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INSPIRATION 

 

“Most natural processes are superior to synthetic ones…” 

- Dr. James Woodgett; Director of Research, 

  Mount Sinai Hospital, Toronto, Ontario 

 

 

INTRODUCTION 

BACKGROUND 

 

In the fall of 2010, the Midwestern Ontario Regional Green Jobs Strategy held its 

summary session.  Several participants wondered about the prospects for job 

opportunities that were environmentally responsible.    They thought perhaps a genuine 

green industry might be created from the reintroduction of fibre flax into the limited crop 

rotations of contemporary farming.  In Ontario, fibre flax was a prominent part of not 

only agriculture, but also industry.  As a natural fibre, it required a vast amount of labour 

to grow, process, and manufacture into usable textiles.  This heritage was only set aside 

with the high demand for materials created during the Second World War and advent of 

the cheap petroleum era.  As oil prices have climbed and the abundance of this resource 

has declined, the prospects for natural fibres have increased.  Indeed, in Europe, they 

never stopped raising or using fibre flax and employ many people in doing so.  With this 

in mind, these participants approached the Ontario Ministry of Training, Colleges and 

Universities to discuss the possibilities of duplicating the results here.  They prepared a 

concept paper and eventually a proposal, which lead to the creation of the Reintroduction 

of Fibre Flax from Field to Finished Product in Midwestern Ontario Labour Market 

Partnerships Project and this Labour Market Analysis.  

 

FIBRE FLAX PROJECT 

 

The Fibre Flax LMP Project was formally initiated on the 14
th

 of February 2011, under 

the administrative control of the Northwest Middlesex Multi-Service Centre.  The 

purpose of the Labour Market Partnerships Project was not only to demonstrate that the 

reintroduction of fibre flax was feasible, but also to estimate the number of jobs and the 

actions required that would make it a growth sector for the region’s economy. 

 

The project employed a manager and engaged consultants - a labour market analyst, a 

business planner, and an information co-ordinator.  It collaborated with the 

Environmental Sciences Western Field Station, Western University Canada employing an 

Agrologist and a summer student to conduct the field trials of the fibre flax cultivars.   
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LABOUR MARKET ANALYSIS 

 

We begin our analysis by examining the context within which fibre flax exists. The next 

section documents fibre flax market conditions.  The final section explores the potential 

jobs available from fibre flax.  Flax is a global crop whose products are used worldwide.  

Our analysis focuses on what benefits may be derived in Ontario, particularly Midwestern 

Ontario. 

The analytical perspective that the Context, Market, and Jobs sections are subject to are 

made up of the following four factors: 

 

1. our intentions regarding the use of fibres (textiles, composites, etc.) 

2. our culture of fibre creation (natural vs. synthetic) 

3. the behavioural characteristics of the flax plant itself (agronomy & material 

properties) 

4. the systems of fibre production (agro-ecology and economics)  

 

FIBRE FLAX CONTEXT 

 

The context of fibre flax is diagramed in Figure 1.  The world of fibre in which an 

intentional reintroduction of fibre flax could occur is examined.  The cultural background 

of the switch from plant to petroleum fibre and the renewed interest in plant fibre is 

presented. The properties of the plant and fibre are discussed.  The ecological impacts of 

fibre production are also outlined.  

 
Figure 1: Fibre Flax Context Matrix 
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INTENTIONS FOR FIBRE USE: RE-INTRODUCING FLAX 

 

The use of fibre, such as those derived from flax, pre-date history.  Cotton scraps from 

7,000 years ago have been excavated in Pakistan and Mexico.  Silk production is said to 

have started in China around 2700 BC and wool fabric discovered in Denmark has been 

dated as far back as 1500 BC.  These ancient techniques grew with the expansion of 

agriculture.  Today millions of people participate in the processes of turning these fibres 

into useful products from textiles to automotive components.  The natural fibre market is 

now worth approximately $40 billion fostering a living for many small-scale farmers and 

labourers as well as creating large-scale businesses (FAO, 2009g). 

 

By the late 19
th

 century, research into man-made alternatives had begun.  Rayon, a 

cellulose fibre chemically transformed from wood pulp, was commercialized early in the 

20
th

 century.  That was followed, in the 1930s, by nylon, a polyamide fibre entirely 

synthesized from petroleum.  When the Asian supply of silk was cut off during the 

Second World War, nylon production was spurred by its military use in tires, parachutes, 

tents, ropes, ponchos, etc.  Nylon was given added cachet when movie star pinups, such 

as Betty Grable, auctioned off stockings for the war effort for as much as $40,000 a pair 

(Stinson, 2010).  According to Bellis (2011) the first polyester fibre was synthesized in 

1941.  By the 1960s it had made strong headway into the fashion world (FAO, 2009g), 

where its reputation for strength, stiffness, durability, and colour fastness made it useful 

in single fibre fabrics and blends (B.C.E., 2011).   Since then, the volume of man-made 

fibres has grown rapidly and, as seen in Figure 2, far exceeds that of natural fibres. 

 
Figure 2: Global Estimate of Total Fibre Production (2009) 

 
Source: Engelhart, 2010; Engelhart & Wissenberg, 2010 
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Data now indicates that this portion is about to exceed 2/3 of the fibre we produce, which 

in 2010 reached 80.8 million tonnes.  Industry analysts, of course, take this to mean that 

the recent recession is over, as this was well up from the respectable showing of 70.5 

million tonnes in 2009.   They are also encouraged by the increasing investment in textile 

machinery.  But this view was tempered by the increasing cost of food and fuel in 

emerging economies. Also of note was the fact that the price of cotton hit an all-time high 

at the end of 2010 of $US1.86/lb.  The prediction is that the price will not drop, due to a 

diminished crop supply and competition from food and water needs on the land typically 

used to grow cotton.  The perception was that this would favour the manufacture of 

viscose and polyester.  With cotton struggling, the expansion of the natural segment was 

ten times less than that of the man-made segment during this banner year. (Englehardt & 

Wissenberg, 2011).   

