fibre
products. Standardization will ease the research on characteristics and the communication
between different application areas.
Fibre characteristics and behaviour
More research should be employed on mechanical, chemical, physical behaviour under certain
processing and storing conditions, such as temperature, humidity, stress, chemicals and so on.
Fibre adaptation & modification
Successful implementation of plant fibre products on some markets will require adaptation of the
fibre quality and performance. Adjustment of plant fibre specifications to industrial demands, can
make use of technologies which have been developed in wood manufacturing, textile or paper
industries to improve processing and performance of cellulosics. Such techniques include
mercerization, finishing, fire-proofing, durability extension, and improvement of mechanical
properties. In addition physical-chemical treatments, varying from refining, fibrillation, cottonizing
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to impregnation, coating, cross-linking, grafting or chemical modification and derivatising can be
used. For the design of rational modifications of plant fibres, it is important to have detailed
information on the chemical composition and the surface characteristics on a molecular level.
Performance assessment
Price/performance ratios are an important item when comparing materials. Materials based on
fibres can be tested according to standard test methods (ISO, etc) for their performance.
Research is needed, however, to assess durability and degradability. Durability tests should
measure the resistance to the environment (uv-light, moisture, chemicals, microbes) of the end
product, while degradability testing will assess the influence of the materials on the eco-balance.
Performance assessment methods are required for fundamental research towards the relation
between the properties (morphological, physical, chemical) of fibre and the end product. The fibre
products have to be tested, but no objective, standardized methods are available.
Economics
Economic data on plant fibre costs, transportation, storage, investments in equipment, financial
returns, processing of plant fibres and plant fibre products should become available to industries.
Security concerning raw material costs will make it more attractive to introduce a new material or
invest in new processes. More information on subsidies and clearer agricultural policies should
encourage plant fibre application.
Environment
The environmental aspects of plant fibre products (substitution of synthetic or asbestos fibres and
advantageous waste management) are an advantage for society and may be used as marketing
item for industry. But, the total eco-balance of plant fibres and alternatives, like man-made fibres,
will have to be taken into account. Cultivation, fibre extraction, production processes and waste
management of plant fibres have to be compared with raw material acquisition, production and
waste management of man made fibres.
Marketing
Product promotion is an essential requisite for successful introduction of plant fibre products on
non-traditional markets. More marketing efforts should be employed in order to tackle the poor
image of plant fibres. Promotion of plant fibres for industries might decrease the ignorance.
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INTRODUCTION
In this chapter, agronomical aspects and fibre extraction methods of fibre crops will be discussed.
In paragraph 2.1, fibre crops are summarized; anatomy, cultivation conditions, harvesting
methods, etc. In paragraph 2.2, fibre extraction methods of are discussed. In paragraph 2.3 the
results of the questionnaire 'agronomy' will be discussed.
In this field of agronomy and fibre extraction methods, several institutes and companies are active
in most EC-member states.

Organisations
Experts on fibre crops are organised in the FAO Flax Group, FAO Intergovermental goups on
hard fibres (coir, sisal and abaca) and jute, kenaf and related fibres, IJO (International Jute
Organisation), the Miscanthus Network, and Euro Kenaf.

Institutes
Several institutes are working in the field of harvesting and fibre extraction. Silsoe Research
Institute (UK), IMAG-DLO (NL) and the Bayerische Landesanstalt für Landtechnik (D) are
investigating flax harvest and flax fibre extraction. Several research institutes investigate new fibre
extraction methods, like steam explosion and extrusion.

Industries
In the industry, related to agriculture, some iniatiatives are being undertaken to develop new
machinery for harvesting and processing. In Germany, a producer of harvest machinery is active
in the field of development of harvesting machinery for 'new' crops, like flax, miscanthus, and
willow. In the UK, a company is investigating new developments in pin-technology for fibre
extraction.
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2.1

FIBRE CROPS
The fibre crops mentioned in this report, will be briefly described in this paragraph. The anatomy
(plant and fibre characteristics), cultivation (country, climate, yield, problems), etc. will be
discussed. The fibres can be obtained from plants, especially grown for fibre production (2.1.1), or
from plants, grown for other purposes yielding fibres as by-product (2.1.2).
For production areas and yields of fibre crops in Europe, see Appendix 10. Fibre characteristics
(e.g. plant fibres, man-made fibres) are listed in Appendix 7.
Fibre plants are valuable sources of lignocellulose fibres, containing various amouts of cellulose,
hemicellulose, and lignin. The molecular structure of plant fibres reveals two distinct regions; a
crystalline block of dense impenetrable molecules and an amorphous region where water may be
absorbed. Moisture uptake causes the cellulosic molecules to move further apart and as a
consequence, the fibre swells when wet. This is an important characteristic of plant fibres since
the performance of the manufactured product will be influenced by its reaction to moisture
(Marshall, 1990).
In Table 13 the botanical sources of the major plant fibres are given.
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Table 13.
Fibre plants

species

family

Organ

Jute

Corchortis spp.

Tiliaceae

Bark

Cotton

Gossypium spp.

Malvaceae

Hair of the seeds

Kenaf

Hibiscus spp.

Malvaceae

Bark

Hemp

Cannabis sativa

Moraceae

Stem

Ramie

Boehmeria nivea

Urticaceae

Stem

Linum utitatissimum

Linaceae

Stem

Miscanthus sinensis

Graminaea

Stem

Stipa tenacissima

Graminaea

Stem

Lygeum spartum

Graminaea

Stem

Bambusa spp.

Graminaea

Stem

Triticum vulgare

Graminaea

Stem

Musa textüis

Musaceae

Leaf sheath

Coir

Cocos nucifera

Palmae

Fruit husk

Sisal

Agave spp.

Liliaceae

Leaf

Phormium tenax

Liliaceae

Leaf

Fibres
dicotyledons

Flax
monocotyledons
Miscanthus
Esparto

Bamboo
Wheat straw
Abaca

N. Zealand flax

Two large groups of fibre plants may be distinguished: monocotyledons and dicotyledons.
Gramineae, like esparto, miscanthus, straw, reeds and bamboo, are monocotyledons and have
short fibres and piths (nodes). Longer and coarser fibres are obtained from leaves or husks from
other monocotyledons like sisal, abaca or coir. Dicotyledons, like flax, hemp, jute, kenaf, and
ramie, have long bast fibres and short woody fibres, while the seedhairs of cotton are exploited.
Bast fibres
Botanically, the term 'bast' is synonymous with phloem, the food-conducting tissue of vascular
plants. In a broad commercial sense, the term 'bast fibre' is used to denote fibres obtained from
the cortex and pericycle in addition to the phloem. These bast fibres that are obtained from the
stems of various dicotyledonous plants are also often referred to in the trade as 'soft' fibres, to
distinguish them from the leaf, or 'hard', fibres obtained from monocotyledons. The bast fibres of
commerce are not discrete entities, but are composed of elongated thick-walled cells (ultimates)
'cemented' together both end to end and side by side, and forming bundles of filaments along the
length of the stem.
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The chief bast fibres of commerce are flax (Linum usitatissimum), jute (Corchorus capsularis and
C. olitorius), hemp (Cannabis sativa), and those fibres derived from Hibiscus cannabinus (kenaf,
bimli, mesta, etc.) and H. sabdariffa var, altissima (roselle). Fibres from Urena lobata (urena fibre),
Crotalaria juncea (sunn fibre), Boehmeria nivea (ramie) and other dicotyledons are also
employed.
Care must be taken when the various trivial names of fibres are used. The term 'hemp' is often
loosely and erroneously appended to fibres obtained from plants other than Cannabis sativa,
giving rise to such names as sunn 'hemp' (Corchorus capsularis), bowstring 'hemp' (Sansevieria
sp.), Manila 'hemp' (Musa textiiis), and Mauritius 'hemp' (Furcraea gigantea). Similarly the term
'jute' is often misused.
The annual tonnage of jute fibre produced exceeds that of all the other bast fibres combined;
Hibiscus fibres and flax come next, followed by hemp, sunn fibre, and urena. The production of
other bast fibres is relatively very small, and their processing is in many cases carried out merely
on an indigenous basis, solely for local uses.
The bast fibres are usually separated from the plant-stem tissues by retting, which consists in
subjecting bundles of stems to controlled rotting in water for a period dependent on the particular
conditions and fibre type concerned. The separation is effected by the action of bacteria that
primarily attack the parenchymal tissues in which the fibre strands are embedded, and the retting
maybe carried out in ditches, dams, rivers, etc., or in specially constructed tanks, under carefully
regulated conditions. Chemical separation of the fibres is also occasionally employed, and
mechanical isolation and stripping, either alone or in combination with some form of retting is
sometime used.
Climatic conditions in the EC, located between latitudes 36° and 60° in the northern hemishere,
favour the production of traditional fibre-yielding plants such as flax, hemp (in France, Italy and
recently the Netherlands) with some cotton and possibly kenaf in the most southerly regions.
Certain bast fibres like jute, ramie, and kenaf together with monocot leaf or stem fibres like
pineapple, banana and miscanthus are obtained from plants whose normal habitats are tropical
and subtropical. It is therefore likely that these would be excluded from the EC area although the
fact that kenaf is currently grown in North Carolina for paper pulp would suggest that this fibre
might flourish in the more southerly regions of the EC.
New Zealand flax, which is indigenous to an area lying between 35° and 46° latitude in the
southern hemisphere is one possibile alternative crop. Nettle and esparto grass should also be
considered.
In Table 14 the fibre crops, that are or may be cultivated within the EC, are reported.
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Table 14.
Fibre crops per country (x = currently cultivated, (x) = cultivated on small scale, o = possible to grow)

Country

Fibre

Linseed

flax

flax

Hemp

ML

x

X

(X)

B

X

X

UK

Cotton

Miscanthus Kenaf

Esparto

Others

(X)

Nettle

0

0

Nettle
Brassicas
Thistles
Phorium tenax Nettle

(X)

X

0

(X)

F

X

X

X

0

D

(X)

0

0

(X)

ES

0

1

0

X

X

0

0

0

Sorghum

I

X 1

X

0

X

0

0

0

Ginestra
Arnndo donax

GR

0

1

0

0

X

0

0

0

DK

(X)

X

0

PO

0

1

0

0

IR

(X)

X

0

Sorghum Nettle
Nettle

Nettle

(X)

0

0
0

X

0
Nettle

Source: questionnaire, EUROSTAT
1 cultivation of flax is possible, but dew retting is not possible due to the dry climate. Under Danish and UK (and to a lesser extend also the
Netherlands and Belgium) conditions the major drawback to flax growing is the problem of retting (too wet or too much climatological
variation).

2.1.1 Fibre crops: potential crops for EC Agriculture
In 2.1.1 fibre crops will be discussed, which are EC indigenous or can be grown under the
climatological conditions of the EC.
Flax

•

Anatomy
The common flax plant, Linum usitatissimum L., is a member of the family Linaceae. This
family is widely distributed in the temperate and sub-tropical areas of the world. The seed
of the flax plants is known as linseed, and from it is obtained the linseed oil for commerce.
The varieties of the plant which are grown for linseed are different from those which are
grown for fibre (Kirby, 1963).
Linum usitatissimum is the only member of the family which is important for the production
of fibre. The plant is an annual with a slender, glabrous, greyish-green stem which grows
to a height of about 90-120 cm and which is about 0.15 - 0.30 cm in diameter. The
varieties differ in their branching habits, those grown for seed bearing many branches and
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being bushy in character, whereas those grown for fibre normally branch only towards to
the top of the stem. The flowers are either blue or white, according to the variety (Kirby,
1963).
The technical fibres of the flax occur in bundles within the pericycle. The number of fibre
bundles in the stem ranges from 15 to 40, and each bundle contains from 12 to 40 ultimate
fibres (elementary fibres). The ultimate fibres consist of pointed cells with very thick walls
and very small lumina. A peculiarity of the flax fibre, in common with the majority of bast
fibres, is the presence of transverse dislocations, often in the form of an X, which show up
very clearly when the fibres are mounted in liquid paraffin. The walls of the fibres have a
spiral fibrillar structure, the external fibrillae running in a direction corresponding to an S
twist, and this is the basis of the drying twist test for the identification of flax. Each
elementary fibre has a length varying between 8 mm and 30 mm, although an average
length is usually around 25 mm. The length of the bundles is between 300 and 900 mm.

•

Growing conditions
Linum usitatissimum is now grown in many diverse agricultural systems and environments
throughout the world, as far apart as Canada, Argentina, India and Russia.
The quality of the flax produced is considerably influenced by the weather conditions that
obtain during its growth, good climatic conditions being generally more important than
favourable soils. A hot dry summer generally produces a short and harsh but strong fibre,
whereas a moderately moist summer produces plants which yield fine, strong but silky flax
(Kirby, 1963).
Very low inputs of fertilizer (especially N) are required and pesticide applications are
normally restricted to herbicides only (Marshall, 1992).
Fibre flax is sown at very high densities (1800 - 2000 plants/m2) in order that very tall
unbranched stems are produced.
Linseed flax, a variety grown primarily for seed but one which yields fibres, albeit coarser
and less uniform than those from fibre flax. In this case there is scope for a long-term
approach in the breeding of dual-purpose (fibre and seed) varieties. This variety of flax has
shorter straw, more branches and more seeds than other varieties grown primarily for linen
fibre.
While fibre flax comes from a tall, largely unbranched variety of flax which grows to around
1 m in height, linseed flax is only about half the height and is encouraged to branch to
produce as many seed heads as possible. The fibre obtained from linseed flax is similar to
fibre flax but is shorter, more tangled and, because of the branching, has fine seed-bearing
stalks associated with it. Because the seed is allowed to ripen to maximise the oil potential
the plant is allowed to grow for a longer period and the fibres become coarser and more
highly lignified. Many attempts have been made throughout the world to use these fibres
for textile purposes but until now these have never been particularly successful.
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Harvesting
The harvest of flax can be done by different methods; the flax can be pulled or mowed, the
seeds can be collected in the field or at the farm. The flax can be left on the land for dew
retting, depending on the climatological conditions. In wet areas, chemical disicciation can
be used in the field. The method of harvesting depends on tradition and available
machinery, but it is of great influence on the quality of the final fibres.
Traditional harvesting-. Generally, for high quality fibres, flax is pulled when the plant is in
a early stage of maturity. When pulling, high yields are obtained and the stems are kept
parallel. In North-West Europe this would traditionally be mid-July to early August. Fibre
extraction is achieved by the retting process (see 2.2.1). The machinery is exclusively for
flax harvesting, thus very expensive and only used for a very short time each year. Flax
harvesting machinery is built in Belgium. The Scottish Crop Research Institute (UK) has
developed a tractor-mounted pulling machine
The pulling machinery is only usable when the flax is not lodged in the field, and the
harvesting costs of the straw are approximately 750 ECU per ha in Southern Germany
(Lehmann, 1992).
New harvesting methods: When the flax is combine harvested, ordinary machinery can
be used. The yield is lower (5% stubble, (Lehmann, 1992)) and the straw becomes
tangled, but the harvesting costs are lower. While the straw is tangled, traditional
processing methods are not applicable, and the highest quality textile fibre cannot be
obtained. New processing methods, like enzymatic and chemical retting, semi-retted flax
processing, green flax processing, steam explosion and so on (see 2.2.2) are developed to
obtain good quality fibres from tangled straw, so there might be possibilities in the future
for this harvesting method.
In addition to the process described above, it is also possible to decorticate on the field,
which reduces the volume and thus the transportation costs. A German company, in co
operation with research institutes, has created a new machine for flax harvesting. The
harvesting starts when the fibre crop is mature. The plants are either pulled or reaped and
laid tangled in swathes. After drying for 10-15 days (semi-retting), in which the plants are
turned, the linseed is collected with use of a threshing machine. The flax is laid in swathes
again and now, the flax harvesting machine picks it up, decorticates it roughly in a multistep processor, disposes the waste wood on the land, presses bales of the fibres, and puts
the bales on the land. If needed it is possible to do a more fine decortication in a later
stadium (Weigelt, 1992).
If in the future, processes become available that can work up green flax and the retting
period becomes superfluous, the flax harvesting machine can be constructed to combine
reaping, threshing, decortication and pressing of the bales. Introduction of this new
machinery will require large marketing and large scale cultivation, which is not this case at
this moment.
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Especially for the small scale cultivation, the Bayer. Landesanstalt für Landtechnik of the
Technical University of Munich has developed a simplified harvesting method, which leads
to reduction of costs. This is achieved by using ordinary machinery and technical parts of
the grain harvesting machinery, and decortication in the field (Lehmann, 1992).
The costs for harvesting flax straw are estimated; the costs of the traditional harvest, and
the simplified harvest are respectively 0.12 and 0.07 ECU per kg flax straw (Lehmann,
1992).

Yield and production
The fibre yield has a low heritability and is influenced predominantly by climate, fertilizer
and sowing date (Marshall, 1992). The flax straw yield is 6-9 tonnes/ha. The fibre yields
vary between 15 to 35% of flax straw depending on straw quality, harvesting and
processing technology and fibre quality specification. The yields of bast fibres vary widely
in different countries; GOS (0.36 tonnes/ha), China (0.55 tonnes/ha) and EC (1.40- 2.00
tonnes/ha) (Riensema et al., 1990). Generally, the yield ratio between long fibres and short
fibres (tow) is 1:1, but may change to 1:2 in bad years.
The shives yield is 30 - 45%. The seed yield is 11 - 17% for fibre flax. The amount of wax
is approximately 1% (Lehmann, 1992, Von Drach, 1992).
Flax bast fibre yields in the EC (1.4 - 2.0 tonnes/ha) is almost twice the yield of cotton (0.8
- 0.9 tonnes/ha) (Riensema et al., 1990; Eurostat (Appendix 10)).

Quality of flax fibre
Proper grading of flax requires considerable experience, and presently, there are no ways
in which the spinning quality of flax can be assessed - apart from the organoleptic methods
used by the flax grader. In judging flax and most other bast fibres, the main quality
characteristics, taken into account are:
Yield (fibre content in straw, long/short fibre ratio, yield after scutching, hackling, and
preparation), morphological characteristics (dimension and structure of the technical and
elementary fibre, fineness, softness, density, colour, uniformity, resistance to wilting,
silkiness or oiliness, cleanness (plastics)), mechanical characteristics ((tensile) strength,
modulus), chemical characteristics of the fibre bundle, especially the elementary fibres
(cellulose-, pectin-, moisture content, absorption of water, swelling properties, heat
stability, resistance to rot, compatibility with other materials).
The quality parameters depend on species, climatological conditions, growth conditions
(seeding time point, soil, fertilizer, etc) and harvesting conditions (Von Drach, 1992).

3
With respect to the technical strength/density quality, flax fibres have shown to outmatch
important other plant fibres like cotton, jute, wood and (semi)synthetic fibres like rayon
polyester, nylon 6 and others, and compares to E-glass fibre. Flax fibre conducts heat
more rapidly than cotton.

•

Applications
Almost all the botanical components of the plant, from seed, fibre and chaff to shives, and
even dust, have current and potential uses.
The whole seed can be used as horse or bird food or human consumption (health food).
The seeds contain approximately 38% oil by weight. Industrial alkyd resins used in paints,
printing inks and some varnishes are the major outlets. The solid residue from crushing
makes an excellent animal protein feed, especially for ruminants, having some 33% crude
protein. The shives, when dried and crushed into chippings, make excellent particle boards
(medium density fibre board) and also have a high caloric value giving rise to potential use
as a boiler fuel. The dust is also a product of the flax plant, it can be used as a filler in
particle board (MDF) production and there is recent interest in returning it to agriculture in
the form of a peat substitute, for example in moulding seedling pots (after sterilizing).
Flax fibres are used in textiles (fine linen, upholstery, household linen, post bags), and a
little in paper and pulp. Flax fibre currently accounts for less than 2% of world consumption
of apparel and industrial textiles, despite the fact that it has a number of unique and
beneficial properties.

Hemp

•

Anatomy
Cannabis sativa L. (hemp) is a species of the genus Cannabis. Although the original home
of the hemp plant appears to have been in Central Asia, from which it spread to China,
hemp has been cultivated, in many the countries of the temperate zone (Kirby, 1963).
Hemp is an annual, herbaceous plant; it has a slender, erect stalk which may vary in height
from 90 to 400 m. according to the variety and climatic conditions. The stalk varies
between 0.4 - 2 cm in diameter (Kirby, 1963).
Hemp stems contain three types of fibre: primary bast fibres which are long and low in
lignin, libriform fibres which are short and high in lignin; and secondary bast fibres which
are of intermediate length and lignin content. Quality of the hemp stem depends mainly on
the size of the fibre fraction in the dry matter of the stem and the proportion of each type of
fibre in the total fibre fraction. At crop level genotype and plant density seem to be the main
factors determining the size of the fibre fraction and the proportion of each of the three
types of fibre in the stem (Van der Werf, 1991).
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The ultimate fibres are not unlike those of flax, both in their dimensions and general
appearance. The external fibrillae of the cell wall run, however, in a direction
corresponding to a Z twist, giving a counter-clockwise twist as opposed to a clockwise one
as given by flax in the drying-twist test. The presence of crystals in the ash of hemp,
except with boiled or bleached fibre, is another distinguishing feature.

•

Growing conditions
When hemp is being produced for fibre, it requires a mild, temperate climate, a humid
atmosphere, and a rainfall of at least 0.65 m per year, with abundant rain while the seed
germinates and until the young plants are well-established. Where the plants have been
sown close together, they suffer very little damage from wind, rain and hail (Kirby, 1963).
For fibre purposes, a high plant density is desirable, so the stems do not branch, and a
higher fraction of the more valuable bast fibre (primary bast fibres) in the dry matter of the
stem is obtained (Kirby, 1963, Van der Werf, 1991) When the plant has more space, it will
develop a wider stalk, with a lower bast fibres/wood fibres ratio and with mostly secondary
fibres. The secondary fibres are of less quality for paper making. Hemp has low
requirements of crop protecting agents or fertilizers and it fits well in crop rotation.

•

Harvesting
In temperate countries hemp is normally ready for harvesting from four to five months after
sowing. Harvesting can be done by cutting or pulling (Kirby, 1963). Special harvesting
machinery have been developed.

•

Yield and production
The form of the plant and its fibre yield vary according to the climate, and also according to
the particular variety.
Where the crop is being grown for fibre only, both the male and female plants are
harvested together, but where it is desired to obtain both fibre and seed, the male plants
are first collected by hand pulling, and the female plants are left to enable to seeds to ripen
(Kirby, 1963).
The yield of the hemp is between 10 and 15 tonnes dm/ha (Marshall, 1990) and the fibre
yield will be approximately 1.5 - 2.0 tonnes/ha. The plant consists, approximately for 10%
of roots, 60-70% of stem, 15-20% of leaves and 5-15% seed (Van der Werf, 1991). The
chemical composition of hemp is 80% dry matter, 90% cellulose and hemicellulose and 4%
lignin (Höbaus, 1988).
The economical importance of fibre hemp has been diminishing steadily in the course of
this century. Within Europe, hemp barely survives as a crop in France, Spain and Hungary
where a few thousand hectares are grown. In Romania and the GOS hemp is more
important (50,000 and 100,000 hectares respectively) (Van der Werf, 1991). In many
countries (Germany, UK, Italy) cultivation of hemp is prohibited because of the contens of
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narcotic components. Hemp cultivation is illegal in some of the EC-countries, like the
United Kingdom and Germany, but the expectation is that this will change due to ECpolicy. Breeding of non-narcotic varieties opens up the possibility of reintroducing hemp as
an agrofibre.

•

Raw material processing
The fibre is extracted from the stems of hemp by a retting process which is similar to that
used with many other stem fibres. The method, dew-, water- or snow retting, depends on
the local climate. After retting the fibres are broken and scutched.

•

Quality criteria
The quality of hemp is judged mainly by its colour and lustre; good-quality fibre should be
lustrous and give a decided snap when broken. Hemp fibre is longer than flax fibre, but is
less flexible and more coarse. It does not bleach well, and as it lacks elasticity and
flexibility it is not used for fine textiles. The ultimate fibre cells vary in length from 5 to 55
mm, and have an average length of about 20 mm., their diameter varies between 0.016
and 0.050 mm (Kirby, 1963).
Quality criteria for hemp fibres are bast fibre content, proportion of secondary fibre in the
bast fraction, and xylem fibre length, according to the respondents of the questionnaire.
For hemp, content of xylem, primary bast fibre, secondary bast fibre, xylem (libriform) fibre
length and diameter are important.

•

Applications
Hemp is widely used for rope, twine, textiles (canvas, bags) and paper (lignin content (4%)
is much lower than in wood) (NRLO, 1990; Höbaus, 1988).

Kenaf

•

Anatomy
Hibiscus cannabinus L. is an herbaceous annual which has a straight, slender, glabrous or
prickly stem that may reach a height of 2.40 - 3.60 m. or even more. The plant grows wild
in Africa where the fibre is sometimes known as Guinea hemp, and has been cultivated on
the Indian subcontinent, where it is known as mesta or ambari, since prehistoric times.
Kenaf was unknown in the West until late in the 18th century when cordage and sacking
made from the fibre were brought to Europe. It remained one of the less important bagging
materials until World War II, when shortages of jute and other bagging fibres led to a new
interest that continued after the war, as supplies of established materials remained
insufficient and prices increased.
In Cuba, US, and similarly affected countries, governments encouraged production of
kenaf and production became increasingly mechanised.

There are many varieties that vary by colour and thickness of the stem, leaf form,
blossoms, seeds, and by their adaptability to different growing conditions. The fibre length
in the bast varies between 2.16 - 2.86 mm (similar to soft wood) and in the wood pipe
between 0.45 - 0.48 mm (similar to hard wood). Kenaf has two distinctive regions; the
outer bark or bast which is about 40% of the stem by weight and the inner woody core
which is about 60% of the stem by weight. The chemical composition of kenaf is not greatly
different from that of wood.

•

Growing conditions
Kenaf, although adaptable to various soils, grows best in well-drained, sandy loam and
requires a warm, moist climate, tropical or sub-tropical without excessively heavy rains or
strong winds. The plants are photoperiodically sensitive, and will only grow in the most
southern parts of Europe. Some varieties need at least 12 hours of light each day
throughout the growing season. Kenaf is less demanding on the soil than jute and may be
grown in rotation with other crops. Dense sowing is common, except when cultivation is for
seed production.

•

Harvesting
Crops are hand harvested yielding the best fibre at the flowering stage. After harvesting,
the stalks are retted (Kirby, 1963). Fibres are usually separated from the stalks
mechanically although in some areas retting, followed by hand stripping is still practised.
The fibre strands, (ca 0.9 m long) are pale in colour and lustrous with strength comparable
to that of jute.

•

Yield
The fibre yield of kenaf is higher than of wood. The yields are more then 20 tonnes dm/ha.
The lignin content is about 13%; higher than hemp (4%), lower than wood (Höbaus, 1988).

•

Quality criteria
The quality criteria are quite similar to flax (see page58), with emphasis on pulp and paper
making properties.

•

Application
Kenaf is used mainly for cordage, canvas and sacking but is receiving increased
consideration for other products such as carpet-backing yarn. Leading producers include
India, Thailand and China.
Kenaf can be used for paper and pulp production; in the USA, a lot of work on kenaf for
paper production is done, in Texas a first factory is built (Höbaus, 1988). Kenaf is readily
pulped by the kraft or soda processes. Whole kenaf pulps bleach readily and have
interesting paper making properties. The black liquor from the pulp mill can be easily treated
in a classical chemical recovery unit because the silica content in kenaf is low (about 1%).
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Miscanthus

•

Anatomy
Miscanthus (Miscanthus sinensis or Elephant grass) is a perennial crop and stores
reserves in the root-stock (rhizome). The underground parts of the plant grow from the
inner to the outer parts. The current expectations is that Miscanthus might survive 10
years, and even 15-20 years or longer
Fibre content in the stem dry matter is estimated at 60% and mean fibre length is 1.6 mm
(Van der Werf, 1992).

•

Cultivation
The cultivation of Miscanthus includes the plantation only once in 10 years, the supply of
fertilizers every year, the harvest every year and the removal of the stubs after 10 years.
In Northern Europe, Miscanthus does not form seeds due to the low temperature.
Therefore, rhizomes are used as starter material. The rhizomes are expensive, but
momentarily the meristem-culture is introduced and therefore the price may decrease. The
sensivity of rhizomes for drought, especially during rise, is a second disadvantage.
The plant needs a minimum on fertilizer, pesticides and herbicides. After the third year the
N2-supply is for the greater part supplied by the leafs fall from the former year. When the
leaves fall in the autumn, the nitrogen will be liberated due to digestion. Herbicide is only
needed the first years. But then it is essential that the ground is 'clean'. After the second
year the crop is so dense that weeds do not have any chance to grow. Other pesticides, to
combat diseases and plagues, have not been necessary this far. The water supply of this
fast growing crop might give problems; research needs to be done in this area.

•

Harvest
Miscanthus is harvested in the winter, between February and April. The exact time point
depends on the time needed for the mature plant to bring the nutrients, collected in growth,
to the rhizome, and the rate of drying of the stems. A high moisture content leads to
unnecessarily large volumes, that have to be harvested, transported and, most important,
dried. The harvest cannot be delayed too long, because of early development of new
shoots. The new shoots can be avoided by altering the mowing height, but then the yield
will decrease. An advantage of the early harvest is the use of machinery off-season. A
disadvantage is the possibility of damaging the soil (bearing capacity, and condensation
sensitivity). After a few years, the roots of the Miscanthus forms a net, that is so strong,
that this problem becomes of minor importance. The place where the rhizomes are
damaged, new roots will occur, and that will cause growth randomly. Miscanthus is planted
in rows, which will disappear and the harvest with a forage-harvester will become much
more difficult. A solution for this problem is found in the usage of the first part of a
sugarcane harvester. Sugarcane does not grow in straight rows (Frerichs, 1990).
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Yield
The yield of Miscanthus per ha is known too be high. It is assumed that an average
production over 10 years equals 16 tonnes dry matter per ha per year. A fully established
Miscanthus crop was estimated at 24.9 tonnes of dry matter/ha (Van der Werf, 1992).
Much reliable data are not available on (1) production per year and (2) life time. The yield
depends probably on the choice of plantation material, harvest- and storage methods, etc.
The biomass varies strongly throughout the year. In October/November, the present
quantity of biomass (overground) is largest, but the biomass decreases rapidly during the
winter. In Northern Germany a decrease of biomass of 30-40% during winter was
examined for 3-years-old Miscanthus. The cause of this reduction is mainly loss of leaves
and blown-off tops and loss of water. Miscanthus is perennial, this means that the
cultivation land is not ploughed and the leaves and tops are kept on the land, so this
organic material will degrade very inefficiently.
After ten years, when production stagnates, the roots have to be removed, either by
chemical attack on newly developed rhizomes in the spring (no sowing of new crop) or by
fraising: in the autumn the roots are freeing to the overground, and will freeze during the
winter (NOVEM, 1992).
Cotton

•

Anatomy
The cotton plant is a shrub of the genus Gossypium of the Malvaceae family. It grows to a
height of 1-2 metres and is indigenous to nearly all subtropical countries. The cotton fibre
is not extracted from the plant stem but is a seed hair formed by the elongation of a single
epidermal cell in the cotton seed coat (Boel, 1950).

•

Cultivation and harvesting
Cotton requires a constant temperature of approximately 30°C and a relatively high
humidity. Cotton is rather sensitive to pests and diseases and requires relative high
amounts of cropprotecting chemicals, which may cause severe pollution.
Two months after flowering, the cotton bolls open and a few days later, depending on the
climatological conditions, the cotton can be picked. Due to asynchronic maturing, there is a
bottom crop (September), a middle crop (October-November) and a top crop (November).
Cotton may be hand-picked, machine-picked or cotton-stripped. The fibre and seed are
picked together, the fibre constituting about one-third of the total weight of seed cotton, the
remainder being seed. The cotton fibre is freed from the seed by a process called 'ginning'.
After harvesting, the cotton is dried to ease ginning. The seed cotton (weight: 1/3 fibres,
2/3 seed) is deseeded and cleaned in a gin machine. From the seed mass, the remaining
short fibres are removed (cotton linter) (Boel, 1950).
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Yield
The average yield of ginned cotton in Europe is 800 kg/ha. In the USA the yield is 500
kg/ha (large scale cultivation) (Höbaus, 1988).

•

Production
Cotton is cultivated in more than 90 countries, mainly in the USA, India, Pakistan, Egypt,
GOS, China and Brazil. In the EC it is limited to the southern parts; the cultivation is on
small scale and possible with subsidies. The total area for cotton cultivation is increasing
within Europe. The self-provision is about 10% and about 2 million tonnes of cotton fibre or
textiles is imported (Höbaus, 1988).

•

Characteristics
Physically important characteristics are fibre length, fibre length distribution, strength,
fineness, purity, colour, elasticity, glossiness, maturity, softness, flexibility and spinning
performance. The fibre length will be between 15-50 mm. The chemical composition of
cotton fibre is 90% cellulose, 7.5% water and 2.5% oil, wax and pectin.
Cotton fibre's internal pore structure contribute to cotton's superior opacity, bulk and cover
factor, often desired in paper and non-woven applications. The internal microscopic pore
spaces also contribute to cotton's ability to swell during the transition from the dry to the
wet state. Cotton fibre may be characterized as a dimensionally stable, low elongation,
medium tenacity fibre with relatively high modulus of stress/strain (40 to 50 grams/denier
or 360 to 450 grams/tex). The fibre length is determined genetically. Commercially,
American upland cottons are classified as either short staple (up to 2.54 cm), medium
staple (2.62 to 2.78 cm), or long staple (over 2.86 cm) (Durso, 1986)

•

Application
Cotton is mainly used in textiles. In composites, there is application in cotton laminates and
cotton filled compounds (NRLO, 1990).

Esparto

•

Anatomy
Either of 2 grey-green needlegrasses (Stipa tenacissima and Lygeum spartum) that are
indigenous to southern Spain and northern Africa; the term also denotes the fibre produced
by esparto.
L. spartum, which has stiff, rushlike leaves, grows in rocky soil on the high plains.
S.tenacissima is especially abundant in the sterile and rugged parts of Murcia and
Valencia, and in Algeria, for it flourishes in sandy, feruginous soils, in dry, sunny situations
on the sea coast. It attains a height of 1 metre. The stems are cylindrical and grow in
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Clusters of from 0.5-3.0 m in circumference. When young they serve as forage, but after a
few years they acquire great toughness.
Esparto grass has a higher cellulose content than most non wood plants with greater
uniformity of fibre size and shape. Esparto fibres are round, quite uniform, with a length of
0.5 - 3.5 mm and moist resistant (Höbaus, 1988).

•

Yield
The amount of esparto available per annum is estimated at 500,000 tonnes. The yield in
nature is 1 tonnes/ha/year (Höbaus, 1988).

•

Application
Esparto fibre has great strength and flexibility, and the grass has for centuries been used
for making ropes, sandals, baskets, mats and other durable articles. Esparto leaves are
also used in the manufacture of paper. Esparto is a resource for high value paper. In
Argentina, bank notes are made of Esparto. The world production of bleached esparto pulp
is 100,000 tonnes per year (Höbaus, 1988).

New Zealand Flax

•

Anatomy
Leaves of New Zealand Flax (Phormium tenax) are perennial, hard, sword-shaped from
1.5-2 metres long with flower-stalk rising 1.5 metres above them and bearing a profusion of
yellow flowers followed by triangular seed vessels filled with flat and thin black shining
seeds. This fibre is commonly called New Zealand flax or New Zealand hemp, although it
appears that is now produced only in South America and South Africa. It is not, however,
related to either flax or true hemp, but is obtained from the leaves of Phormium tenax.
Microscopically, this fibre resembles sisal, but, in cross-section, the ultimates are mainly
round or polygonal with a small lumen.

•

Harvest, yield and processing
The natives of New Zealand cut the leaves when full-grown and separate the fibres while
yet green (Royle)
Three-year old plants yield on average 36 leaves producing 170 g weight of dry fibres after
being scutched and cleaned. One hectare cropped with plants 1 metre apart will yield more
than 2 tonnes of fibre.
It is extracted mechanically, and hand-prepared fibre can be woven into a cloth resembling
linen, although its main use is for the manufacture of twine and sacking.
The fibre is of potential use to paper manufacturers because of high tensile strength and
relatively long fibre length. It has been found by the Chemical and Wool Technology
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division, CSIRO, to be a satisfactory fibre for incorporation into the cement matrix. At a
fibre loading of ca 8-10% by mass, flexural strengths in excess of 20 MPa could be
obtained comparable to Pinus radiata fibre-reinforced mortars. However, the fracture
toughness values were approximately half of the P. radiata composite. It would not be
expected that New Zealand flax fibres would economically or practically replace softwood
fibres in the industrial role as substitutes for asbestos fibres in fibre cement sheeting
(Couts, 1983).
Production costs of EC indigenous fibre crops: Data on production costs are only available
on flax, hemp and miscanthus. For hemp and miscanthus, these are estimates while large
scale is not yet realized.

Table 15.
Production costs EC indigenous fibre crops

Fibre crop

cultivation costs in ECU/ha
(including labour)

yield tonnes dm/ha

Costs ECU/tonnes dm

980'

6-9

109-163

(estimation for the year 2000)

16 - 25

40 - 62

970 (

10-15

48 - 97

Flax
Miscanthus
Hemp

990 b

725 -

a) Riensema et al., 1990, b) Novem, 1992, c) internal data ATO-DLO

Cultivation of crops may be economically feasible, but the further processing (fibre plant
processing, transportation, production of end-uses) may turn out to be uneconomic (Marshall,
1990).