 

 Nonetheless, cotton is still the primary natural fibre and is only second to the primary 

man-made fibre, polyester.    As can be seen in Figure 3, which elaborates the relative 

position of the various fibres, these two fibres dominate 77% of the market.  Yet all other 

natural fibres combined are still only equal to the cellulosic (viscose) segment or the 

polyamide (nylon) segment. The current market intentions seem to leave most natural 

fibres at a competitive disadvantage.  

 
 

Figure 3: Global Comparison of Total Fibre Production 

 
Source: Engelhart, 2010; Engelhart & Wissenberg, 2010 

 

 

Despite this, or perhaps because of it, the United Nations declared 2009 to be the 

International Year of Natural Fibres.  The purpose was to focus attention on new uses and 

potential markets for traditional fibres and their by-products.  In a complex world of trade 

policies, agricultural subsidies, competition from synthetics, and environmental issues, it 
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was felt that such a focus might boost better cultivation and manufacturing methods, 

promote a cleaner environment, and help to reduce global poverty: a Millennium 

Development Goal.   

 

Examples given include: 

 

 introduction of integrated pest management into cotton growing 

 use of sisal waste for bio-gas  

 creating coir fibre boards from coconuts without chemical adhesives 

 replacing fibre glass car components with hemp and  resin  

 substituting sisal for asbestos 

 spinning clothing quality jute yarns 

 self-cleaning wool and silks 

 developing non-toxic seeds for food 

 blending wool to wick moisture 

 breeding drought and  insect resistance into fibre crops 

 

The intention of this initiative was to increase international awareness and co-operation 

(FAO, 2009g).  The fifteen most prominent natural fibres the Food and Agriculture 

Organization (FAO) of the United Nations chose to spotlight are listed in Figure 4.  It is 

not comprehensive, as the chart in Figure 5 illustrates.   

 

 
Figure 4: Main Sources and Primary Uses of Natural Fibre 

Plant  Animal  

Fibre Sources Uses Fibre Sources Uses 

Abaca 
Philippines, 
Ecuador 

rope, twine, nets, 
sackcloth, paper, 
composites 

Alpaca 

Bolivia, Chile, 
North America 
Australia, New 
Zealand 

knitwear, cloth, 
rugs 

Coir India, Sri Lanka 

rope, nets, rugs, 
sackcloth, brushes, 
mattresses, car 
seats, geotextiles 

Angora 
China, Argentina, 
Chile, Czech 
Republic, Hungary 

knitwear,  

Cotton 
China, Brazil, 
India, Pakistan, 
USA, Uzbekistan 

“King” of textiles Camel 
Mongolia, China, 
Afghanistan, Iran 

yurts, carpets, 
garments 

Flax 

France, Belgium, 
Netherlands, 
China, Belarus, 
Russia 

textiles, canvas, 
composites, paper  Cashmere 

China, Mongolia, 
Australia, India, 
Iran, Pakistan, New 
Zealand, Turkey, 
USA 

fine garments, 
rugs 

Hemp 
China, EU, Chile, 
North Korea 

rope, textiles, paper, 
composites Mohair 

South Africa, USA, 
Turkey, Iran 

yarn, fabric, rugs 

Jute India, Bangladesh 
sackcloth, yarn, 
twine, geotextiles Silk 

China, Brazil, India, 
Thailand, Viet Nam 

“Queen” of 
Fabrics 

Ramie 
China, Brazil, 
Laos, Philippines 

twine, rope, nets, fine 
textiles,  Wool 

Australia, 
Argentina, China, 
Iran, New Zealand, 
Russia, UK, 
Uruguay 

Garments, 
blankets, carpets, 
insulation 

Sisal 

Brazil, China, 
Cuba, Kenya, 
Haiti, Madagascar, 
Mexico, Tanzania 

twine, rope, paper, 
filters, geotextiles, 
mattresses, carpets, 
composites  

   

Source: FAO, 2009b 
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Figure 5: Global Estimate of Natural Fibre 

Production

 
Source: van Dam, 2009 

 

The graph does show the relative volumes of the world’s major production of natural 

fibres.  Animal fibres, aside from wool, are largely absent since their combined estimated 

volume ranges from 22,500 to 36,500 tonnes, and thus are too incidental to register on the 

chart.  Cellulosic fibre, as previously noted, is actually derived from other natural fibres 

but chemically altered to produce unique filaments such as viscose and rayon.   

 

Flax is a minor player in this context.  It is in a distant 4
th

 place amongst natural fibres; in 

5
th

 if we include cellulosics.  It is less than 1% of all fibre production.  As such, it is only 

one amongst many filament options that nature and industry can provide.  In the wake of 

such attention, a focus on flax seems timely.   
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CULTURE OF FIBRE CREATION: PLANT VS. PETROLEUM 

 

The cultivation of fibre plants, such as those of flax pre-date civilization.  Stone Age 

dwellings in Switzerland contained “remnants of flax plants”. The ancient Egyptians 

created fine linen from flax fibres (Martin, et al, 1976).  In fact, flax is considered the 

oldest natural fibre grown for that purpose since before 5000 BC. Other fibres have 

similar lineages, with cotton, wool, and silk “cropping” up over the next several millennia 

(Fabric University, 2010).   

 

Yet the creation of fibre through industrial processes is very new.  Rayon was only 

brought into commercial production a mere 100 years ago by the American Viscose 

Company, in 1910. This was followed by acetate made by the Celanese Corporation in 

1924.  Then nylon in 1939, acrylic in 1950, and polyester in 1953, all commercialized by 

E.I. du Pont de Nemours & Company, Inc.  Triacetate was brought out by Celanese in 

1954 and spandex by du Pont in 1959.  Polypropylene was manufactured by Hercules 

Incorporated in 1961.  Micro fibres were produced by du Pont in 1989.  Lycocell, yet 

another chemically altered wood pulp, was made by Courtaulds Fibers in 1993 and 

polylactide, a cornstarch-based dextrose, was proffered by Gargill Dow in 2001 (Fabric 

University, 2010; T.S., 2010). 

 

In a mere century, we went from our multi-millennial heritage of only growing fibre, to 

the bio-chemical creation of artificial strands out of natural ones, to the extensive 

processing of refined petroleum into polymers of synthetic filaments, back to 

manufacturing materials from plant sources, and to complete the arc, a renewed interest 

in purely natural fibres.  The question is why.  Is one better than another?  What would 

make one preferable to the other?  What drove this circle of curiosity and innovation? 

 

The antecedents can be found in the Industrial Revolution.  During the 1700s, Britain 

began to increase its material output through social changes, mechanical inventions, and 

new energy sources.  The culmination of these numerous changes was most evident in 

textiles (S.M., 2004).  Traditionally, clothing was made from wool, leather, and linen. 

Flax was grown for this purpose but the seeds were also eaten by the Romans.  The 

linseed oil crushed from the seed began to be used in the 14
th

 century as a Renaissance 

painting medium.  In the 16
th

 century, the long fibres were needed for the sails and 

rigging of the expanding Elizabethan navy and fibre production for both cloth and 

cordage was a mainstay up to the 18
th

 century.  However, competitors were emerging.  

During the Industrial Revolution flax and hemp were replaced by jute for sackcloth and 

clothing became dominated by cotton.  Cotton grown in the warmer climates of Asia, 

Africa and the Americas was only introduced into the Mediterranean by Arab traders in 

the 1
st
 century.  By the 9

th
 century, the Moors were growing it in Spain, and in the 14

th
 

century Italy was weaving it with a linen warp.  By the 17
th

 century, the English and 

Dutch East India Companies began importing brightly patterned cotton fabrics from 

India, but their popularity led to legal bans and import duties enacted to protect 

production of domestic fibres such as wool, hemp, and flax (Barker, 1917; Cooper, 2009; 

FAO, 2009b; Ferrer, 2011; I.P., 2007; Munro?, 20??; Singhal, 2001; S.M., 2004).   
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As styles changed demand for traditional woollen garments gave way to the lighter, more 

durable cottons.  They were easier to dye and print, and withstood washing well.  As they 

became more fashionable, they competed with the elegance of silk.  As production costs 

came down, the habit of blending cotton with flax to make it affordable eventually ended.  

Attempts to “cottonize” the longer, inelastic flax fibre were successful, but the added 

steps of “retting” and “scutching”, even if mechanized, could not keep up with the simple 

“ginning” of cotton.  Thus wool and flax were overtaken by the automation of cotton 

(Barker, 1917; Cooper, 2009; Ferrer, 2011; S.M., 2004; I.P., 2007).   

 

Formerly, cloth production was piecemeal work done in farmers’ homes or workshops of 

local clothiers who acted as middlemen between the spinners and weavers and the 

merchants.  But the old ways of manufacturing textiles seemed less efficient with each 

new invention of the 18
th

 century.  In 1733, John Kay improved weaving speed with the 

“Flying Shuttle”.   By 1742 the first cotton mill opened in England.  The “Spinning 

Jenny”, James Hargreaves’ improvement to the spinning wheel, came along in 1764; 

Richard Arkwright also introduced the “Water Frame” spinning machine.  The first 

factory-made, all-cotton textile was produced in 1773.  Better control of the weaving 

process was achieved with Crompton’s “Spinning Mule” in 1779, and in 1785 the power 

loom was patented by Cartwright.  Samuel Slater brought his knowledge of British textile 

machinery design to the United States in 1789, initiating the Industrial Revolution there.  

In 1790, the first cloth factory to be powered by steam was built by Arkwright in 

Nottingham, England.  Eli Whitney invented the “Cotton Gin”, an en-gin-e which 

separated cottonseed from the staple fibre, in 1792.  The “Jacquard Loom” that arrived in 

1804 could weave complex patterns and by 1813 William Horrocks had improved upon 

the power loom with the variable speed batton (Bellis, 2011a).   

 

Mechanization meant more could be produced per labourer and work increasingly shifted 

to factories (S.M., 2004).  Yet technical innovations still needed people and the 

acceleration of the “enclosure movement” that deprived peasants of forging rights on 

common lands provided them.  As rural life became more destitute, many left for the 

growing factory towns and cities (Duncan, 1988; cited in Stinson, 1990).  Cotton was 

soon to follow.  It was grown in India and the slave-labour colonies of America as an 

exotic crop.  After the conquest of Bengal in 1757, Britain gained control not only of the 

sub-continent’s food supply, but also its indigo-dye and cotton plantations.  India’s food 

self-sufficiency was severely tested and its position as an exporter of cotton goods 

quickly was reverted to that of an importer, as its agriculture was forced to provide 

commodities in support of British industry (Ferrer, 2011; Singhal, 2001).   In 1771, the 

United Kingdom imported 2,163 tonnes of cotton.  This rose to 27,500 tonnes by 1802.  It 

was up to 630,000 tonnes when the American Civil War broke out in 1860 and cut off the 

supply of cotton from the slave-holding South.  Britain then relied even more on India, as 

well as Egypt and Brazil.  By 1913, cotton production reached 990,000 tonnes (S.M., 

2004). 