2.1.2

Fibre crops: imported plant fibres
The application of exotic fibres like jute, coir, and so on are stimulated by organisations like FAO.
Jute

•

Anatomy and cultivation conditions
The jute plant, an annual shrub belonging to the plant family Tiliacea, is a natural
inhabitant of the tropical and subtropical regions of the world. The fibre of commerce is
obtained from the phloem tissues in the stem of the two species of Corchorus, namely C.
capsularis L (white jute) and C. oiitorius L (Tossa jute). Although a jute plant has several
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axillary branch buds, when grown as a fibre crop only the main stem should grow tall and
straight. The plants are sown close together (Ghosh, 1983).
The fibre lies along the length of the plant stem in the form of an annular meshwork
composed of more than one fibre layer. The commercial fibres, as obtained from the plant,
are 1.5 to 3 metres long, and, when viewed in transverse section under the microscope,
show from 6 to 20, or even as many as 50, single thick-walled polygonal cells (ultimates)
each containing a central canal or lumen; in places, the lumen broadens considerably and
the walls are correspondingly thin. In longitudinal view, the tips of the ultimates are seen to
be pointed.
The relatively high lignin content of jute, as shown in the phloroglucinol test, distinguishes
the fibre from flax and hemp, quite apart from the differences in the lengths of the fibre
ultimates.
The conditions required for jute cultivation are a high temperature, deep soil of fairly fine
texture, rainfall of 10.5 dm annually and sufficient supply of clean retting water (Kirby,
1963).
The main source of commercial supply for the world market is Bangladesh, although India
produces an equivalent quantity but for internal use only. Other countries, such as China,
Burma, Brazil, Nepal and Thailand, also grow jute but in small quantities only.

•

Harvest, yield and raw material processing
The dry retted fibre yield is 1.5 - 2.0 tonnes/ha (Dempsey, 1950). The largest producers of
raw jute are India, Bangladesh, China and Thailand. To obtain the fibres, the retting
process is applied (Ghosh, 1983).

•

Quality criteria
The factors taken into account in grading jute are dimensions of the fibres, strength,
cleanliness, condition of the fibres, maturity of the stems when harvested, quality of the
retting, and the variety of the jute (Kirby, 1963).
The jute fibres contains 11 to 13 percent lignin. The fibres are very hygroscopic, especially
when previously wetted or after delignification, the elasticity modulus is high, the ignition
temperature of dry jute is low, 193°C, and the length / diameter ratio of jute cells is
between 98 and 118 (Ghosh, 1983).

•

Application
Jute is mainly used for sacking and carpet backing and is under threat from polypropylene
(NRLO, 1990).
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Ramie

•

Anatomy
Ramie fibre is obtained from the stem of Boehmeria nivea (L) Gaud., a member of the
Urticaceae or Nettle family. The plant has been cultivated and the fibre used in China,
Japan and Malaysia for hundreds of years (Kirby, 1963). The fibres are the longest and
one of the strongest fine textile fibres (Dempsey, 1975).
Ramie is a perennial herb which has rootstocks that send up canes ranging from 1 to
2.5 m high and about 1-2 cm in diameter, according to the growing conditions. The canes
have few branches. If the canes or stalks are cut during the growing-season, the
rootstocks send up new shoots, and consequently two, three, and sometimes four crops
can be taken from the plant each year - according to the fertility of the soil and the climatic
conditions. This can cause tremendous exhaustion of the soil (Kirby, 1963).

•

Harvest and yield
The almost mature ramie is cut and dried and this material is called 'China grass' (Kirby,
1963). The yield is about 2 tonnes/ha (Dempsey, 1975).

•

Raw material processing
Before the fibre can be spun, it is necessary to remove the gums by a degumming
process. The gum content generally amounts to between 20 and 30 per cent. The type of
degumming process used, will depend to a large extent on the desired type of fibre. Before
degumming, however, the fibre is subjected to a softening process, which takes about 6 to
12 hours, and the gum is then removed by boiling with lye in open tanks heated with direct
steam. Pressure is not generally used. Usually the boiling time is about three to four hours.
After degumming, while still wet, the fibre is put through a crushing and washing machine,
where water is sprayed on it, which separates the fibre stands and removes any adhering
matter that may still remain (Kirby, 1963).

Sisal

•

Anatomy
Sisal is a plant fibre from many kinds of Agavaceae (Agave sisalana). It has a yellow color
and a good tensile strength. Fibres from Fourcroya Gigantes, of the family of
Amaryllidacea are, sometimes, called sisal because they are similar to those from Agave.
The fibres present a high degree of variation since there are so many kinds of plants. In
spite of the great variability of fibres, sisal is a cheap, renewable and abundant material in
many tropical countries (Samarai et al., 1986).
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•

Harvest
The sisal fibres are obtained from the fleshy leaves of the plant. The leaves are cut and
decorticated.

•

Raw material processing
Decortication should be done as soon as possible after cutting; otherwise the juices in the
leaves tend to harden and become gummy, and extraction is made more difficult. The fibre
is extracted from the leaves by a crushing or scraping process, which removes the
extraneous green matter surrounding the fibre in the leaf. After decortication the fibre is
dried and becomes matted and tangled, so it is brushed to straighten out the individual
strands and to remove dirt, extraneous matter, and the weak, short fibre (about 7.5 to
12.5 cm). The short fibre is classified as tow and kept separate from the long fibre,
classified as line fibre (Kirby, 1963).

Characteristics
The sisal fibre is composed of cellulose (78 wt%), lignin (8%), hemicellulose (10%), waxes
(2%) and about 1% ash. Sisal is classified as a hard fibre and is between 1.0 and 1.5 m in
length and 0.1 and 0.3 mm thick.
Abaca or Manilla hemp

•

Anatomy, growing conditions, yield
For fibre production the most important of the Musa species is Musa textilis or abaca or
manilla hemp. The abaca stalks mature in about two or three years, although the age at
which they reach maturity depends to some extent on the variety of the plant, the soil
conditions, and the climate. The yield is approximately 0.5-2 tonnes of fibre per acre
annually (Kirby, 1963). Abaca is imported from the Phillippines and Central America.

•

Harvest
The abaca stalks mature in two or three years, the stalks are harvested and the various
leaf-sheaths are stripped off. The outer layer is a fibrous ribbon, and it is this layer which
contains the commercial fibre. The leaf are decorticated, similar to sisal. The abaca fibre
varies in length from about 0.90 to 2.7 m. It varies in colour according to the quality. The
ultimate fibres vary in length from 2.5 to 12 mm, and their diameter varies from 16 to 32
microns. The fibre contains 63.2 percent of cellulose, 19.6 percent of hemicellulose, and
5.1 percent of lignin (Kirby, 1963)
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Coir

•

Anatomy
Coir fibre is contained in the fruit or husk of the coconut palm (Cocos nucifera L). When
the fruit is split, the fibrous tissue lies beneath the exocarp or outer covering of the fruit,
and envelops the kernel or coconut (Kirby, 1963).
The coir fibre is relatively short (1 mm in length, staple length is 15-35 cm), but coir has the
advantage of stretching beyond its elastic limit without rupturing, as well as the power to
take up a permanent stretch when so loaded. Its tensile strength is low, but it is much less
impaired by immersion in water. Its extreme buoyancy and its resistance to bacterial action
and salt water are unique. Disadvantages are the dark colour, inability to spin to large
fineness, and the inefficiency of drying. Coir is very stiff, brittle and difficult to handle
(Ohler, 1984).

•

Yield

Coir is imported from Sri Lanka and Thailand. It is estimated that the average weight of
husk per coconut is about 0.7 kg. Cocos nucifera takes from seven to ten years to reach
maturity. The yield per tree is between about 70 and 100 nuts annually (Kirby, 1963). The
fibre is removed from the nut and retted in brackish water. Then, the longer yarn fibre is
beaten out of the remaining fibrous mass, the fibres are washed and dried and the last
particles of pith are removed by passing the fibres through a winnowing machine (Ohler,
1984).
Other fibre crops
Other sources for fibres are, for instance, bamboo (Bambusa sp. Gramineae) and Roselle
(Hibiscus sabdariffa L var. altissima) from South-East Asia, Urena (Urena lobata L.) from Brazil,
Peru, Zaire, Madagascar and Angola, Sunn hemp (member of the Leguminosae family) from
India, Bangladesh and Brazil. Many other fibre plants are available in the world, but therefore
relevant literature is recommended.

2.1.3 Agricultural waste
In today's agriculture, mostly one part of the plant is used. The grains of cereals, the seeds of
linseed flax, sunflowers, the tubers of sugarbeet, potatoes etc. The other parts of the crop are
ploughed into the land, burned or fed to the cattle. The ploughing of agricultural waste encourages
pests in the ground which endanger future crops and it is also a fuel consuming solution. The
burning results in large amounts of smoke and is not environmentally friendly (NRLO, 1990).
Other solutions for by-products would be welcomed, also to increase the profits of the crop.
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To develop products out of agricultural residues, has some benefits; (1) initially, the prices of the
residues will be low, if not for free, and (2) there is no environmental damage, caused by the
burning of straw. A disadvantage of the usage of agricultural residues as industrial resource is the
unreliability of the supply and the inconsistency of quality (not first priority of the farmer).
In the following paragraphs, some agricultural residues and their potentials are discussed.
Cereal straw
Cereal straw in Europe is derived from wheat (Triticum vulgare), barley (Hordeum vulgare), rye
(Secale cereale) and oats (Avena sativa). In Asia, rice straw (Oryza sativa) is available. Because
of environmental restrictions, straw may not be burned anymore in many EC-countries. Therefore
new applications have to be found besides the traditional bedding for cattle (for which especially
barley straw is used) like in mushroom cultivation, poultry bedding, insulation of carrots on the
lands, or in pulp and paper.
In the EC about 140 million tonnes cereal straw per year are produced, of which just a small part
(2-3%) is processed in industry.

•

Pulp and paper
Straw contains short fibres and is not suitable for paper in which a high tear resistance is
needed. Principally, two kinds of straw pulps can be produced; bleached straw pulps for
writing- and printing paper and unbleached pulp for packaging material. Because of the
silica content straw can not be used in bleached paper, for card boxes there is no problem.

•

Other applications
Wheat straw is examined as a resource for different application. Whole straw can be used
in MDF-boards or components of straw can be used for specific end-uses. Straw contains
10-20% hot water extractives, wax, silica, long and short fibres. Wax can be used as
paraffin substitute in food coating, or for polymer films. Fibres can be separated by CTMP,
or maybe ethanol extraction. Silica can be used in different ways, depending on particle
size distribution, surface area and solubility. The amount of silica in the ashes depends on
the burn temperature. Silica can be used in many ways, for instance as CO-stripper in cars
(cheaper than platinum).
Preparation (compression and slicing) of the straw, before industrial application, is
developed in the UK.

•

Straw compression
If agricultural crops are to be used as industrial feedstocks, as fuels, or in paper and pulp
production, efficient handling is essential; this can best be achieved by compression into
high-density packages of some kind. A high density means lower volume, which saves
costs in transportation and storage. Well shaped high density bales are being made in a
closed chamber baler by the amalgamation of a rotary compactor and through-flow
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hydraulic compaction. The machinery has a low energy input and can be used in the field
as well as on the farm. In cereal straw, densities of up to 200 kg/m3 have been achieved.
In hay, bale densities were 300 kg/m3 and in silage grass 450 kg/m3. Swelling of the
briquets can be done in water, but that is of course only suitable for pulp production.

•

Slicing of straw
For the preparation of straw for pulping, a slicing technique with a low energy demand,
based on comminuting forage, is adapted for straw. An optimization experiment conducted
with existing equipment provided a design specification for a slicing device capable of
processing straw at up to 10 tonnes/hour. Despite large differences in the input length, the
slicing equipment was capable of achieving a uniform output length of 30 mm median. The
machinery has its final evaluation at the pilot pulping plant in the UK. The 50% reduction in
energy requirement for comminution and relatively low amount of dust produced make this
approach attractive to the pulping industry.

Bagasse
Bagasse is the waste product left after the sugar-cane has been crushed to extract the juice.
Normally, in the sugar-cane growing countries, the bagasse is used for fuel in the sugar factories
(Kirby, 1963). Bagasse is similar in composition to wood except that it has a much higher moisture
content (50% compared with as little as 10% in some hard woods). Most of the water is contained
in the pith (the parenchyma). The other components of bagasse are complexes of pentosans,
lignin and cellulose (Blackburn, 1984).

•

Application
Bagasse can be used for production of panel and insulation boards (wet felting process),
particle board (compression with binder) and in paper and pulp. In 1972, 925,000 tonnes
(1% of the world supply) was bagasse. Bagasse is used in the manufacture of bags and
cardboard; of corrugated, wrapping and writing paper; and of toilet tissues and towelling
(Blackburn, 1984).

Other fibrous waste products
Sugar beet pulp (Beta saccharifera) is an industrial residue from sugar producing companies and
is mainly used as biomass. Verge-grasses, broom (Cytisus spp), stinging nettle (Urtica spp),
reeds (Arundo phraginites, A. donax, Phramites spp) are under study as alternative sources of
cellulose or biomass. Agricultural waste like potato tops (Solanum tuberosum) and maize (Zea
mays) are fibrous and application can be found in energy source or maybe in paper and pulp
industry.
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RAW MATERIAL PROCESSING
To extract fibres from the plant, several processing techniques have been developed. The
traditional methods and new techniques are discussed in this paragraph.

2.2.1

Traditional processing methods
The traditional, labour intensive method for fibre extraction of long bast fibres are still in use for
flax. After pulling, the flax is subsequenly retted, scutched, and hackled to yield the fibres. Similar
technologies have been applied for hemp or are still in use in Eastern European countries
(Romania, Hungary, Czechoslowakia, Yugoslavia and the GOS).
Retting
After harvesting (traditionally pulling), the plants are then allowed to lie on the field in a swath, to
undergo microbiological attack (aerobic fungal enzymes) on the pectin bonds locking the fibres
into the stem. Dew-retting, as this method is called, is very dependent on the climate (harvest
risk). For water retting, the bundled straw is removed from the field for de-seeding and the straw is
processed to fibres while immersed in water for anaerobic bacterial degradation of pectins.
Environmental drawbacks of water retting are emission of bad smell and pollution of water.
Scutching
The aim of the scutching operation is to separate flax bast fibres from the woody core (shives)
and to clean them and open them up. This is done by beating or scutching the straw to break the
internal woody pith, and to extract the fibres with as little damage as possible (Kirby, 1963).
Scutching mills are still operating in France, Belgium and the Netherlands.
Hackling, carding and combing
The fibres are hackled (brushed) in order to remove dirt and short fibres from the long fibres. The
end products are hackled short fibres and hackled long fibres. Several by-products of the flax
(tow, scutched tow) are carded and combed, so the last dirt is removed and the fibres become
aligned.
The clean and aligned fibres are spun and woven into linen (Riensema et al., 1990).

2.2.2

New processing methods
Modern methods are developed with the following objectives in mind; (1) reduction of harvest
risks due to retting processes, (2) constant quality supply, (3) production cost reduction, and (4)
reduction of environmental pollution and (5) reduction of the number of parties involved in the
process. Use of common agricultural harvest equipment implies a non-parallel handling of the
fibres and modern extraction methods may supply a possibility to process tangled straw. The
costs of these methods should be as low as possible, while processing costs are a major part in
the final price of the fibre. The new methods do not yet yield the same high quality fibres as when
traditional methods are applied, but industries prefer uniform rather than high quality.
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Decortication of fibres on the farm
Fibres are extracted by an on-farm fibre processing machine in which the baled, dry retted straw
is loosened and aligned by a novel conveyor mechanism; the aligned stems are subjected to
initial separation of the fibrous outer sheath (cortex) from the woody core (shives) by a series of
inclined crushing rollers. These reduce the straw to fibrous ribbons, with little separation of the
bonds between the individual fibres. The material is then processed by high speed pinned rotor,
which performs both the final separation of shives from fibre and also combs out individual fibres.
The bulk fibre is then baled or passed directly to further textile processing machines, e.g. needlepunching. The decorticator produces three materials; chaff for animal feed, fibre, and shives for
particle board (MAFF patent application).
Field trials with linseed showed that the stripper harvester can be used successfully to harvest
both desiccated and undesiccated fibre. An acceptable seed yield (2 tonnes/ha) and a high straw
yield (> 2 tonnes/ha) were obtained.
The idea of the decorticating machinery is that it can be used on the farm in an off-season period.
The whole process has to fit on one truck, which can visit the farmers. Something similar is done
by Kimberly Clark in the USA; except they use 10-15 trucks. The advantages of this method are
(1) no costs for transportation of the straw to the scutcher, (2) no extra costs for the scutching
process, (3) work in off-season period, (4) machinery can be used all year round, and not only a
few weeks when the crop is harvested and (5) no heavy machinery on the land.
Fibre extraction research was started with flax, because it was already cultivated and profitable
(including subsidy). In the future, experiments will be carried out with other fibre crops.
Entangled straw process
A processing line has been developed for the decortication of dew retted, tangled straw. The
harvest process utilizes common combine harvester, which is relatively cheap. The decorticated
product is a fibre mass of shortened and short fibres and a maximum of 5% impurity (shives). The
fibre mass can be converted to a non-woven or by carding and spinning into yarns for textile used.
A loss in quality (mechanical strength) as to be taken into account. The costs of the fibre mass are
0.5 - 0.7 ECU/kg.
Steam explosion
Steam-explosion techniques have been developed for the processing of eucalyptus and poplar
wood and biomass for energy production. Steam-explosion has been elaborated for different
purposes, and can be applied for extended offtake of plant fibre products. High quality raw
materials are obtained with adjustable specifications of fibre length and degree of a-cellulose.
Upgrading of waste materials is an additional perspective.
Green flax or semi-retted straw is exposed to steam (200 °C) under pressure or are heated in lye
under pressure for a certain time, till the pressure suddenly drops. The pectin between the
elementary fibres is dissolved and hydrolysed. Inevitable clumping of the fibres is ended by the
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expansive end of the cooking process. After washing, drying and opening, the fibre are positioned
as individual fibres, like cotton fibres. The obtained fibres are very short and have a very high
spinning performance and can be processed to blended yarn with cotton, viscose and others.
The yield of the hydrolyse process is very low (Riensema et al., 1990).
The total price of steam exploded flax fibres is estimated at 2 - 4 ECU/kg, depending on the price
and quality of the used fibres. Larger scale production and process optimization could reduce the
costs of the process.
The quality of steam exploded flax for textile application is lower than retted flax, but the harvest
risk is less and a constant quality can be better guaranteed.
Enzymatic retting
Enzymatic retting is based on the same principle as warm water retting, only the process is more
controllable and accelerated by the use of specific enzymes. The retting period will take only
24 hours. The enzyme-solution can be recycled, so pollution is kept within bounds. The long fibre
yield is 16.8%, the colour is lighter and the spinning performance is higher when enzymatic retting
is applied. The investments in equipment (including waste water treatment plant) for enzymatic
retting are high compared to dew retting. Eastern Europe (Hungary and Czechoslovakia) is very
interested in this method of retting, but the foreign currency to buy enzymes is missing (Riensema
et al., 1990). The economics of the process are unfavourable, due to declining linen market.
Chemical retting

•

Desiccation
In the UK, research has been carried out on chemical retting. The stems, when mature, are
sprayed with desiccating chemicals, which kill the plant. The straw is not layed in swaths,
but retting occurs in upright position to prevent degradation. After retting the plants can be
processed similar to dew retted flax. When applied at an early stage, desiccants effectively
reduced seed moisture content but hampered seed and fibre yield (Meijer, 1988). The
method never became a success due to wet climate, difficulties with even distribution of
chemicals on the fibre plant and the useless linseed (Riensema et al., 1990). Stripping off
the seeds before chemical treatment could overcome problem of the linseed.

Extrusion
Extrusion techniques for plant fibre processing have been studied, and adaptation of the
technologies is likely to give fibre products with specific qualifications, by changing various
process parameters. Plant fibre processing by extrusion has the advantage of being an on-line
process while steam-explosion or organosolv reactions can be performed on current machines.
Extrusion technique can also be applied as compounder or a reactor for chemical derivatising of
fibres. Experiments are carried out with fibre hemp for paper and pulp application.
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Green flax extraction processes
Green flax extraction processes are chemical/mechanical extraction procedures. Green, de
seeded flax is broken in a specially designed breaker. The fibres are scutched and hackled on a
specially designed hackling-machine. A yarn is spun, bleached and finally spun twistless. The
weather dependence is reduced, but the investments in equipment are very high. The different
parts of processing are integrated in one company. This is a large advantage (50% labour
reduction), but meets a lot of resistance in the traditional fibre processing world (Riensema et al.,
1990).

so

2.3

ECONOMY AND POLITICS
Domestically grown plant fibres reduce the imports of cellulosic fibres, and increase the farm
income. It will enhance and stimulate small scale rural activities, trade and agro-industrial
developments. Domestically grown plant fibres have potential for better control of raw material
quality for EC rather than third world source material.

Financial support
(Source: Hoofdproduktschap Akkerbouwprodukten, HPA)
To secure and stimulate agricultural production, the EC provides subsidies. Grants are available
in the form of constant support per ha, support per kg product based on average yields and world
market prices, stock settlements and grants for taking land out of use. The EC price support
system pays retrospectively (April or May of the following year.)
The fibre crops, flax, hemp and cotton receive subsidies. Other fibre crops do not obtain any
support.

Fibre flax
The support per ha is a constant amount of money, available for cultivators (50%) and processors
(50%). A part of 10% is deducted for EC-promotion of flax fibres. The support in ECU per ha
(excluding promotion) amounted 388.21 (85/86), 381.72 (86/87), 371.53 (87/88), 367.80 (88/89),
387.07 (89/90), 374.36 (90/91) and 336.92 (92/93). The support is only available for certain fixed
varieties.
When the seed of the fibre flax is collected the farmer may also apply for support for linseed and
sowing seed. For linseed flax, it is not possible to be considered for fibre flax support.
The contribution for promotion is partly for EC promotion projects and partly for the CILC.

Hemp
For the marketing season 1991/1992 the support for hemp is fixed at 339.42 ECU/ha.

Cotton
The complicated EC support system for cotton will not be explained in this report.

Stock
When conjunctural surpluses exist, the EC pays the stockholder a certain amount for a certain
time. Stock support was granted for short fibres, when the stocks raised, after the top years 1983
-1985 for flax.
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Subsidy for non food production
Because of the agricultural surplus of food crops, 15% of the agricultural land has to be taken out
of production. The farmer is given a grant, but can grow certain non-food crops without losing this
grant, which is economically very attractive. Annually, the grant varies with different soils. The
support is paid by the EC and by the national government. Only 20 crops are allowed to be
cultivated on this land. The national government may reduce this number of crops. Approved
crops are, for instance, trees such as poplar and Miscanthus
The support system assumes that all growers produce only average yields and therefore they
receive the same level of subsidy; hence the gross return for growers who produce lower than
average yields has increased, with a consequential loss to those progressive growers who have
achieved higher than average yields. This system is recognized as being one which does not
provide motivation for good farming practices and it is under review (Gilbertson, 1990).

GATT
The Uruguay-round, as the momentary deliberation of the GATT (General Agreement on Tariffs
and Trade) is called, has very ambitious goals. For the first time, agriculture, services, intellectual
property, investments measures and textile are considered in international trade regulation. The
GATT deliberation wants to achieve a world market without impediments, like tariffs, non-tariff
impediments and quota, in order to increase the world trade and therefore the prosperity. The
countries which subscribed to GATT abide by three starting points; most-favored principle, the
non-discrimination and reciprocity. The most favored principle implies that an advantage, granted
to one of the GATT partners, is also in force for other GATT partners. Non-discrimination implies
that a country may not discriminate between own products or those from foreign countries.
Reciprocity implies that the country which receives the trade advantage first, has to grant that
advantage to the country, which started it. At this moment the Uruguay-round is stuck at the
liberalisation of the trade of agricultural products. The EC and the USA are not willing to open
their markets to agricultural and textile products of the developing countries, although these
countries have accepted to talk about services, intellectual property and about conditions that
governments may make on investments by foreign companies (Kerkhof, 1992).
Tariffs are imposed upon fibres, yarns and textile imported into the EC. The tariffs are related to
the grade of preparation. When the GATT deliberations succeed, and tariffs disappear, the
competition of imported fibres with domestic plant fibres will be severe.

Scepticism crop utilization
In most EC-countries, institutes and government are working on the introduction of new
agricultural crops for non-food products with the goal to add extra crops to the few cultivated at
this moment (agrification). The expectations of these new products are widely diverse; some think
it is the solution for agricultural problems. The opponents think that industry does not want to be
dependent on agricultural politics, is not interested in the agricultural problems and therefore do
not want to contribute to its solution. Industrialists only see possibilities for defined chemicals,
requiring a market oriented attitude, which is not very common in agriculture. Present agriculture
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is more like bulk chemistry; low added value, efficient production on large scale. The
Landbouwschap (a branch organisation of the Dutch farmers) has three demands on new crops;
the products should (1) be competitive on the world market, (2) fit in existing crop rotation and
(3) not substitute existing agricultural crops. This overcautious attitude leads for different reasons
to rejection of promising new crops such as new oil crops, Miscanthus and Cichory. Another
solution to the food surplus can be the use of presently cultivated crops for non food production,
like potato starch for biodegradable plastics and new application for wheat gluten (Knip, 1992).
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2.4

CROP IMPROVEMENT: BREEDING
The crops should be sufficiently well adapted to allow extensive growth throughout the country
(Marshall, 1990).

Flax
The breeding objectives are fibre yield, fibre quality, resistance to lodging, resistance to diseases,
pests and pesticides and oil content, and are except from the oil content difficult to realise due to
traits which involve polygenes, low heritabilities, low seed multiplication ratio and unreliable
assessment techniques. Since flax is an inbreeding (self-pollination) crop new genetic variation
can be induced by hybridisation followed by selection via the techniques of single seed descent
(SSD), mass selection, pedigree selection and recurrent selection. With the foregoing limitations it
follows that the opportunities must be assessed which new biotechniques create as adjuncts to
classical breeding, to improve the effectiveness and efficiency of genetic improvement. Possible
biotechniques are somaclonal variation, in vitro selection, haploid production, protoplast
production, anther and microspore culture, protoplast culture, genetic mapping and recombinant
DNA technology. Fundamental research is required to establish the role which genes play in fibre
production, the determination of fibre composition, the synchrony of growth and development, the
initiation of flowering or oil production and quality (Marshall, 1991, 1992).
The use of retardants during the growth of flax can influence the growing speed of the stem or the
seed, giving the farmer a tool to regulate the qualities of the seed and fibre. The characteristics of
leaf growth, light interception and the partitioning of the dry matter production to leaves, stems
and seed bolls are also of importance (Meijer, 1988).
There is still much to achieve in terms of standardisation of the tests which are used to assess
important traits in flax e.g. disease resistance and fibre quality (Marshall, 1992).
Generally, crop improvement for hemp, miscanthus, and kenaf is similar to flax, only the current
knowledge is less. Cotton is investigated in many countries like the USA, GOS and African
coountries (IRCT-France) but knowledge has to be translated for European conditions from large
scale cultivation to small scale cultivation.
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2.5

QUESTIONNAIRE: AGRONOMY
The questionnaire for agronomy was completed by 42 companies, institutes and universities
(Appendix 7). The respondents worked mainly with flax, some hemp, kenaf and cotton (Greece).
Research needs, drawbacks, bottlenecks etc. were identified. The quality requirements are
reported in the former paragraph 2.1.
The agronomical companies and institutes are very keen on alternative crops, which diminish the
surplus and broaden the crop rotation. Fibre crops could make the EC self sufficient for fibres,
have a positive influence on the socio-economic factors in rural areas and will provide the industry
with high quality fibres. The use of plant fibres as substitutes to synthetic fibres will have a positive
effect on the environment.
The selective criteria for the choice of fibre crops are the economic yield, the fibre properties and
the end-use requirements.
In trade, the quality of the fibres is assessed visually by fibre experts. Research is urgently
required to determine the characteristics by objective and standardized measurements. The
subjective methods should be transformed into morphological, histological, chemical, biochemical,
physical and instrumental (e.g. spectroscopic) techniques, including NMR, FTIR, PyMS, etc.
Quality assessment techniques are needed, which can be used quickly, with small samples, and
applicable in a early stage of the breeding programme.
General applied characteristics of the plant fibres are strength, fineness, colour, ease of
processing, fibre dimensions, fibre yield in relation to alternative sources, biodegradability.

Relation agriculture - industry
As industries generally are not familiar with agricultural fibre products, the demands on crop
qualities for new applications are related to currently used continuous fibres (man-made fibres,
glass fibres). Translation to the growers of fibre crops, the quality requirements of the processors
and industries are not clear. A market analysis should be carried out, determining fibre properties,
demanded quality and price for industrial application, and these characteristics should be
translated to processing technologies. Research on plant fibre applications, other than textile, is
needed to solve these problems. The funding of the needed research can be done by industry,
but then they have to be convinced of the opportunities and advantages.

Research needs
The lack of knowledge, has been indicated on crop agronomy (varieties, fertilizers, pesticides),
harvesting and postharvesting technology, quality assessments, and demands on the fibre quality
by the industrialists and application technology. The relation of the plant fibre properties to the
product requirements is unknown. Concerning fertilizer, emphasis should be on low input and
environmental protection.
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The impact of differences in raw material (caused by genotype and growth and harvesting
conditions) for the quality of end products needs further investigation. If these impacts are well
understood, it becomes possible to improve the control and manipulation of yield and quality in
order to produce custom made fibres.
The new technologies for harvesting and fibre plant processing techniques should be improved,
regarding high speed and environment. The decrease of uniformity of the fibre quality caused by
the extraction process should be minimized.

Drawbacks and bottlenecks
The major bottlenecks are in the inconsistency of quality (24%), the fibre supply (27%) and the
storage and logistics (27%).
For the farmers, drawbacks for growing fibre crops are technical risk, lack of expertise, and poor
harvesting machinery. There is need for a quality oriented cropping system (also for by-products).
There is scepticism among farmers. Statements like: "novel crops are not proven" and "crops, like
flax, have not been grown on a large scale for many years, so the tradition is lacking (no
production chain or off take guarantee)" are heard often.
Economical factors that stop farmers to cultivate new (fibre) crops are; price level of the fibres,
inconsistency of prices, competition with (cheaper) synthetic fibres, cotton and wood, to little off
takers, uncertain financial returns, and the required capital investment in machinery. The
inconsistency of price depends on crop yield and the market. The prices are very low due to the
over production (temporary lack of balance between demand and supply on the market of long
and short flax fibres).
Fibre processing companies - related problems are: high variations in the fibre quality
(disadvantage for spinners), and reluctance to change extraction methods. Furthermore, plant
fibre processing (up to spinning) is a time consuming process. In some EC-countries, there is a
lack of processing plants and the infrastructure for processing and commercialisation is not
present for fibre crops.
Economical problems for processors are high costs of production of plant fibres compared with
synthetic materials, high storage and transportation costs, unwillingness of users to change
sources of supply, end product marketing, unstability of the markets, and price of the plant fibre.
The final price of plant fibres depends on yield/ha + cost of production + cost of processing. The
production costs of plant fibres are relatively high compared to man-made fibres.
One of the major problems is the question of who is going to take the first step, industry or
agriculture.
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2.6

CONCLUSIONS AND RECOMMENDATIONS

Conclusions
Agronomy of EC indigenous fibre crops such as flax, hemp, kenaf, and miscanthus are
investigated at several European institutes.
Fibre crops, which are cultivated on commercial scale in Europe, are linseed flax (NL, B, UK, F,
DK, I) fibre flax (NL, B, F, I), hemp (F, I, ES), and cotton (I, ES).
Dicotyledons, which yield bast fibres (fibre flax, hemp, kenaf, and jute) require similar fibre
extraction methods. Research on one type, for instance flax, might be applicable to other bast
fibre yielding plants. This argument is also valid for monocotyledons.
Because of environmental restrictions, straw may not be burned in the field anymore in many ECcountries; new applications are examined as e.g. in pulp and paper applications. Preperation
technology is developed.
New harvesting equipment for flax, with higher efficiency, and reduced processing costs, are
being developed by institutes and industries, but not yet available on the market.
Modern fibre extraction methods are developed with the following objectives in mind; (1) reduction
of harvest risks due to retting processes on the field, (2) constant quality supply, (3) production
cost reduction, (4) reduction of environmental pollution and (5) reduction of the number of parties
involved in the process. New methods do not yet yield the same high quality fibres as when
traditional methods are applied, but industries often prefer uniform rather than high quality.
Further research is still needed before introduction on industrial scale. Non-traditional methods
are decortication on the farm, decortication of entangled straw, steam explosion, enzymatical
retting, chemical retting, extrusion, and green flax extraction-processes.
Farmers and processors face technical and economical problems when starting to cultivate and
process new (fibre) crops. In many areas, there is no tradition of growing flax and the know-how
has disappeared (Germany). Information and research can solve technical problems, like lack of
expertise in cultivation of fibre crops, ignorance towards new extraction methods, poor harvesting
machinery, and fibre quality inconsistency. Economical problems are price level of plant fibres,
inconsistency of prices, competition with other fibres, limited and small market, uncertain financial
returns, high required capital investments, and high storage and transportation costs. The
economical problems may be reduced when the costs of harvesting and processing become
lower due to more simple methods and shorter production-trade chains.
New crops should (1) be competitive on the world market, (2) fit in existing crop rotation and (3)
not substitute existing agricultural crops, according to an agricultural organisation. As miscanthus
is a perennial crop, and does not fit in existing crop rotation, it will be rejected by these criteria.
Crop improvement for EC indigenous fibre crops should aim at fibre yield, fibre quality, resistance
to lodging, synchronic maturing, and resistance to disease, pests and pesticides.

â
If the GATT deliberations succeed and tariffs on imported fibres are abolished, the difference in
price of EC indigenous and imported plant fibres will increase.

Recommendations
Agriculture
Further research on commercial large scale cultivation of EC indigenous fibre crops, especially
flax, hemp, miscanthus and kenaf is needed. The lack of knowledge, has been indicated in crop
agronomy (varieties, fertilizers, pesticides), the harvesting and postharvesting technology, quality
assessments, the industrial requests on the fibre quality and application technology. The relation
between plant fibre properties and the end product requirements is unknown. Concerning fertilizer
and pesticides, emphasis should be on low input and environmental protection.
Consistency of quality
The impact of differences in raw material (caused by genotype and growth and harvesting
conditions) for the quality of end products needs further investigation. If these impacts are well
understood, it becomes possible to improve the control and manipulation of yield and quality in
order to produce custom made fibres.
New harvesting and processing technologies
New technologies for harvesting and fibre plant processing techniques should be further
improved, regarding high speed and environment. The decrease of uniformity of the fibre quality
caused by the extraction process should be minimized.
Economical data on fibre crop cultivation should become available to the farmers.
Fibre demands of the industry should be translated to agricultural properties.
Fibre extraction technology
New fibre extraction technologies, like steam-explosion and extrusion techniques, which are in an
advanced stage of development, are promising tools for the production of a constant quality of
fibre raw material for textile as well as for non-textile applications. The process is less dependent
on starting raw material quality and the process parameters are adjustable to a certain extend.
The use of new fibre extraction methods should be attempted to upgrade the value of by
products.
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COMPOSITES

O X t O S I T t S

INTRODUCTION
Composite materials are man-made materials composed of more than one basic material.
Generally, matrix or binder materials are reinforced with particles or fibrous materials and often
cheap (inorganic) fillers, such as carbon, gypsum, lime or chalk, are applied. Reinforcement of
matrix materials will reduce specific weight and thermal expansion coefficient, enhance the
performance like stiffness and strength, and manipulation of the anisotropy, which opens up new
and larger application areas for the composite materials. The matrix or binder system may be
synthetic polymers, like thermoplasts, thermosetting resins or elastomers (natural or synthetic
rubbers), ceramic or mineral binders.
Composites may appear in many different forms and shapes as moulding compounds, laminates,
sandwich panels, etc., and are produced by a range of techniques. Composites combine the
advantages of two different materials. Materials are prepared with better properties than the single
basic material could ever have. Generally, composites are applied for their larger specific strength
and a larger specific stiffness than other materials and the composites are applied when the
advantages overcome the higher costs. Composites can be divided in four groups; CMC (ceramic
matrix composite), MMC (metal matrix composites), IMC (inorganic matrix composite) and PMC
(polymer matrix composite). In this study, only non metallic composites are discussed. In 3.1 and
3.2 structural composites (PMCs and IMCs) are discussed, these are materials, (1) in which
particles, whiskers (platelets) or fibre components are applied to improve the structural
characteristics of the matrix material and not as filler of functional materials, and (2) in which the
matrix is the structural material and not as binder for the fibres/particles. In 3.2 also non structural
composites, like particle boards and panels are discussed.
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3.1

COMPOSITES

POLYMER MATRIX COMPOSITES
In 3.1, PMCs and the possible application of plant fibres as reinforcement are discussed.

3.1.1

Introduction PMCs
In the introduction for PMCs, different types of resins, processing technologies and present
research are discussed.
A wide variety of different synthetic matrices, both thermoplasts and thermosetting resins - which
now generally are being reinforced with glass fibres - have potentials for development of new
materials with plant fibre reinforcement and/or fillers.