 

On a global basis, cotton production has continued to rise.  By 1950 it was up to 

6,647,000 tonnes, and by 2009 it reached 25,191,000 tonnes.  But as Figure 6 indicates, 
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all natural fibres were overtaken by synthetics in 1994 whose production has been 

increasing at an accelerating rate. 
 

Figure 6: Global Fibre Production, 1950 - 2009 

 
Source: Engelhart, 2010 
 

A critical aspect of this revolution was the new energy that fed it: coal.  The calorie 

density of Britain’s coal seams far exceeded that of its forests and provided the power 

source for industrialization.  In 1769, James Watt invented the steam engine. This device 

was not only able to pump water out of coal mines, allowing coal to be mined; it was 

used by the engines themselves, leading to the automation of textiles.  As this technology 

matured over the next century, it was applied to transportation (railroad and steamship) 

and communications (print and telegraph).  By the last half of the 19
th

 century, the second 

phase of the Indusial Revolution had begun with the discovery of oil deposits, the 

invention of the internal combustion engine, and the creation of the telephone.  Its 

juvenile stage occurred during the first half of the 20
th

 century with centralized 

electrification, radio, and movies. It only matured after the First and Second World Wars 

and intervening Depression, with the rise of the automobile,  television, highway building 

and  suburban sprawl, travel and tourism (Rifkin, 2009; S.M., 2004). 

 

The significance of such shifts is not simply that new technology is invented or new 

methods to send messages are facilitated, but that human consciousness also changes.  It 

is never quite clear what the causative relationship is, but to help organize the new 

economic activity, a new culture has to arise with it.  With the advent of coal, there 

emerged the steam engine, which when applied to the printing press allowed for mass 

education and literacy.  This provided the workforce for industrial activity, but also gave 

rise to the ideological consciousness of that workforce.  It fostered the nationalism, 

scientism, and capitalism within which industrialism flourished.  With the advent of oil, 

the possibility of centralized electrification emerged, which allowed for mass 

communication.  This provided the self-reflective space within which psychological 
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consciousness arose.  It fostered the pluralism and multiculturalism of the information 

age.  With advent of renewable energy, the possibility of distributed power is emerging, 

which would allow for the full productivity of computer/internet technology.  This will 

provide the high connectivity in which a biosphere consciousness can emerge.  It may yet 

foster an integrated understanding of our common humanity and its deep link with the 

earth.  Whether or not this can happen is still an open question.  Of the six to seven 

billion people on our planet, only two billion have access to information and 

communication technology, while two billion of us have never used electricity… (Rifkin, 

2009).  However, if cotton arose in the coal era, and synthetics arose in the oil era, 

renewable fibres may re-emerge in the era of renewable energy.  

 

But why chose natural fibres?  They have been outcompeted by the mass production of 

synthetics.  Made from underpriced fossil fuels, these cheaper products have greater 

strength over uniform lengths, are more durable and crease resistant,  have more 

consistent dimensional and dying properties, and do not depend on the weather (FAO, 

2009h; T.C. 2010b).   

 

The appeal of natural fibres comes from the convergence of qualities increasing 

important to contemporary culture: 

 

Health 

 natural fibres have superior ventilation, moisture wicking, breathability, hypo-

allergenic, hygienic, and  anti-fungal/mite properties 

 

 Flax 

 patients using flax bed sheets do not develop bedsores 

 flax underwear is more hygienic than nylon and polyester underwear 

 plastic car panels replacing glass fibres with flax fibres reduce skin and 

respiration irritation 

(FAO, 2009j) 

Social Responsibility 

 natural fibres are essential to livelihoods of small-scale farmers and low-wage 

workers in many developing countries 

(FAO, 2009l) 

Sustainability 

 natural fires are renewable, carbon neutral, biodegradable and  compostable, less 

heavy metal laden and less costly to separate  

 organic wastes can be used as by-products or for electrical generation 

 

 Flax 

 lightweight reinforcement of thermoplastic car panels reduce fuel 

consumption, carbon dioxide (CO
2
) and air pollutant emissions 

(FAO, 2009m) 

 

 

 



Fibre Flax Labour Market Analysis 

 Page 18 of 92 February 2012 

High-tech 

 natural fibres have mechanical strength, low weight, low cost, better thermal and  

acoustic insulation, less skin and respiratory irritation 

 natural fibres use less energy and there is less wear and tear in production 

 natural fibres are used in advanced building and construction materials, and 

geotextiles 

 

 Flax 

 press-moulded thermoplastic car parts  

 reinforced polyester automobile composites  

 bicycle frame carbon composites 

(FAO, 2009k) 

Fashionable 

 natural fibres have an “eco-chic” culture of organic, fair-trade, cruelty free, 

healthy, and non-sweatshop garments 

 

 Flax 

 durable, recyclable, biodegradable, fibre grown with less agrochemicals  

(FAO, 2009i) 

 

The world is becoming ever more global, and with these priorities becoming an ever 

more prominent part of a global culture, flax will be seen as the moral choice. 
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BEHAVIOURAL CHARACTERISTICS OF FLAX: PLANT AND FIBRE 

 

Flax (Linum usitatissimum L.) is one of the oldest plants deliberately used by humans, 

cultivated as early as 9,000 years ago (Stewart, 2011). Ancient Egyptians applied the oil 

and the fibre in their embalming process. It is the only one of several hundred members 

of the Linaceae family, which has proved useful to agriculture with 63 cultivars 

(subspecies usitatissimum) and 73 wild progenitors (subspecies angustifolium).  