•

Thermoset resins
Thermosets are polymers with a dense network molecular structure, like polyesters,
epoxys or phenolic resins. The most frequently applied thermosetting resins are urea
formaldehyde (UF), melamine formaldehyde (MF), phenol formaldehyde (PF), diallyl
phthalate, diallyl isophthalate, epoxys (EP) and unsaturated polyesters (UP). Most resins
are relatively low priced and have a temperature resistance up to 200°C. Disadvantages
are the long production time due to time-consuming curing cycles, moisture absorbance up
to 2%, limited impact strength and chemical unstability by high temperatures. Thermosets
cannot be shaped after moulding and curing. When glass fibres are used for reinforcement
post-moulding handling of the composites is difficult. Large amounts of waste (scraps),
which cannot be reused, is produced. Cured thermosets were not recycled untill recently.
As reinforcing fibre, glass fibres find wide application together with cheap inorganic fillers
like gypsum or carbon.
Epoxy resins have good electrical properties, and as they are relatively expensive, only
products with a high added value are produced. Further, it is a catalyzed system and
therefore is hard to control. Epoxy resin may give dermatological problems for the
workers.

•

Thermoplasts
Thermoplasts generally are linear synthetic polymers like Polyvinylchloride (PVC),
polypropylene (PP), polyethylene (PE), nylons, polyacrylonitrile and many others, which
generally are cheap and widely applied in consumer goods, packaging or textiles.
Thermoplasts are less resistant to impact forces, but are easier in processing due to short
curing cycles and the seaming properties of the materials (repairs). Thermoplasts are less
hazardous to the health of workers than thermosetting resins.

•

Elastomers
Application of fibres in natural and synthetic rubber (latex) has been studied to attain
changed rheological properties or a higher stiffness or wear resistance.
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•

Properties of fibre reinforced PMCs
The mechanical properties of a composite can be improved by (1) changing the kind and
amount of reinforcement, (2) the use of more than one kind of reinforcement
(hybridisation), achieving a higher impact strength, but a lower tensile strength, and (3) the
use of a 3D-structure of the reinforcement.
The thermal properties of the composite are mainly determined by the matrix.

•

Processing technology
On the West European market in 1988, the applied fabrication process of glass reinforced
composites are injection moulding (25%), sheet moulding compounds (SMC) & bulk
moulding compounds (BMC) (22%), hand lay up (20%), compression (9%), spray up (8%),
continuous impregnation (7%), filament winding and centrifugation (4.5%), RTM & RIM
(2%), and pultrusion (1%)..
Technologies for specific use for thermoset resins are hand lay-up, compression moulding,
RTM, pultrusion, and filament winding.
Technologies, suitable for thermoplasts are glass mat reinforced thermoplast (GMT),
compression moulding, and injection moulding.
New technologies are still being developed and improved like prepreg technologies,
filament winding, and tape laying.
Generally applied processing techniques for glass fibre reinforced plastics (GRP) are
injection moulding, sheet/bulk moulding and hand-lay-up.

•

Present research
Special EC research programmes are funding research for development of new materials
and technologies, like CARMAT, ERCOM, BRITE/EURAM, Industrial and Material
Technology, SPRINT, COST, Recycling CAM and CRAFT. Aids for modelling
structure/characteristic relations and databases with design parameters are very well
developed for synthetic fibre PMCs (CADFIBER).

•

Quality assurance
Quality assurance is very important for composites. Therefore fundamental knowledge of
molecular structures and behaviour in the construction phase is essential. Faults can be
related to the ratio matrix/fibre, inclusion of air or extraneous materials, delamination or
adhesion faults between fibre and matrix.

Organisations, industries and research institutes

•

Organisations
Organisations in the field of chemistry and synthetics are abundant. The CEFIC (European
Chemical Industry Council) operates on European level. On national levels several
organisations are active.

•

Industries
The industries in the PMC-market can be divided in the raw material producing companies
(multinationals), PMC manufacturing industries and end-users (assemblers). The
companies in the PMC sector are very diverse due to different applied raw materials,
processing technologies, end products and markets. A large potential market for
lignocellulose fibre reinforced composite materials may be found in automotive industry,
where cheap and lightweight materials are desired. PMCs are often specialized and costly
products, which need a lot of research and development and are produced on a relatively
small scale. For certain applications, e.g. in aircrafts, special safety demands have to be
met, resulting in time and money consuming testing.

•

Research Centres
Research on application of cellulosic fibres in PMCs is in progress in many countries, in
and outside of Europe. Many groups in Japan, USA and Canada are investigating new
technologies for various composite materials. Within Europe, various institutions, originally
oriented on traditional linen applications like LIRA (UK), CENTEXBEL (B), ITF-Lin (F), and
IAF Reutlingen (D) now are becoming more interested in new applications. Other institutes
investigate new applications of plant fibres as a possible new crop for agriculture, for
instance, there is a large program on new application plant fibres like flax and hemp at
ATO-DLO (NL), in which TNO (NL) participates. At several universities research in this
area is undertaken, but they are less co-operating with industry; the Technical University of
Berlin (D), the Institute Kunststoff Verarbeitung (D), the Royal Veterinary and Agricultural
University (DK), the University of Bath (UK), the Technical University of Delft (NL), the
Biocomposite Centre (UK) and the University of Wales (UK) are working in this area. In
Sweden, rubber - plant fibre composites are investigated at KTH.
Research institutes are very dependent on industrial commission and financial support. In
several countries, like UK, the governmental support has declined over the past years,
while industrial regression generally is not a stimulant for new developments.

Market
The world market for PMCs in 1990 amounts to 2.5 - 3 million tonnes with a value of
approximately 6.7 million ECU. The total consumption in Europe was approximately 1 million
tonnes. The world market for IMCs in 1990 amounts to 40 - 50 million tonnes. The largest part are
pipes and profiles for the building sector. The markets for MMCs and CMCs are smaller than for

à

c o

PMC and IMC. In 1990 the total value of the end uses was 134 million ECU at the world market,
33 million ECU at the European market. Application markets are machine building, installation,
medical devices, aerospace, transportation (automotives and aircrafts) and sports and leisure.
The European market for glass fibre reinforced plastics (GRP), for both thermoplastic and
thermoset matrices, is almost 1 million tonnes per year and the demand is still rising. The main
market segments for GRP are the electronic (23%) and transportation (22%), building and
construction (17%), equipment (17%), sport and leisure (7%) and consumption goods (6%).

3.1.2

Results of the study
The information in this chapter is based on the questionnaire, interviews and literature, and may
represent personal experiences and opinions.
Identification of required fibre profile

•

Fibre crops and fibre characteristics
Quality criteria for industrial use of plant fibres as reinforcement in composite materials are
generally being compared to the now commonly used glass fibres, which can be produced
in a constant quality over a wide range of specifications. Characteristics of plant fibres are
not known to industries and cannot be specified according to standardized or normalized
test methods, which are used for continuous fibres.
Fibres for reinforcement of PMCs are judged on certain qualities, like adhesive properties,
density, fineness, absorbing capacity, fibrillation, and wear resistance. As the fibres should
improve the mechanical properties of the composite, mechanical properties as modulus or
stiffness are important. While most processing methods use heat to bind the materials
(melts, curing), the thermal stability is very important. For composites, based on woven,
the weave construction and area weight are important. The fibres should be free of dirt
(organic dust and synthetic - fibre contamination).

•

Application profile
Composites are applied for their larger specific strength and a larger specific stiffness
compared to other materials. Various applications for plant fibres can be found in the
automotive industry. In brake and clutch linings, the reinforcement fibre should increase
the mechanical solidity and the fibre should improve the processing (no dust and no
separation) and the fibres should have a tribological effect. Replacement of asbestos by
cellulosic fibres with high wear resistance is studied. In automotive interior parts, the
application of PMCs saves weight (reduction of fuel consumption), and gives good
acoustical insulation. Environmental aspects are the most important motive for
developments in the automotive sector as recycling of glass fibres reinforced composites is
a matter of concern. But conventional production techniques in the automotive and
industrial/engineering industries are strongly anchored and therefore composite processing
and especially plant fibre PMCs are difficult to introduce. In industrial/engineering sector
PMCs are applied to save weight and to improve wear- and corrosion resistance.
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Identification of fibre crops
Possible applicable plant fibres are flax, hemp, kenaf, of which the bast fibres have good
mechanical properties. Straw and woody fibres of dicotyledons can be used as filler in the
composite.
Plant fibres can be applied as intact fibres in the form of wovens or (cut) fibres of different length,
or refined fibres (TMP, extrusion pulp). Destructed fibres in the form of microfibrillar non-wovens,
or cottonized organic suspensions give new possibilities for innovative applications.
Matching of technological profiles
of required fibres to plant fibres
The plant fibres used most frequently for PMCs, are flax, cotton and jute. But also, other crops are
used (see table 3).
Plant fibres were selected because of technical/chemical properties, abundant availability
(domestically grown), compatibility with other materials, environmental aspects (as substitute for
other fibres), and performance. Technical properties are low density, noise absorbance, low
brittleness compared to glass fibres, high stiffness/weight ratio, and plant fibres improve the
strength and deformation properties in materials. A processing advantage of plant fibres is less
wear on processing equipment compared to glass fibres. The plant fibres are health and
craftsman friendly and give possibilities for organic resins combination (hydrophilic surface).
Another advantage is a lower decrease in aspect ratio during processing.
Bottlenecks for PMCs in general are high costs of material and process (long cycli time), difficult
waste management, and lack of cooperation between potential users, suppliers and customers.
For plant fibre based composites, waste management will be less difficult than for glass fibre
reinforced materials, because combustion will yield energy and no inorganic ashes.
For some applications the mechanical behaviour of the plant fibres may be a problem in relation
to fatigue, static behaviour, and creep. Other characteristics, which are often considered as
drawbacks are low resistance to chemicals, moisture sensitivity, low heat resistance, susceptibility
to microbial attack, fibre dimensions, porosity, silica and wax content and irregularities in density
and tensile strength. The moisture content and the moisture absorption are well known problems
of cellulosic fibres, causing swelling and putrefaction, so the PMC will lose its strength properties.
Wettability of plant fibres is very important in order to provide good bonding between fibre and
matrix.

Present plant fibre application
•

Cotton
About 4,000 tonnes of cotton are used in Europe for differnt types of composite where it
gives good reinforcement and impact strength. There is a fairly mature market for cotton
reinforced laminates using phenolic or epoxy resins. The sheet, rod or tube is machined to
make items such as circuit board supports, bearing surfaces, yacht pulleys. Moulding

95

COMPOSITES

compounds based on cotton fibre and thermosetting resins such as urea formaldehyde
and unsaturated polyester are used for compression moulding of impact resistant electrical
fittings.

•

Jute
Jute fibres and polyester resin have been used for the manufacture of low cost housing in
India and Bangladesh. Since jute fibres alone do not provide enough strength and tend to
absorb too much resin material, a mineral filler had to be added as well as a glass veil on
the outer surface.
In the UK, composites of (unmodified) jute with phenolic resin composites are used in
wearing and bearing applications. The compatibility of jute fibre and the wear and durability
of the jute composites are very good, but problems are binding and moisture absorption.
Performance tests were developed by the company. The characteristics of jute cloths were
optimized in co-operation with the weaver.

•

Flax
In Germany, a company produces automotive linings (brake linings, clutch linings) with
modified flax or other modified plant fibres as a substitute for asbestos. Several
modifications have been developed in order to obtain flax fibres for various kinds of
application. Some problems in processing are not solved yet, like drying of fibre after
modification, clogging and dust formation of the end products. The company developed
many different fibre quality assessment and performance tests.

•

Flax by-products
In a project for the EC (DG VI) in order to find non-textile application for flax products like
scutched tow and shives, a non-woven from scutched tow (0.2 - 0.9 ECU/kg) was
developed as the semi-manufactured product. Several applications of the non-woven were
investigated; the only structural composite application will be discussed.
Plastics, which are not collected by sort, can be reused for applications as park benches,
pallets or sound barriers. By adding a cheap filler such as scutched tow, good mechanical
strength can be achieved, as well as acoustic insulation and form stability in heat. By
combination of non-wovens, scutched tow or shives and recycled synthetics a moulding
part has been prepared by pressing or injection moulding. By pressing, a product is
obtained with little mechanical strength. When injection moulded, 50 percent weight of
shives can be used, creating a homogeneous product with a satisfying profile of
characteristics. The products are tested on tensile strength, impact strength and dimension
stability.
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Identification of required process technologies
As the character of plant fibres is different from other fibres, adaptation of processing technologies
may be needed.
Most of the techniques described in 3.1.1 may be used with plant fibres. Techniques, which still
have to be developed and are promising for plant fibre processing are fibre preform technology
(pre-preg) for optimum fibre orientation and component design. Development of a low
temperature, open mould pre-preg method, will open ways for preparation of many high
performance materials and products.
The interaction between fibre and matrix may give problems, with compounding and adhesion,
and dimensional stability. Surface treatments need to be developed to solve dispersion and
adhesion problems during processing and curing. Unpredictability during production, due to
varying quality or humidity conditions should be investigated. Insufficient data on the performance
and life time of end products requires research on durability and biodegradability. These are very
costly and partly not yet developed.
Surface treatments of fibres may decrease the moisture absorption, increase the interfacial bond,
and enhance the wettability with a matrix. Other processes may enhance durability or fire resistance.
Surface treatments may be required to get rid of wax or silica, and prepare fibres (fibre bundles)
with the right dimensions (modification). More advanced surface treatments, like plasma treatment
or electron irradiation, can be applied in order improve adhesion between fibre and matrix
elastomers, like rubber. Another possible surface treatment is carbonization.
The major chemical modifications of plant fibres can be divided into esterification (mainly
acetylation), carbamo-esterification (urethane technology) and etherification (reactions with alkyl
halides or epoxys).
Some improvements on delignification bleaching with peroxide have been made. The
characterisation is improved by spectroscopic methods.
The absence of a suitable (low cost) adhesive system/matrix makes it difficult to produce PMCs
for the commodity market.
A few present research projects will be summarized.

•

Straw
Straw-based composites are suitable as core material for structural board products. Useful
composites with polyester resin matrix can be formulated with an optimum fibre volume
fraction of about 60%. The specific flexural stiffness is about 2.5 times greater than that of
polyester resin and about half that of softwoods and GRP. The work of fracture measured
in impact is about half that of softwoods. It is envisaged that alternative methods for
processing the fibres and the use of a phenolic resin matrix will improve the composite
properties further (White and Ansell, 1983).
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•

Sisal
The surface of sisal fibres has been modified by mercerization and silane treatment to
improve adhesion characteristics and moisture resistance. Silane treatment is most
effective in reducing moisture uptake of fibres in humid environments. Pretreated sisal
fibres have been combined with epoxy resin to form composite materials. The compressive
strength of the composites is improved by pretreatment but the flexural strength and
stiffness are not affected. However, in humid environments all mechanical properties are
improved by silane treatment (Bisanda and Ansell, 1991).

•

Jute
Hybrid laminates have been fabricated from randomly oriented jute fibre mats and woven
glass fabrics with a common polyester resin matrix. Hand lay up techniques were used to
simulate practical production methods. The hybrid laminates were shown to have good
impact strength. Hybrid laminates with jute facings are not able to withstand hot humid
environments. However, significant moisture uptake by the polyester resin matrix was
measured for all laminates (Clark and Ansell, 1986).

•

Rubber composites
In order to find improved adhesion between the rubber matrix and cellulosic fibres, and to
find methods to assess the adhesion, natural rubber composites filled with several short
cellulosic fibres have been investigated. By applying different types of fibre and cure
systems, materials with a broad spectrum of properties, e.g. stress/strain behaviour, can
be manufactured. The properties can be further adjusted by varying the fibre content and
graft system (Flink, 1989).

Identification of research needs
Technical gaps in R&D, for PMCs, can be divided in several fields;
• preparation and modification of the fibre: fibre finishing, defibration, modifications.
• data on technical characteristics of the fibres: chemical composition, electrical
properties, biodégradation, moisture uptake (swelling properties), heat resistance
• data on technical characteristics of end product: mechanical properties in the matrix,
static behaviour, fatigue
• interaction (adhesion, dispersion) between fibre and matrix, hybrid matrices or blends,
resin flow and fibre orientation. Characterisation of the fibre/matrix interfaces may be
performed by quantitative analysis (Confocal fluorescence Light Microscopy / FTIR /
NIR / and other non-intrusive techniques).
• basic research into composite performance analysis in order to understand nature,
behaviour and properties of plant fibre composites. There are very few standardized
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methods for determination of the fibre characteristics, which can be applied to cellulosic
fibres. Normalisation of testing methods (SI units) is of interest.
• Other aspects which should have attention are: fibre placement, prepreg and preform
preparation method, joining, seaming and tooling.
There is insufficient knowledge to extrude rubber fibre composites.
Biodegradability should be investigated so that the life time can be tailored. By changing the
enzyme-substrate and reducing the hydrophobicity, the material becomes anti-microbial. UVresistance can be applied; knowledge can be derived from plastic research.
To achieve inflammability in organic materials, fire retardants may be added onto the cell wall or
into the matrix. When increasing the inflammability, problems can occur with waste management
and no longer burning will be possible.
One of the major problems identified in this project is the (non-destructive) determination of
performance. Especially in the field of composites, it is very difficult due to the fact that the
materials are newly developed. The performance of the product can be measured by physical
parameters like impact, tensile strength, moduli, viscosity, by environmental attack and fatigue
(biodégradation, resistance to moisture, UV, chemical and fire), by delamination, dimensional
changes, thermal stability and creep. Non destructive test methods are very important because of
the large variance in product quality. Non destructive test methods are e.g. C-scan, Polar-scan
and squirters.
Research institutes have a difficulty in displaying existing products, because not much is available
yet, and therefore the funding for further research is hard to derive.
Identification of potential market
There are many different potential markets for composites with polymer or ceramic matrices,
reinforced with plant fibres:
• Construction: open structure ceramics, refractories, electrical boards
• Machine building: wearing and bearing applications, fatigue resistant material,
aerogenerator-rotorblades, conveyor belts
• Sports and leisure: tennis rackets
• Biomedical: orthopedical aids
• Automotive: e.g. interior panels
• Aircraft: light weight interior parts
Market acceptance depends upon the plant fibre being considerably cheaper than traditional fibre
sources (glass, man-made fibres) or providing considerable improvements in product
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performance. For glass fibre replacement, the price/density and price/strength ratio are
advantageous. In developing countries, plant fibres are cheaper than currently used local
products.
Long development and complex certification procedures are an obstacle to composite introduction
in aeronautics. More technical problems are maintenance, fatigue characteristics, possibilities for
repair, and the limited life time of pre-pegs.
In the automotive market, there is much effective competition and prices are reduced every year.
The use of cellulose reinforced thermoplastic composites in automotive industry is advantageous
over presently applied PMCs in various aspects: cost, weight, and noise reduction, reduced fibre
brittleness and postmoulding treatments, diminished wear of machinery and equipment, operator
safe and better waste management.
Development of cellulose filled thermoplastic composites is relevant for other industrial sectors like
elctronics (parts of refrigerators, television sets, computers etc.) consumer goods and furniture.

•

Non structural composites
Composites, without a synthetic matrix, can have potential too. Moulded fibre composites
made from wheat straw have been produced on a laboratory scale, with almost the same
quality as composites made from commercial wood fibre mats. A problem is the extraction
of fibres in order to yield fibres with good properties.

•

Price/performance ratio
Price/performance ratio for composites, depends totally on the application. Plant fibres
exist in many qualities and prices, and whether plant fibres are competitive, is determined
by the type of application, especially when alternative fibres have almost similar prices, like
for instance wood and cheap man-made fibres. The price of the fibres is also dictated by
the relativelly small scales of production.

•

Marketing
Marketing is very important, while the prejudice, concerning appearance and strength of
biomaterials, is very strong (see 'Bottlenecks' page 36).

Environment
Raising environmental problems with waste of synthetic materials leads to changing policies
towards PMCs. Recycling is problematical, especially for thermoset resins, and there are no
possibilities for regain of energy when glass fibres are used. After burning, approximately 70%
ashes remain because of the use of inorganic reinforcement and filler materials.
Governmental pressure from Germany and the United States has led to restraint of the
automotive industry concerning PMCs related to waste management. The use of PMCs reinforced
with plant fibres offers some advantages in this aspects.

lOO

Recycling
Producers of synthetic materials are very keen on development of recyclable PMCs.
Recycling of PMCs might be possible for thermoplast composite materials. Recycling of
thermoset PMCs is provisionally only possible by chipping and as re-use as filler in lower
quality composites. Principally, a large amount of these materials could be recycled, but
there are serious doubts about the quality of the recycled material. Lignocellulose fibres
could enhance the performance of recycled synthetic (thermoplastic) materials based on
mixed waste streams as reinforcement or compatibilizing system.
Alternative methods for recycling of polymers are under research, for instance, chemical
conversion, pyrolytic conversion or energy regain. The recycling of PMCs is not seen as a
problem by most of the companies. This is caused by the fact that the volumes are relative
small (sport- and leisure articles) and the life time of the composites (aircraft).

Plant fibres
The use of plant fibres as reinforcement and/or filler may be another solution to this waste
management problem.
The use of lightweight PMCs in transport (car and aircraft) results in reduction of the fuel
consumption, which can be considered as an environmental advantage.

3.1.3

Conclusions and recommendations
Conclusions
The plant fibres used most frequently for PMCs, are flax, cotton and jute.
The performance advantages of plant fibres in PMCs are technical/chemical properties, low
density, high stiffness and strength, and noise absorbance.
Specific quality criteria for PMCs are adhesive properties, reinforcing potential (strength),
stiffness, wear resistance, brittleness, moisture related properties, heat stability, purity, and
resistance to chemicals.
Economical advantages for the use of plant fibres in PMCs are price compared to other fibres with
respect to strength and quality, and low price/density ratio.
Processing advantages are mainly the less wear on the processing equipment and less fibre
fracture in melts (compared to glass fibres), the compatibility with specific matrices, the post
moulding workability and the lower (or absence of) health risks for the craftsman. Unpredictability
of the process, long production cycles, insufficient data on life time of the end-product and
processing costs are problems concerning thermoset PMC-processing in general.
Waste management of glass fibre reinforced PMCs is difficult; burning leaves much ash and
recycling is only possible for thermoplast composite materials. Present research on recycling and
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alternatives like chemical conversion, pyrolytic conversion or energy regain, may broaden the
possibilities. The advantages of plant fibres in composite applications are substitution of manmade and glass fibres, and advantageous waste management (combustibility and energetic value
of composites).
Gaps in research are related to fibre characteristics, fibre preparation and modification, interaction
between fibre and other materials (matrix, binders, other fibres), resin flow and fibre orientation,
and standardized and normalized performance determination.
Pretreatments (removal of fat, wax, and modification of the surface layer), and technologies are
not yet fully developed.
Disadvantages of certain plant fibres in some applications, are mechanical, (fatigue, creep, and
static behaviour), chemical, (low resistance to chemicals, sensitivity to moisture, susceptibility to
microbial attack and low heat resistance) and morphological, (fibre dimensions, porosity, wax and
silica content).
There is a need for low cost resins with positive environmental properties. This will open the
commodity market earlier.
A market potential for plant fibre reinforced composites is present in construction, machine
building, sports and leisure, biomedical aids, automotive parts, and aircraft.
Recommendations
Research should be employed on problems in PMC-processing like pretreatments (removal of
chemicals and modification) and processing techniques.
Research on the modifications of the plant fibres is required to provide the industry with fibres with
miscellaneous characteristics, so that different demands of composite applications can be met.
Modification of the fibres in relation to moisture sensitivity, chemical resistance, adhesion to
matrix, biodégradation, temperature resistance and flammability needs to be carried out.
As waste management of the plant fibre composite is expected to be advantageous, it would be of
great use to support this argument with scientifical data. An eco-balance of different PMCs should
be set up.
The interaction between fibre and matrix is not yet fully understood. Investigation with advanced
methods, like quantitative analysis, such as Confocal fluorescence Light Microscopy, FTIR, NIR,
and other non-intrusive techniques, should provide more knowledge.
Processing technologies, developed for synthetic and glass fibre PMCs, can be applied without
adaptation for plant fibres, but research should be carried out on the behaviour of the plant fibre
during processing. Standardized performance assessment methods should be developed for plant
fibre PMCs.
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3.2

BUILDING AND CONSTRUCTION MATERIALS

3.2.1

Introduction
In this chapter, building and construction materials, like inorganic matrix composites (IMCs) and
fibre boards and panels are discussed. Several discussed aspects are, generally, relevant for
building and construction materials, or when indicated, only relevant to IMCs or boards and
panels.
Asbestos reinforcement of cement building materials has been widely applied for a long time, but
health regulation is now restricting its use. Research effort has been carried out in the field of
fibre-cement materials based on non-asbestos fibres. Several new fibre-cement and fibre
concrete building products have been developed in recent years, based on synthetic or organic
fibres (cellulose, polypropylene, polyvinylalcohol, polyacrylonitrile, etc) or mineral fibres (glass,
carbon, steel, etc). The fibre-cement industry has already produced significant quantities of
several of these materials in different parts of the world, following extensive research and
development work. Cellulosic fibres have received particular attention as they are largely available
at a reasonable cost, are renewable and present significant strength properties. In particular the
use of wood pulp has been studied, because of its relative stability in autoclaving conditions
(Lhoneux, 1992).
Panels, fibre and particle boards are often composed of waste materials of wood processing or
similar products, like shives from flax straw. The binding resins are thermoset resins; phenol
formaldehyde (PF), urea formaldehyde (UF), melamine formaldehyde (MF) or resorcinol
formaldehyde (NRLO, 1990).
Organisations, industries and research institutes

•

Organisations
Organisations are largely represented in the world of building materials. There are many
national organisations for concrete and cement, for boards, etc. One major international
organisation is RILEM.

RILEM
RILEM is an international scientific and technical organisation constituted as a non
governmental, non-profit association. Its membership comprises scientists and engineers
serving the interests of the international building community on a voluntary basis. The
purpose of RILEM is to promote international co-operation in research and development of
standardized test methods for construction materials, and application of research to
practice at all stages in the construction process. This purpose is accomplished by, among
others, research and development on building materials, test methods and performance of
structures, organisation of symposia and publication of scientific papers. RILEM is strongly
focussed on the developing countries, where local products such as bamboo, coir and sisal
are applied, and low quality, hand made products with low strength are processed.
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•

Ecological organisations
In most of the EC-countries, there are organisations of architects, which promote
ecological construction of homes and offices. In the Netherlands there are VIBA and NIBE,
they give advice to other architects about environmentally safe construction and about
health aspects. Similar organisations are present in Germany, Belgium, Italy, United
Kingdom, CSFR, Norway, Finland, Hungary, Switzerland and Austria.

•

Industries
In the building sector there are three parties involved; commissioner, contractor and
supplier of materials. The commissioner determines, together with the architects, the
specifications of the new building, including materials. The commissioner may be the
government, house-building organisations, or individuals. Innovation in the building market
probably has to be triggered by the commissioner and architects. The contractor works
according to specifications of the commissioner and obtains materials from the supplier.
Contractors are mostly SMEs (98% SMEs in the Netherlands (Vink, 1992)). SMEs in a
market as sensitive to the economic climate as is the building, are more concentrated on
continuity, than on innovation. The profile of the supplier varies from SMEs for specific
materials to multinationals, like Eternit.
The choice of materials is dictated by the traditional methods of building, which differ
largely in each EC-member state.

•

Research institutes
Research institutes in the area of building and construction materials are TNO - Building
and construction research (NL), Intron (NL), Fraunhofer institute (D), CEBTP - Centre
expérimental de recherches et d'études du bâtiment et des travaux publics (F), Centre de
Recherches de Pont-a-Mousson (F), Aristotelian University of Thessaloniki - Laboratory of
forest products technology (GR), Politecnico di Torino - Laboratorium for material testing (I)
(low cost house building).

Spin off for developing countries
Development of building and construction materials, based on plant fibres, in the developed
countries, may have a positive spin off for the developing countries. In the developing countries,
there is a large need for cheap, widely available and renewable building materials. Plant
materials, like bamboo, sisal and reed, can be an answer to this problem. They can be used as
construction material right away or in composites, for example in concrete or cement. Much
research is done in this area, especially in the developing countries. Composites of reed with
cement and bamboo with concrete are produced and tested by many research groups. With the
use of bamboo as reinforcement, a shrinkage-bond problem arises (Samarai et al., 1986).
Application of plant fibres in developing countries for building material is only possible when the
infrastructure in these countries is sufficient.
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Market

•

IMCs
Despite environmental problems, asbestos fibres are still the most applied reinforcement
fibre in IMCs. Internationally, 70% of the reinforced cement is reinforced with asbestos in
1989. While in the EC even 85% of the reinforced cement still contained asbestos.
Fibre-reinforced cement and concrete is, at present, reinforced with asbestos, synthetic
fibres and/or (kraft) wood pulps. In Denmark, flax reinforced cement is produced (12,000
tonnes of dry flax annually). The amount of reinforcing material in cement may be up to

20%.
•

Boards and panels
By-products from fibre processing for high value purposes can be applied in various fibreor particle boards, which are suitable for various indoor building and construction
applications. But wood chip boards are very cheap, and there are many competitors,
therefore it is a difficult market.
Thermal and acoustic insulation materials based on plant fibres are potentially applicable
in house building, as well as dust filters, air filters and moisture regulation systems. Mineral
fibres, like glass fibres and rock wool, and synthetic materials are widely applied.
Medium density fibre board (MDF) is most frequently made from wood. The production of
MDF in Europe (1990) is about 620,000 tonnes and capacity is being increased to about
3.4 million m3 by 1992. The usage of flax residue fibre in MDF is about 2.5% (i.e. 15,500
tonnes). It is estimated that 45,000 tonnes of flax shives is used for various end uses, and
the demand is beginning to outstrip supply (NRLO, 1990).
The application of environmentally friendly products in buildings is still limited. Although
some environmentally friendly products are cheaper, the costs of labour (extra time
because of new material) are higher than the presently used materials. The government
(giving a lead) can stimulate the use of environmentally friendly products by subsidizing
projects, giving information and providing regulation. Recycling of building materials is not
yet an important issue, but may become more relevant in the near future.
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3.2.2

Results of the study
The information is based on the questionnaire, interviews and literature, and may represent
personal experiences and opinions.
Identification of required fibre profile

•

Fibre profile
Quality criteria for IMCs
Reinforcement fibres should improve the resistance of the composite. The mechanical
properties are tested with a bending test and a zero span test (> 120 Nm/g).
Reinforcement fibres should be inert in alkaline solution, pure and have a low water
retention. High alkaline conditions during processing will give rise to fibre degradation
when no preventive measures are taken. Purity means without cement retarding
components, like high content of soluble carbohydrates. Another important role for the
fibres in the (Hatschek) production process of IMCs is formation of a web, which will retain
the cement particles. The fineness of the fibres should be 20-30 °SR for reinforcement and
70-90 °SR for processing of IMCs (webformation). Dimensional instability of the fibres at
different moisture contents may cause problems.

Quality criteria for boards and panels
Acoustical and thermal insulation properties, adhesion with binder and release of
formaldehyde may be important for boards and panels. Dimensional stability under various
conditions (moisture and temperature), strength and weight determine the applicability of
the materials, as well as durability and flammability.

•

Application profile
A distinction can be made between indoor and outdoor, structural and non-structural
application of building and construction materials. Panels and boards will only be used in
the interior of buildings and are mostly non structural. Important properties are
dimensionally stability, water resistance, microbial resistance, acoustical absorption and
non flammability. IMCs may be used indoor as well as outdoor for structural application.
Important properties are mainly mechanical properties and weight.
Fibre reinforcement of IMCs improves performance, concerning flexural strength, impact
toughness and crack-resistance, which may be advantageous in moulded parts.

•

Fibre reinforced concrete
The use of fibres (at this moment steel wires) means an enhancement of the
characteristics of concrete. Reinforcement improves toughness, impact strength, and
prolongs the life time under dynamic load and furthermore, the reinforcement increases the
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effects of shrinkage. When constructive cracks occur, the remaining strength will be higher
when the concrete is fibre reinforced.
Man-made fibres, are not able to change the mechanical characteristics as steel fibres do,
but can be very effective in the plastic phase and may avoid rupture caused by plastic
shrinkage. The large number of man-made fibres per volume unit causes that the
inevitable ruptures are very small and homogeneously distributed. At this moment steel
fibres are supplied in quantities of 20-40 kg/m3 concrete. Man-made fibres are applied in
quantities of 1 kg/m3. The workability in construction increases when fibre reinforced
concrete is used, namely better control on dosage and more constant homogeneity.
Identification of fibre crops
Bast fibres from flax, hemp, abaca, jute, kenaf can give strength to IMCs. Cotton and flax are
rather resistant to alkali. Straw and woody particles from, for instance, flax can be used in particle
boards. Bast fibres can be applied in sandwich panels.
For IMCs, cellulosic fibres are obtained from a large variety of plant materials (wood, annual
plants), using different production techniques (chemical, mechanical, thermomechanical,
chemo(thermo)mechanical pulping). The resulting fibre pulps have a wide spectrum of chemical,
physical and mechanical properties. For fibre-cement applications, the use of different fibres has
been described: softwood and hardwood chemical (Kraft) pulps, softwood mechanical,
thermomechanical (TMP) and chemothermomechanical (CTMP) pulps, wastepaper, abaca, cotton
and New Zealand flax. Most of these fibres are produced by paper pulp manufacturers. Although
these fibres are well characterized for paper application, little is known about the relations existing
between the properties of the fibres and those of the fibre-cement composites (Lhoneux, 1992).
Matching of technological profiles
of required fibres to plant fibres
The fibre crops most frequently studied or used in building and construction materials are flax,
sisal, jute, and cotton. Also other fibres are used, see Table 3 on page 31.

IMCs
Reasons for selection of plant fibres as reinforcement in inorganic matrices are low
density, reinforcing effect (enhanced fracture toughness), fibre strength (greater than
wood), acoustic absorption, good workability during processing (health, craftsman friendly),
ductility, resistance under tension, hydrophilic properties, and permissible stress.
For developing countries, the required low level of industrialization for the application of
plant fibres in building materials is advantageous.
Drawbacks of plant fibres in IMCs are sensitivity to moisture, mechanical behaviour
(creep), heat resistance and decay of the cellulosic fibres due to chemical degradation. For
IMCs application, plant fibres need a pretreatment; the water or lye soluble fraction has to
be washed out for better curing and wood particles have to be removed, otherwise
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irregularities exist on the product surface. During processing, agglomeration of the fibres
(fibre length = 6 mm) is problematic.
The price for plant fibres can be higher than the price for kraft wood pulp (0.3 0.4 ECU/kg), because a smaller quantity of long fibres like flax, required in IMCs, is
needed to achieve the same reinforcement. Modifications of the plant fibres will cost
money and reduce the competitiveness of non wood plant fibres towards other cellulosic
fibres or man-made fibres.
Asbestos reinforced IMCs are often used in equipment which reaches high temperatures,
for instance ovens. To apply plant fibres, the thermal resistance has to be increased by
modification.

•

Concrete
First experiments with plant fibres as reinforcement in concrete, showed an increase
bending, impact and tensile strength, similar to synthetic fibre reinforcement. Plant fibre
reinforced concrete did resist heavy vibrations better than synthetic fibre reinforced
concrete. This might be of interest, in areas with earthquakes (Riensema et al., 1990).
Various analytical models to predict the tensile response of fibre reinforced concrete have
been developed (Samarai et al., 1986).

•

Boards and panels
Advantages of plant fibres are thermal and acoustical insulation. Disadvantages are
sensitivity to moisture, flammability, and susceptibility to microbial attack. The determinant
factor will be the price, as there are many raw materials possible for board and panel
production.

Identification of required process technologies
The processing technologies for IMCs and boards and panels will be discussed separately.

•

Processing technologies: inorganic matrices
Different plant fibre products can be processed with mineral binders. The currently used
methods for composite manufacturing are the Hatscheck procedure, extrusion and
autoclaving. Different plant fibre products may be applied from refined pulp to non-woven
structures.
The curing of fibre-cement composites by autoclaving is based on the reaction between
cement and a finely ground silica under hydrothermal conditions (150°C - 190°C). The
reaction proceeds through successive steps. In the first phases, lime-rich silicates are
formed which subsequently react with residual silica. The curing thus occurs under alkaline
conditions, at least in the first phases of the reaction, due to the presence of lime. Under
such conditions, cellulose can be degraded by several mechanisms. The degradation may
affect the curing time and strength of the composites (Lhoneux, 1991).
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The bottlenecks in processing techniques for plant fibre reinforced inorganic matrices are
the adhesion of fibre and matrix, the refining step before utilization, and the lack of proven
manufacturing techniques for structural applications.
The mechanical properties of the composites are observed to be dependent on fibre
properties such as tensile strength and degree of polymerization of cellulose. As the fibres
are partially degraded by the severe curing conditions, the stability of the fibre during
autoclaving is of great importance. On the other hand, some fibres which present a high
solubility in alkaline solutions influence the structure of the surrounding matrix. Fibre
orientation and dispersion into the matrix should be investigated (Lhoneux, 1992).
When cellulosic fibres are used in IMCs, swelling of the fibres occurs during production.
When cured the cellulosic fibres shrink again due to dehydration of the cement, the
adhesion to the matrix will be reduced.
Water uptake of the cellulosic fibres in a cured product does not need to be a problem,
because the amount of fibres is at most 20%. The product is often coated and the cement
is also hydrophilic and retains water. For indoor application plasterboards and gypsum
panels, which have a good compatibility with cellulosic fibres, may be developed with
enhanced performance. Mortars and plasters reinforced with cellulosic fibres have
potential for development in the building industry and do-it-yourself use.

Performance
The end part structural performance is not fully assured and the long term behaviour not
fully investigated.