Originating in Asia and the Mediterranean, it is grown in many parts of the world 

(Couture, 1999).  

The Plant 

Flax (Linum usitatissimum) is an annual herbaceous plant and varies in height from 30 

cm for the seed type to 120 cm for the fibre type. It has a short tap root and a main stem.  

Basal branches can arise just above the soil, with primary, secondary, even tertiary 

branches which bear the leaves and flowers.   
 

Figure 7: Anatomy of the Flax Plant 

The flowers have five 

petals which mature into 

seed bolls, a five-celled 

capsule with typically two 

seeds each.  Not all ovules 

will mature evenly and 

bolls often have less than 

ten seeds.   

 

Couture (1999) indicates 

that 8 to 14 seeds may 

develop.  It is self-

pollinating, but insects 

can cross-pollinate it.  

Flax petals are usually 

blue, but come in light 

blue, white, or pale pink.  

They open at sunrise and 

fall off by noon on clear 

warms days (Martin et al, 

1976).   

 
 
 

 

 
 

 

 
Source: Wikipedia, 2011 
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The leaves are a short, narrow, alternate type that number up to 100 per stem; the greater 

the distance between them the greater the quality of the resulting fibres.   Yellowing of 

the lower leaves indicates a maturing plant (Couture, 1999).   

 

The stem is dicotyledonous and contains pith surrounded by vascular bundles of xylem, 

stained as green in Figure 8, and phloem, stained as red.  The linen fibres are found in 

long fibre bundles which are encased in the “bast” or phloem cells, which are covered by 

the epidermis or bark.  The stem has 25-30 fibre bundles containing several strands each, 

held together at the end by gums and pectin.  Individual cells average 20 µm in diameter 

and are 5 to 70 mm in length.  A number of cells will make up a strand of fibre which has 

an average measurement of 50 cm (Couture, 1999; Martin et al, 1976; Stewart, 2011).  

 
Figure 8: Fluorescent Protein Cross-section of Flax Stem 

 
Source: Bos, 2004 

The Soil 

Flax prefers a firm, well-drained seedbed on medium to heavy soils types such as silt 

loam, clay loam, and silty clays.  Fibre flax on heavier soils out yields that on lighter 

soils, particularly with deficient rainfall.   The short root system makes it dependant on 

moisture within two feet on the surface (Couture, 1999; Martin et al, 1976). 
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Flax is a poor competitor and weedy ground should be avoided.  However, it is a good 

companion crop for alfalfa, clover, or grass, and does well in a newly broken pasture or 

meadow.  It seems to do best after a legume or a cleanly cultivated row crop.  Fibre flax 

can be planted after a sod, after corn if residues do not impede seedbed preparation, or 

after cereals if weeds are not an issue.  It should not be planted after canola or mustard 

due to the toxic compounds released by these crop residues. 

 

Diseases are a concern and therefore flax should only be grown on the same land once 

every 3 to 6 years.  Rotations such as a small grain, a legume, corn, then flax; or corn, 

soybeans, wheat, then flax are suitable.  Bos (2004) notes that in the 1990s the 

Netherlands promoted flax as a “fourth” crop in their potato, beetroot and grain rotation.  

Becker (2011b) indicates that French rotations are as long as 6 or 7 years, running 

through sugar beets, barley, corn, peas, potatoes, then flax, or wheat then flax.  In some 

areas flax does better after soybeans than crops like corn, kafir, or oats.  However 

soybeans, potatoes, and sugar beets, along with flax suffer from Wilt (Fusarium lini) and 

Rhizoctonia.  Thus planting immediately after these crops is not recommended.  Flax is 

also subject to Rust (Melampsora lini) and Pasmo (Phlyctaena linicola), along with other 

viral and insect predation.  These are also controllable with rotations.  The flexibility of 

this technique in not only integrating pest management, but also in coping with the 

fluctuations of weather patterns, input costs, commodity prices, and soil conservation 

requirements would seem invaluable in the cultivation of flax (Couture, 1999; Martin et 

al, 1976; Scheifele & Davies, 2001; Stewart, 2011). 

 

Fertilizer needs are low, but nutrients must be available.  An N-P-K ratio of 4-16-8 is 

recommended, with volumes ranging widely of N, 30-100 kg/ha: P, 10-100 kg/ha: K, 20-

180 kg/ha.  The variation depends on the variety planted, soil conditions, and weather, 

but generally an excess in nitrogen is associated with thicker, shorter, highly branched 

stems, all of which reduce the yield and quality of fibre.  Increased lodging is also a 

possibility.  Phosphorus is needed for increased quantity, but an excess is similar to that 

of nitrogen particularly lowering tensile strength. Potassium enhances the length, 

strength, and elasticity of the fibres.  While manuring and nitrogen can boost yields, 

commercial fertilizers were rarely applied in the seed-producing areas of the United 

States.  (Couture, 1999; Martin et al, 1976; van Dam and Bos, 2004?).  But Scheifele and 

Davies (2001) suggest that fibre flax suffers from inadequate levels of zinc & boron. 

The Weather 

Fibre flax needs cool temperatures and adequate moisture while growing from March to 

June.  Warm, dry conditions in July facilitate harvest after the retting process.  Seed flax 

requires 40-75 cm of rainfall.  Drought and temperatures over 32
o
 C reduces seed size, 

yield, and oil content.  Injury or death occurs to flax seedlings at -7
o 
to -4

o
 C and a frost of 

-1
o
 C may cause damage at the blossom stage, but in between temperatures of -10

o
 C can 

be tolerated (Martin et al, 1976).  