•

Processing technologies: boards and panels
Generally, the production process for boards and panels has been developed on industrial
scales. Some producers need development of new binder systems, for environmental
reasons. Some applications are discussed.
Straw board is produced from dry, not chopped straw, which is compressed without glue.
Insecticide is added against vermin. On the surface, a glass fibre frame is added for
strength, and paper for visual appearance and to hold plaster. The quality of the straw is
determined by the moisture content (< 18%), length of the straw chips (> 100 mm),
cleanness; no grass, hay or dirt, and no degradation. The boards are used only for the
interior, because they are not resistant to humidity; they will swell and lose their strength.
Straw boards are used for archery targets, but this is, of course, a small market.
Light-weight sandwich panels for temporary use in exhibitions, have been developed
based on two layers of non-woven jute or flax fibre felts which are laminated together with
paper honey comb in between, using PUR adhesives.
Particle boards from flax-shives are being produced with the UF binding system.
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Identification of research needs
For application of plant fibres in building and construction materials, research needs concern
biodégradation, moisture uptake (swelling properties), and heat and fire resistance. There is little
knowledge on construction material application, composite performance analysis and composite
mixing. For IMCs, alkaline resistance of cellulose and for boards and panels, environmentally
acceptable binders may be a topic of research.
Product development in the building sector needs to take into account the building regulations,
which are being developed by the EC.
Identification of potential market
Building materials:
• Materials for indoors (non structural): boards, partition panels, sandwich panels and
laminated sheets for thermal and acoustic insulation
• Material for outdoors (structural or not structural): plaster boards, tiles and slabs;
e.g. roofing slabs and slates, (partition) walls, cladding, fibre reinforced concrete or
other kinds of concrete like low density concrete (< 2000 kg/m3) and foam concrete
(400-1700 kg/rri3), mortars and plaster
• Ceramics: new ceramic materials with insulating or construction properties, based on
new mineral binders.
Plant fibres are already used in boards and panels, and could be expanded by accessibility to
cheaper materials, but there is competition with wood, especially fast growing wood.
In insulation and construction plates, there is a strong competition between synthetic and natural
fibres as far as price and technical processing are concerned (GFM, 1988). For IMCs there is no
competition between synthetic fibres and cellulosic fibres, while the properties are different, so the
application areas are different. When looking at cellulosic fibres, plant fibres (e.g. flax) are used
for high value products in which fibres with high tensile strength and a good L/D ratio (specific
area) are required.
The improvement of process control techniques during the fabrication of non-reinforced concrete
will lead to tremendous improvement of the materials' characteristics; this development would
threaten the introduction of cellulose reinforcement of IMCs.

•

Price/performance
Obstacles for introduction of IMCs are the discrepancy between costs and performance of
fibre and matrix materials, however the price/performance for plant fibres is better than for
synthetic fibres. The difference in price of plant fibres with wood fibres is not justified by
performance. Only for shaped IMCs (corrugated sheets, forms, pipes, etc.) the use of
longer fibres will have an advantage.
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3.2.3

Conclusions and recommendations
Conclusions
Opportunities for applications for plant fibre products in building and construction materials are
obvious. Many applications may be realized in non structural materials for indoors, such as
boards, partition panels, sandwich panels and laminated sheets for thermal and acoustic
insulation. In materials for outdoors (structural or not structural), products could be developed
such as cement and plaster boards, fibre reinforced concrete of other kinds like low-density
concrete and foam concrete, mortars and plaster, and ceramics with insulating or construction
properties.
The fibre crops most frequently applied in building and construction materials are flax, sisal, jute,
and cotton. In IMCs (e.g. cement, concrete and plasters), cellulosic fibres are used in the form of
pulps of wood or plant fibres.

•

IMCs
Important arguments for application of plant fibres in IMCs are asbestos substitution
(reduced health hazard), saving of weight (easy handling), waste management,
improvement of mechanical properties (impact-, flexural-, bending-, tensile strength) and
compatibility with hydrophilic matrices.
Specific quality criteria for IMCs are strength, purity concerning cement retarding
components, alkaline resistance, water retention and fineness. Problems with plant fibre
characteristics in building materials may arise from moisture sensitivity (swelling
properties), thermal resistance, mechanical behaviour (low modulus, creep), adhesion to
matrix and susceptibility to microbial attack. Processing difficulties are removal of soluble
components and wood particles, agglomeration of the fibre, and require refining before
utilization of plant fibres.

•

Boards and panels
An important argument for application of plant fibres in boards and panels is the
valorization of by-products of fibre processing (e.g. flax shives).
Criteria for boards and panels are acoustical and thermal insulation properties,
formaldehyde release and adhesion between binder and fibre or particle. Applying plant
fibres in boards and panels, may give difficulties with moisture sensitivity, thermal
resistance and susceptibility to microbial attack.
The development of building and construction material based on plant fibres, produced
with uncomplicated processing techniques may have a positive spin-off for developing
countries.
The choice of the materials is made by the commissioner or architect.
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Introduction of environmentally safe materials in the building sector have to be stimulated
or regulated by the government.
The price/performance ratio of plant fibres is superior to synthetic material. Wood pulps are
superior to plant fibres.
Recommendations
For IMCs research is needed on application of plant fibres in processing technologies like
autoclaving, extrusion and the Hatscheck procedure.
Environmentally safe, low cost modification of plant fibres should be developed in order to create
alkali resistant plant fibres without cement retarding components, with little water absorption and
no agglomeration.
For boards and panels, development of new (environmentally safe) binders are needed.
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4.1

INTRODUCTION
In civil engineering large quantities of geotextiles, mainly based on synthetic materials, are used
in road constructions and hydraulic engineering in erosion control systems, talus, drains,
foundations and soil separations. Properly selected and installed, geotextiles can often offer
substantial savings in construction costs; simplify and shorten construction times, and offer
feasibility for design flexibility (Tan, 1986). In cases where geotextiles are not permanently
required (drains) or as temporary support for rooting plants on civil constructions, like talus, plant
fibre geotextiles can be applied. Plant fibre geotextiles provide stabilization between the finishing
of the construction work and the growth of vegetation.

4.1.1

Organisations, industries and research institutes
Organisations
The international organisation of geotextile producing companies is the IGS (International
Geotextile Society), mainly focussed on synthetic materials. There is no European organisation,
but the branch is organised in many countries on a national level: AFPG (Association Française
du Producteurs de Geotextiles), Paris; CFGG (Confederation Française de Geotextiles et
Geomembranes); SGV (Schweitserische Geotextielen Verband), and NGO (Nederlandse
Geotextiel Organisatie).
Industries
In civil engineering, decisions are made in a similar way as in the building and construction sector.
Commission for civil works generally are from (local) governments. The choice of used materials
is made by the building contractors, architects or may be prescribed by the commissioner. Mostly,
the commissioner only prescibes certain demands (e.g. durability), but constructors are not eager
to experiment with new materials, as they have to take the (financial) risk. Most of the geotextiles
being developed and produced by various companies (SMEs up to multi-nationals) within the
European countries are based on petrochemicals. Just a few SMEs are producing plant fibre
geotextiles.
Research institutes
Scientific research on geotextiles is carried out for example by Rijkswaterstaat (NL), Technical
University Delft (Civil Engineering NL) and the Bundesanstalt für Wasserbau (D). Some other
institutes, like Silsoe and ATO-DLO, are interested in geotextiles as a new application for plant
fibres.

4.1.2

Markets
Present geotextiles are mainly made from synthetics like PAG, PAG 6, PETP, PP, LDPE, HDPE,
PVC, CPE, or bitumen with PE. The synthetic textiles have been developed with many different
properties, and generally, are resistant to mechanical loading and biological attack.
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Geotextiles are produced in large quantities for use in civil engineering. Only in Europe (EC and
EFTA countries) a total of about 300 million m2 of geotextiles is being applied in various
constructions annually [=an area bigger than the size of The Netherlands]. These products are
used frequently in the Scandinavian countries, France, Germany and the UK. This market shows
a growing rate of 5% per year. Advantages of these materials are price / performance ratios
[0.20-0.25 ECU / m2], constant quality supplies, and durability.
For many geotextile applications, the quality demands imply an overperformance. A durability of
200 years is in most cases not necessary and high mechanical strength may only be needed
during construction.
Geotextiles are being applied in soil stabilization (110 million m2), drainage (60 million m2),
erosion control (30 milion m2). Growing markets are especially asphalt films and geomembranes.
Large quantities of geotextiles are also applied in agricultural production and building and
construction. An estimation for the market size of non-wovens and wovens for horticulture
amounts 100.000 - 300.000 m2/year for the Netherlands (Koster, 1991).
The contribution of natural fibres in geotextiles is only marginal. Some production of geotextiles
based on straw and/or imported cheap fibres like sisal, coir and jute, is taking place. The
application of reeds and cane is declining because of changing technologies.
Governmental restrictions on the use of synthetic geotextiles could open new perspectives.
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RESULTS OF THE STUDY
The information in 4.2 is based on the questionnaire, interviews and literature, and may represent
personal experiences and opinions.

.1

Identification of the required fibre profile
Fibre profile
For geotextiles, it is of major interest how fibre characteristics develop under certain conditions in
time, as geotextiles should be strong and durable for a certain time. The most relevant
characteristic is strength (E-modulus, tensile strength, breaking length, wear resistance), which
will be reduced by (an)aerobic microbial decay or physical, thermal and chemical processes due
to water, erosion, wave action or UV-light. Time before degradation must be approximately 1-3
years for temporary filters and shock breakers and 1 year for talus.
Synthetic materials degrade with difficulty and the durability is within 20 - 200 years, dependent
on type of synthetic material and UV-light. Plant fibres show a different performance.
Application profile
The main functions of (plant fibre) geotextiles in construction projects are:
• soil stabilization
• drainage
• soil erosion control
• providence of circumstances that stimulate vegetation growth
The key mechanical properties of geotextiles for soil stabilization are their overall strength, strain,
modulus, and toughness under different conditions (moisture, pressure, bursting, wear and
crimp). Hydraulic properties, like permeability and size of pores, are important for water flow and
percolation for vegetation growth. For drainage and soil erosion control, desired sheet properties
are effective at restraining the soil to be protected, yet with adequate porosity for unreduced water
passage, and adequate strength for normal installation and stresses during use. Other issues are
chemical properties (chemical resistance) and biological properties (interaction with flora and
fauna). The durability of the geotextile will be determined by the development of mentioned
properties in time (Tan, Durso, NGO).
For the semi-manufactured products (yarns, non-wovens), important characteristics are
geometrical properties like thickness, fineness, and twist.
Important specifications for biodegradable 3-D structure geotextiles are stiffness, (tensile)
strength, elasticity, coarseness, hydraulic properties and shear resistance.
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For filter mats and cloths strength, strain under maximum load, water percolation, and soil
separation capacity (pore size) are important.

4.2.2

Identification of fibre crops
Several fibre crops may be used in geotextiles. Flax, hemp, straw, and kenaf may be used for
woven or non-woven geotextiles, miscanthus and reeds may be used for mats. Exotic fibres, like
jute, coir, sisal, etc may also be used.
Important arguments for application of plant fibres in geotextiles are:
• biodegradable and environmental safe products
• biocompatibility
• no unaesthetic by products
• no removal costs
Durability will be a limitation for several applications in civil engineering although cellulose under
certain conditions show a remarkable resistance to degradation. Durability of cellulosic fibres
under anaerobic (wet) conditions or aerobic dry conditions may be centuries. Changing of wet
aerobic and anaerobic conditions will favour degradation.

4.2.3

Matching of technological profiles of required fibres to plant fibres
Presently available geotextiles, based on plant fibres, are made with straw, coir, miscanthus and
jute.
Plant fibre geotextile application prevents moisture evaporation from the soil, so the need for
herbicides, elimination of follow-up maintenance, i.e., mowing and weed removal is eliminated.
Different types of geotextiles and the possible application of plant fibres will be discussed in the
following.
Blankets - woven and non-woven
Blankets, composed from plant fibres, protect fertilizer, seed and soil from falling rain. The blanket
reduces the velocity of runoff water. A three dimensional blanket matrix provides a pad for surface
movement of runoff with minimum disturbance. It moderates soil temperature, conserves moisture
in the soil to nurture vegetative cover. It stimulates rapid root development, soil aeration and flora
development. It keeps fertilizer and soil enhancements in place and available for rapid plant
growth, promotes development of sod and contributes to good soil health through decomposing
mulch. When the mat begins to degrade, it becomes humus for the new growing plant. Besides
water erosion, the blankets also protect the soil from wind erosion.
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When blankets are used, planting the shrubs in blankets is time consuming while the blanket has
to be cut. Coir blankets, stitched with jute nets and natural yarns, and underneath a 1 cm thick
layer of recycled paper are investigated. The paper represses growth of grasses and weeds. The
soil under the blankets seemed to be very loose, well aerated, and with much macro fauna
(worms). The coir rots in 3 or 5 years, depending on soil-activity and pretreatments and strength
of the mats. Blankets are more expensive than for instance, wood chips, but it saves the
replacement of dead shrubs, and maintenance, like mowing
Mulching
Besides the use of woven or non-wovens, there is another application of geotextile, called
'mulching'. Mulch is a mixture of organic material e.g. wet straw, leaves, etc. spread to protect
roots of newly planted trees, etc. Mulch materials should fulfil the following; repression of weeds,
prevention of erosion, and the retention of the soil humidity. When straw or woodchips are used,
problems occur with an uneven distribution of the material.
Individual fibres as reinforcement
Another application of plant fibres as improvement for the soil structure, is the use of individual
fibres mixed in the soil. This improves the shear of the soil, which makes the soil more or less
elastic, but may not decrease its percolation properties. The increment of the shear strength is
dependent on the length and amount of fibres in the soil. When the fibres are shorter, more fibres
are needed to reach the same level of stabilisation. The proportion of the fibres in the soil varies
from 0.2% up to a few percent. At present steel and nylon fibres, are used but they are not
environmentally friendly. Chips of plastics, steel or textiles can also be used. The fibres keep the
soil together by cohesion, when the soil is moved, for instance, by water movement (Schulz and
Pietsch, 1990; Schulz, 1991).
Mats
A Dutch company produces a mat of miscanthus stalks. The width of the mat is 2.5 m and the
length is variable, limited by handling characteristics. The stalks are bound with a man-made yarn.
Miscanthus mats are tougher than reed mats. In anaerobic conditions, as fascine mattress, the
mat has a considerable life span. Miscanthus mats are estimated at 2.2 ECU/m^. For similar
purposes, mats and mattresses from jute and straw are produced. A constant quality and the
durability are matters of concern.

4.2.4

Present Research
The Bundesanstalt für Wasserbau carried out research on modelling of the reinforcement of
geotextiles. The model is shown to verify experimental data satisfactorily (Schulz, 1991).
Erosion control products were tested in the semi-arid environment of Parker, Colorado, to
evaluate what product parameters have the greatest impact on assisting with dry land grass
production. In addition to biomass production, soil temperature and soil moisture were measured.
It was found that erosion control blankets increased biomass production. In addition, all blankets
had an impact on soil temperature and moisture.
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In Germany, blankets were installed on an earthen noise abatement along the motor way, and
hazelnut and willows shrubs were planted. After two unusually dry summers, it showed that on the
plot protected by coir fibre blankets, shrub loss was less than 1%. On the control plot, shrub loss
was found to be about 30%.
In France, taluds of the new TGV tracks for the Channel tunnel are being protected with preseeded flax blankets.
The Governmental Research Station for Agricultural Engineering in Belgium has done
experiments with drainage envelope materials, based on plant fibres. Due to the fact that organic
fibres are vulnerable to decay, the applicability of unmodified plant fibre geotextiles is limited to
colder climatic regions (Scandinavian countries) where they find some application.

4.2.5

Identification of required process technologies
Both woven and non-woven structures may find applications in geotextiles, depending on the
demands on strength and durability. Woven and knitted materials have some advantages over
non-wovens; the strength, especially needed during installation, and an open structure giving less
problems with plantation and more space for the vegetation to grow. Non-wovens are cheaper to
produce and suppress weed. Different quality fibre raw materials may be applied in different
constructions. Generally, the current processing techniques for geotextiles can be applied to plant
fibres. Bottlenecks are not to be expected in processing technologies.

4.2.6

Identification of research needs
Introduction of plant fibres as geotextiles requires research in the following areas:
• determination of the physical, chemical, hydraulic, and mechanical properties of fibres,
and (semi-)manufactured geotextiles.
• research on improved production techniques of plant fibre geotextiles for specific
applications
• long term performance (e.g. strength) of the geotextiles; durability and degradability.
Standardized test methods are required.
• interaction between fibre and its environment: interaction between fibres, soil or rock.

4.2.7

Identification of potential markets
Potential market outlets for plant fibre geotextiles may be:
• civil engineering: erosion control, foundations for, e.g. piping for draining and irrigation,
sound barriers, earthworks in infrastructure and building, non-wovens, felts, and mats as
temporary separation or as filters, stabilisation or drainage.
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• horticulture/agriculture: application in horticulture as shadow gauze, irrigation mats
and clod gauze, lawns for parks and sports fields, as weed prevention (water
percolation, no light), windscreen, twine and in glass house horticulture as substrates
• building and construction: temporary installation in building and construction, as
foundation or retaining structure
At this moment for geotextiles, there is little employment, due to strong competition with synthetics
(GFM, 1988).
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4.3

CONCLUSIONS AND RECOMMENDATIONS

Conclusions
The main functions of geotextiles in construction projects are soil stabilization, drainage, soil
erosion control and providence of circumstances that stimulate vegetation growth.
Geotextiles have potential market outlets for plant fibre geotextiles in civil engineering (erosion
control, foundations, sound barriers, temporary separation, filters, reinforcement or drainage),
horticulture/agriculture (shadow gauze, irrigation mats, clod gauze, lawns, as weed prevention,
windscreen, twine, substrates) or in building and construction (temporary installation, foundation
or retaining structure).
The market for geotextiles amounts to 300 million m2 in Europe.
Important arguments for application of plant fibres in geotextiles are biodegradability,
biocompatibility, aesthetically or environmentally friendly by products and no removal costs.
Degradation of the plant fibre geotextiles is a major advantage, but at present, the life time of the
geotextile is not yet controllable.
Quality demands on geotextiles imply overperformance, concerning life time (> 200 years) and
strength - only required during installation.
Non-woven geotextiles can give problems with installation due to low strength.
Biodegradable geotextiles are investigated already by several institutes and producers.
At this moment, commercial biodegradable geotextiles are mostly based on jute, coir and straw, in
combination with man-made fibres or paper.
The choice of the materials is made by the commissioner or architect.

Recommendations
The long term performance (e.g. strength) of the geotextiles, under certain conditions of humidity,
temperature, UV-light, microbial decay, mechanical loading and fluctuations of humidity and
temperature, which will aid degradation, should be investigated in order to tailor the life time of
plant fibre geotextiles.
Other research topics should be the determination of physical, chemical, hydraulic and
mechanical properties of plant fibres and plant fibre geotextiles, and enhanced processing
techniques. Prequisites for research are standardized quality and performance (durability) tests.
The possibilities for geotextiles made from a single plant fibre or blends of plant fibres (no
synthetics, gauze or paper backs) should be researched.

Erosion control by use of plant fibres in mulch or as individual fibres as reinforcement should be
further investigated.
Economical data on costs of geotextiles, installation and removal should be compared for
synthetics and plant fibre based geotextiles.
Development of geotextiles based on plant fibres with a designed or programmed degradability
will offer many perspectives in various applications. Data sheets on the performance of
geotextiles (durability, strength, pore size etc.) should become available for end users.
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APPLICATIONS
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INTRODUCTION

5.1

There is a vast and growing market potential for non-wovens, mainly based on synthetic fibres
(polypropylene, polyester) and viscose rayon. The role for plant fibres in this market could be
extended in the fields of civil engineering and building, interlinings, filters and domestic
applications. The major advantages of non-woven products are their high cost-effectiveness,
versatility, and excellent performance at low weights (Tan, 1986).
The disposability of non-woven products is becoming a major concern for non-woven producers
and users. Development of non-wovens that are friendly to the environment would be an
outcome. A balance of shelf-life with programmed degradability and/or recyclability should be
developed for these materials (Bornhoeft, 1990).

5.1.1

History
Over the past 10 years, some rather dramatic changes have become evident in fibre usage and
manufacturing productivity. In terms of product and process changes, coverstock fabric choice
has changed from a predominantly rayon-polyester card-latex-bond commodity to a variety of
specialties including rayon-polyester and rayon-polypropylene-resin-bonded blends; thermally
bonded polypropylene, polyester and blends, spunbonds; and textured films. Five applications
account for nearly half of all non-woven utilization. Wipes and medical/surgical, coverstock for
diapers pads, and feminine hygiene products, coating substrate and interlining non-woven. The
sixth largest non-wovens application area, geotextile and roofing products, was virtually new in
terms of volume used 10 years ago (Vaughn, 1986).
Process speed increase and commercialization of new technology are good indicators of
manufacturing productivity improvement. Also, within the past few years, air-laid pulp, wet-laid
inorganics, spunlaced lightweight, and film systems have emerged at more than one location as
viable and competitive non-woven processes (Vaughn, 1986).

5.1.2

Organisations, industries anti research institutes
Organisations
The European association for the non-woven and hygiene absorbent goods industries, founded in
1971, is called EDANA. The relevant objectives of EDANA are to encourage and co-ordinate the
study of all relevant economic, statistical, technical and scientific problems related to non-wovens
produced bij the hygiene absorbent goods industries, and to represent and defend mutual
interests of these industries and, in so doing, to help expand the market share of non-wovens or
hygiene absorbent goods in all markets through maximum promotion.
EDANA is incorporated as a non-profit making organisation. Membership is open to manufacturers
and to converters of non-wovens and hygiene absorbent goods, to raw material suppliers and to
equipment manufacturers and institutions who deal with these industries. Membership presently
consists of more than 160 companies from 21 countries. Further, EDANA keeps in contact with
governments and international organisations like the EC, ISO, INDA (US) and NEFA (Japan).
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Industries
Non-wovens are produced for several market segments and therefore the profile of non-woven
producers is very diverse. A factory for flax non-woven production is being set up at this moment.
However, most of the cellulosic non-wovens are produced in Eastern Europe (Poland, former
DDR).

5.1.3

Market
End use applications are disposable soft goods, durables, semi-durables, geotextiles, absorbent
wipes, and pre-moistened wipes (Vaugh, Durso, 1986). End uses for non-wovens in the home are
draperies, carpet backing & underlay, asbestos replacement - flooring, furniture components,
blankets, mattress pads, mattress construction, wallcover backing, table covers, kitchen cloths
and dusting cloths (Barnard, 1986).
The ability of some non-woven sheets to rapidly capture markets or find new markets is often
aided by such key features as:
• relatively high strength at low unit weight and dependable performance
• cost-effectiveness that enables them to compete against heavier and higher cost
products
• unique physical properties that make them superior to competitive products
• favorable production economics and superior productivity (Tan, 1986)
In Table 16 the fast growing production of non-wovens is reported.
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Table 16.
Production of non-wovens (in 1000 tonnes)

1978

1980

1982

1984

1986

World

1989

1192

USA

590

Japan

132

Western Europe

152

186

210

257

370

400

104

120

Benelux

73

/8

France

52

56

Scandinavia

50

49

United Kingdom

41

46

Other Europe

50

61

Other World

100

West Germany

Source: Edana
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1988

309

5.2

RESULTS OF THE STUDY
The information in 5.2 is based on the questionnaire, interviews and literature, and may represent
personal experiences and opinions.

5.2.1

Identification of required fibre profile
Fibre profile
Fibre requirements for non-wovens are both product and process dependent. More directly stated,
each process, like each non-woven product, at some phase has special, if not unique, fibre
requirements. In general, dry laid processes provide maximum product versatility, since most all
textile fibres and bonding systems can be utilized and conventional textile fibre processing
equipment can be readily adapted with minimal capitalization. Polymer laid processes provide
somewhat less versatility in product properties, but yield fabric structures with exceptional
strength to weight ratios (spunbonds) or surface area to weight characteristics (melt blown) at
modest capitalization levels. Wet laid non-woven processes provide the least product versatility
and require extensive capitalization, but yield outstandingly uniform products at exceptional
speeds (Vaughn, 1986).
Fibre material needs for high performance fabrics produced by the major non-woven processes
can be summarized as follows for:
• Wet-laid non-wovens: A consistently cut, high strength, high temperature stable, easily
bondable, readily dispersable at low dilution fibre.
• Polymer-laid non-wovens: A linear low density, shear stable, fibrillatable polymer or
copolymer that will yield a strong, high surface area fabric with enhanced electrical,
wetting, loft, and bonding properties.
• Dry-laid non-wovens: A lower denier, lower melting, more controllable bonding range,
homogeneously blendable binder fibre for thermal bonded fabrics. A crimpable, high
temperature stable, high surface area, high strength, readily bondable fibre for carded
and air laid systems (Vaughn, 1986).
More general quality criteria for plant fibres for non-woven applications are absorbing capacity,
softness, cleanness, cordability, crimp, handling, micronaire value, visual appearance, and
biodegradability.
Application profile
The idealized non-woven fabric needs to have controlled strength, stretch, and recovery for ease
of further handling at high speeds; controlled porosity for efficient absorption, entrapment,
containment, or encapsulation; controlled atrophicity for a multiple applications and mouldability;
and extensive uniformity for reliability in use. Fibre and material requirements for the idealised
non-woven will surely include uniformity of properties; compatibility with the formation,
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consolidation, and conversion environments; some specific, superior characteristic; and, most
importantly, economic availability (Vaughn, 1986).
Dimensional stability and overall key properties of non-woven sheets are governed mainly by:
• how well their fibres are bonded to each other
• how their fibres were arranged during sheet formation
• strength of individual sheet fibres
• number of fibres in each sheet
These structural features in non-woven sheets are more dominant than the types of their fibre
material in determining their overall strength (Tan, 1986).
Greater tear resistance of needled felts is derived from a certain degree of mobility retained by the
fibres which can bunch together when resisting tearing stresses. Felts of fibres with a rough
surface (e.g. wool fibres) tend to be more resistant to stress deformation than those made of
synthetic fibres (smooth surface) (Tan, 1986).

5.2.2

Identification of fibre crops
Cellulosic fibres have high water absorption capacity. This characteristic may be used in medical,
hygiene and sanitary non-wovens. The rough surface of plant fibres gives good opportunities for
mechanical bonding.

5.2.3

Matching of technological profiles of required fibres to plant fibres
In plant fibre non-wovens mostly flax, and cotton, and a little hemp, sisal, coir, and wood fibres are
used.
The reasons for selection of plant fibres for non-wovens are performance, safety, natural image,
stability, mechanical aspects (wet tensile strength), degradability, and absorption.
Plant fibres may be processed with wet-laid or dry-laid processes. The fibres can be bonded
chemically or mechanically (needle-punched or hydro-entangled).
Drawbacks and bottlenecks for applications of plant fibres in non-wovens are the carding
efficiency, the difficulty of handling on cards, crimp, durability, low uniformity of the fibres, and
dust production during processing (see table 6, page 34).

5.2.4

Identification of required process technologies
Non-woven manufacturing processes have been derived from or consist of combinations of paper,
plastic, or textile manufacturing technology. The production of non-wovens can be described as
taking place in three stages, although modern technology allows an overlapping of the stages,
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and in some cases ail three stages can take place at the same time. The three stages are web
formation, web bonding and finishing treatments.
Independent of their technical basis, however, non-woven processes and products have at least
four common elements:
1. They are fibre material dependent
2. The fibres or fibrous materials are formed into a two or three dimensional network
3. The fibre network is interlocked to yield a flat, flexible, porous sheet structure in roll form
with engineered performance criteria
4. The non-woven roll is converted to an end-use item
(Vaughn, 1986)
Web formation
Non-woven manufacture starts by the arrangement of fibres in a sheet or web. The fibres can be
staple fibres packed in bales, or filaments extruded from molten polymer granules.
Non-woven products have been classified generally according to their method of web formation
as being either wet laid, polymer or spun laid, dry laid, or combination laid. Except from polymer
or spun laid, all web formations are followed by web bonding.

•

Wet laid non-wovens
Wet laid non-wovens are flat sheet structures produced using principles and machinery
associated with paper making. The wet laid classification is based on the fact that
discontinuous fibres are transformed into oriented webs from a water slurry. About 10-15%
of the non-wovens are produced by this process.

•

Polymer or spun laid non-wovens
Polymer laid non-wovens are man-made fibrous sheet structures produced using principles
and machinery associated with fibre extrusion or film coating. The polymer laid
classification is based on the fact that fibre forming polymers in the fluid state are an
integral part of the web formation process. About 30-35% of the non-wovens are produced
by the spun laid process.

•

Dry laid non-wovens
Dry laid non-wovens are fibre network structures produced using principles and machinery
associated with textile or pulp fibre handling. The dry laid classification is based on pre
formed fibres or filaments manipulated in the dry state. About 50-55% of the non-wovens
are produced by the dry laid method.
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Combination non-wovens
Combination non-wovens are composite fabric structures produced using principles and
machinery associated with fabric laminating or coating. The combination classification is
based on pre-formed fabrics which are combined to yield an enhanced structure.

Web bonding
Webs, other than spunlaid, have little strength in their unbonded form. The web must therefore be
consolidated in some way. This is effected by bonding, a vital step in the production on nonwovens. The choice of method is at least as important to ultimate functional properties as the type
of fibre in the web. There are three basic types of bonding: chemical, thermal and mechanical.
Chemical bonding mainly refers to the application of a liquid based bonding agent to the web.
Three groups of materials are commonly used as binders - acrylate polymers and copolymers,
styrene-butadiene copolymers and vinyl acetate ethylene copolymers. Thermal bonding uses the
thermoplastic properties of certain synthetic fibres to form bonds under controlled heating. In
mechanical bonding the strengthening of the web is achieved by inter-fibre friction as a result of
the physical entanglement of the fibres. There are two types of mechanical bonding; needlepunching and hydro-entanglement. Needle-punching can be used on most fibre types. Specially
designed needles are pushed and pulled through the web to entangle the fibres. Webs of different
characteristics can be needled together to produce a gradation of properties difficult to achieve by
other means. Hydro-entanglement is mainly applied to carded or wetlaid webs and uses fine, high
pressure jets of water to cause the fibres to interlace.

•

Finishing treatments
The non-wovens' properties can be modified or properties can be added, by employment
of chemical substances. Non-wovens can be made conductive, flame retardant, water
repellent, porous, anti-static, breathable, absorbent and so on. They can also be coated,
printed, flocked or dyed, and can be combined with other materials to form complex
laminates.

5.2.5

Identification of research needs
Problems in plant fibre processing are difficulties to process on cards (carding technology), the
fact that plant fibres are only processable on special felting machines and dust production. An
improved carding method should be developed comparable with synthetics carding. Another gap
is biodégradation of the non-woven. During the production of the film (fleece), dust is formed.
Because of the colour of the fibre and therefore its dust, it causes pollution in the processing line,
where mainly white fibres are processed.
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Identification of potential markets
Potential markets for non-wovens, based on plant fibres, are:
• Absorbents: hygiene, sanitary and medical biodegradable non-wovens / disposables.
• Geotextiles
• Fillers: mattresses, padding in furniture, car seats and clothing
• Reinforcement: composites.
In Denmark, non-wovens of flax are ready produced for mattresses.
Marketing
In industrial market certain specifications are used, for instance tensile strength, which are hard to
obtain for flax fibres.
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions
In plant fibre non-wovens, flax, jute and cotton, are applied most frequently and some hemp, sisal,
coir, and wood fibres are used.
The advantages of plant fibres are mechanical properties (wet tensile strength), absorption,
stability, rough surface (better mechanical bonding), degradability, safety, and natural image.
Quality criteria are consistency of quality, cardability, crimp, handling, handling, visual
appearance, and biodegradability.
Non-wovens can be produced from plant fibres with different techniques. Possible non-woven
processing methods for plant fibres are wet laid and dry laid formation. The fibres can be bonded
chemically or mechanically (needle-punched or hydro-entangled).
Drawbacks and bottlenecks of plant fibres for non-woven application are dust (pollution of the
process line), need for special felting machinery, low carding efficiency and undeveloped carding
technology.
Potential markets for non-wovens, based on plant fibres, are hygiene, sanitary and medical
biodegradable non-wovens, geotextiles, mattresses, padding in furniture and clothing, or as
reinforcement in composites.
Stimulating aspects are the growing non-woven market, and expected environmental regulation
on synthetic non-wovens. Plant fibres are not yet well known in the non-woven industry.

Recommendations
Research topics should be adaptation of carding technology and felting machinery for plant fibre
and reduction of dust production during processing. Fibre characteristics, like tensile strength,
crimp, absorption and dimensional stability and their behaviour during processing should be
investigated.
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INTRODUCTION

6.1

In Europe the pulp and paper industry mainly uses soft and hard woods and waste paper as raw
material. Pulp imported into the EC mostly comes from trees grown in Scandinavia (40%), USA
(19%) and Canada (24%) (CEPAC, 1986). Recycled waste paper in Europe is a growing source
for paper making, due to environmental legislation (less waste, less wood chopping) and
improved logistics of collection. Paper recycling however is not completely environmental friendly,
mainly due to the use of surfactants for the de-inking process. Alternative resources for the pulp
and paper industry are fast growing wood and non wood plant fibres. On a small scale, poplar is
grown in France. The market share for eucalyptus is quickly growing, especially in Spain and
Portugal with over 500,000 tons wood/year now. Non wood resources for paper making, may be,
among others, flax, hemp, kenaf, miscanthus and straw. A predominant plant fibre in the pulp and
paper industry, mainly used for specialties, is cotton. The market share of non wood pulp
amounted 1.3% (372,500 tonnes) in 1986. Enhanced processing of plant fibres is only interesting
for low cost raw materials in the bulk pulp and paper industry, as wood and waste paper prices
are low or for the relatively limited market of more expensive specialty papers.
The development of wood based industry has changed during the last fifty years and is still
changing. The forestry and pulp industry of the EC member states cannot supply the European
market with enough raw material for pulp and paper production. Considerable amounts of (half)
products are imported to satisfy market requirements. Some neighbouring countries of the EC,
such as Sweden and Finland, have increased the capacity of their wood based industry and
strengthened their technological base. They have changed from being wood exporters to
exporters of wood based half products and end products (Schliephake, 1988). If Sweden enters
into the EC this will have a large impact on the imbalance of EC pulp and paper imports.
Environmental restrictions for the pulp and paper industry have become stricter in recent years,
and the expectations are that even more restrictions on effluent and other emissions will follow,
forcing pulp mills to adapt their process and to invest in better waste water treatments.

Paper making process
Paper is a network of flat-beaten, roughened fibres sticking together. In the paper sheet, strength
and optical properties are influenced by the natural properties of the raw material, the pulping
process (fibre separation) and the final paper making process (sheet forming). Rupturing the
bonds within the wood structure (pulping), can be accomplished mechanically, thermally,
chemically or by combinations of these treatments. Existing commercial pulps are generally
classified as mechanical, chemical or semi-chemical.
Mechanical pulping processes have the advantage of converting up to 95% of the dry weight of
wood into pulp, but require a lot of energy to accomplish this objective. The final sheet is highly
opaque with good printing properties, but is weak and yellows easily by oxidation of lignin under
influence of light. For recycling of waste paper a mechanical process is mainly used, because the
fibres have been pulped already and only need to be desintegrated and fibrillated again.
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The objective of chemical pulping is to degrade and dissolve the lignin and leave most of the
cellulose and hemicellulose in the form of intact fibres. The yield of 40-50% of the original wood
substance is low, relative to mechanical pulping, but the bleached fibres form the base for sheets
with high strength and a long shelf-life. Chemical recovery is needed and is combined with energy
production by burning the evaporated cooking liquor. Mechanical and chemical pulping are the
extremes of a broad range of hybrid processes that fit the requirements of the available fibres and
the desired products.
For the papermaking process à mix of beaten pulps and additives (clay, starch, anti-statics,
electrolytes, dispersants, etc.) is made up. The kind of pulps, beating degree and additives
depend on the end product. Generally speaking, the long fibres of softwoods (coniferous, 2.05.7 mm) are necessary to form a matrix for sufficient strength (tear) in the paper sheet. The
shorter hardwood fibres (deciduous, 0.6-1.9 mm) and fillers contribute to the properties of pulp
blends, but by themselves do not make strong papers. Especially opacity, printability and stiffness
are improved. Bag, wrapping, currency, bond and other strong papers contain a high percentage
of softwood fibres, while corrugating papers, newsprint, LWC and other printing grades contain a
higher percentage of shorter fibres. Those products with a long shelf live need to be chemically
pulped in order to remove the yellowing agent, lignin.

6.1.2

Organisations, industries and research institutes
Organisations
TAPPI (Technical Association of Pulp and Paper Industries, Atlanta, GA, USA) is a professional
and scientific association organized for further implementation of science, engineering, and
technology in the pulp and paper, packaging and converting, and allied industries. Its aim is to
promote research and education, and to arrange for the collection, dissemination, standardization
and interchange of technical concepts and information in fields of interest to its members.
Through its seminars, short courses, technical conferences, and other activities, TAPPI brings
together representatives of competitors in the pulp and paper industry.
Some other organisations are Appita (Australia), CPPA (Canada), ATIPCA (Argentina), ABTCP
(Brasil), TAPPSA (South Africa), CTAPI (China) and Japan TAPPI. The European pulp and paper
organisation is CEPI (Confederation of European Paper Industries).
The European Economic Interest Group Euro-Kenaf, an association of 24 members from 6
different EC-countries, was set up in 1990 with the aim of participating in the "Demonstration
Project Kenaf" co-ordinated by the Directorate General XII of the European Community. The
objective of this demonstration project is to show the technical and economic viability of the kenaf
as a raw material for wood and paper products on commercial scale.
During 1991 the group has developed the activities concerning the first steps of this
demonstration project:
1 Agricultural activities: production of seeds and kenaf plants for the industrial
installations.