The Harvest 

With good weather, harvest can begin 85-100 days after planting.  Fibre yield will vary 

depending on the cultivar, harvesting methods, and locale, but in Western Europe 1.5-2.0 
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tonnes/ha is the range.  East European results are half that, though the FAO (2009) 

reports 1.5-3.5 tonnes/ha for Poland.  Historic yields in Oregon were 1.2 tonnes/ha and 

recent field tests in Quebec produced 1.16-2.83 tonnes/ha (Couture, 1999).  If harvested 

too early, the fibre can be fine but lack strength; if taken too late they are coarse and 

brittle making them poor for spinning (Martin et al, 1976). 

The Processing 

To obtain the longest fibres possible, the plants are pulled from the ground.  The seed 

heads are “rippled” off and the stalks laid on the ground to be “retted”.  This is a process 

in which aerobic soil fungi, in the presence of moisture (dew), partially rot the pectin in 

the stems to make removal of the bast fibre easier.  Water retting was done in the past in 

streams, ponds, or pits, but the fermentation by-products created environmental concerns 

and the practice has been abandoned in Western Europe. Dew retting usually takes three 

to seven weeks after which the stalks are dried.   

 
Figure 9: Functional Cross-section of Flax Stem 

 

 

The stems, thus loosened from the ribbon-like 

fibre bundles, are broken on a brake of fluted 

rollers.  Then they are scraped off by roller 

mounted knifes called a scutch turbine (see 

Figure 10). The removal of these stem pieces 

produce microstructural kinks in the fibre 

bundles. This stage of the process can also be 

called decortication.   
 

                      Figure 10: Diagram of Scutch Mill 

       
 

                                               
Source: Bos, 2004 

 

 

 

Next these coarse ribbon bundles are combed in 

the “hackling” process into the long circular, 

technical fibres.  This also adds more kinking to 

the fibres.  The stems first come off as “rough 

tow”, a combination of wood and short fibres.  

They can be scutched again to give the woody 

stem pieces, referred to as shives, and a cleaned 

tow fibre.  A tow fibre is also produced by the 

hackling process (Bos, 2004; Couture, 1999).  
Source: Bos, 2004 
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This method produces various by-products which are highlighted in Figure 11: linseed, 

shives, tow, and flax lint.  The mass indicated for these various stages does not add up to 

the 1000 kg total.  In the first step 140 kg of chaff and ripple waste are also generated.  

The rest is the loss of water soluble components from retting, and flax dust.   

 
Figure 11: Traditional Flax Fibre Isolation and related Products 

 

 
                                                                                                                                                                 Source: Bos, 2004 

 

There are other techniques.  The most recent is the “lin-total” method in which the long 

and short fibres are not separated and only short fibre (tow) is produced.  “Green Flax” 

lightly rets the stems, coarsely decorticates them, and then finely decorticates them before 

use in non-woven products.  Experiments with enzymes began in 1916 and various 

enzyme and warm water processes have been attempted with mixed results.  The yarns 

produced are very fine, but tensile strength can be compromised.  Others have managed 

to produce fibres that are stronger than that from dew retting.  The advantage is that this 

process can be controlled, i.e., no weather, but these efforts tend to be labour-intensive, 
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and thus expensive.  Studies have also been done on frost retting, steam explosion, and 

paper pulping methods, though weak fibres are the result (Bos, 2004; Stewart, 2011).  

The table in Figure 12 summarizes the various processing methods, comparing their 

strength and quality characteristics, along with issues that arise from the process.  The 

desired end use, constrained by any issues, determines the processing technique.  But as 

pointed out by Stewart (2011), the end use also determines the cultivar grown. 

 
Figure 12: Comparison of Fibre Isolation Techniques 

Method Strength Quality Issue 
Water 100% fine pollution 

Green decortication 80% very coarse difficult to handle 

Dew 70% variable weather 

Enzyme 55% very fine labour 

Lin-total ??% short-coarse no distinct long and  short fibres  

Screw-extrusion 30% pulp hydroxide and  high temperature 
Source: Bos 2004 

  

The Fibre 

At 20% of the stem weight, the long fibres are the object of flax cultivation for the textile 

industry (Stewart, 2011).  They are a cellulose polymer like cotton, but with a crystalline 

structure that gives them twice the strength.  The textiles produced are stiffer, stronger, 

and crisper, making them more wrinkle-prone (Bos, 2004; FAO, 2009d; T.C., 2010a). 

 

The fibres used are the “technical” ones seen in Figure 13, and can be as long as 90 cm. 
 

Figure 13: Diagram of Flax Fibre Segments 

 
Source: Bos, 2004 
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They are made up of elemental fibres, the actually plant cells, and range in length from 2 

to 5 cm and 5 to 35 µm in diameter.  There are 10-40 of these polyhedral shaped cells  

(5-7 angles) in a cross-section of a technical fibre, and are glued together with pectin and 

hemicellulose.  Extraction of these substances, such as through retting, makes the fibre 

more hydrophilic or “water loving”.  The chemical and physical properties of the fibres 

are determined by the strong intra and inter-molecular hydrogen bonds of the 

monosaccharide D-glucose that the plant uses to build the cellulose.  These bonds are 

responsible for the stiffness of flax fibre.  Cellulose is laid down in the cell wall as 

aligned crystalline micro fibrils and held in place by hemicellulose.  This provides much 

of the tensile strength.  If the hemicellulose is removed, the fibre bundles completely 

disintegrate into micro fibrils (Bos, 2004).  