135

6

S

p o

Ü
m

2 Pre-industrial activities: set up of technology from harvesting until first transformation.
3 Industrial activities: production of chemical-mechanical pulp, chemicalthermomechanical and chemical pulp; production of different types of paper and kenaf
chipboard.
The six countries involved in this project are Denmark, Spain, Portugal, Greece, Italy and France
Industries
During the last decades, pulp industries have grown from many little companies to large (multi
national) industries, with turnovers of 300,000 - 500,000 tonnes/year. Small pulping lines are only
profitable for specialty products. In pulp and paper making, the investment costs in processing
equipment are very high and running is only profitable when using full capacity (at large scale).
Another effect of the high investments, required for equipment and recovery, is the conservatism
of the industries. Also pulp mixtures and process parameters are more or less kept secret.
Research Institute s
PIRA (Paper Industry Research Association, UK) applies science to industry for the improvements
of efficiency in individual client companies. Activities include research on laboratory and pilot plant
scale, consultancy, conferences, training and publications.
At present, PIRA is working with wood and annual fibre crops like straw and bagasse (clientdirected). PIRA also has some experience with sisal ropes and baobab-trees. PIRA emphasizes
economics and the lack of technical data as the two major problems in the processing of fibres.
At ATO (Agrotechnological Research Institute, NL), the possibilities of hemp pulp and paper
production with relatively environmental friendly pulping processes is studied. Technical, logistical
and economical issues are investigated.
The CTP (Centre Technique du Papier, France) and the PTS (Papier Technische Stiftung,
Germany) provide scientific and technical support to pulp and paper industry. The SSCCT
(Stazione Sperimentale per la Cellulosa, Carta e fibre Tessili vegetali ed artificialli, Italy) also
works in the pulp and paper field. In Scandinavia (e.g. STFI, Sweden) and Canada, pulp and
paper technology is highly developed as well.

6.1.3

Markets
As can be seen from table 17, 50% of the half product pulp has to be imported and 30% of the
end product paper to satify the consumption. Of the pulp 35% is imported from Scandinavia and
45% from Canada and America. Paper import is 65% from Scandinavia and only 10% from
Canada and America. If the same quality criteria for wood fibres can be matched with plant fibres
a vast market would be available. Annual plants are not widely used yet except for long today's
established products like specialties (bible, cigarette, security paper). In today's markets,
chemically pulped long fibres of mainly flax, hemp and cotton are applied in specialties. A start
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has been made with short fibres of semichemicai straw pulp in corrugated media. A lot of
research and convincing results will be needed to enlarge the share of annual plants in the rather
conservative pulp and paper industry.
Of the non wood pulp there were 188,400 tonnes of cottonlinters and 182,400 tonnes of non wood
plant fibres. The EC consumption of textile waste (mainly linen) in the same year was a moderate
357,000 tonnes, with Spain using 52%, Denmark 18%, United Kingdom 11%, France 10% and
Germany 8%. In the EC in 1986 there were 113 wood pulping companies and 21 non wood plant
fibre pulping companies. Spain and Italy respectively had 8 and 6 non wood plant fibre pulping
companies.
Table 17
Consumption and import in the EC in 1986 (in 1,000 tonnes)(CEPAC, 1986)

wood pulp
non wood pulp
paper and carton

consumption

import

main import from

in EC

in EC

Sweden

Finland

Canada

USA

16.446

8.202

1,987

956

1.996

1.572

372

92.3

14.5

7.9

3.6

22.1

41.301

12.441

4,126

3,871

659

655

The percentage of recycled fibres in production of paper and cartons in 1989 is in the Netherlands
(66%), Belgium (21%), United Kingdom (58%), France (46%), Germany (46%), Spain (62%), Italy
(48%), Greece (29%), Denmark (68%), Portugal (42%) and totally, for the EC (50%). The costs of
recycling and the declining paper qualities make the competitiveness with virgin fibres difficult, as
the world market prizes for cellulose pulps are still very low.
World wide, 161 million tonnes of cellulosic pulp were produced of which the USA produced
35,6%, Canada 14.2%, and Sweden and Finland 11.7% (1990).
Depending on the raw material and the way of processing there are different qualities of pulp.
Every pulp has its price range. As can be seen from Table 18 there are other factors as well
determining the price of a certain pulp.
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Table 18
Pulp import prices in the Netherlands (ECU/tonnes)

1989

1990

1991

Semichemical sawdust

424

402

369

TMP pulp

566

493

407

Sulphite pulp

682-801

395-731

414-613

Sulphate pulp

745-832

530-642

445-555

1142

1319

1340

Cotton linters pulp
Source: CBS
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6.2

RESULTS OF THE STUDY
The information in section 6.2 is based on the questionnaire, interviews and literature, and may
represent personal experiences and opinions.

6.2.1

Identification of the required fibre profile
Fibre profile
For paper production it is essential to know the behaviour of the raw material during pulping, how
pulp behaves during the papermaking process and what the influence is of the specific fibre on
the quality of the end product. There are many ways to pulp raw material from completely
mechanical to completely chemical, and there are even more paper products, each of them with
their own pulpmix and requirements. Besides the large scale of pulp and paper companies, this is
the main reason why this industry is conservative.
For pulping it is most important that the raw material has a high purity, e.g. not is contaminated
with metal, plastic, soil, stones, seeds and other organic matter. The nodes in grasses are
undesirable in the pulp and should be removed before pulping.
Fibre intrinsic criteria are a high pulp yield, depending on the fibre fraction in the raw material, the
pith content and the chemical composition of the fibres. The ash (silica) content should be low,
because of silica deposits during chemical pulping and machine wear also during mechanical
pulping.
The needed flexibility, beating behaviour and collapsibility of the fibre is influenced by the fibre
length to cell wall thickness ratio and the pulping process. Fines in annual plants increase the
drainage time on the papermachine, thus decreasing the maximum machine speed and
increasing the energy demand for drying. Very long (bast) fibres (> 5-6 mm) form knots and give
spinning problems.
The (non chlorine) bleachability of the plant fibre pulp is another important criterion, especially
with the need for more environmentally clean processes. The chemical composition of lignin,
cellulose and hemicellulose in the pulp and the way of pulping determines to a great extent the
resulting paper qualities. Too much hemicellulose gives wetting problems or problems with the
colour and bleaching. Chemically pulped bleached fibres have a long shelf life and normally are
slender needed for high quality papers. Mechanically made fibres are more damaged and have a
short shelf life, because of lignin. All annual plants can be pulped, but their feasible application will
also be determined by preprocessing, behaviour during paper making and the final paper
characteristics.
For paper making it is essential to have the right fibre mix with additives for the end product. The
fibres must be well fibrillated (beaten) for the best fibre - fibre contact and resulting paper
strength. Dimensional stability, sheet formation, z-strength and dewatering time are keywords.
Fibres that are too long for papermaking should be shortened before pulping or by beating. This
especially concerns the long fibres of hemp, flax, jute and cotton. The sheet forming behaviour
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and paper runnability is very important and is influenced by the long fibre fraction giving tear and
wet strength to the mat, needed for high machine speeds. Short fibres are used for a smooth
paper surface, better printability, opacity and light scattering. In the right mix short fibres create a
higher stiffness in packaging paper. Short fibres normally raise the water drainage time. Other
important paper quality criteria are sheet density, absorption, tensile strength, breaking length,
burst index and dust retention. These parameters vary with the endproduct and are also
influenced by pulp additives like starch, silicon oxide, clay, antistatics or even synthetic fibres.
Additives can be applied in the pulp mix or as one or more coating layers
Application profile
Not much is known yet about the final suitability of annual plant fibres for certain end products in
Europe. Considering the fibre length as the main parameter, an indication can be given for
applications.
The shorter annual plant fibres could be applied in moulds, packaging, LWC, printing, writing or
copying paper grades, if they create an equal or better stiffness or printability than wood fibres.
For packaging, newsprint and LWC paper semi mechanical pulping may be suitable. For longer
life paper grades like printing, writing, and copying paper lignin must be removed and a more
chemical process will be needed. There will be competition with fast growing wood like eucalyptus
and poplar and for the packaging, newsprint and LWC papers also from recycled paper. The
dicotyledons are very interesting as the bast fibre part hardly contains lignin. In a mix with the
shorter fibres of the stem part, these plants may be used as a direct raw material for semichemical pulping, most possibly giving better qualities than with semi-mechanical wood pulp. With
good bleaching maybe the quality of long shelf life papers grade can be approached. For
specialties and absorbing paper grades mainly long fibres are used, which will have to be
separated from the dicotyledons. As they will be alternative for Kraft softwood fibres in absorbers
the quality should be at least the same, but preferably higher. This may be accomplished by using
the potential of longer fibre length of the annual plants. Papermaking will be more difficult
however, if the fibres are too long (> 5-6 mm).

6.2.2

Identification of fibre crops
Just like hard and softwoods, fibre crops show a wide variety in physical and chemical
characteristics. To understand the potential applications these crops are classified in straw and
grasses, canes, bamboos and reeds (monocotyledons), woody stalks with bast fibres
(dicotyledons), and leaf fibres (see 2.1). Especially the first two groups are of interest in Europe.
The dicotyle fibre crops are woody annual plants with long bast fibres and a woody stem. The
bast fibres (as well as leaf and bamboo fibres) are comparable with or longer than softwood fibres
(wide range of 4-50 mm) and have a low lignin content (around 5% on dry matter). The woody
stem has short fibres (0.5-1 mm), comparable with or shorter than hardwood fibres. Also the lignin
content is about the same at 24% (on dry matter). Kenaf, hemp, flax and jute belong to this group.
Another group of annual plants is that of the non woody gramineae (grasses). These crops have
one type of fibre with about the same fibre length of hardwoods (0.6-1.9 mm), the lignin content of
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20-24% is slighty lower than pulpwoods and the stem fraction of dicotyledons. Wheat straw,
esparto, sugarcane (bagasse) and rice straw can be classified in this group.
The so called perennial plants can be harvested annually, but need to grow for some years first.
Miscanthus will grow for about 10 years and can be harvested from the third year on. The fibre
length of 1.4 mm is longer than most hardwoods and shorter than softwoods. The reported lignin
contents of 20 - 24% (on dry matter) is lower than or the same as in woods.
Generally speaking, woody annual plants are now specially grown for their long bast fibres. The
shorter nonwoody plant fibres are of interest, because they form agricultural residues like straw.
From this point of view other agricultural residues, like olive trees, sunflower stalks, vine shoots,
corn and cotton plant stalks, are being investigated in Spain. For the seasonally harvested annual
plants ways have to be found to store the raw material over the year at a constant quality. Drying
will be suitable in the southern EC countries, while ensilage may be a solution for the northern
countries in the EC.
Some interesting crops are reviewed below.
Bagasse (from sugar cane stalks)
In India newsprint paper grade is produced of bagasse using a semichemical process. Bagasse
contains many piths, which lower the processing speed. Removal of the piths increased the
processing speed by a factor of 2, but for the pith left over utilization has to be found (e.g.
compost).
Flax
Flax bast fibres are long (average 25 mm), strong, flexible and resemble hemp bast fibres. Flax is
used in Europe for specialty paper production. It can be a substitute for cotton. Because of the
long bast fibres, they are chopped and must be cut in special beating equipment. Stalk yield is 5-6
tons/ha per year, giving about 1 ton/ha of long fibres. Flax woody core fibres are even shorter
than hemp woody core fibres and of lower interest for papermaking.
Esparto
Esparto- and Alfalfa-grass can be grown on marginal land bordering the Mediterranean Sea.
These grasses are perennial, so the roots are left for regrowth. Research should be carried out to
lower the production costs. The fibre yields of the wild plants are reported to be lower than 1
ton/ha and fibre length is around 1.1 mm. Although esparto paper is bulky, it has high opacity,
closed formation, resilience and good dimensional stability to moisture changes (Schliephake,
1988). These characteristics are valued by printers for flatness and ink receptivity. Beating of
Esparto should preferably be done with a disc refiner above a conical refiner.
Reeds
The reeds can be grown in wetlands and other high-moisture land all over Europe. The biomass
yield is reported to be 10 to 40 tonnes/ha. (Sweden: 10 tonnes/ha/year Höbaus, 1988). Reed
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fibres have an average length of 1.0-1.8 mm (Höbaus, 1988). The reed fibres should have good
prospects as a wood substitute in pulp and its leaf-protein can be utilized as a by-product
(Schliephake, 1988). At this moment, reeds are only commercially grown in Romania (Donau
Delta). In Sweden the suitability of canary reed grass as a substitute for birch is studied. An
environmental friendly organosolv process is used.
Straw
Straw does not need chopping and pulps have a reasonable price/performance ratio. The fibre
length is 1.1 - 1.5 mm. Straw fibre paper is more dimensionally stable than hardwood. Nodes
have to be removed from the pulp. With straw pulp paper stiffness is enhanced, which is an
advantage in photo copier paper and packaging. With chemical pulping silica deposits during
black liquor recovery pose a problem. Semichemical pulping of straw is attractive and is used for
card box production in Spain. Processing benefits of straw are the rewetting and drying properties
and it is easy to bleach. Piths requires more effluent management. An alkaline straw pulping
process in Denmark had to shut down, because not enough attention was paid to effluent
treatment.
Miscanthus
Miscanthus has a high yield/ha (16-25 tonnes dry matter/ha), but the fibre fraction is only around
30%. The silica content in Miscanthus causes a recovery problem. Miscanthus also is a perennial
plant, harvested in the 3rd to 10th year. Fibre length is an average 1.4 mm, which could be a
substitute for the longer hardwood fibres.
Hemp
The wood fibres of hemp can be used as filler in paper, but are reported to be very hard to bleach,
even with a chlorine treatment. Fibre length is rather short at 0.55 mm. The total hemp yield is
high with 10-15 tons/ha each year, consisting of 65% wood fibres and 35% bast fibres. Hemp
bast fibres are used for specialties and need to be chopped and specially beaten before
papermaking, because of their fibre length of 5 - 50 mm.
Jute
Jute bast fibres are the basic raw material for the manufacturing of sacks and carpet backing,
because its fibres have a fibre length of 1.5 - 5 mm, with an average of 2 mm. Consequently, jute
is sold at a higher price and is therefore not as economical as kenaf (FAO, 1989). In general
physical and pulping data for jute also apply for kenaf.
Kenaf
Kenaf has been studied in the USA and Australia as a potential new crop for paper and pulp
production. Yield of kenaf is 10 tons/ha per year, with 20% bast fibres of 2.3 mm and short core
fibres of 0.45 mm. Whole kenaf can be used for pulp and paper production. In Texas, USA, a lot
of work on CTMP pulped kenaf for newspaper production has been carried out in a pilot plant
(Höbaus, 1988). Kenaf CTMP pulping required up to 30% less energy than with wood. The pulp is
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easy to bleach, with low chemical consumption. Paper quality was good, but supply of raw
material and a bad harvest were the bottlenecks.
Kenaf is also readily pulped by the soda process. Whole kenaf pulps bleach readily and have
interesting paper making properties, because of their long and short fibre mix. The black liquor
from the pulp mill can be easily treated in a classical chemical recovery unit, because the silica
content in kenaf is low - about 1%. Drawbacks with the whole kenaf pulp are slow drainage
compared to hard wood pulps, the occurrence of pith and up to 30% fibre losses during storage
(FAO, 1989). Greater capital expenses because of density lower production tonnage due to poor
drainage on paper machine;
Besides fibre crops, also fast growing woods can be used for paper production. Fast growing
wood can be cultivated on land, that cannot be used for ordinary agriculture (marginal land).

6.2.3

Matching of technological profiles of wood fibres to plant fibres
From the cultivation to paper making, annual plants differ from hard and soft woods. From a
chemical and physical point of view annual dicotyl plants most resemble hardwoods. Resins are
hardly present and fibre length normally is the same or a little shorter than hardwoods.
The logistics needed for annual plants are a major problem for introduction of plant fibres in pulp
and paper industry. Large stocks and adequate storage at constant quality by drying or ensilage is
needed, because of the seasonal harvest. The plant fibres can be kept in stock at the paper mill
or with the merchandisers, both requiring an efficient logistic organisation. This problem of storage
increases the price of the plant fibres. Wood can be harvested throughout the year, so only
requires a buffer capacity storage.
The advantage of annual plants is that they can be grown on farmland and harvested with high
yields (5 - 20 ton/ha depending on crop) every year. Annual plants can form a new crop in crop
rotation schemes, can be cultivated on unused agricultural land or can be gained as an
agricultural waste product. No deforestation is needed. The annual plants are a renewable
resource in one year's time, while wood, if properly replanted, takes decades. If not properly
replanted the effects on the environment are devastating. Both mechanical and chemical pulping
is accomplished faster than compared with wood.
Technical drawbacks of annual plants can be the sometimes low fibre and high silica content in
the raw material necessitating separation of unwanted plant parts and very difficult removal of
silica deposits or even machinewear. Dicotyledons for instance have average yields of 10-15
tons/ha and about 80% fibre fraction. Miscanthus however only has 30% fibre fraction and flax
20% usable bast fibre. The rest has to be separated in advance. The nodes in grasses, fines in
general are also unwanted and need to be separated from the fibre fraction. Removal of
unwanted nodes and pith is difficult. Also decortication of plants is different than with wood
debarking. Node - internode separation can be done after pulping by reject screens or before
processing by cracking and sieving the plants. Fines create a clogging tendency and should be
avoided or eliminated.
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The high bulk (volume/weight) of annual plants of up to two times that of wood leads to higher
transport, storage and liquid to wood ratio, thus processing costs. These technological differences
with wood can be overcome with more research. The established pulp and papermaking
processes will have to be adapted.
Pulping grassy annual fibres and the stem of dicotyledons gives a lower yield than with
hardwoods. The long fibres of dicotyledons especially give a high chemically pulped yield due to
the low lignin and the high cellulose content.
Papermaking is nearly impossible with fibres longer than about 6 - 7 mm. Fibres longer than 4 -5
mm cannot be used on fast running machines. All bast fibre fractions of dicotyledons have to be
chopped and specially refined and/or beaten to get the fibres to an acceptable length. This will
require more energy than using long softwood fibres. It will also be difficult to get a homogeneous
fibre length distribution, but by keeping the annual plant fibres longer than the best softwood
fibres, better paper qualities may be obtained.
Plant fibres are not yet a major resource for the paper and pulp industry as is wood. Some
industries are carrying out experiments, and especially in Spain and France there are some
paper- and pulp producers, who use plant fibres. These plant fibres are selected because of their
physical and chemical properties, environmental reasons, market pull, performance, dust
retention properties, infusion properties or logistic reasons as they are produced in the area. The
costs must be compatible with wood alternatives. As plant fibres are not a major resource for pulp
and paper making, there is not an adequate know-how yet, the presentation may be wrong, the
data unreliable, and it is difficult to obtain samples for doing pulp or paper making tests.

4

Identification of required process technologies
Storage
A small buffer storage like with wood is not applicable with annual plants, because of the seasonal
harvesting. Storage can be accomplished by drying in the southern EC countries. For the northern
countries drying on the land may be too risky or will be too expensive. Storage may be done by
ensilage, but a different technique than grass ensilage will be needed, not to ruin the cellulose in
the fibres. Care must be taken in getting a constant raw material quality.
Separation
For dicotyledons there is a need for a bast and core fibre separation procedure, involving the
crushing of the green or dried stems of hemp, flax, kenaf or sorghum, followed by screening.
Especially for the monocotyledons (grasses, reeds) a node separation system is needed. The
pulping technology used with woods has to be adapted to the different character of plant fibres.
Depithing and denoding facilities will be needed. Silica removal is necessary, to decrease
deposits forming during chemical pulping and machine wear where mechanical forces are
applied.
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Pulping
In general, longer fibres are better refined in a conical refiner and short fibres in disc refiners.
Continuous pulping techniques, with compaction, are preferable for agricultural fibres, because
their large bulk uses excess digester capacity and necessitates too high a liquid - solids ratio in
stationary digesters. Most agricultural fibres are readily pulped with alkaline pulping.
A new technology for mechanical pulping is extrusion. Some experience already has been gained.
For the production of high yield unbleached straw pulp extruders could be used at a controlled
yield between 80% and 90%. The high yield straw pulps has good stiffness properties in terms of
CMT and RCT after refining (Hughes, 1991). Especially the APMP (Alkaline Peroxide Mechanical
Pulping) process is very promising, because of bleaching during pulping.
Chemical pulping in Europe is getting difficult with more severe environmental legislation. Still
there will be a need for chemical pulp. Processes under research or development are the
environmentally cleaner organosolv pulping methods. Examples on (semi)commercial scale are
Organocell in Munich, Germany and Alcell, New Brunswick, Canada (Repap Technologies, Valley
Forge, Philedelphia, USA). Chemical recovery is easily accomplished by distillation and the
economic scale of operation can be smaller than with the common Kraft (sulphate) or sulphite
process. Also alkaline peroxide pulping is very interesting as most annual plants can be readily
pulped. There will be a ongoing search for non sulfur pulping and non chlorine bleaching.
Papermaking
Paper machine speeds may have to be reduced due to longer drainage time caused by shorter
fibres and higher percentage of fines. The runnability will also change, when longer fibres than
those of softwood are applied.

6.2.5

Identification of research needs
Research is needed in all fields from cultivation, via processing of raw material to paper to find out
how existing processes should be adapted to annual plants. With new non-polluting technologies
a complete processing line will have to be developed.
More should be known about growth rates of annual plants under European conditions and the
influence on crop yields. The fibres of annual plants should be better physically and chemically
characterised with respect to pulp and paper making parameters: fibre length and length
distribution, fibre thickness and cell wall thickness, cellulose, hemicellulose, lignin contents,
extractives and silica.
Very important is a good storage system to obtain a constant and high quality all over the year.
This will have to be integrated in a logistic system. Especially with pulping of different agricultural
residues, as for example is being studied in Spain, a constant quality supply of raw materials is
desired. Drying has been established in the suitable climate of southern EC countries. For
northern EC countries more research will be needed in ensilage techniques. These will be
different from normal ensilage, not to ruin the fibre quality.
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Efficient decortication techniques and influence on pulp and paper, nodes removal and bast/stem
fibre separation of dicotyledons if needed also needs more research.
For application in the EC mainly environmental friendly processes need to be applied. Because
transport of annual plants to the pulp mill and storage will be a major cost factor, possibilities for
relatively small scale pulping should be investigated. Biological pretreatment (lignin
biodégradation) as is under investigation for wood is also interesting for annual plants as energy
reduction with mechanical processes or chemicals savings may result.
Chlorine based bleaching (chlorine, chlorine dioxide, hypochlorite) has the advantage of
dissolving the shives and fines. Non chlorine bleaching like hydrogen peroxide based bleaching,
does not dissolve these components, thus causing difficulties with coatings and increasing the
dewatering time. This effect will be more pronounced with annual plants, because of the high
shives and fines contents.
Little is known yet about the influence of raw material properties on pulp quality, the effects of
plant defibration techniques on the final paper quality (the different sheet appearance) and
sheetforming behaviour when applying annual plant fibre pulp as a substitute in a pulpmix. Each
paper product creates its own "problems" and thus needs its own research.
There are still many scientific bottlenecks and without (worldwide) co-ordination a solution will be
difficult to obtain, because of conservatism in the pulp and paper industry.
Data bank
The introduction of a data bank with annual plant characteristics would be very useful. This bank
should contain technical characteristics of plant fibre species, morphological data, physical data,
chemical data, test sheet data and as much other data important in pulp and papermaking. This
data bank should be available for pulp and papermakers and other users of natural fibres to
increase their familiarity with annual plant fibres.

6.2.6

Identification of potential markets
The potential markets for annual plants will be based on their specific application in a pulp mix.
This depends on the kind of fibres in the annual plant and the way this plant is pulped.
The long (bast) fibres of annual plants are already used for production of specialties like tea bags,
filters, bank, bond, bible and cigarette paper. A chemical process is used to delignify the fibres
and to make them flexible. This expensive market is small, stable, difficult to penetrate and very
reluctant to change, because of sophisticated technology and knowledge. The specific properties
of these fibers mean, that they will possibly be always used in a pulpmix for these kinds of
products. The high prices for the products make relatively small scale processing feasible.
In the worldwide trend to recycle more recovered paper and board, there will be an increased
demand for fibres creating a higher sheet strength. Recycling of paper especially lowers the tear
strength, because of fibre shortening. Pulps of slender long bast fibres like flax, hemp or kenaf
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with a tear of 220 - 250 could give additional tear strength in for instance tissues, newsprint,
testliner, kraftliner, and boards. A desirable pulp for today's market would have the following
characteristics: about 20% higher in tear, more slender than softwood (Kraft) fibres, a high
wettability, a brightness in the range of 70 - 75 and at a price of 530 - 670 ECU/ton. The
consumption of waste paper in the EC amounted to 14 million tonnes in 1986. If 2% of plant fibres
could be used for upgrading, 280,000 tonnes/yr of plant fibre pulp would be required. Upgrading
with wood pulp requires higher quantities of virgin softwood Kraft pulp.
There are good perspectives for using long plant fibres as support and reinforcement material in
special papers, because of their tensile strength (GFM, 1988). Specific advantages of annual
plant bast fibres are the the high cellulose and the low lignin content, giving a relative high yield
compared with softwoods and less (chemical) disintegration during processing (GFM, 1988).
Because of these fibre characteristics, processing can be more environmentally friendly.
High strength annual fibres could also be an environmentally friendly substitute for synthetic
fibres. Synthetic fibres give high sheet strength especially for wet purposes (absorbers, tissues),
but are very difficult to recycle and to biodegrade. To create a market, governmental regulations
and/or public demand will be needed favouring plant fibres. There already is an environmental
awareness, to try using annual plant pulps instead of importing wood pulp.
Applications for long annual plant fibres require the separation of the bast and stem part, leading
to higher preprocessing costs than for wood. Feasibility will depend on total processing costs for
the long and short fibre fraction, product quality or the demand for products with these fibres.
Waste paper, one of the major resources for paper making, is, at this moment, free in Germany,
and the prices in most other EC-countries are also very low. Therefore the paper industries are
not interested in new bulk resources, which do cost money. Only when offering better product
quality and available at low costs, will industries be prepared to pay for short fibre annual plant
raw material. Interesting markets are in fluting medium from recycled waste fibres, and the
packaging industry in general, using semi-chemical short annual fibres to create paper stiffness
and other properties depending on the endproduct. Semichemically pulped straw is known for
creating stiffness in corrugated boards. Chemically pulped straw can be used in printing and
writing grade papers, giving a good printability and optical properties. The dirt present in waste
paper is not very attractive for making fine LWC, printing, copying or writing grade papers unless
thoroughly cleaned. For newsprint and packaging this is less important.
Dicotyledons may also be pulped as a whole stalk. Kenaf has been (semi)mechanically pulped for
newspaper grades in the USA with good results. There also is a potential market for LWC. For
printing, writing or copying grade papers with a longer shelf life, a semi(chemical) or chemical
pulping process with bleaching will be needed for a higher degree of delignification. Hardly any
research has been carried out in whole stalk pulping.
Although fibre quality itself may be good from annual plants, there are many other factors
determining their possible use. Although agricultural residues are a waste, economical drawbacks
may result from storage, separation, logistics and transportation costs. Pulping and paper making
aspects for annual plants differ from those for wood and will influence the pulp and paper price.
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Pulp yield may be slighty lower for grasses, canes, reeds and dicotyledon stems, but will be
higher for the low lignin, high cellulose containing bast fibres of dicotyledons. Resistance to new
fibre application and new products, may be diminished by more research and promotion.
A new development in the pulp and paper industry is the use of starch fibres in paper making. In
Italy, fibres are made from cooked maize, potatoes or algae starch, and may be applied up to a
maximum of 30% of the pulp, without altering sheet characteristics. Competition can also be
expected from fast growing woods like poplar and eucalyptus as these are interesting for use on
farmland.
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions
Plant fibres still form a minor part of the raw material resource for the pulp and paper industry.
Chemically pulped flax, hemp and cotton fibres are used most frequently for production of
specialty paper grades. Semi mechanical straw pulp is used for packaging/corrugated board
production in Spain and France. The long fibre pulp from annual plants is expensive (1250
ECU/ton), so small scale industries are economically feasible. The short fibre pulp from annual
plants is made from agricultural wastes (straw) and provides some specific properties (stiffness
and printability), making it an interesting raw material. New for paper production, specially grown
annual plants will have to compete with existing and established wood pulps and those from fast
growing woods like eucalyptus and poplar.
For annual plants, specific quality criteria are total yield of crop per hectare per annum, the purity
of the raw material, percentage of fibre fraction in the crop, fibre length, length/thickness ratio of
fibres, ash and silica content and chemical composition. The amount of fines produced, the
effective removal of nodes and pith, pulp yield, bleachability (environmentally clean), the beating
behaviour and collapsibility of the fibres are important.
Sheet forming characteristics and dimensional stability, resulting paper strength and/or stiffness,
z-strength, drainage time, water retention value, density, fineness, degradability, absorption,
printability, opacity and constant quality are the main quality criteria for papermaking. Specific
criteria will count for specific products. These data are not yet available.
The logistics of the annual fibre crops will be a major difference with wood. Annual plants have a
bulk higher than wood. This implies, that transport, storage and processing need more volume
than with wood. The seasonal ecessitates a year round storage system. For those countries
where drying on the land is not possible, other storage systems like ensilage have to be
developed. A constant raw material quality is key parameter. Attention has to be paid to
separation systems, when bast and stem fibres of dicotyledons are used separately. New
harvesting equipment (mainly) for flax, with higher efficiency, and reduced processing costs, is
being developed by institutes and industries, but is not yet available on the market.
The processing procedures from woods to paper products are not developed for annual plants
and will have to be adapted. Not much research has been carried out in this field yet. With more
severe environmental legislation cleaner processes will have to be applied. Much research has
been done on extrusion and organosolv processing, but progress is slow. A positive aspect is that
annual plants are normally pulped more readily than hardwoods and certainly easier than
softwoods.
Potential markets for long plant fibres are upgrading waste paper pulps, and reinforcement of any
pulp in general, as a competitor for softwood pulps if available at a competitive price.
Short annual plant fibres can be used in corrugated boards, although waste paper is very cheap.
Some properties like additional stiffness must be available to make these pulps attractive.
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For the better quality paper grades like printing, writing or copying paper the use of annual fibres
for better printability is very interesting. The dirt in waste paper makes it a less attractive raw
material. For newspaper and LWC (Light Weight Coated) grades, this is less important.
Whole stalk mechanically based pulping of dicotyledons gives newsprint and LWC quality paper
grades, while no separation of the long and short fibres is needed.
The total costs of different processing of annual plants compared with wood and the product
quality will determine whether annual plants will be used or not.

Recommendations
Possible use of annual plants would be greatly improved, with more co-ordination and co
operation. A data bank, promoting possibilities and supplying information about physical and
chemical characterisation of annual plants would make industries aware of raw materials other
than wood. Fibre demands of the industry should also be translated to agricultural production of
high quality fibre raw materials.
Many items already mentioned in the conclusions will require further investigations. Especially
environmental cleaner techniques and ways to make the total costs for annual fibre processing
competitive with wood are needed. Potentials for agricultural production of fibre crops for pulp and
paper industries can be exploited, when small scale plants become available, specific designed
for pulping of the agricultural raw materials, to produce defined pulp grades, which are applicable
in upgrading of recycled paper and in the various niche markets.
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TEXTILE APPLICATIONS
YARNS AND WOVENS

INTRODUCTION
In the course of history man has used a wide variety of plants for a multitude of purposes.
Primitive man fashioned nets, ropes and twines, baskets, mats and a host of other artefacts from
fibrous plants and pliable stems. In the course of civilisation the use of fibres in cloth for apparel
and furnishings became more sophisticated as, by trial and error, our ancestors selected those
plants which gave the best results for particular end uses. The choice was also determined by
climatic and geographical conditions which set limits on the indigenous plants available in any
particular place.
Following the domestic production of textiles came the mechanisation of processes and the
development of machinery particularly suited to specific fibres. Colour and design, fashion
consciousness and comfort awareness became influencing factors in choice, followed by
consumer demand for easy care during the lifetime of the textile. The complex set of parameters
widened to include safety, cost, value and performance.
Development and intensive marketing of the various man-made fibres, which can be cheaply
produced on large scales resulted in that usage of man-made fibres has continued to increase
while that of natural fibres has declined.
New environmental pressures and a desire for 'natural' things combined with changed attitudes to
farming methods will be the main stimulants for maintenance or even growth of natural fibre
markets. Agriculture must diversify and produce more of the raw materials of existing industry and
provide fresh starting points for new industry. Fibre-yielding plants must have a part to play.
Through the process of selection by man over thousands of years, relatively few plants have
survived the qualifying rounds to reach the finals. This is true of both edible crops and of fibreyielding plants. Those that have 'reached the finals' for textile production have now had
associated machinery and processes designed to get the best performance from them. Their
properties, both good and bad, are recognised and the processor and the consumer, more or
less, know what to expect.
This increases the odds against newcomers being accepted into the race, unless some
compelling advantage is discovered which has been overlooked or was irrelevant in the past.
Newcomers must compete both with synthetic fibres and existing natural fibres with very strong
positions on the market: cotton and wool. Cotton is grown on approximately 30 million hectares of
land, and it is one of the worlds most succesful non-food crops. There are only limited possibilities
to grow cotton in Europe for climatological reasons. If a novel crop is introduced it will take quite
some time for it to catch up, while the agricultural infrastructure is established, processing
parameters are worked out and consumer acceptance nurtured.
So, to a large extent, the problem of increasing the use of agrofibres in conventional textiles will
continue to require improvements in processing currently used fibres and in new product
developments using these existing fibres. New agrofibres are more likely to find applications in
unconventional textile outlets and in the development of new products.

Agricultural production of cellulosic raw materials for the production of regenerated cellulose
textile fibres like viscose-rayon or cellulose derivatives, is a largely unexploited area. New
spinning technologies for solubilized cellulose (gelspinning) could offer perspectives for
agricultural produced raw materials.
There will be cases for considering dual purpose crops perhaps already grown for seed or some
other purpose where at present the fibre part is not used to any great extent.
Flax is the main indigenous agrofibre of importance to the EC. If demand for products made from
it could be increased, then flax growing could be expanded quite easily. The linen industry,
however, has declined, despite cyclical periods of popularity. The working environment in linen
mills and factories has improved at every stage from scutching the flax to finishing the fabric. The
industry has installed new machinery and adopted good housekeeping practices. It is therefore in
good basic condition for increased output.
The linen industry in the EC obtains its raw materials mainly from indigenous agricultural
resources. It is a 'long chain' industry employing people at many stages from growing the flax and
extracting the fibre, through all the textile processes to the finished product. The industry is
centred in regions of the EC where it represents an important part of the economy and the social
infrastructure - North-west France, Belgium, Northern Ireland, Scotland, the Netherlands,
Germany and Italy.
Measures which could stabilise or bring about expansion would therefore have the dual benefits
of sustaining employment in vulnerable regions of the EC and of providing increased use for
agricultural land. Because the linen industry is such a small part of the total textile industry of the
EC and the world, any expansion, even a doubling of its output, would not harm other sectors of
textiles.

Organisations, industries and research institutes
The textile industry in the EC consists of both multinationals and SMEs. The multinationals tend to
be large vertical organisations producing man-made fibres, regenerated cellulosics and
processing mass-use textiles mainly from man-made fibres, cotton and blends. The smaller
sectors of textiles, which produce specialist materials like linen, silk and wool, apart from a few
large groups are made up of SMEs in most of the EC countries. The linen industry has strong
regional associations with certain areas of the EC which have a large dependency on it eg in
France, Belgium, Netherlands, Italy, Spain, Germany, Northern Ireland and Scotland. Its
continuing survival and possible growth are therefore matters of political concern, particularly in
these areas.
The coordinating body for the flax and hemp sector throughout the EC is the International
Confederation for Flax and Hemp (CILC) based in Paris. It represents the interests of all sections
of the industry - growing and scutching, spinning, weaving, bleaching, dyeing and finishing,
marketing and promotion, and research and development. In addition each linen producing
country has its own trade associations and undertakes promotional activities for its nationally
produced linen.