 

The micro fibrils are orientated in a +10
o
 spiral pattern within the meso fibrils; which in 

turn make up the elementary fibres that are the longest amongst natural fibres.  These are 

thought be what makes flax relatively strong.  But the tensile modulus of the elementary 

fibres also depends on their diameter, with narrower lumens or hollow tubes in the centre 

of the fibre increasing its strength.  

 
Figure 14: Electron Scanning Micrograph of Elementary Fibre Kink Band 

Despite this, lateral stiffness 

and strength of micro fibrils 

is not as great due to the 

amorphous regions that 

appear between the 

crystallites every 6-7 nm.  

Kink bands are easily 

formed with the 

compression or bending that 

occurs in all de-cortication 

processes.  In fabrics this is 

where fibre break down 

begins during washing.  In 

composites it is where 

cracks in the material may 

occur. 
  

                                                                                                                Source: Bos, 2004 

 

The only way to eliminate kink bands in the elementary fibres is to decorticate by hand, 

which also improves the tensile strength compared to standard decortication.  Since a 

technical fibre is a bundle of elementary fibres, its strength is approximately 57-61% of 

the latter.  However, standard processing methods substantially weaken elementary fibres 

while barely affecting the technical fibres.  Thus for linen, where longitudinal strength, 

fineness, and homogeneity are the determinates of quality, the damage is of minor 

relevance.   For composites however, the transverse strength of the elementary fibre can 

be “an extremely important parameter” (Bos, 2004). 
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Differences in chemistry, as thus morphology, lead to different deformation behaviours. 

The chemical composition of the primary cell wall of an elementary cell is amorphous 

pectin.  Mechanical stress will cause brittle cracking under dry conditions, but more 

under lengthwise tension than lateral compression.  The secondary cell wall is 70% 

crystalline cellulose fibrils glued together with amorphous hemicellulose.  The fibrils will 

not fail under compression, but the hemicellulose between the fibrils will fail under shear 

pressure along kink bands when dried out.  These lateral cracks will form in the 

secondary cell wall, bridged only by coarse fibrils, before the primary wall fails.  Thus it 

is very difficult to determine the level of damage from surface examination (Bos, 2004). 

 

This is due to the anisotropy (difference in properties, such as strength, when measured in 

different directions) of the fibres.  Initial tests indicate that the compression strength of 

flax is at least 80% of its tensile strength, though this may be high given that other 

anisotropic fibres typically have compression strength in the 20% range.  As Bos (2004) 

concludes, “under compressive loading, the fibre will deform more easily in lateral 

direction than in length direction, leading to the formation of kink band and thus 

premature failure, not only during decortication process, but also when the fibre is 

applied in a composite…” For alternative decortication methods to work in providing 

fibre for composites, weak fibres need to be removed.  De-waxing of the fibres can 

increase reaction with resins used in composites, but not necessarily increase 

compression strength. A melamine formaldehyde resin can easily fill in the kink-band 

holes, stabilizing them and thus improving compressive strength. Unfortunately, it also 

makes them brittle reducing tensile strength (Bos, 2004). 

 

Since the tensile and flexural strength of a reinforced composite depends on the tensile 

strength of the flax technical fibre and how weak lateral bonds are, hackled fibre provides 

greater strength than scutched fibre.  A malic anhydride modified polypropylene hackled 

fibre composite has 60-65% the strength of a glass mat reinforced thermoplastic on a 

fibre fraction weigh basis.  But the flexural strength can be comparable since it depends 

on the physical structure and fibre-matrix adhesion of the flax.  Thus the impact strength 

of a natural fibre mat reinforced thermoplastic actually decreases with the increased 

internal fibre bonding and fibre-matrix adhesion of hackled fibres.  The higher tensile 

strength of scutched fibres improves its energy dissipation during “pull-out” and thus its 

impact strength.  However, adding more of either fibre does improve impact strength, but 

not up to that of glass fibre (Bos, 2004). 

 

This type of compression moulding has limitations, compared to the higher volumes, 

shorter production times, and more varied shapes possible with injection moulding.  Both 

the kneading and extrusion type moulding produce compounds that have a modulus and 

tensile strength similar to that of natural fibre mat reinforced thermoplastics.  However, 

the process significantly shortens the length of the fibres, adding the fear that stiffness 

may be compromised. The use of malic anhydride modified polypropylene does enhance 

the fibre-matrix adhesion, but it leads to splitting of the fibre’s secondary cell wall and a 

reduction of impact strength (Bos, 2004).  
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The Products 

It is obvious from the previous section that there is currently a great amount of interest in 

engineered uses of tow (short fibres) for advanced composites. They can also be used for 

non-woven insulation mats, spinning staple fibre, rope making, and pulp for specialty 

papers. The longer technical fibres can also be used in these products but their value for 

textiles makes them best suited for fabrics. About a third of the dry stem weight is this 

desired long fibre.  Though the yield losses are high in the processing of straw into fibres, 

the wasted amount of biomass is low given other uses.  The seeds, or linseeds, are 

considered an oilseed.  The shives, or bark, can be turned into a light-weight construction 

material, as well as used for fuel. Shives can also be used as a low-cost precursor for 

activated carbon.  There is evidence that it can be more effective than commercially 

available carbons in the absorption of the neurotoxin and carcinogen trichloroethylene, in 

both its vapour and liquid phases (Klasson et al, 2009; Stewart, 2011; van Dam, 2009).  