The overall Coordination Committee for the Textile Industries in the EC is Comitextil. It takes a
strategic view of all aspects of trade in textiles within the EC member states and externally with
countries worldwide. It is interested in technical research and ways of improving the textile
industry's standing in its own right and in relationship to other industries.
Research for the linen industry in the 1970s and early 80s was well coordinated within the CILC.
The CILC's Scientific and Technical Commission had, in the Billaux committee, a very active
group consisting of representatives from the various technical centres planning work on all
aspects of linen. The Billaux Committee was formed to promote good cooperation between the
various centres, capitalising on the strengths of each centre, to the benefit of the entire European
linen industry. The focus of their work for much of this period was the Eurolin Project, an ECbacked project tackling some of the urgent problems then facing the industry.
A CILC publication "Linen Research and Developments 1980-1986" detailed the wide-ranging
projects undertaken in each centre and indicated the great value of the work to the industry.
However, when the Eurolin Project was completed, cooperation tended to decline because of the
lack of a defined common purpose. Funding of research became piecemeal and uncoordinated so
that the amount of ongoing work decreased. It also became difficult to report the results widely
because the research work was the property of the individual sponsors. Governments' share in
supporting research became less, with the promulgation of the principle of industry paying more of
the costs of near-market research.
There is no doubt that the research organisations would welcome a return to greater cooperation,
brought about by the funding of an adequate long-term programme to meet the needs of the
whole sector, from seed to end product.
The organisations interested in promoting increased growth of agrofibres, include:
• The Ministries of Agriculture in all the member states.
• Regional organisations wishing for diversification inlocal agriculture and for generating
industrial growth points.
• Agronomic institutes to work on plant breeding, growing, harvesting and fractionating
the crop.
• Textile research institutes and Universities to improve existing products and processes
and to develop new ones.
• Industry, needing growth and solutions to technical problems.
• Coordinating organisations including CILC, Comitextil and EC departments.
The main centres within the EC with an interest in textile research on plant fibres include: ATODLO (The Netherlands), BTTG, LIRA, Silsoe Research, and University of Leeds (UK), Centexbel
and OVLT (Belgium), Cermav, ITF Lin, ITF Lyon, ITF Nord, ITL and University of Rouen (France),
FH-Reutlingen and Textilforschung Bielefeld (Germany), Stazione Sperimentale (Italy).
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7.1.2

Market
The market for agrofibre textile products can be broken down into various sectors.
• Yarns
• Apparel fabrics
• Household textiles
• Furnishings and wallcoverings
• Handkerchiefs and made-up household textiles
• Industrial and technical fabrics.
Cotton is the main agrofibre used in these areas but is grown only on a limited scale in the EC.
Flax is the main indigenous crop yielding fibre used by the textile industry within the EC, mainly
for high quality fabrics. Jute, hemp and other fibres are used by industry within the EC for coarser
textiles and industrial and technical textiles.
The world market of around 30 million tonnes of textile fibres in 1985 consisted of cotton (49.1%),
oil-derived synthetics (29.2%), cellulosic man-made fibres (13.3%), wool (5.5%) and flax (2.7%)
(Hobaus 1988). In Europe, linen comprises only 1% of textile fibre consumption (Technieuws
1992).
The area under fibre flax in the EC in 1990 was 78,000 hectares. The 1992 figures show a drop of
19% in hectares sown for all purposes including paper, and a 34% reduction in the area producing
flax for spinning.
In 1991, the total amount of wet-spun flax yarns spun in the EC was 14,351 tonnes (Italy 5330,
France 3730, Northern Ireland 2821, Belgium 1330, Spain 616, Germany 524). The total of dryspun yarns was 7705 tonnes (Belgium 3882, France 1597, Italy 907, Northern Ireland 749,
Germany 570).
There has been a dramatic change in the relative proportions of flax grown for seed and for fibre.
Previously, of the total flax grown, 99% was for textiles and 1% for linseed oil. This situation is
now completely reversed and in 1992 86% was grown for oil seed production (265,000 ha), while
only 14% was for textiles (44,000 ha, see Table 19). This dramatic change was due to EC-politics
of oilseed crop promotion, which since then has been changed again because of the GATTnegotiations. A reduction of 20% is expected for the agricultural production of flax within the EC
for 1993.
With the environmental emphasis now favouring natural fibres, there appear to be good prospects
of increasing their use in textiles.

155

t e x t i l e

a p p l i c a t i o

à
Cotton growing could be increased in the more southerly parts of the EC if it were thought
politically desirable to do so and if it could be produced in an environmentally friendly way at a
competitive price. Certainly, flax growing could be increased if existing markets for linen were
expanded or new markets found the infrastructure and knowledge is already in place. Cottonised
flax, ie flax reduced in length and fineness to ultimate fibres, could be used in increasing amounts
on the cotton system if its price and quality were competitive.
Table 19
Area under flax in 1992 in the EC (source HPA)

country

fibre flax

linseed flax

F

33.115

11.765

0

835

90.864

DK

448

226

UK

143

IT
IRL

154.992
906

6

B

6.787

633

NL

2.882

2.004

44.216

265.312

For this outlet it would be desirable to use the lower quality flax tows or perhaps, linseed flax,
rather than deplete further, the already scarce supply of line flax. It would be inexpedient to use
good quality flax to produce inferior 'cotton', so raising the price of long flax to the traditional flax
spinner.
In the 1980s promotional campaigns boosted the use of linen as a high fashion fabric. If similar
emphasis were to be put on the use of linen in all the other sectors, customer awareness could be
raised, leading to market growth.
The factors which influence sales are not just technical but, to a large extent, design and
packaging. If these areas were also addressed to meet the perceptions of today's customers it
could well increase sales.
Consideration must also be given to the competition coming from countries outside the EC. In
particular, China is already exporting low-priced linens to markets where EC-produced linen has
been traditional. Further competition will inevitably occur as the CIS and other former eastern-bloc
countries come to terms with the market economy and improve their methods and quality.
These factors will influence the type of product being made within the EC and its competitiveness.
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RESULTS OF THE STUDY
A total of 270 questionnaires (Appendix 4) was sent to research organisations, universities, and
industrial enterprises of different sizes involved in textiles, located throughout the EC
(Appendix 8). From the 53 replies received, valuable information was gathered on many aspects
of plant fibres. Annual usages of traditional (established) plant fibres varied widely from 500 kg to
25,000 tonnes.
The results of the survey are summarised herewith:Quality criteria
Plant fibres in use are currently selected on the basis of the following criteria listed in order of
priority.
• Strength/tenacity
• Fineness
• Freedom from contamination
• Length
• Regularity
• Durability
• Colour/appearance.
Most users stipulated strength, fineness, purity and length as essential elements, with regularity,
durability and elasticity as desirable. Miscellaneous features like softness, absorbency, yield,
processing capability appealed to individuals.
Desirable criteria
The responses did, however, indicate that plant fibres should satisfy the undernoted criteria (in
diminishing order of importance).
• Purity
• Fineness within a range of 1 -20 dtex
• Length mostly within the range 25-80 mm
• Strain. When figures were suggested these varied from 2-30%
• Elasticity. 40-70 GPa were quoted
• Tensile Strength 2.5-6.0 gf/den
• Absorbency. Two sets of figures were suggested:
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50-60% would appear to be moisture retained on hydroextraction, while 500% suggests
overall moisture uptake when saturated.
• Durability 2-10 years anticipated life
• Density Most values suggested were between 1 and 1.5; two responses suggested up
to 3
• Softness
• Degradability
• Fibrillation
• Antistatic properties
• Insulation
• Adhesion.
Miscellaneous characteristics such as flame-retardance, flexibility and ease of bleaching were
also cited.

7.2.1

Gaps in R & D
The survey identified certain deficiencies in present research and development:
Fibre characteristics
• Rapid methods for physical/chemical characterisation
• Structural/morphological property relationships
• Structural changes in processing
• Relationship between quality criteria and end-product behaviour
• Improved fibre uniformity
• Achieving special product properties.
Processing
• Detection of contaminants (especially polypropylene)
• Fibre extraction and preparation (replacement of retting and of scutching; steam
explosion; improved carding.)
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• Higher speed capability
• Fibre finishing
• Achievement of easy-care properties/improved crease-recovery/improved abrasion
resistance/anti-soiling.
• Achieving flame-retardance without strength loss
• New dyeing technologies (environmentally safe).
End products
• Flax yarns for knitting
• Construction materials (composites)
• Medical fabrics.
Environmental
• Basic research on plants
• Recycling
• Effluent load reduction
• Biodegradation
• Photodegradation
• Dyeing.
Outlets for product development
While respondents generally felt that outlets for product development exist in different areas like
textile, paper, pulp and composites, only a few identified specific potential products from plant
fibres. These included:
• use of flax on cotton machinery
• knitted linen structures
• paper composites, e.g. electrical boards for cars (see chapters 3 and 6)
• non-woven geotextiles (see chapters 4 and 5)
• texture analysis
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• functional clothing
• thermal insulating materials
• speciality paper products (see chapter 6).
Potential substitution
Most responses suggested plant fibres as replacements for manmade substrates, chiefly
polyester and viscose. They are generally regarded as substitutes for glass and asbestos,
presumably in insulation and in reinforced plastic mouldings, while their use could also conserve
wood and limit imported fibres like cotton.
Price
A wide range of raw material prices was quoted, clearly influenced by market sectors. Only a
quarter of those indicating price were prepared to pay more than 1 ECU/kg.
Advantages
Plant fibres are perceived to have ecological and economic advantages as natural, renewable
resources. Their ability to absorb moisture renders them comfortable when used in apparel. On
the negative side, however, fibre quality and supply are seen as bottlenecks, while fibre
processing is regarded as complicated both technically and economically as is the relationship
between price and performance. Attention is drawn to the need for improved marketing.

7.2.2

Drawbacks
Drawbacks in the use of plant fibres were recognised:
• Quality as expressed by fibre uniformity, tenacity, fineness, colour and the effect of
seasonal variations, was most frequently highlighted.
• Susceptibility to microbial attack was another deficiency in plant fibres. This gives rise to
storage problems.
• Reliable fibre supply with price stability is vital in view of the high cost of converting fibre
into yarn.
• Plant fibres inherently lack flexibility, extensibility, resistance to chemicals and flame.
• Propensity to dust formation, difficulties in reliable retting and the lack of easy-care
properties in end products were also cited.
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Identification of the technical fibre profiles
A series of fibres of commercial significance was examined and tabulated (see Appendix 7). This
comprised:
Fibres from plant sources
• cotton, flax, linseed flax, New Zealand flax, hemp, jute, kenaf, nettle, pineapple.
Fibres from 'animal' sources
• wool, silk.
Man made fibres
• viscose, polyamides, polyester, acrylics, polyolefine.
Mineral fibres
• asbestos, glass.
The characteristics of the fibres are summarised:
Specific gravity
This varied from 0.9 for polypropylene to 2.6 for glass and asbestos with polyamide/acrylic around
1.15, silk and hair fibres 1.25 and plant fibre and regenerated cellulosics around 1.5. Bearing in
mind aqueous processing of fibres it is advantageous that fibres should be heavier than water.
Regain
Moisture uptake at 20°C and 65% relative humidity is zero for glass and 16% for wool, with plant
fibres 8.5 - 14%. The higher regain figures represent fibres with optimum comfort for apparel
textiles.
Fibre dimensions
Many fibres can be broken down into shorter ultimates, while silk, glass and manmades are
extruded continuously. A mean length of 25 mm (10-60 mm) characterises the more prestigious
'staple' fibres. A fibre diameter around 20 (j appears to be desirable.
Tenacity
Although widely used, wool is 1.0 to 1.7 gf/den (a figure that compares with viscose in the wet
state). Plant fibres and man mades are considerably higher. Fibres of less than 1 gf/den are of
little value; a tenacity between 3-8 gf/den in both dry and wet conditions is desirable.
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Elongation at break
Wide variation exists - the more brittle fibres tend to fracture with 1-2% extension. Higher values
(around 35%) characterise hairs and man-made fibres. This feature is generally unaffected by
moisture.
Elasticity/modulus
The relationship between stress (force applied) and strain (change in size) varies from fibre to
fibre glass having the highest modulus and wool the lowest of curves. The behaviour of cotton
represents an average situation. The good recovery from stretch of polyester enables it to shed
wrinkles and exhibit easy-care properties.
Stiffness
In resistance to deformation glass tops the list. Next come flax, hemp, jute, high tenacity viscose.
Cotton is intermediate and wool low. Polyamides intrinsically possess high resistance to abrasion.
Softness
Tactile behaviour varies from silk-like to coarse and harsh. Since this property can be modified in
wet processing, it is not considered to be crucial in the overall assessment of fibres.
Absorbency
While this is negligible in the case of polypropylene and glass and low in the case of synthetic
fibres, natural protein and cellulosic fibres readily absorb between a quarter and a third of their
own weight of moisture.
Antistatic property
Synthetic fibres readily accumulate static electricity. Silk tends to acquire static charges whereas
wool and other hair fibres and plant fibres dissipate such charges.
Cohesion/bonding capability
This is an aspect on which little information was available in the literature consulted. Wool, by
virtue of its surface scale structure has the capacity to felt.
Since cotton, high tenacity viscose, polyester, polyamide and glass have been used in laminates
with rubber it is conceivable that other plant fibres would be acceptable in this respect.
D egradability
(a)

Effect of light. Most fibres undergo photodegradation when exposed to strong sunlight.
Lignified fibres like jute are discoloured while plant and animal fibres can lose up to
50% strength on long exposure. Polypropylene requires the use of ultra violet
stabilisers before extrusion in order to prevent structural breakdown in use, while
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polyamides and polyester are also degraded by exposure to light. Glass fibres and
acrylics are unaffected.
(b)

Effect of heat. Plant fibres and viscose discolour, lose strength and then burn when
heat is applied. Wool degrades at 100°C and progressively scorches and chars while
silk is stable up to 140°C but decomposes at 175°C. Synthetics and glass soften and
melt, this property being turned to good effect by heat setting yarns and fabrics at
moderate temperatures to impart easy-care properties. Modacrylics, asbestos and
glass are inherently flame proof.

(c)

Effect of microorganisms. Fungi feed on plant fibres giving rise to mildew, while the
ravages of moths and beetles upon wool are proverbial. Synthetic and mineral fibres
are generally immune to attack.

Chemical resistance
Plant fibres are resistant to treatments in alkali but are hydrolysed by acids, while the reverse is
the case with wool. Polypropylene has excellent chemical resistance while other synthetics
generally possess good resistance to moderate concentrations of chemicals at moderate
temperatures.
Yields
While cotton averages around 0.5 tonnes per hectare, other plant fibres reportedly yield between
0.4 and 1.4 tonnes/ha. Much depends upon soil and climatic conditions, seed density in planting
and other factors.
Conclusions
As is evident from 7.2.3 the long established textile fibres are generally well documented in
literature and this is reflected in the quality and detail of the information presented. Difficulty has
been experienced in collecting data on kenaf, nettle, pineapple and fibres from linseed flax and
New Zealand flax, while there is scant reference to miscanthus and esparto.

7.2.4

Identification of fibre crop
The main features of the more important agrofibres for textile applications are detailed below (see
also 2.1).
Cotton
Cotton is the main plant fibre used in quality textiles and it has attained this position because of its
properties, availability, price, ease of processing and performance.
There are various commercial types of cotton, characterised mainly by the length and fineness of
the fibre. In general, long cottons are fine and short cottons are coarse. The staple length ranges
from about 10 mm to 50 mm. Generally, finer cottons show higher tenacity and higher initial
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modulus than the coarser cottons. Breaking extension ranges from 5-10% but is not related to
finess (Morton, 1986)
Cotton is like other cellulosics hygroscopic and may retain 20% of water without feeling wet.
Cotton is 15% stronger in wet conditions.
The collapsed fibres have a helical form, which is important for the spinning behavior. Finer
qualities of cotton are less twisted and more lustrous.
The outer layer of the fibre (cuticula) is a waxy substance cutine, which causes the fibre to be
flexible. For bleaching and dyeing this layer should be removed, which is done by boiling in soda
or alkali.
Cotton preparing and spinning is now a highly automated process, which produces yarns of
consistent quality. The yarns are used widely in apparel (knitted and woven), furnishing fabrics
and household textiles taking advantage of the softness, absorbency and comfort properties, and
the generally satisfactory performance.
Mercerizing is a treatment of cotton with concentrated alkali, which gives shorter, but stronger
fibres and improves absorption of dyes. Treatment of streched yarns or fabrics removes the
twisted shape of the fibre and gives a smooth, lustrous surface.
Fibre flax
High quality yarns and linen textiles are produced from flax fibres, although the market share is
declining. Linen textiles can be very strong and durable, but this quality feature is less appreciated
than before by customers. The long fibres of flax can be spun wet or dry by ring spinning
techniques, yielding yarns of different finess (resp. between Nm 2 - 84 and Nm 0.3 - 18). Both
processes are compared to cotton spinning slow (max. 24 m/s for flax to 35 m/s for cotton), which
means less efficient production and higher costs.
Fibres are obtained from the stem of the flax plant (Linum usitatissimum L.), yielding long fibres
(± 50 cm) and short fibres (tow) after processing (see 2.1.1.1). Both fibres can be used for the
production of yarn, but the finest quality is obtained from long fibres. The tow yield coarser
technical yarns. Because of the thicker cell walls flax fibres are more sturly and stronger than
cotton. Like cotton, flax is hygroscopic and may contain 20% of water without feeling wet and also
shows a higher wet strength.
Bast fibres such as flax show a greater tenacity, higher modulus, a lower breaking extension and
a lower work of rupture than cotton, because of the highly parallel arrangement of the cellulose
molecules to the fibre axis (Morton, 1986).
After retting the fibre bundles are separated from the cortex and woody tissue by scutching, which
is a mechanical process. A certain amount of cortical tissue is left adhering to the fibre bundles
and gives the characteristic colour to the raw flax strands.
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'Cottonized flax' is the name given to a cotton-like material made by the separation of flax into its
ultimate fibres by treatment with alkali. These shorter fibres may be processed on cotton spinning
machinery (like open end spinning) and blends with other fibres (e.g. cotton, wool, viscose, acryl
or polyester) can be produced.
Linseed flax
The potential of fibre derived from plants grown for another purpose is often less than in plants of
the same species grown specially for fibre. This is found with pineapple and banana. With the
latter the specific fibre-bearing plant yields over 4% fibre whereas only 1.5% of inferior fibre can
be obtained from the variety grown for fruit.
However, with renewed interest in linseed flax throughout the EC, a fresh look is being made at
optimising the use of all parts of the plant. The various constituents of the plant are being
segregated with the object of directing each one to appropriate end products. While the fibre
appears unsuitable for conversion into high quality linen, as with the poorer qualities of flax tow, it
could well have outlets in less demanding products for construction, civil engineering, agricultural
use and horticulture where its fairly rapid biodegradability could be beneficial. The fibre is certainly
capable of being spun into heavy tow yarns camparable in strength to those from fibre flax tow.
Work needs to be done in optimising the uses to which the different fractionated constituents can
be put - on the textile side the development of products which can take advantage of the
properties of the fibre from linseed flax.
Plant breeding development could result in a flax variety with a better balance of fibre properties
and good seed production.
Hemp
Common or true hemp is derived from the stem of Cannabis sativa and is closely allied to flax as
it, too, is a product of temperate climates, the main producing areas being the Soviet Union and
Eastern Europe.
The hemp plant is herbaceous and can attain heights of 3-4 metres. Hemp has not been widely
cultivated in Europe recently on account of the production of narcotics from it. However, recent
work on breeding non-narcotic varieties opens up the possibility of reintroducing hemp as an
agrofibre. Fibres from this variety will need to be evaluated in textile applications. Like flax, hemp
has to be retted and scutched to free the fibres. Because the fibre bundles are much longer than
flax, equipment must be designed to cope with the longer canes. Hemp is very hygroscopic and
may contain 30% water.
The hemp fibre is similar to flax but will not produce as fine a yarn. The fibre is generally stronger
and coarser than flax and less suitable for fine textiles. It has been used largely for twine. If it were
to be used as a textile fibre in more up-market products it would be in the same areas as linen furnishings, domestic fabrics, apparel and technical fabrics. The problems associated with
processing hemp would also be similar to those encountered with flax and therefore the areas of
research needed to establish hemp in textile production would include the same topics.
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Jute
Jute is the cheapest of the textile fibres, which is mainly used in bags. Jute yields less strong
fibres than flax or hemp and is less durable, difficult to bleach, but relatively easy to dye. Jute
fibres show polygonal cross-sections with thick cell walls. Technical fibres may reach lengths of 34 m, but the elementary fibres are only between 2-5 mm. The fibres are more stiff than other bast
fibres, because of a high lignin content. Lignin is also the cause of the uv-sensitivity of the fibres,
which results in loss of strength and brown colouring. The fabrics becomme fluffy and have a low
wear resistance.
In order to soften the fibres before spinning they are soaked in oil (batching) so yarns can be
spun.
Kenaf and Ramie
Kenaf (Hibiscus cannabinus) and its fibre, is one of the bast fibre group. It is often referred to as a
jute substitute bacause of similar fibre uses. The plant is a herbaceous annual with stalks growing
to around 4 metres in height and fibre concentrated mainly in the lower portion. The leaves are
composed of 5 lance-shaped lobes occurring mainly near the stalk top, the flowers, pale yellow
with purple centres are borne on short stalks growing from the upper angles between leaf stalks
and stems. For fibre production water retting (10-30 days) is required.
The long fibres in the stems of some species such as ramie (Boehmeria nivea) are used in the
textile industry. The ramie fibre resembles flax but is even longer, stronger and more stiff. High
quality textiles can be produced, which will break on folds in the end, because of a high modulus.
Other crops

•

Nettle
Common name for the family Urticaceae, fibrous herbs, small shrubs and trees found
chiefly in the tropics and substropics. Several species are covered with stinging hairs that
on contact emit a skin irritant. Stinging nettles include species of Urtica, widely distributed,
and species of Laportea, a group of tropical and subtropical herbs, shrubs and trees.
An annual or perennial herb of the genus Urtica (about 30 species) found in temperate
regions worldwide. Up to 1.5 m in height it has simple leaves with toothed margins and
bears clusters of small green unisexual flowers. Stems and leaves may have stinging
hairs. Fibres are also obtained from the stinging nettle (Urtica dioica), which is a common
weed in the EC. The fibre yields (suitable for spinning) are only 3-7%.

7.2.5

Matching of Technological Profiles of Ideal Fibres to Plant Fibres
None of the plant fibres has all the ideal properties needed for textiles. It is therefore a question of
compromising and obtaining the optimum balance between the properties to achieve efficient
processing and good performance, with the end product in mind.
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Of these fibres, cotton has proved the most successful in meeting many of the requirements of an
'ideal' fibre for textile purposes. The price of the fibre, its consistent quality and the application of
sophisticated high speed preparing and spinning enable cotton to compete successfully in a wide
range of knitted and woven products at all price ranges. Its ease of processing is matched by its
generally satisfactory performance in use and its good handle, comfort and appearance make
cotton attractive to the user. Its success is measured by the fact that cotton accounts for almost
half the world's textile fibre consumption.
Flax is a longer, stiffer, smoother fibre than cotton and is more difficult to extract and process. The
fibres exist as groups throughout preparing and dry spinning. The individual ultimate fibres are
freed by rove treatments or wet spinning procedures where ultimates are drafted to produce fine
yarns. The composite nature of the fibres places a limit on the fineness of dry-spun yarns and
greatly increases preparing and spinning costs as the machinery used is exclusive to flax and
runs relatively slowly. Flax yarns are inextensible and wiry and can be more difficult to weave or
knit, if not properly prepared. Bleaching is needed to remove associated colouring and impurities.
However flax has a number of advantages some aesthetic and some technical. Because of its
smoothness and lustre, linen has a very attractive appearance giving it a high-quality, aristocratic
image. Its smoothness also confers coolness as it ensures good skin contact. Its good heatconducting properties together with its ability to absorb water rapidly due to the fibre structure,
make linen very comfortable in hot conditions.
It is a very strong fibre and the tear strength of linen is high and increases by some 20% when
wet. The disadvantages are the price, the variability in quality and quantity of fibre available, its
propensity for creasing and the lack of easy care. In general, more effort has to be put into
processing flax and into minimising the effects of some of its disadvantages.
Another important feature of both cotton and linen is the low lignin content of the finished fabric
which gives good stability to both light and heat. More lignified fibres such as jute and hemp are
less stable to light and heat and this adversely affects their performance.
In general, the closer other fibres approach cotton or flax in their properties the more likely are
they to be considered as satisfactory textile fibres.

.2.6

Identification of Research Needs
Fibre Characteristics

•

Quality
Because flax, and all the agrofibres, are natural products they are dependent on the
weather for their quality. Variations in the weather from year to year and between different
locations lead to wide fluctuations in the quality of the flax crop and the fibre it yields.
Contrast this with the man-made fibre industry, where stringent quality control and
constantly controlled conditions ensure consistent quality within batches and reproducibility
between batches. The raw material for the linen industry, on the other hand, is subject to
variations which are difficult to assess.
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With the emphasis on quality standards at every stage of processing, and specification of
the properties of yarn and fabrics, the consumer of the product needs to know exactly what
he is buying. The spinner is placed at a distinct disadvantage with such a variable raw
material from which to make standard qualities of yarn. At present, judgement of fibre
quality is based on the skills of the buyers' understanding the subtle variations in fibre by
sight, smell and handle.
In the light of the rigid quality standards being set by customers for yarn and cloth, this
subjective assessment of fibre quality is no longer sufficient. However, it is very difficult to
replace because the buyer needs an accurate assessment of quality very quickly when
buying fibre.There is an urgent need to establish agreed scientific tests which will indicate
the quality of fibre and the products that can be made from it. The tests to be considered
would be both physical and chemical and should indicate the spinning potential of a fibre,
independent from plant resource.

Uniformity
Because of its natural origins, flax fibre is subject to the variations already discussed. In
addition to developing rapid, scientifically-based tests for quality there is a need for work to
reduce the variability so that a more consistent raw material is available to spinners. An
objective quality assessment combined with a logistic chain approach (infrastructure) could
enhance the competitiveness of EC-produced agricultural produced fibres.

Relationship between quality criteria and end product behaviour
On account of this variability in fibre quality it is often difficult to predict precisely the
properties of the end product. The relationships between fibre quality criteria, such as
uniformity, purity, tenacity, fineness, length, colour and the effects of seasonal variations
on the product at successive subsequent stages and on the final end product, need to be
studied for a better understanding.

Structural/Morphological relationships
Further elucidation of the structure of the flax fibre is needed so that the significance of
crystalline and amorphous regions of the cellulose and the nature and function of nodes is
established. The structure of the ultimate flax fibre contributes to the behaviour of the
products in terms of properties such as the heat and moisture relationships, the flexibility/
rigidity, inextensibility and abrasion resistance.
Investigations need to be made, initially on the nature of the contribution of structural
features and then on ways of maximising any advantages and minimising deficiencies due
to the structure.
The effects of processing the flax fibres also need to be established in terms of changes in
structure as the material is worked over successive machines and is subjected to chemical
and physical treatments.

I L E

mmm

Processing

•

Contaminants
While the intrinsic quality of the flax fibre causes its own difficulties due to variability,
another major drawback to agrofibres such as flax is the occurrence of contaminants
arising from the agricultural process. Over the past twenty years polypropylene has
become a major problem to the linen industry. Polypropylene baler twine was the original
contaminant but it now exists in the fields, recycled by cows, and is very easily gathered up
with the crop. It is difficult to detect until late in the preparation cycle and results in
significant amounts of reject fabric.
Work needs to be done on methods of detection and removal of polypropylene from the
flax process at as early a stage as possible.
An in-built contaminant is sprit, adhering particles of shive which have survived all the
preparatory processes and have been spun into the yarn and woven into cloth. Sprit
causes problems in bleaching and dyeing. At present the only way of removing it is by
chlorination. Work needs to be done on devising alternative methods of sprit removal
which are more acceptable ecologically whilst still maintaining quality standards.

Fibre extraction and preparation
While the yield of flax fibre per hectare is almost double that of cotton, the difficulties in
extracting the fibre from the plant are also much greater. Apart from a cleaning process,
the seed-hair fibre, cotton, is in its final state whereas flax has to undergo biological and
mechanical processes to free it. These processes also introduce variability in colour,
fineness, propensity to fibrillate, length, strength etc, to a crop already subject to climatic
influences.

Retting
The first stage is a retting process in which the flax is subjected to selective microbiological
action by moulds and bacteria which degade preferentially the gums and pectins binding
the fibres to the straw. Water-retting and dew retting are practised, the former yielding flax
of the highest quality but having attendant effluent problems. Carrying out dew retting is
limited by climatic constraints - in the colder and wetter northerly and peripheral regions of
Europe it cannot be done consistently, if at all.
Attempts have been made to introduce methods which replace retting but none of these
has proved entirely satisfactory. The spinners have never been enthusiastic about the
quality of the fibre produced at the price being asked.
It would be desirable to develop a more consistent process, particularly to replace dewretting, and one that could be undertaken in those areas where dew-retting is impossible
but where good flax can be grown. This would widen the applicability of flax as a crop and
introduce a measure of stability if bad weather conditions should occur in other flax-
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growing regions. Controlled enzymatic and chemical processes should be investigated
further. Developments with desiccation techniques may also offer possibilities.

•

Scutching
The actual separation of the fibre is done by a mechanical operation called scutching, in
which the flax straw is first crushed to break the woody parts which are then removed by
beating with rotating turbine blades. Radical thinking is required to devise a process to
replace scutching as the fibre extraction method.

•

Steam explosion
While most of the flax produced in western Europe has been processed traditionally by
long staple machinery, recent developments of steam explosion produce a short fibre
capable of being spun on the cotton system. Flax fibre ultimates are of the same order of
length as cotton fibre whereas the 'technical' fibre spun by the traditional flax spinner
consists of groups of ultimates which adhere to form a longer, coarser fibre. In traditional
flax spinning the ultimates are only drafted as entities in their own right during the wet
spinning process. Short staple flax, if available commercially at an economic price could
lead to increased use of flax by cotton spinners where techniques such as rotor spinning
could be applied. At the present stage such a fibre would probably be more expensive than
cotton so economies of scale and the marketing cachet of linen would need to be applied
to realise the potential of this approach. Work needs to be done in further refining the
process and in achieving industrial-scale production.

•

Economics
Conversion costs incurred in the processing of flax fibre are much greater than with other
fibres. This is because flax needs to be processed with much greater care, at slower
speeds and through more processing stages to achieve the quality which is expected of a
specialist textile like linen.
To try and make linen more competitive, work needs to be undertaken to reduce, if
possible, the conversion costs of flax from carding through preparing to spinning.
Advantage must be taken of the capability of machinery to run at higher speeds than flax
will at present allow. This might mean tailoring the fibre in length, fineness and finish to suit
high- throughput machinery. In weaving, the modern rapier loom can run at speeds which
demand more from the yarn. Linen yarn must be made capable of running at these higher
speeds. If the unit cost of production could be reduced linen products would become more
competitive in relation to other textiles.

•

Improved performance
In order to meet current consumer requirements the performance of linen in use needs to
be improved. There are a number of areas where criticism by consumers inhibits its
greater use. Specifically, these relate to easy-care performance, crease resistance and

170

I

It

t e x t i l e

a p t l i c a t i o n s / y a r h

AND

HOVENS

wrinkling, and abrasion resistance. Improvements in these performance criteria will start
with studying the effects of structural characteristics of the flax fibre and determining how
these affect performance. Perhaps with a greater understanding of the fundamental
structure, methods can be suggested for modifications which will address the deficiencies.
Easy-care properties can be improved by judiciously blending flax with other fibres which
contribute greater resilience. These will include wool and synthetic fibres, particularly
polyester. As well as improving performance the use of blends opens up new market
opportunities which have tended to be ignored in the past. Greater innovation in product
design is needed if increased use of flax is to be encouraged in outlets which at present
require considerable effort on the customer's part to service the product.
Finishing techniques can also be developed to enhance the easy-care performance. The
balance between crease-recovery and abrasion resistance has been a matter for
investigation for a long time. While improvements have been made as a result of the
development of resin systems, these improvements seem now to have reached the point
where further improvement along these lines is restricted. Work needs to be undertaken,
perhaps using radically new methods, if further advances are to be made.
The problem with currently used resin systems is that if sufficient resin is applied to prevent
creasing it embrittles the fibres to such an extent that abrasion resistance is reduced and
handle is affected adversely. Creasing is perhaps the major single factor in the customers'
perception inhibiting the wider use of linen in apparel and furnishings.

Flame retardance
With consumer safety rightly receiving greater priority, current flammability requirements set
high performance standards for the burning behaviour of textiles used as furnishings and
apparel. Natural plant materials, being cellulosic, burn readily. There is a tendency for current
flame-retardant finishes to cause loss in strength in cellulosics. Work needs to be done on
achieving a satisfactory level of flame retardance without the attendant loss in strength.

•

Finishing
In general there is a need to assess constantly, on an on-going basis, existing or new
techniques for improving the properties of finished fabrics across the whole range of
performance criteria - easy-care, anti-soiling, creasing, abrasion and flame resistance.

Environmental Considerations

•

Research on plants
In order to obtain the best possible fibre, plant breeding programmes need to continue,
with quality assessments of spinning performance made to determine which varieties are
best. In the longer term, genetic engineering techniques should be considered with the
view to introducing selected desirable properties into the plant which could perhaps
minimise the use of pesticides or even induce retting of the ripe flax.
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Utilisation of by-products
An important economic consideration and environmental necessity is the utilisation of all
the by-products. Flax is perhaps a particularly good example of what can be done with a
plant. With fibre flax, once the flax has been extracted the other components are also
valuable.
The seed provides linseed oil which already has a number of valuable industrial uses and
recentclaims by a French Pharmaceutical company, suggest that a mixture of linoleic and
linolenic acids has beneficial effects in the treatment of neurological disorders such as
Alzheimer's disease.
The chaff can be used for chicken litter, the shive for 'shive-board' used in construction and
short fibres for roofing felts. A novel use for shive is to use it as a substrate for growing
oyster mushrooms which need a woody material. In the process, the shive is degraded and
can be used as a cattle feed.
Taking the other situation where linseed flax is being grown in large quantities for seed in
the EC, work is already under way to consider textile uses for the shorter more branched
fibre obtainable from it.
Besides utilising economically as many of the by-products, consideration must be made of
recycling the products at the end of their useful life and of the ultimate disposal of the
materials.

•

Energy and effluent
In order to make the textile as environmentally acceptable as possible the energy required
to process the fibre, from seed to finished fabric, must be kept to a minimum. This will
require streamlining all the processes as far as possible.
In the chemical processing of textiles at whatever stage it is undertaken - fibre, rove, yarn
or fabric - the effluent loading must be kept to a minimum and methods of treating the
effluent must be employed before its discharge to the disposal system. Consideration must
be given to the chemicals used so that environmentallly friendly processes result.

7.2.7

Identification of Potential Market
•

Product Development
Most of the linen produced is conventional woven fabric. In order to diversify and increase
flax usage in new areas, this narrow view needs to be widened. Linen yarns have only
comparatively recently been introduced to knitted structures. In the past, linen has tended
to be too stiff to form the knitted loop and knitters have experienced difficulty in coping with
the additional problems presented by linen yarn. Recent developments in wet spinning
using Linmack frames have resulted in the production of more compact and more regular
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yarns, while the use of durable softeners has contributed to pliability, enabling linen to be
knitted satisfactorily. Further work in this direction could extend the use of linen.
Other methods of fabric production such as non wovens - techniques such as Malimo could offer other opportunities for flax fibre.
Linen is noted for its rapid absorbency and coolness, features which make it useful in
conditions of heat stress. These properties, together with linen's anti- static property, need
to be exploited to the full in developing products for apparel and seat coverings for cars
and domestic use where the customer would benefit from the use of linen.
While much of the information on blends of flax with other fibres already exists, there is a
need to translate this knowledge into well-designed products which have better
performance than 100% linen for particular uses. Pilot scale trials (including preparing,
spinning, weaving and finishing) could indicate the potential of each blend-type, but it
would be for individual companies to take the basic idea and put their own commercial
stamp on it.
The demand for good quality flax for spinning is constant and suitable qualities are often in
relatively short supply. However there are large amounts of low quality flax tows available
which are not suitable for spinning and weaving. In order to achieve lower stable prices for
the good qualities, viable commercial uses need to be found for the poorer quality flaxes.
The whole area of textiles for horticultural or agricultural use needs to be examined. At
present many of these are made from synthetic fibres. The needs of the construction
industry for various forms of geotextiles which are biodegradable could form the basis for
new products (see chapter 4).
The use of natural textile materials in composites needs to be investigated. The precise
form of the textile which gives the desired performance has to be determined for
composites based on cement, resins or plastics. Special yarn or fabric constructions might
be needed. Such materials could be used in construction, as decorative laminates and as
replacements for asbestos or glass reinforced composites (Chapter 3).
As agrofibres are made from cellulose, bleached flax being a particularly pure form, there
are possibilities for medical applications where high purity and absorbency could be
important attributes.
In general, there are many possible new products that could be developed using
agrofibres. Some modifications may need to be made to the fibres to make them
compatible for particular uses, - eg. absorbency, swelling characteristics, flame retardency.
Exhaustive needs searches must be made among all the potential users of textiles to
establish if materials made from flax or other agrofibres could be used.
Taking each of the market sectors where linen operates, each one could be expanded.
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Increasing numbers of weavers outside the traditional 'linen' industry
are weaving linen and linen-blend yarns. There are increasing markets
for knitted linen. Cotton-spun linen and linen-blends have different
characteristics but could still take advantage of the appeal of linen.

Apparel fabrics:\Nhi\e the demand in the 1980's was largely for ladies' fashion fabrics
the market for mens' suitings and leisure wear (woven and knitted) in
linen and linen blends could be developed.
Household textiles: Markets for linen and linen tableware have declined, largely
because of highproduct prices, lack of easy-care properties and the
ready availably of much cheaper cotton and synthetic alternatives with
good performance. Development of exclusive, up-market customers
and of prestigious contract markets could expand this sector.
Furnishings and wallcoverings: These consist mainly of 100% linen and linen union
curtain and upholstery fabrics, together with linen and linen mixtures
and woven and warp-laid wallcoverings. Improvements in abrasion
resistance and flammability for upholstery fabrics by blending with
synthetic fibres and applying an appropriate flame retardant (eg foam
backing) could expand the market. For example, if even a relatively
small proportion of car seating was covered with a linen-based fabric
with coolness and comfort as its virtues, this could provide substantial
outlets. Contract outlets could again be expanded.
Handkerchiefs and made-up household textiles: Where absorbency is required linen
is an ideal fabric, so for handkerchiefs, napkins, glass cloths, towels
further expansion, based on superior performance, could be made.
Industrial and technical fabrics: This has been a growth area in the past ten years and
offers potential for further expansion. The types of product considered
here include mail-bags, scrims, geotextiles, horticultural fabrics,
filtration cloths, garment interlinings, belting, tarpaulins, threads, ropes
and twines, artists' canvas, aero linen, luggage, etc. The yarns used
would range from fine high quality wet-spun to heavy dry-spun.
Regenerated Cellulose: The possibility exists of producing regenerated cellulose using
plant fibres instead of wood.
Treated flax fibre: Chemically treated stapled flax fibres have been produced for
spinning on systems other than the traditional linen system. This can
extend from cottonised flax to longer fibres for high-fashion blends with
other 'aristocratic' fibres. Increased use of this type of material could
introduce the beneficial properties and the marketing cachet of linen to
a wider range of textiles.
Flax fibre, unsuitable for spinning, could be used as padding for furniture, mattresses etc.

7.3

CONCLUSIONS AND RECOMMENDATIONS
Processors of textile fibres are not, on the whole, enthusiastic about novel plant fibres, feeling that
the fibres in current use have reached their present state by virtue of proven economic, technical
and aesthetic properties.
Of the fibres now being used, cotton probably is seen as the fibre which has the best balance of
properties for a wide range of textile products for mass use. It has a very efficient preparing and
spinning system and can be readily blended with other fibres.
Cotton can be grown in the Mediterranean countries of the EC. If price and quality are right the
textile infrastructure already exists to use indigenous fibre. It is therefore a question of policy in
deciding whether to increase production in these areas.
The growth of hemp has been restricted, partly because of narcotics issues. However with new
varieties this problem may have been resolved and hemp can be grown in the EC. If efficient
retting and fibre extraction methods were established, hemp could be used for some products
where linen already exists or in new areas such as geotextiles and composites.
Flax occupies a small sector of the world textile market as a speciality fibre mainly for high quality,
up-market linens. It represents 2.7% of the world fibre consumption and only around 1% of the EC
fibres usage. It has considerable market influence, outweighing the actual quantities of the fibre
used. It requires specialist machinery and processing techniques and while it has many virtues it
also has drawbacks.
Linseed flax is already grown for seed in substantial amounts and it would be advantageous to
find textile uses for the shorter, coarser fibres which it yields.
Other fibres, at present not available in commercial quantities, do not seem to offer significantly
better properties or prospects of marketing textiles which would have a sizeable market. There
may be a place for some of the stiffer coarser fibres in composites or other innovative products.
If the major emphasis in promoting the increased usage of agrofibres was placed on flax it should
result in the most rapid results.
'Linen' is already a household name, highly valued for its appearance and properties. In view of
the drawbacks associated with linen processing and behaviour, however, products could be
developed which better meet the needs of the modern consumer.
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Areas for research would include:
(1)

Establish agreed scientific tests to indicate the quality of fibre and the products for
which it is suitable. Prediction of the spinning potential of a given fibre.

(2)

Research on reduction of variability between flaxes to produce a more consistent
raw material.

(3)

Study of the relationships between fibre quality criteria, uniformity, purity, tenacity,
length, strength, etc.

(4)

Elucidation of the structure of the fibre and how internal and surface features
contribute to product performance. Investigation of ways of maximising advantages
and minimising deficiencies.

(5)

Detection and elimination of contaminants (i) polypropylene, (ii) sprit, using
environmentally friendly methods.

(6)

Development of controlled 'retting' techniques particularly for areas were dew retting
is not possible.

(7)

Investigation of more efficient scutching.

(8)

Further development of steam explosion or other techniques to produce short staple
'cottonised' flax suitable for spinning on the cotton system.

(9)

To help make finen more competitive in price the costs of conversion from fibre to
fabric need to be reduced. This will involve tailoring the fibre to suit high-throughput
machinery and making linen yarns capable of weaving at higher speeds.

(10)

Improvements in performance specifically easy-care, crease resistance and
abrasion resistance.
• Blends of flax with other fibres for specific end uses.
• Improved finishing techniques.
• Improved flame retardance without loss in strength.

(11)

Extending fabric production techniques from weaving to include knitting, nonwovens etc.

(12)

Maximising the advantages of rapid absorbency, good heat conductivity, anti-static
properties as good selling points.

(13)

Making use of low quality flax tows in fabrics for geotextiles, construction, agriculture
etc. using advantage of biodegradability.
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(14)

Making use of textiles in composites with cement, resins and plastics.

(15)

Examining all possible areas where flax fibre could be used as a textile or as pure

ÜI
cellulose - eg medical applications.
(16)

Plant breeding to produce better fibre.

(17)

Utilisation of all the by products - seed, chaff, shive, in innovative products or
processes.

(18)

Full environmental consideration of flax growing, processing and product
development to the final disposal of the product.

(19)

Minimising energy and chemical loading of flax processing and ensuring that all

•jpijijjl

ïlii

chemical processes are as 'green' as possible.
(20)

Studying the use of linseed flax fibre and of the fractionated by-products of linseed
flax.
1111
ipii

(21)

At a lower level of priority cooperating with agronomists in developing new agrofibre
crops and studying the fibres which they produce. Each of these studies would

•i

involve following the programme for flax, studying fundamental fibre
structure/morphology, maximising benefits and minimising deficiencies. Optimising
processing conditions, developing a range of desirable products and considering all
the environmental impacts which a new crop and new products might make.
(22)

Initiate a promotional campaign for linen products to educate customers of the

Ill

virtues of linen.
(23)

Encourage greater creativity and the use of good design and packaging to make
linen products as attractive as possible.

(24)

Initiate discussions, perhaps through existing channels of CILC, between industry
and research to formulate a coordinated plan to tackle the technical problems
currently inhibiting the wider use and greater acceptance of linen.

gill
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OTHER APPLICATIONS
FOR PLANT FIBRES

Plant fibres can be applied in areas other than those discussed so far. Furthermore, fibre plants
yield more than fibres alone. Other fibre applications and applications of by products are
discussed in this chapter.
8.1

ENERGY RESOURCE
Energy generation out of agricultural products can be divided into solid energy resources (biomass) and liquid or gaseous resources. Biomass can be distinguished as biomass from
agricultural residues and biomass from crops, grown for energy production. Agricultural residues
are, for example, cereal straw, rape seed straw, cotton waste (Greece), vine prunings (France,
Portugal) and energy crops are sugarbeet, silage-maize, poplars, Cynara cardunculus (Spain,
also for papermaking), reeds (Arundo donax), sorghum and miscanthus. Besides energy crops
and agricultural waste, also products made from biomass (paper, building materials) can be
recycled a few times and then be used for energy generation. This is called cascade-use. There
are several ways to derive the energy from crops. Some methods generate warmth and electricity.
Other methods yield liquid fuels after fermentation, like ethanol from cereals, biodiesel and
lubricants from sugarbeet, oils from rapeseed, and methanol from lignocelluloses.
If biodiesel or biofuel replace 5-10% of the European mineral oil consumption, 3-4 million ha
arable land could be used for energy crop growing (EC-demonstration programme on biodiesel).
In the EC 67 million ha of arable land is used for growing crops of which 10 million ha (15%)
would be set aside and can be used of energy production.
Stimulating factors for energy crops are the greenhouse effect and the MacSharry plans; when
agricultural land is taken out of use because of food surpluses, it may be used for energy crops
(Novem, 1992).
The energy generation from biomass is faced with several problems, (1) technical problems in the
area of cultivation, drying, processing and logistics and (2) the competition with fossile fuels with
their low costs and constant supply (Technieuws, 1992). Disadvantage of energy crops such as
miscanthus and poplar for agriculture are the large land requirements and long term occupation of
the land (Novem, 1992).
As some of the agricultural land is polluted (e.g. some parts of former Eastern Germany) food
production is not possible, this land can be used for cultivation of energy crops (Technieuws,
1992).
The general opinion is that renewable energy sources are less detrimental for the environment,
because the C02-consumption and production are balanced. (Nevertheless, rapeseed oil is not so
environmentally friendly, when producing rapeseed methyl ester (RME), products like methane

(CH4), CFCS and N20 are liberated (Technieuws, 1992)).
The provisional conclusions from investigation of the economics of renewable energy sources are
that the price of one barrel of mineral oil should be between 30 and 37 ECU, in order to make
renewable resources profitable (Technieuws, 1992).
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For pure energy-farming, only the perennial crops poplars and miscanthus are of interest, leading
to approximately 3.5 ECU per GJ. Energy generation from agricultural waste results in 1.5 ECU
per GJ for wheat straw and rape seed straw. In 1988, the costs for fossil fuels are 2.7 ECU/GJ
(natural gas), 2.5 ECU/GJ (oil) and 2 ECU/GJ (coal), it is expected that the prices for fossil fuel for
gas and oil will be doubled by the year 2000 (Novem, 1992).
The ratio of energy-output and energy-input is lower for traditional crops (wheat, sugar beet etc)
than for perennial crops: a ratio of 5 for traditional crops and a ratio of 15 for perennial crops. For
the last, only 7% or less of the energy content of the harvest is needed for the cultivation (Novem,
1992).
A simple application for lignocellulose waste materials could be found in compressed pellets as a
substitute for billets and briquettes. Production of charcoal briquettes based on agricultural wastes
will be especially of interest for developing countries. The development of small scale briquetting
production technologies will be required.
PACKAGING MATERIALS
Packaging industries are more and more confronted with governmental legislations aimed at
restriction of the use of packaging materials and their recovery and re-use. Many applications of
cellulosic raw materials can be found in environmental save packaging materials. Several
opportunities for increased use of cheap (disposable) materials based on renewable sources can
be utilized on the large market of packaging materials, which is dominated by synthetic plastics
like PVC and PP. Products that are promising for packaging industries and that can be improved
or developed based on natural fibres are:
• filler materials (shock proof)
• papers (wrapings and bags)
• card board and corrugated board packaging
• durable bags and nets (wear and weather resistance)
• fibre reinforced composites and laminates for containers, boxes and shaped parts.
Substitution of synthetic polymer products as well as wood or plywood by light-weight fibre
reinforced composite materials, based on annual crops, will be of great ecological benefit
(deforestation, waste management, recycling, etc.).
FILTERS, MEMBRANES AND OTHER SEPARATION MEDIA
Plant fibres or other cellulosic fibres may be used in novel membranes for separation processes in
water purification (reverse pulse), in biosensors (cell separation), as dispersion aids, effluent
removal process aids, and polymeric reagent (catalyst etc) support materials in reagent
immobilization.

At this moment straw filters are used for algae removal from water on farms. The straw is applied
unmodified as a bale, but there is no solution for the disposal of the bales after usage. This
method can be used for the Black Sea, where a large environmental project has been started. An
Australian company developed membranes, based on celluloses, for the selection of toxics from
water. It is a crude, but efficient process. Vegetable filters can be used for removal of nutrients
and heavy metals from sewage sludge, waste water and ashes.
The interesting possibilities with celluloses on a specialty market are (1) biotechnological
application, like enzyme stabilization and enzyme purification, (2) drug stabilization and drug
purification, and (3) chromatographic separation; inverse chromatography, performance of
bonding.
8.4

FILLER MATERIALS
In the automotive industry cotton fibres are used as fillers in seats. An alternative is flax which has
a higher moisture absorbency, resulting in better comford. Cellulosic fibres may find application in
automotive sound reducing devices. In car/aircraft industry, there will be a strong competition with
synthetics in seat covers and panelling.

8.5

CHEMICALS AND SPECIALTIES
Fibre crops, as a source of cellulose, have more potential applications than fibre application
alone. In the following, different applications for cellulose are indicated. New applications and
technologies for cellulosic fibres of waste products may have large impact on the economics of
several countries. For instance, cellulosic sources may be unbarked trees after cork removal
(Portugal), vines from the vineyards (Portugal, Spain, Italy, France, Germany), seaweed which
now is used as land fertilizer and so on.
A wide variety of cellulosic derivatives are produced on large scales worldwide. The major
industrially useful derivatives are carboxymethylcellulose (CMC), hydroxyethylcellulose (HEC),
cellulose acetate (CA), methyl cellulose and hydroxypropylcellulose (HPC), which can be obtained
in varying degrees of substitution.
Rayon and viscose production for textile industry is mainly based on wood cellulose. If highly pure
and crystalline cellulose can be obtained from agricultural production at a reasonable price, a
large market will be available.
Cellulose derivatives find many applications in paper and pulp industries (wet end, coating,
surface sizing, CMC, HEC, methyl cellulose) as adhesives and detergents, in paints and textiles,
because of rheological and film forming properties. Also in food, cosmetic and pharmaceutical
industries, the cellulosics find wide application as emulsifier, stabilizer, thickener, etc.
By-products from fibre extraction (hemicelluloses and lignin) should find applications for better
waste water management. The feasibility of production of bulk- of fine-chemicals from agricultural
by-products should get more attention. A wide range of products could be produced by
fermentation or chemical processes (HMF, furfural, alditols, alcohols and organic acids).
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Interesting properties of iignin as an adhesive may be exploited. Cell wall material for use as
dietary fibre, in the food-industry, as functional additive is investigated. Better digestability of plant
(non starch) polysaccharides, especially in ruminants, is investigated to reduce the manure
surplus.
Cellulosic fibres may be applied as filler in adhesives. Advantageous is the thixotropic behaviour
of the fibres. Bottlenecks are the unknown interaction with other components and degradation.
The ratio of price/performance equals conventional systems.
New derivatisation techniques (trans esterification), biotechnology (microbial conversion,
enzymatic conversion) and processes are required for exploiting by-products.
A compendium should be prepared to identify the flow of cellulosic raw materials through the
various networks of companies in the EC.
8.6

CONCLUSIONS AND RECOMMENDATIONS

Conclusions
Fibre crops have potential application in areas, other than fibre products, like biomass production
for energy generation, as packaging materials, separation media and for chemicals and
specialties production. Cellulose from fibre plants may be applied in production of cellulose
derivatives (CMC, HEC, etc), rayon and viscose, etc.

Recommendations
New derivatisation techniques (trans esterification), biotechnology (microbial conversion,
enzymatical conversion) and processes are required for exploiting by-products. A compendium
should be prepared to identify the flow of cellulosic raw materials through the various net works of
companies in the EC.
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American Standard Testing Methods

ATO

Agro Technologisch Instituut = Agrotechnological Research Institute

BRE

Building Research Establishment

BRITE - EURAM
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Basic Research in Industrial Technologies for Europe - European Research
for Advanced Materials

CA

Cellulose Acetate

CILC

Confederation Internationale du Lin et de Chanvre

CMC

Ceramic Matrix Composites

CMC

Carboxymethylcellulose

CRAFT

Co-operative Research Action for Technology

CTMP

Chemo Thermo Mechanical Pulp

DG

Directorate General

DIN

Deutsche Industrielle Norm = German Industrial Norm

DLO

Dienst Landbouwkundig Onderzoek

dm

dry matter

EC

European Community

ECU

European Currency Unit

FAO

Food and Agriculture Organisation

FTIR

Fourier - Transform Infra Red spectroscopy

GATT

General Agreement on Tariffs and Trade

GMT

Glass Mat reinforced Thermoplast

GRP

Glass fibre Reinforced Plastic

ha

hectare

HDPE

High Density Polyethylene

HEC

Hydroxyethylcellulose

HPC

Hydroxypropylcellulose

ISO

International Organization for Standardization

l/D ratio

Length/Diameter ratio

LDPE

Low Density Polyethylene

LEI

Landbouwkundig Economisch Instituut = Agricultural Economical Institute

LIRA

Lambeg Industrial Research Association

MDF

Medium Density Fibre (board)

MF

Melamine Formaldehyde

MMC

Metal Matrix Composites

NIR

Near Infra Red spectroscopy

NMR

Nuclear Magnetic Resonance Spectroscopy

NRLO

Nationale Raad voor Landbouwkundig Onderzoek

PA

PolyAmides

PE

PolyEthylene

PETP

PolyEthene - TerePhtalaat

PF

Phenol Formaldehyde

PP

Polypropylene

PUR

Poly URethane

PVC

Poly Vinyl Chlorid

PyMS

Pyrolysis Mass Spectroscopy

R&D

Research and Development

RIM

Resin Injection Moulding

RTM

Resin Transfer Moulding

SI

Système International

SMC

Sheet Moulding Compound

SME

Small and Medium Enterprise

°SR

Degree Shopper - Riegler

TMP

Thermo Mechanical Pulp

UF

Urea Formaldehyde

UP

Unsaturated Polyester

UV

Ultra Violet

DIFFERENT COUNTRIES
AU

Austria

B

Belgium

CH

Switzerland

D

Germany

DK

Denmark

ES

Spain

F

France

GR

Greece

1

Italy

IR

Ireland

L

Luxembourg

N

Norway

NL

The Netherlands

PO

Portugal

S

Sweden

SF

Finland

UK

United Kingdom

DIFFERENT APPLICATIONS
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AG

agronomy

GT

geotextile

IMC

inorganic matrix composites

MC

matrix composites

NW

non woven application

P&P

pulp and paper

PMC

polymer matrix composite

TE

textile
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Study on Plant Fibres

Dear Sir/Madam
We would like to support a study on potential new or increased application of plant
fibres. This study would include a review of the current situation, identifying new
avenues of research and a survey of the market/economic potentials. The range of the
study is described in detail in the attached annex.
This study should be carried out over 12 months, for approximately 60,000 ECU all
inclusive and we are therefore issuing this limited call for offers. The respondents
should present a 2-3 A4 page outline of their proposed study and proposed workplan
(including a budget breakdown and time schedule). The respondents should also
indicate the relevant expertise of their organisation and the person(s) who will be
responsible for the study.
The study covers textiles, pulp and paper, and special fibres (e.g. for composite
materials). You can make a proposal for one or more of these three aspects. If accepted
to carry out a part of the work, you could be asked to cooperate with other partners in
a joint study.
Should you wish to make an offer to carry out this strray or have further questions,
please contact Mr H. Hoestra (Tel: +32-2-236.09.12 Fax: +32-2-236.43.22).
We look forward to hearing from you before the closing date «f 2£ June 4-951.
'ours faithfully

F. VAN HOECK
DIRECTOR
Enc. Annex

Ru« de la Loi 200 • B-1049 Brussels - Belgium
Telephone: direct line 23

telephone exchange 235 11 11 - Telex COMEu B ziê77 - telegraphic address COMEUR Brussels

Annex of Call for Offers

STUDY ON INCREASED APPLICATION OF DOMESTICALLY-PRODUCED PLANT FIBRES
IN TEXTILES, PULP AND PAPER PRODUCTION, AND COMPOSITE MATERIALS

Background
The development of new market outlets for conventional and traditional fibre crops
depends on the following factors:
supply security (quantity, quality)
price (competitive)
process technology
demand.
Gaps in knowledge on the optimal process technologies now represent a major limiting
factor in the development of new market outlets. Therefore there is a clear need for
optimal process technologies to be developed through targeted and applied R&D
activities.
Objectives
The study shall contribute to the definition of R&D priorities in relation to the
processing of fibres by identifying major new opportunities as regards markets and the
related technological and economical bottlenecks.
Tasks
Three market segments shall be analyzed:
1.
2.
3.

textiles
pulp and paper
special fibres (for use in composites, etc).

For each of these segments, the currently used fibres shall be analyzed in order to
develop "technological profiles" of "ideal "fibres.
These technological profiles shall be compared with the characteristics of conventional
and non-conventional plant fibres produced by up-to-date process technologies from
plants which are or could be grown under ecological conditions of the EC.
For the most promising fibre crops the bottlenecks preventing their immediate
application shall be identified and recommendations for agro-industrial R&D should be
derived.
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Page 2 of Annex
WORKPLAN

Working Programme

Time Schedule

Deadline for sending in proposals

28 June 1991

Selection

July 1991

Start Date

September 1991

Example Headings

Time Schedule
(continued)

Man/Hours

Costs
(ECU)

Literature Research/Fact Finding
Analyzing/summarizing
conclusion of literature research
and fact finding
Identifying remaining gaps in
knowledge and major players
Indicate the priorities (gaps,
avenues of research, etc.)
Interim Report
Final Report (to Commission and
CANEF)
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APPENDIX 2

STUDY ON OPPORTUNITIES FOR INCREASED APPLICATIONS OF AGRO-FIBRES
IN PULP & PAPER PRODUCTION AND COMPOSITE AND
CONSTRUCTION-MATERIALS, AND NOVEL TECHNICAL PRODUCTS
OBJECTIVE OF THE STUDY
-

Technological profiles of plant fibres for application in pulp and paper production, fibrereinforced composites, construction and building materials, geotcxüles, civil engineering and
insulating materials, asbestos replacing materials and in novel products/materials will be outlined.
- Fibre-crops that can be grown within the EC and the required technologies for production of
fibres will be identified, including the economical feasibility of processing and production.
- Potential market outlets for the various most-promising types of fibres will be estimated.
- Priorities in agro-industrial (R&D) activities for enabling immediate application and product
development of the most-promising agro-fibres will be defined.
Economic feasibility is a prerequisite. This is true for the production and processing of fibres as
well as for end-use productioa In this respect the following starting points must be taken into
consideration for the strategic choices to be made.
-

Specific advantages or advantageous characteristics of the raw materials - the various types of
fibre - must be identified and exploited.
- Industry chooses raw materials based on price-performance ratios, dynamic exchangeability of
raw materials and the potency of maximum utilisation of production capacity.
- Process technology to be developed need to match the strategic choices of the industry, their
views and future plans.
Therefore, for the present study, close contacts with industries, industrial R & D and related
research groups are essential. These contacts include in particular interviews by visitation. (The
Agrotechnological Research Institute ATO (Dutch Government) has experience in this field.)

APPROACH
1. Determination of technological profiles of ideal fibres
The characteristics, technical specifications and prices of currently used fibres - wood, herbaceous,
synthetic, mineral - which can possibly be replaced by plant fibres produced within the EC, will
be surveyed for each market segment
- pulp & paper price-performance ratios depend on simple characteristics - morphological,
chemical and physical - and on complex characteristics - additivity of fibre characteristics and
exchangeability of many pulp types used in linear programming mixtures for about 300 types
of paper.
- special (innovative) applications of plant fibres: many interesting new opportunities for agrofibres replacing
mineral or some synthetic fibres; price-performance ratio may depend on
chemical, physical, morphological, thermal, electrical or acoustic characteristics.
Inquiries about technical profiles are to be gathered from published data (literature and patent
survey) and especially from industrial information.
The study will give an overview of the potential applications (new and increased markets) of
different plant fibres in other fields than textile industries.

2. Identification of fibre crops
In the selection of fibre crops that can be grown for producing fibres which match the profiles
determined above, some economical, agronomical and socio-political aspects will be taken into
considerateoa This implies the agricultural impact of production requirements such as crop
protection/fertilizers; yield (potentials) andstability; availability/feasibility harvest technology; storaee
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and logistic aspects; cost control and reduction of the fibre-crop end-product logistic chain;
industrial demand and supply security; future EC-membership Nordic Countries.
3. Matching of technological profiles of ideal fibres

to plant fibres

"Ideal profiles" will be compared with those of plant fibres which can (potentially) be produced
within the EC and with those of competitive woiid market natural fibres. Fibres produced or to be
produced as main or by-products will be evaluated. For several applications comparisons must be
made based on processed fibres. The effects of traditional and new process technologies on the
performance of fibres must be estimated.
ATO can include in this study information on profiles of several types of plant fibres untreated as
well as processed, using a number of advanced and new process technologies.
Based on the collected information, new opportunities (and limitations) for application of fibre crops
will be identified. These may be the consequence of advantageous price-performance ratios, superior
technical specifications, or advantages with respect to processing or environmental or health hazards.
4. Identification of required process technologies, research needs, R&D recommendations
Process technologies will be identified from the viewpoint of plant fibres which must be
economically processed. Important aspects are the required production scale of the process; recovery
and re-use of chemicals; environmental aspects; energy demands of process technologies; feasibility
of process implementation in industry.
A comparison of the available process-technologies and their applicability for natural fibreprocessing will be given, with res pea to the cost and competive materials and products.
For the most promising fibre crops, the bottlenecks preventing their immediate application will be
identified. Main bottlenecks for industrial application of agio-fibres recognized at this moment are:
- supply security; how to get the desired amount of a desired fibre quality (homogeneous and
uniform) at the right moment (the whole year round); on the right place; year after year (quick
quality tests / Agrologisties)
• price; cost reduction and cost control. Identification of components of the fibre-crop end-product
logistic chain
- process technology: short term and long-term perspectives
- increase in demand: product development in close cooperation with industrial companies and
agricultural cooperations; recommendations for raising the interest of industries can be made
(product promotion).
The current international research activities in the fields of paper and pulp technology, natural
fibre-reinforced composites, building and construction materials, geotextiles and non-wovens will
be reviewed.
The priorities for innovative research and product development of different composites and
alternative applications based on natural fibres will be defined conclusively.
The international network of research institutes and companies with interest in new applications
of natural fibres will be composed.
5. Identification of the potential market
A survey of the European market will yield the potential market segments, where the new
applications of different fibre crops are promising. The segments already recognized at this moment
are the asbestos, glasfibre and wood replacement markets together with new opportunities for
degradable materials and environmental safe produkts. Hie bottlenecks of market penetrations and
product-promotion (replacement markets, consumers education).
The economical bottlenecks for application of the various natural fibres will be determined and
tccommendations for further development of agro-industrial markets will be derived. The
competition of the fibre crops with plant fibres grown outside the EC will be regarded with respect
to their properties (quality), costs and logistics.
A comparison of the economics of different traditional and new fibre crops which can be grown
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within the EC will be given in the perspective of cheaper produced products from outside the EC
(jute, ramie, sisal, kenaf. cotton) and competitive materials (waste fibres like straw and wood pulp),
but also competive materials based on petrochemical products, mineral- or synthetic fibres.
Opportunities of valorisation of byproducts from fibre crops will be taken into account.
Estimation of the potential growth of natural fibre-production and perspectives for new applications
in composite materials and replacement of raw material for pulp and paper industries will also be
considered.
The activities described in the above sections will not necessarily be carried out in the given order,
but rather interactively between sections.

RELEVANT EXPERTISE OF ATO
About thirty research workers are in involved in plant fibre research.
- Numerous technologies for processing of fibres:
extrusion; (QTMP, organo/acetosolv, alkaline delignification, microbiological (pre)treatment,
HTST, organo-chemical modification, processing of fibres for reinforced composites (natural and
synthetic composites);
- Characterization of plant fibres: analytical chemistry, FTIR/FTIR-microscopy, Confocal Laser
Scanning microscopy, DSC, NIR, (Pyrolysis) GC-MS, NMR etc.
- Harvest and storage technology
- System knowledge: fibre-crop end-product agrologistic chain; decision support system; linear
programming system pulp/paper industry
- As a Governmental Institute experience with unbiased industry interviews also in this field.
- Knowledge of the activities of international research institutes in the field of agro-fibres and
acquaintance with-several (multinational) companies and international organizations (CILC)
- Know-how of product evaluation and composite-material testing.

Persons responsible for the study:
Dr. W.M.J. van Gelder, Head Division Non-food Processing; Programme leader "Agrofibres for
use in composites and building materials". Dutch Ministry of Agriculture, Nature Management
and Fisheries.
Dr. MJ. de Smet, Head Pulp and Paper Research Department ATO, Programme leader Section
Hemp Process Technologies, Hemp Programme, Dutch Ministry of Agriculture, Nature
Management and Fisheries.
Dr. J.E.G. van Dam, Chemist, 10 years experience in carbohydrate and cell wall/fibre research.
Interim management and consultancy for industrial research. Study of novel applications of
plant fibres produced in the Netherlands carried out for the Dutch Ministry of Agriculture,
Nature Management and Fisheries.
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our reference

jvd/ec-112
subject

EC agFofibre reseach

date

29 April 1992

direct line

75077

L.S.

The Directorate General XII (Science, Research and Development) of the European Community
EC, Brussels, has initiated a study directed at increasing the application of plant (non-wood) fibres.
The study will be focussed on three market segments, i.e. pulp and paper, textiles, and "special"
fibres (for composites, construction materials, asbestos substitutes, insulating materials and
geotextiles).
Gaps in the current knowledge and R&D needs have to be identified, together with the major
players in these fields, which will be used in preparation and execution of future EC Agroindustrial research programmes.
The objectives of the study are given in appendix 1.
Agrotechnological
Research Institute
(ATO-DLO)
Haagsteeg 6
P.O. Box 17
NL-6700AA Wageningen

The study is being carried out by the Agrotechnological Research Institute ATO-DLO of the Dutch
Ministry of Agriculture, Nature Management and Fisheries in cooperation with LIRA, Lambeg,
Lisbum, Northern-Ireland. ATO will mainly focus on pulp and paper and special fibre applicati
ons, LIRA on textiles.

The Netherlands
Telephone: 31.8370.75000
Fax: 31.8370.12260

jrchon post harvest physiology
and quality parameters
storage and container systems
processing and cell and

This inquiry is being set-up to identify
- industries interested in the potentials of plant fibres
- industries already applying plant fibres
- R&D groups with expertise in relevant research areas
- Academic groups working in scientific fields that generate basic knowledge for broadening the
applicability of plant fibres.
This information provided in the inquiry forms (appendix 2) will be treated absolutely confidential.

molecular biology
product development
logistics expert systems and
computer image analyses
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If your company/institute is interested in the application or R & D of nonwood plant-fibres
papermaking, please also complete the supplement with questions P1-P8.
Please return the completed forms as soon as possible, preferential within two weeks.
For further detailed questions on certain subjects it is possible that we contact you personally.
You may feel free to add information on your company/institute/department when returning
inquiry form. Do not hesitate to contact me if you have questions.
Sincerely y<

Dr. J.E.G. van Dam
Projectleader "Special fibres" ATO-DLO

i.o. Dr. W.MJ. van Gelder
Head Division Industrial Crops, Products, Process technologies
Coordinator EC study AGRE-0066-NL
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your letter of

your reference

our reference

gvv/ec-130
subject

direct line

EC agrofibre reseach

date

7 July 1992
enclosures

75077

L.S.
As we did not receive your response up till now to our letter (our reference: d.d. 29-04-'92/112)
and the questionnaire, concerning the study carried out for the EC (DG XII) in Brussels on plantfibre applications, I would like to remind you to return the completed inquiry if you are interested
in this topic.
The study is focussed on application of plant (non-wood) fibres for industrial purposes in three
market segments, i.e. pulp and paper, textiles, and "special" fibres (for composites, construction
materials, asbestos substitutes, insulating materials and geotextiles). Applications for European
fibre crops, such as flax. hemp, miscanthus, straw, etc. as well as exotic fibre crops such as cotton,
sisal, jute, coir etc. arc of interest.

Agrotechnologicai
Research Institute
(ATO-DLO)
Haagsteeg 6
P.O. B o x 17
NL-6700AA Wagenmgen

Gaps in the current knowledge and R&D needs have to be identified, together with the major
players in these fields, which will be used in preparation :ind execution of future EC Agroindustrial research programmes.
If you are missing the questionnaire, but still interested to complete it. please inform me. Another
questionnaire will be sent.

The Netherlands
Telephone. 31.8370 75000
Fax: 3 1 8 3 7 0 . 1 2 2 6 0

You may feel free to add information on your company/institute/departmcnt when returning the
inquiry form. Do not hesistate to contact me if you have any questions.
If you have already sent us the completed inquiry, you can see this Idler as not sent.

Research on post harvest pnysioiogy
and quality parameters
storage and container systems
Drocessii'»;

o<i.t cell ana

molecular biology
product aevelopment

Sincerely yours.

_ '"^5
Dr. J.E.trfvan Dam
Projeclleaaer "Special fibres" ATO-DLO

ioçisucs expert systems and
computer image analyses
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APPENDIX 4

Commission of the European Communities
Directorate-General for Science Research
and Development
DG XII

Study on:
I N C R E A S E D A P P L I C A T I O N O F DO M E S T I C A L L Y - P R O D U C E D
PLANT FIBRES IN TEXTILES, PULP AND PAPER PRODUCTION,
AND COMPOSITE MATERIALS

Agrotechnical Research Institute
Ministry of Agriculture, Nature Management and Fisheries
Agricultural Research Department
PO Box 17
6700 AA WAGENINGEN, The Netherlands
Phone: +31 8370 75000

Fax: +31 8370 12260

ato-dlo
Lambeg Industrial Research Association
Lambeg, LISBURN, Co. Antrim
Northern Ireland, BT27 4RJ
Phone: +44 846 66255
Technology
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•

Research

•

Testing

Fax: +44 846 661691

OBJECTIVES:

* TECHNOLOGICAL PROFILES OF PLANT FIBRES FOR APPLICATION IN:
PULP AND PAPER PRODUCTION
TEXTILE APPLICATION
FIBRE REINFORCED COMPOSITES
CONSTRUCTION AND BUILDING MATERIALS
GEOTEXTILES. CIVIL ENGINEERING
NON-WOVENS
INSULATING MATERIALS
OTHER APPLICATIONS

» FIBRE-CROPS THAT CAN BE GROWN WITHIN THE EC
REQUIRED PRODUCTION TECHNOLOGIES
ECONOMIC FEASIBILITY OF PROCESSING AND PRODUCTION

• POTENTIAL MARKET OUTLETS

• PRIORITIES IN AGRO-INDUSTRIAL R&D NEEDS
IDENTIFICATION OF BOTTLENECKS
MAJOR RESEARCH GROUPS

• PROCESS TECHNOLOGIES TO BE DEVELOPED

* IDENTIFICATION OF SPECIFIC ADVANTAGEOUS CHARACTERISTICS OF THE
VARIOUS FIBROUS RAW MATERIALS

* PRICE-PERFORMANCE RATIOS

* DYNAMIC EXCHANGEABILITY OF RAW MATERIALS
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Confidential

APPENDIX 1

Organization name:
department or unit
address:
country:

postal code:

city:

contact person(s):
-position in organization:
-telephone:

fax:

type of organisation: O industry
O small or medium enterprise
O research centre
O university

(main) activities of organization:

- areas of expertise relevant to future R&D programmes on plant fibres
O product manufacture
O product development
O process development
O basic research

APPENDIX 2
1 -

Confidential

is your organization interested in research and development / application of plant
fibres?
O yes...go to 2

2.1 -

O no....continue at 4

is your organization interested in EC stimulated precompetitive research on fundamen
tal aspects to increase the applicability of plant fibres?
O yes

12 -

O no

are plant fibres at this moment studied or applied in your organization?
O yes, investigated...go to 23

O yes, applied...go to 13

O yes, investigated and applied...go to 13

O no....go to 3

13 - which plant fibre products are in use or studied in your organization?

- for which applications?
0 textiles

0 paper

0 composites

0 other branches

0 pulp

- why was this fibre selected?

- what is the annual turn-over of plant fibres in your organization?
tonnes fibre/year (dry weight raw material)
- which criteria are used for quality?

- which gaps in R&D can be indicated for application development?

- what are the main drawbacks for application of plant fibres?

-* go to 3
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3.1 - what market outlets have potential for innovative product development from plant fibres?
(if possible, please specify)
O textiles:
O paper.
O pulp:
O composites:
O other branches:

estimated potential:

tonnes plant fibres/year (dry weight raw material)
-> 3.2

3.2 - which quality criteria should plant fibres satisfy?
O purity
O length

(mm)

O fineness

(tex)

O density

(kg/m3)

O elasticity-modulus

(MPa)

O strain (breaking length)

(% or km)

O softness
O tensile strength

(MPa)

O (anti-)static
O adhesive properties
O absorbency

(%)

O insulation properties
O durability

<

(yr)

O degradability

>

(yr)

O fibrillation
O other
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3J - for which components / raw materials / products do plant fibres have potential as a
substitute?
O none
O asbestos
O man-made fibres

(please specify)

O glass fibres
O wood fibres
O other

- what price range for plant raw materials (in ECU per kg dry weight) is feasible for your
end use?
O

<0.10

O

0.10-0.25

O

0.25 - 0.50

O

0.50-0.75

O

0.75 - 1.00

O

> 1.00

-» 3.4

3.4 -

what are the advantages for the use of plant fibres? (please specify)

0 economics
O environmental
0 performance
0 processing
0 other
-> 3.5
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Confidential
3.5 - what are the bottlenecks for introduction of plant fibres? (please specify)
- agricultural

0 fibre quality
0 fibre supply
0 storage & logistics
0 other

- technical

0 fibre processing
0 other

- scientific

0

- economical

0 price / performance
0 marketing
0 other
-> 3.6

3.6 - did you publish papers on subjects on relevant to this topic?
O

yes -» please include a copy/copies

0 no

- which relevant literature would you recommend?
1
2
3
4
5
6
7
8

-> go to 5
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4 - do you have experience with research and development / application of plant fibres''
O yes...go to 4.1
O no.... go to 42

4.1 - in which application fields?
O textiles
O paper
O pulp
O composites
O other branches

- what was the outcome; which fibre raw materials have been studied?

- which gaps in R&D can be indicated for application development?

-> 42
42 - what are the main drawbacks for application of plant fibres

-> 4J

4J - are you acquainted with other organizations (within the EC), which have experience in
- plant fibre applications
- development of plant fibre products
- research on plant fibres
O yes...please fill

in data —> 5

O no -> Thank you for your cooperation, end of inquiry
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S. - do you maintain industrial relations or research contacts, (within the EC member states),
in the field of fibre processing or application, which could contribute to anain the required
information? "

organization name:
department or unit:
address:
country:

postal code:

city:

contact person(s):
-position in organization:
-telephone:

fax:

) Add additional pages, it necessary
type of organization:

O industry
O small or medium enterprise
O research centre
O university

6 - are you prepared to give more detailed information for this study on the use of plant fibres
in the field of your expertise and/or interest?
O yes... It is well possible that for further questions on certain subjects we contact you
personally.
O no

Thank you for your cooperation.
Please return completed inquiries as soon as possible (befon
Dr. J.E.G. van Dam
ATO-DLO
P.O. Box 17
NL-6708 KT WAGENINGEN
The Netherlands
tel. +31-8370-75077
fax +31-8370-12260
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In case of paper applications:
P.1 In which paper grades are non-wood fibre pulps presently applied?

P.2 Which pulping process(es) are applied for plant fibres?
O Sulfate (Kraft)

O Sulfite

O Soda

O CTMP

O Organo-solv

O Aceto-solv

O other
P.3 What are positive, c.q., negative aspects in the particular process(es)?

P.4 Did you experience any environmental drawbacks in processing agrofibres and could you
specify these?

P.5.1 How much residual lignin is acceptable in your application of agrofibre pulp?
O

> 10 %

O

5-10 %

O

2-5 %

O

1-2 %

O

< 1%

P.5.2 How much residual hemicellulose is acceptable in your application of agrofibre pulp?
O

> 10 %

O

5-10 %

O

2-5 %

O

1-2 %

O

< 1%

P.6.1 Which type of mill beater/refiner is most suitable for preparing the plant fibre pulp?

P.6.2 What laboratory beater do you advice for beating curve experiments to analyse proper
ties?
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P.7 Which properties do you rate necessary/useful for a reliable evalutation?
- pulp behaviour related
O freeness O moisture absorption O (dynamic) water retention

O wet strength

O wet stretch

O apparent density

O curl O cohesiveness O scattering coefficient

- sheet result related
optical
O opacity

O brightness

strengths
O dry tensile strength

O others

O transverse tensile strength

O tearing resistance - edge O bursting strength
O creasing strength

handling
O moldability

O abrasiveness

O brittleness

O creasability

O others

chemical
O ash

O sulfur

O water solubles

O total acidity

O dielectrical

O others,

O permeabilities

O stiffness

O pH

O grease resistance

O others,

P.8 Are there any other important aspects to be mentioned?
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O folding endurance

O others

O softness

penetration
O absorbencies

O tearing resistance - internal

APPENDIX 5

Commission of the European Communities
Directorate-General for Science Research
and Development Joint Research Centre
DG X I I BIOLOGY

Study on:
I N C R E A S E D A P P L I C A T I O N O F DOME STIC A L L Y - PR ODUCE D
PLANT FIBRES IN TEXTILES, PULP AND PAPER PRODUCTION,
AND COMPOSITE MATERIALS

Agrotechnical Research Institute
Ministry of Agriculture, Nature Management and Fisheries
Agricultural Research Department
PO Box 17
6700 AA WAGENINGEN, The Netherlands
Phone: +31 8370 75000

Fax: +31 8370 12260

ato-dlo
Lambeg Industrial Research Association
Lambeg, LISBURN, Co. Antrim
Northern Ireland, BT27 4RJ
Phone: +44 846 66255
Technology

•

Research

•

Testing

Fax: +44 846 661691
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OBJECTIVES:

* TECHNOLOGICAL PROFILES OF PLANT FIBRES FOR APPLICATION IN:
PULP AND PAPER PRODUCTION
TEXTILE APPLICATION
FIBRE REINFORCED COMPOSITES
CONSTRUCTION AND BUILDING MATERIALS
GEOTEXTILES, CIVIL ENGINEERING
NON-WOVENS
INSULATING MATERIALS
OTHER APPLICATIONS

* FIBRE-CROPS THAT CAN BE GROWN WITHIN THE EC
REQUIRED PRODUCTION TECHNOLOGIES
ECONOMIC FEASIBILITY OF PROCESSING AND PRODUCTION

* POTENTIAL MARKET OUTLETS

* PRIORITIES IN AGRO-INDUSTRIAL R&D NEEDS
IDENTIFICATION OF BOTTLENECKS
MAJOR RESEARCH GROUPS

* PROCESS TECHNOLOGIES TO BE DEVELOPED

* IDENTIFICATION OF SPECIFIC ADVANTAGEOUS CHARACTERISTICS OF THE
VARIOUS FIBROUS RAW MATERIALS

* PRICE-PERFORMANCE RATIOS

* DYNAMIC EXCHANGEABILITY OF RAW MATERIALS
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APPENDIX 1

Confidential

organization name:
department or unit:
address:
country:

postal code:

city:

contact person(s):
-position in organization:
-telephone:

fax:

(main) activities of organization:

areas of expertise relevant to future R&D programmes on plant fibres
O crop breeding
O crop protection
O fertilizers
O ecology
O economics
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Confidential

1 - is your organization involved in research and development / application of fibre crops?
O yes...go to 2
O no....continue at 3

2 - are fibre crops at this moment studied or applied in your organization?
O yes, investigated...go to 2.1

O yes, applied...go to 2.1

O yes, investigated and applied...go to 2.1

O no....go to 22

2.1 - which fibre crops are studied in your organization?

- for which applications?
0 textiles

0 paper and pulp

0 composites

0 other branches
- what is their annual production?

hectares
tonnes dry fibre

- which criteria are used for quality?

- which gaps in R&D can be indicated for application development?

- what are the main drawbacks for application of plant fibres?

-» go to 1 2
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2J. - what fibre crops are currently grown in your country?

estimated annual production:

hectares of crop

tonnes dry fibre

0 fibre flax
0 linseed flax
0 hemp
0 cotton
O miscanthus
0 other (please specify)
-> 23

2J - which fibre crops could be grown in your country? Please indicate possible yields.
O fibre flax
O linseed flax
O hemp
O kenaf
O cotton
O miscanthus
O nettle
O esparto
O other
-> 2.4
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2.4 - which factors affect the viability of fibre crops?
0 climate
0 soil
0 economics
0 labour
0 by-products
0 ecological consideration
0 crop protection
0 fertilizers
0 harvesting
0 technology
0 processing
0 markets
O other
-> IS

2S - what price/kg (in ECU) for plant fibre is feasible ?
0

<0.10

0

0.10 - 0.25

0

0.25 - 0.50

0

0.50 - 0.75

O

0.75 - 1.00

0

> 1.00
—• 2.6

2.6 - what are advantages in growing fibre crops?
0 environmental
0 economic
O nfhp.r
-> 2.7
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2.7 - what selective criteria for plant fibres are applicable?
O economic yield
0 fibre properties
0 end-use
O other
- how is fibre quality assessed

IS

2.8 - which are the bottlenecks for introduction of fibre crops?
O
O
O
O

consistency of quality
fibre supply
storage and logistics
other
2.9

2.9 - what gaps in research and development can be indicated for further development?

2.10

2.10 - did you publish papers on subjects relevant

to this topic?

O yes —• please include a copy/copies
0

no

- which relevant literature is recommended?
1
2
3
4
5
6
go to 4
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3 - do you have experience with research and development / application of fibre crops?
O yes...go to 3.1
O no.... go to 32

3.1 - which fibre crops have been studied and for what application?
O textiles
O paper and pulp
O composites
O other branches
- what was the outcome?

- which gaps in R&D can be indicated for future development?

32
3 J. - what are the main drawbacks for growing fibre crops?

-» 3J

3J - are you acquainted with other organizations (within the EC), which have experience in
- fibre crops
- development fibre crops
- research on fibre crops
O yes...please fill in data -» 4
O no -4 Thank you for your cooperation, end of inquiry

Confidential
4. - do you maintain industrial relations or research contacts, (within the EC member states),
in the field of fibre processing or application, which could contribute to attain the required
information? u
organization name:
department or unit:
address:
country:

postal code:

city:

contact person(s):
-position in organization:
-telephone:

fax:

) Add additional pages, if necessary
type of organization:

O industry
O small or medium enterprise
O research centre
O university

Thank you for your cooperation.
It is well possible that for more detailed questions on certain subjects we contact you personally.
Please return completed inquiries as soon as possible (before May 15) to:
Dr. J.E.G. van Dam
ATO-DLO
P.O. Box 17
NL-6708 KT WAGENINGEN
The Netheiiands
tel. +31-8370-75077
fax +31-8370-12260
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espondem.s questionaire 1 (ATO)
Su
i

Name
Wavin BV

1

Scottish Textile & Technology Center

3

Countr>

TE

UK
t'K

Danish Techn Institute

DK

5

Technical 1'mversity Delfi-Civil Engineering

NL

6

TNO - Centre for Timber Research

NL

7

Nico ion

NL

1

9

CENTEXBEL

B

1

13

Prof Judt

D

14

Limerick

IR

16

Hoechst

NL

17

Biocomposite Center

ITC

U

NEHEM

NL

20

University of Surrey

L'K

21

Cetulosa de Asturias

ES

26

CRIF

27

TorvaJe

L'K

29

Armstrong

NL

30

ITF- northern

F

1

32

Cermav

F

1

33

CEBTP

F

34

Comjtextil

B

35

Windmaster

36

Biocora

SF

37

Eolas

IR

40

Deutscher Beton Verein

D

41

Dormer

D

43

Procotex

B

1

1
1

1

Sintea Compositi

iO

Vendor

=2

Aabo AJcaderro

1
wood

1

1

1

1

1

1

1
1

board production
1
1
1

1

roofings

1
I
1

I

1
forestry
1
1

1

I

1

B

panels
1
comp straw boards

I

I

NL
S

energs

1

NL

\9
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1

B

UK

1

1

F

Stramit

ren:f plastic pipes

1

CETIH

17

Others

packaging materia!

1

INRA

LTC

NW

Minher research

11

Panierte

GT

1

12

ERA technology

MC

1

F

46

IMC

1

NL

45

PMC
1

]

FIRA

TNO - Plastic and Rubber

PI*

NL

4

K)

PA

1

1
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Su

Name

Country

TE

PA

PU

PMC

IMC

F

53

Poni-a- Mousson

54

SCA Aylesford

ITC

55

Imperial College of Science

UK

56

FIIX>R

ITC

MC

1

1
promotion of furniture

HKO

59

Biotechnical Institute

DK

1

1

61

Hojbygaard papir a/s

DK

1

1

63

Fredencia Cellulose

DK

64

Dura

D

1

66

Crepim

F

1

67

Morgan

ITC

ECIA

F

Clextra!

F

70

VTT techn res ctr

SF

7)1

Bosse GmbH & Co KG

D

712

Chalmers Technical University

S
SF

Others

1

57

6«

NW

1

D

69

GT

1

heat insulation

1

packaging

1

1

1
insulatioii/hghf weight
1
1

1

1
1

huilding/constr mal

1
1

1

1

72

Apr Res. Ctr Finland

73

Italcementi

I

1

74

Institut für Bauforschung

D

1

76

Tosiec srl

I

77

Halcrow

t'K

1

79

l'niversitv of Loughborough

UK

1

81

Danish Technical Institute

DK

83

Dresden Technical University

D

86

Bundesanstalt fUr Wasserbau

D

SS

REDCO / Et emit

B

*9

Tex tar GmbH

90

Tenmat ltd

ITC

)]

Laokhorst/jndutech

NL

)2

VHP Security Mill

NL

J3

FhC» - Produktionsanlagen u. Koostruktionstechnik

D

»4

OrgaDocell

D

•5

BTTG

UK

6

Daask Fibre Industn

DK

7

Smith & Nephew

UK

1

g

SHR

NL

1

9

Gaiker

ES

R&D

1
1
1
J
disc brake pads

D
1

1

1
1
1

1

]
1
1

1

1

1

1

1

1
R&D
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Nc

Name

]00

Cambridge Laboratory

101

Isrim

102

Intron

NI.

1

103

Aalborg portland

DK

I

105

Newcasüe upon Tyne

UK

106

Ronneros Board

S

107

Sommer

F

109

AEA industnaJ lechn

110

Exxon chem france

F

11:

Katholieke Universiteit Leuven

B

113

TNO - Paper and Board

NL

1

114

Celulosa de Asturias

ES

1

115

Balta industrie«

B

116

l'CO Technical Fabrics

B

120

Shell

121

Forschung Gâsbetonmdustrie

D

122

Provital SA

B

124

Sodoca

F

!25

Country

TE

PA

PMC

IMC

MC

C.T

xw

UK
I

R&I) local area

civil engineering

1
1

1

1

1

insulation

1

UK

1
chemicals
1
boards
1

1
1

NL

1
1
food ingredients
1

GB Papers

UK

Aristotelian University

GR

28

Whatman Papers

UK

1

29

University de Cordoba

ES

1

30

Soc. Fr. de Céramique

F

34

University of Newcastle upon Tyne

UK

35

GEC Alsthom

UK

36

Devoa Valley

ITC

1

37

Novamont SpA

I

1

38

Schollen Lijmen

NL

40

Daosk Eternit Fabrik

DK

41

KTH

S

42

Kohler. Albert

D

43

CIB/CSIC

1

44

Dassault Aviation

15

DSM

16

Nordlys

F

M

Université Liege

B

18

Feirex NJI Groep

1

1

fibre board
ion exchange media

1
1

1

1

insulation elec mat

1

adhesive«.
1
1
1

ES

rubbercomposites

1
1
1

F
NL

NL

Others
oilseeds

27
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PU

1

1
1
1

1

1
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Country

Name

14'J

Russell & Co

150

FH Hildesheim

D

wood research

151

Technical University Clausthal

D

rock constructions

152

Institute Wood Research

D

1

154

Kappa de Kroon

SI

1

155

Ciha-Geigy

CH

156

Papierfabriek Doetinchem

NL

157

Sapso

F

158

Indas

ES

160

ITF

F

161

Filirak

D

162

Camtex fabrics

TE

LTC

PA

PU

Nil

PMC

LMC

MC

GT

NW

fcj

1

1

CPV

65

CEMAGREF

F

66

Lo Scalzo

H

1

•>

1
1

1
1

1
biophys/elecfr R&I)

I

67

Lohmann

D

70

Krupp Forschungsinstitut

D

71

Danish Technical Institute

72

l:Qjversùy

7?

University of Bath

NL

-

of Karlsiad

1
1
1

1

STFI -Swedish P&P Research Institute

77

AERPAC

NL

78

Van Leer/Leopack

NL

79

Institut für Textiltechnik

il

Centre Technique du Papier

12

BPS Paper & Packaging Lid

(4

Ceiulosa de Levante

(5

Institut für Textiltechnologie

D

;ó

Daimler-Benz

D

:7

Assoc. Italians Produttori Piante da Fibra

I

8

Agri-Contact

9

Swedish Geotechnical Institute

furniture

1

1

76

CNRS

1

F

Lantor UK

1

1

UK

ENPC

Royal Veterinary and Agricultural University

agnc. machinery

S

75

0

plants, raw mat&degr

DK

74

X

1

I

University of Genoa

64

©

1

UK

63

Others

1

UK

1

S

1
1
1
1

D
F

1

UK

1

1

1

ES

1

1
1
1

1

DK

promotional

S

1

DK

1

F

1
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No

Name

192

Insular für Kunststof!' Verarbeitung

193

Papeiera Guipuzcoana

194

Ahlstrom Kammerer

195

Fibertex

DK

196

University of Leeds

UK

197

British Cement Association

UK

198

University del Pais Vasco

Country

TE

PA

PU

PMC

D

IMC

1

D

1

1

1

1

1

199

Wolff Walsrode
Technical Research Center Finiaad

201

I'niversity of Reading

202

Sarrio Papel

ES

203

Tratel

NL

204

Spindelfabrik Süssen

D

Ï05

Papter Technische Stiftung

D

1

107

W Sommerville & Sons

UK

1

:08

Dansk Andels! Cement Emballage

DK

09

Fraunhofer Institute

D

10

ADRIA

F

11

Fiat

I

12

Politecnico di Torin

I

13

ipetex

14

Nordwalder Baumwollspinnerei

D

1

1

SF

1
1
1
civil engineering
1

1

I'aixJ
1
1

NL

16

Arjo Wiggins Belgium
Degaraat

NL

B

IS

Inveresk

UK

:9

VLC - Nieuw Amsterdam

NL

!0

GE - Plasties

NL
ES

building materials
1

1
1
1
1
sponges, doors
1

'.1

Iotemper Espanola

o

Feruzzi

I

:3

INSA-1*PS

F

4

Brodene Hartmann

5

Sunds Defibrator AB

6

Green Centre

DK

1

7

IMMF

GR

]

8

LNETI

NL

?

A/S Nyborg Plast

DK

)

Lantor BV

NL

228

Others

1

200

!7

NW

1

ES

D

GT

1

ES

UK

MC

construction
agnc industry
1

DK

1

S

1

food/feed
1
1
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No

Country

Name

231

1SOL POL

I

232

Messerchmitt-Bolkow

D

233

Danish Agricultural and Veterinary Research

234

Hydro Norsk

235

Lufa Thüringen

!

TE

D

1

D

24]

Komotme Paper Mill

242

('fr. di Spenmentazione Agricola e Forestale

243

VNP Nederlandse Papier en Kanon

245

Henkel KGaA

D

246

CEDEX

ES

247

KE-Safematic

24K

SULZER Bros Ltd

249

Tecnotessile C'eutro

1

1

250

Stazione Sperimentale per la Cellulosa. Caru
e Fibre Tessili Vegetah ed Artificialli

I

1

252

Proplano

253

AIDIM A

254

AVM Consultancy

CRES

22

Van de Bilt Zaden

63

VERATEC SA

64

SC A de Hoop

65

Bollorè Technologies

Others

specially fibres

1

NL

ECCO Gleiîtechmk GmbH

:6i

NW

packaging material

240

Veba Gel

GT

N

D

!59

MC

agncultur. research

Inst Composites

!58

IMC

DK

237

Technical tiniversity of Berlin

PMC

1

Royal KNP

Beukema & Co

pi:

insulation

236

155

PA

1
1

friction linings

GR
1

1

1

NL

]

1
chemicals
I

civil construction
fillers

DK
CH

1

1

1

1

construction

NL
ES

furniture, construct

1

civil engineering

NL

1

D

1

NL

1

board

I

constuc /insul /bioinat.

1

D
GR
NL

1

B

1

NL

1

F

1

SF

1

1

1

1

1

1

1

66

Riotekuo Oy

67

ICRAP

58

Svalow AB

S

70

WKI - Fraunhofer

D

71

Untv. of Sheffield

UK

>4

RP Europe

NL

1
1

'5

Arjo Wiggins Appleto

F

'7

Pfeifer & Langen

D

'8

University of Westminster

UK

1

1

1
1
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No

Name

27y

Spontex snc

2»;

PPC SA

281

Country

TE

PA

PU

PMC

MC
1

F
NL

1

Nordland

D

1

2K2

Schwedt P&K CimMI

D

1

283

Trtangele Daminsiolïe

D

}

2fe>4

FLERTfcX SA

F

1

:B5

Lignicio Canapil'icio

I

286

Ist Poligrafico e Z«cca

I

1

287

Ctr Technique Forestier Tropica]

F

]

288

Univ. Politecnica CataJunya

289

ökologische Bautechnik Hirschhagen

230

IMC

ES
D

GT

NW
1

Oilier*
sponpe.N

brake lining.«»

1
1

ï
1 i
i

A

H

N

S

X
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Respondents quesfionaire I (LIRA)
No
LOI
[X'_

Name
Agricultural Research Inst N Ireland

Country

UK

TE

PI*

PMC

EMC

MC

GT

NW

Others

1

Barbour Campbell Threads

UK

1

UH

Herdmans [Jd

UK

1

1,04

Moygashel Ltd

ITC

1

1.05

Phoenix Weaving Co Ltd

ITC

i

1,06

Agricultural Research Centre of Finland

SF

1

L07

Biocora Ltd

SF

1

LOS

VTT Technical Research Centre Finland

SF

1

UW

Ciba-Getgy AG

CH

PA

1

1

1

1

LID

Lankhorst Touwt'abneken BV

NL

I.II

N'ehun W'

NL

1

LI 2

Nicolon BV

NL

1

LI 3

Baita Industries

B

1

L14

Centexbel

B

1

L15

Comiiextil

B

]

L16

Conwed plastics

B

1

L17

European Disposables & Nonwovens Associ

B

1
ropes / recycling of synthetic
polvmers

1

1
I

ation
LU

Libeco SA/NV

B

1

119

Lys-Lieve SA

B

1

.20

Procotex

B

1

.21

Sobella SA

B

1

J22

Soliotex .W

B

]

,23

CERMAV t CNRS

F

.24

CETIH

F

1

1

-25

CEAPC

F

I

26

CREPIM

F

1

.27

ITF-lio

F

1

.28

Mcnks Bros NV

B

1

1

1

vegetable macromoleculen
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N't;

Name

Country

TE

F

1

1.29

ITF North

I.Vi

Sommer

F

1

1-31

Van Robaeys Freres

F

1

U2

Danish Technological Institute

DK

1

tn

Dansk Fibre Industrie*

DK

1

[.34

Forschungs Inst lextiltechnol Chemnitz

D

1

L35

Manfred Eckardt

D

1

L36

N'ordwaJder baumwollspinnerei

D

]

L37

Production Technologie Zentrum

D

1

L3X

Rudolf Breuer Mech. Weberei

D

1

1,39

Sachische textil forschungsuistirut

D

1

1.40

BTTG

UK

1

I-41

l^utor Internationa! üd

UK

1

..42

1'niv. Readiug

VK

.43

Wtgglesworth & Co Ltd

VK

.44

Godfreys of Dundee Ltd

VK

1

AS

Peter Crreig & Co Ltd

UK

!

.46

Scottish Textile Technical Centre

VK

1

.47

Carnet SpA

rr

1

,48

Lanificio di Mezzana di Castellani. Zecchi EC

IT

1

A<)

EOLAS

IRL

1

.50

Comp. Nac. de Fjacao & Tectdos de Torres
Novas SARI.

PO

1

.51

Joao Caideira Leal & Cia, Lda

PO

1

•52

ASTIR, Macedonian Weaving Ud

GR

1

53

Cotton & Industrial Plants Institute

GR

1
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1

PA

PI'

1

PMC

IMC

MC

GT

NW

1
1

1

Others
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spundentA questionaire

2

ugronomy >

ATC)

p&p

S'o

Name

Country

And«

Cebeco Zaden

NL

AO 1ÎV

Scottish Crop Research Institute

UK

X

,V>23

Scottish Agricultural College

UK

X

A024

Provinciaal Cenimm voor laud- en tuinbouw

B

X

AH25

AJ.)AS

ITC

A02K

CABO-DLO

NL

\039

University of Kiel

D

V<42
M 26

CPRO-DLO

NL

\04K

GFP

D

\051

Sharp« International Seeds Ltd

UK

X

v060

Instirute of Agricultural Economy

DK

X

X

i062

Institui für Plauzenbau

D

X

X

X

TE

COM
p

GT

NW

Others

breeding

X

X

X

X

X

X

X

X

biomass

X

no interest

,065

Cotton and Industrial Plants Institute

GR

X

.075

Breeding Station Wiersum

NL

X

.062

ITL

F

X

085

ISNAR

NL

087

Danish Institute of Plant and Soil Science

DK

X

104

Coop, de Fontaine-Cany

F

X

10S

Université de Caen

F

no interest

117

Ropta - ZPC

NL

breeding

119

NI Horticultural + Plant Breeding Station

UK

X

123

Department of Agriculture in North Ireland

UK

X

132

AFRC - Rothamsted

UK

133

Robin Appel Ltd

ITC

139

Algemeen Belgisch Vlasverbond

B

153

CEAPC

F

159

Governmental Research Station for Agricultural Engineering

B

.69

Georg-August Universität

D

Fonden for Agro-industriel Udvilding

DK

!15

University of Bologna

I

X

X

!40

Gorham Bateson Ltd

UK

X

X

44

J. Turner (consultant)

UK

56

CAB

UK

57

AC-A

I

60

Prodana Seeds

DK

83

no interest
X

crop production methods
X

X

X

X

no interes*
X

X

X

building materials and animal fe«d
no interest

X

no interest

X

X

X

collection of literature
X

X

breeding
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No

Name

Country'

A262

Soc. Ecijana para el desarTolIo economico

BS

A269

Lega delle cooperative

I

A273

County Board of Administration. Agriculture

S

X

A276

Stewart & Sons (Hacüemaken»)

IK

X

234

TE

p&p

COM
P

GT

X

X

X

X

X

X

NW

Others
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Morphological characteristics of plant fibres
fibre

Length
technical
fibre
(mm]

cotton

Length
elementary
cell
[mm]

Diameter
[pml

15-56

12-25

Fineness
[denier]

1.20-1.40

flax

300-900

13-60

12-30

1.7-17.8

hemp

1000-3000

5-55

16-50

3-20

kenaf

900-1800

1.5-11

14-33

50

jute

150-360

0.8-6

5-25

13-27

ramie

>1500

40-250

16-125

4.6-6.4

nettle

19-80

5-55

20-80

coir

15-35

0.3-1.0

12-24

sisal

600-1000

0.8-8

100-400

9-400

abaca

1000-2000

3-12

50-280

38-400

pineapple

75-100

5-6

3-8

3.2-10

10-20

2.7-5.5

50-250

nw z£al. flax
banana

45-100

miscanthus

1.6

esparto

0.5-3.5

Costs
ECU/kg

0.25-0.85

0.20-0.40

0.20-0.30
0.25-0.60

55-95

9

bamboo
bagasse

Sources: bisanda, IW2; Lewin 1985; Vaughn iyS6)
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A

W

»

8

*

Industrial Fibres Crops
Physical characteristics of fibres
fibre

specific gravity
[g/cm'l
(a) = apparent

safe hoi plate
temp [*C]

moisture
regain [%]

Absorption
65 RH, 21*C
[%]

cotton

1.52

220

7.0-8.5

7-8

flax

1.54

12.0

7

hemp

1.48

12.0

8

jute

1.46

13.75

12

44.3

ramie

1.56

6

32.0

coir

1.15-1.33

10

sisal

1.20-1.45

11

39.5

abaca

1.45

9.5

42.2

banana

1.35

15.2

miscanthus

0.30 (a)

bagasse

1.24

bamboo

1.5

spruce pulp

0.60

viscose, rayon

1.52

wool

1.31

16.0

silk

1.22-1.25

11.0

glass

2.20-2.73

0.0-0.3

Volume
swelling
[%]

Specific
area

29.5

kenaf

236

190

2.50

11.0-13.0

-

asbestos

2.55

9.90

rock woo!

2.57

1.30

ceramic

1.95

1.60

dolanit

1.15

1.20

PVA

1.33

2.80

carbon

1.75-1.88

steel

7.85

PP

0.91

120

0.01 - 0.1

PE

0.95

65

0.0

nylon 6 / 6.6

1.14

150-175

4.5

cellulose acetate

1.32

175

6.5

acrylic/acrylonilrile

1.17-1.18

150-160

1.0-1.5

kevlar

1.33-1.44

polyester

1.38-1.40

7.80
160

0.4-0.8
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Industrial Fibres Crops
Mechanical characteristics of fibres
fibre

Tensile
strength
[GPa]

cotton

0.28-0.84

flax

0.90

hemp

0.31-0.39

I.7-2.7'

kenaf

0.18

1.7-2.1

jute

0.22-0.53

ramie

0.29

coir

0.13-0.18

sisal

0.08-0.839

abaca

0.43

banana

0.53-0.75

miscanlhus

0.18

bagasse

0.02

bamboo

0.35-0.50

spruce
pulp

0.98-1.77

1.63-2.95

10-80

17-133

glass

1.7-3.5

1.35

68-96

28

kevlar

3.90

2.71

131

91

carbon

2.4-3.0

1.71

235

134-213

400

S. steel

1.2

25.5

200

Spec, tensile
strength
[GPa mVkg]

Rexural
modulus E
[GPa]

Spec, modu
lus E
(GPa mVkg]

0.60

85

71

2.5-13.0

9.0

Tensile
modulus
[GPa]

13

max.
strain
[%]

Spec,
strength
[MPa mVkg]

Elasticticity mod.
[GPa]

5.6-7.1

56-112

1.8-3.3

1.0

1.5-2.0

0.37

0.26-0.32

2.3-4.6

0.07-0.42

4-6

4.4

5

15-40

0.15

3-98

3-82 (10.3)

15

2.9-6.8

0.44

0.15-0.19

2.1-2.4
7.7-20.8

1.8-3.5
3.6

0.05

0.33-0.40

70

4.8

0.67

1.28
8

0.15

max. strain = elongation at break

237

*

N

x

Industrial Fibres Crops

APPENDIX 7

Chemical composition of plant fibres
fibre

cellulose

hemicellulose

cotton

91.8

6.3

flax

71.2

18.5

2.0

2.2

hemp

78.3

5.4

2.5

2.9

jute

71.5

13.3

0.2

ramie

76.2

14.5

sisal

73.1

abaca

extractives

fats and
waxes

1.1

0.7

4.3

1.6

13.1

1.2

0.6

2.1

0.7

6.1

0.3

13.3

0.9

11.0

1.3

0.3

70.2

21.7

0.6

5.6

1.6

0.2

nw zeal, flax

50.1

33.4

0.8

12.4

2.4

0.8

viscose, rayon

100

(Source: Lewin iy85)
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Industrial Fibres Crops
Physical data of textile fibres
fibre

tenacity
g/den

% elon
gation at
break

elasticity/
modulus
g/den

cotton

2.1-5.1

4.8-9.3

44-82

flax

5.9

3.0

204

hemp

5.3

2.2

246

jute

3.5

0.8-1.7

195

viscose,
rayon

1.2-3.2

15-30

2-6

wool

1.0-1.7

25-55

9-17

silk

2.8-5.0

17-23

82

nylon 6 /
6,6

4.2-8.0

18-35

26-50

Polyester

4.5-7.5

15-35

30-60

acrylic

2.2-3.5

20-32

35

PP

4-7

30-40

18-20

glass

6.3-11.3

1.7-4.0

320
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APPENDIX 8
SPSS - Statistical Package for the Social Sciences
Statistical Package for the Social Sciences (SPSS) is an integrated system of computer programs
designed for the analysis of social science data. The system provides a unified and
comprehensive package that enables the user to perform many different types of data analysis in
a simple and convenient manner. SPSS allows a great deal of flexibility in the format of data. It
provides the user with a comprehensive set of procedures for data transformation and file
manipulation, and it offers the researcher a large number of statistical routines commonly used in
the social sciences.
In addition to the usual descriptive statistics, simple frequency distributions and crosstabulations,
SPSS contains procedures for simple correlation (for both ordinary and interval data), partial
correlation, means and variances for stratified subpopulations, one way and n-way analysis of
variance (including multiple classification analysis tables), multiple regression, discrimant
analysis, scatter diagrams, factor analysis, canonical correlations and Guttman Scaling. The datamanagement facilities can be used to modify a file of data permanently and can also be used in
conjunction with any of the statistical procedures. These facilities enable the user to generate new
variables which are mathematical and/or logical combinations of existing variables, to recode
variables, and to sample, select, or weight specified cases. Furthermore, the user can add to or
alter the data cases or the data-descriptional information in the file, such as labels, missing-value
codes, etc.
SPSS enables the social scientist to perform an analysis through the use of natural-language
control statements. The text is a complete instructional guide to SPSS and is designed to make
the system easily accessible to users with no prior computer experience.

Nie, N.H., Hull, C.H., Jenkins, J.G., Steinbrenner, K. and D.H. Bent, 'SPSS: Statistical Package for the Social Science',
second edition, McGraw-Hill Book Company, 1975.
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APPENDIX 1O

OILFLAX
Oilflax (Production harvest from main and secundary areas in 1000 tonnes)
year

F

I

HS

PO

NL

B

L

UK

IR

DK

GR

total

total
without
UK

1980

33.00

1.30

6.25

5.59

0.13

46.27

46.27

1981

21.58

0.60

3.99

4.95

0.10

31.22

31.22

1982

31.89

0.62

5.05

6.68

0.01

44.25

44.25

1983

23.39

0.34

4.42

6.00

0.09

34.24

34.24

1984

26.75

0.40

5.74

8.02

0.10

41.01

41.01

1985

34.01

0.38

6.57

8.28

0.65

49.89

49.89

1986

23.18

0.46

4.81

6.19

0.50

35.14

35.14

1987

20.5.7

0.29

4.98

6.69

11.00

6.99

50.52

39.52

1988

31.82

0.32

6.4!

7.88

28.50

3.00

77.93

49.43

1989

28.39

0.26

8.25

10.88

34.38

1.40

83.56

49.18

1990

27.98

0.40 '

9.34

8.79

46.51

46.51

oilflax in 1000 ha
year

F

I

ES

PO

NL

B

L

UK

IR

DK

total

oilflax
t/ha
in HC

1980

46.82

1.56

0.02

4.06

7.26

0.13

59.85

0.77

1981

40.33

1.40

1982

38.10

1.04

0.05

2.90

6.35

0.12

51.17

0.61

3.18

7.68

0.02

50.02

1983

39.38

0.88

0.48

3.19

7.31

0.09

50.45

0.68

1984

46.29

0.63

4.11

9.66

0.10

60.79

0.67

1985

52.65

0.63

4.37

10.61

0.47

68.73

0.73

1986

41.35

0.64

3.14

7.64

0.50

53.27

0.66

1987

46.14

0.37

4.14

9.83

8.00

7.51

75.99

0.66

1988

49.00

0.39

4.49

10.65

15.00

1.91

81.44

0.96

1989

53.99

0.28

5.26

11.49

17.40

1.08

89.50

0.93

1990

51.56

0.60

5.53

11.72

33.70

103.11

0.45

4.41

9.67

0.02

1991

Source: EUROSTAT, 1992
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FLAX
flax straw (production harvested from main areas in 1000 tonnes)
ES

1980

345.09

0.96

0.01

31.07

43.76

420.89

1981

199-58

1.00

0.02

23.77

42.18

266.55

1982

281.00

0.73

25.06

51.90

358.69

1983

281.46

0.39

20.85

43.00

345.70

1984

377.92

0.49

3126

64.64

475.31

1985

460.01

0.49

3?.71

70.24

566.45

1986

306.01

0.48

24.82

47.67

378.98

1987

391.99

0.30

31.74

64.62

488.65

1988

430.03

0.35

31.97

70.07

532.42

1989-

346.45

0.27

31.34

60.07

438.13

0.52

39.60

65.06

105.18

1990

NL

B

L

UK

IR

DK

total

F

I

PO

GR

year

35.49

1991

flax production (main area in 1000 ha)
year

F

ES

1

PO

NL

B

L

UK

IR

DK

GR

- total

flax
straw
t/ha
in EC

1980

46.31

1.35

0.02

4.06

7.26

59.00

7.13

1981

40.15

1.4

0.05

2.9

6.35

50.85

5.24

1982

39.39

1.04

3.18

7.68

51.29

6.99

1983

41.79

0.48

3.19

7.31

52.77

6.55

1984

50.02

0.63

4.11

9.66

64.42

7.38

4.37

10.61

74.49

7.60

3.14

7.64

58.50

6.48

65.89

7.42

1985

58.88

0.63

1986

47.07

0.64

1987

51.29

0.37

4.14

9.83

1988

55.18

0.39

4.49

10.65

70.71

7.53

1989

58.95

0.28

5.26

11.49

75.98

5.77

1990

58.71.

0.6

5.53

11.72

76.56

4.41

9.67

14.08

0.01

1991

Source: EUROSTAT, 1992
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APPENDIX 10

HEMP
hemp (production harvested from main areas) in 1000 lonnes
year

F

I

ES

PO

NL

B

L

UK

IR

DK

GR

tola]

1980

45.34

0.19

0.36

45.89

1981

33.45

0.07

0.72

34.24

1982

24.89

0.01

1.24

26.14

1983

29.29

0.01

0.34

29.64

1984

35.63

0.01

1.04

36.68

1985

29.32

0.01

1.77

31.10

1986

31.79

5.95

37.74

1987

17.82

2.01

19.83

1988

17.21

0.53

17.74

0.63

0.6?

1989
1990
1991

hemp (main areas) in 1000 ha
year

FR

I

ES

PO

NL

B

L

UK

IR

DK

GR

total

hemp
t/ha
in EC

1980

6.82

0.03

0.11

6.96

6.59

1981

5.76

0.02

0.41

6.19

5.53

1982

5.44

0.25

5.69

4.59

1983

5.12

0.11

5.23

5.67

1984

5.09

0.18

5.27

6.96

1985

6.21

0.36

6.57

4.73

1986

5.27

1.35

6.62

5.70

1987

4.61

0.70

5.31

3.73

1988

2.85

0.13

2.98

5.95

1989

2.86

0.11

1990

3.29

1991

3.00

Source: EUROSTAT, 1992
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COTTON
cotton production in 1000 tonnes
year

F

I

ES

PO

KL

B

L

UK

IR

DK

GR

total

1980

0.39

61.22

um

178.72

1981

0.10

70.34

132.34

202.78

1982

0.06

54.94

100.26

155.26

1983

0.01

41.25

123.26

164.52

1984

0.02

53.3

139.92

193.24

1985

0.02

70.16

159

229.18

1986

0.06

86.01

200.3

286.37

1987

0.11

80.29

188.47

268.87

1988

0.11

118.87

224.47

343.45

1989

0.06

60.64

241.36

302.06

1990

0.09

83.01

208.7

291.8

1991

H
H

82.91

cotton harvested area in 1000 ha

year

F

I

PO

ES

NL

B

L

UK

IR

DK

GR

total

cotton
t/ha
in EC

1980

2.94

58

142.42

203.36

0.88

1981

1.69

72.21

131.7

205.6

0.99

1982

0.74

49.4

138.56

188.7

0.82

1983

0.09

39.61

174.48

214.18

0.77

1984

0.06

60.31

207

267.37

0.72

1985

0.06

63.9

237

300.96

0.76

1986

0.06

78.99

227

306.05

0.94

1987

0.16

79.18

211

290.34

0.93

1988

0.14

136.91

252.26

389-31

0.88

1989

0.05

67.84

277.89

345.78

0.87

1990

0.05

83.9

261.91

345.86

0.84

1991

78.2

Source: EUROSTAT, 1992
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