 

The actual plant itself can be used to phyto-remediate soils contaminated with heavy 

metals or total petroleum hydrocarbons (TPHs) (Angelova et al, 2004; Ravanbakhsh et al, 

2009; Stewart, 2011).  However, it is the strength of flax cellulose that is the basis for its 

traditional use as a textile fibre.  According to Bos (2004), it has more than twice the 

tensile strength of cotton and more than four times that of polyester.  The ability to absorb 

and release water quickly makes linen garments comfortable in hot weather (FAO, 

2009d).  The many traditional uses of linen that stem from its unique properties are 

elucidated in Figure 15 below are: 
 

Figure 15: Qualities of Linen and its Attendant Uses 

Properties Application 

Pro  

Second strongest natural fibre after silk sportswear 

Tailors well fashion wear and  lingerie 

Stronger when wet marine rope and canvas 

Launders well table use 

Lint less  drying glassware 

Resists dust  upholstery 

Antistatic near electronics 

Absorbs sound  wall covering 

Least elastic of natural fibres   canvas art, draperies, wall hangings, rug 

warps 

Shrinks little   10% warp, 3-5% weft 

Retains stretching good weft 

Absorbent and  dries quickly towels and  handkerchiefs 

Resists ultraviolet light better than cotton draperies 

Shiny as silk clothing and  upholstery 

Cool in hot climate Clothing and  bedding 

Hypo-allergenic clothing 

Hygienic and  anti-fungal/mite underwear and  hospital bed sheets 

Unpalatable to moths fabric 

Continued on next page...
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   Con  

Vulnerable to mildew never store damp or in plastic bags 

Wrinkles easily  requires moist ironing or dry cleaning 

Little resistance to friction difficult to “ease” or avoid seam slippage 

when sewing 

Resists dyes few colour options unless chemically 

treated 

Second most expensive natural fibre silk more expensive 
Sources: Cooper, 2009; FAO, 2009b; FAO, 2009j; F.I., 2005b; Heinrich, 2010; Summer, 201; T.C., 2010a 

 

 

It is obvious that the specific nature of the flax plant provides various constituent parts 

that have lent themselves to numerous accompanying uses. Some are classic, some are 

emergent, but all attest to the utility the Linum usitatissimum, or “most useful linen”, 

plant (T.F.I.L., 2011). 
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SYSTEMS OF FIBRE PRODUCTION: ECOLOGICAL IMPACT 

 

From a global perspective, the production of fibre occurs on a finite planet with finite 

resources. The demand for fibre comes from an ever increasing human population while 

the supply is being extracted from an ever decreasing resource base.  As van Dam (2009) 

suggests, the challenge for natural fibre is the development of products with the technical 

requirements, high quality, and environmental benefits that can outperform those made 

from petrochemicals.   

 

Environmental Benefits of Natural Fibre 

The presumed “strength” of a natural fibre is the reduction of ecological impacts (Bos, 

2004; van Dam, 2009).  If a more benign economy is actually desired, then substituting 

materials derived from the fossilized remains of plants and animals from former carbon 

cycles, i.e., oil, with materials derived from plants and animals in the current carbon 

cycle, i.e., natural fibre, must be encouraged.  The fixation of CO
2
 via photosynthesis by 

annual fibre crops could be one of the carbon-neutral methods that fosters “… a 

sustainable global economy, which permits improving purchasing power and living 

standards without exhaustion of resources for future generations…” (van Dam, 2009).   

 

In order to understand how the impacts of fibre could be lowered by reintroducing natural 

ones, the agro-industrial-consumer chain must be looked at.  It entails an agricultural 

production stage, a fibre extraction stage, a two branched stage of one for textile fibre 

processing and manufacturing and another for non-textile fibre processing and 

paper/composites/non-woven manufacturing, then a consumer use stage, and eventually a 

disposal stage.  Figure16 shows the environmental benefits and costs for natural fibre at 

each of these stages.  

 
Figure 16: Environmental Impact of Fibre Growing-Processing-Application Chain 

Overall 

Impact 
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 Source: van Dam, 2009 
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Several methods have been used to summarize the impacts of fibre, including the 

Ecological Footprint, the Carbon Footprint, and the Life Cycle Assessment.   These, 

along with other impacts that are harder to categorize, will be examined below.  

Ecological Footprint 

 

The global Ecological Footprint is the area of productive 

biosphere required to maintain the material throughput of the 

human economy, under current management and production 

practices” (WWF, 2004).   

 

The Ecological Footprint is an assessment of the demand we place on the capacity of the 

earth to sustain us. This technique accounts for the resource consumption and waste 

assimilation of a given population in terms of productive land area.  The trade of goods 

and services are attributed to the country within which they are consumed.   

 

The measurements of Ecological Footprints are done in global hectares per person 

(gha/person).  To begin the calculation we start with the earth itself.  The surface area is 

over 50 billion hectares and mostly water.  
 

Figure 17: Size of the Earth 

Globe = 51 billion ha

36.3; 71%

14.7; 29%

Ocean

Land

 
Source: Incite Planning 
  

  

But not all of this surface area is biologically productive.  While the rest plays indirect 

roles, only 23% of it directly supports human life through fresh water and ocean fisheries, 

cropland for fibre, grains, fruits and vegetables, grazing land for meat, milk and wool, 

forest for wood, pulp and paper, and the built-up land that provides the urban areas, 

roads, and infrastructure of human habitat (Wackernagel and Rees, 1996).  
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Figure 18: Biologically Productive Area 

Earth's Productivity = 11.9 billion ha 

(2007)
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 Source: Incite Planning 
 

We take this productive area and divide it by the world’s population to come up with the 

“Fair Share” of the earth’s surface available to each person.  By contrast, the Ecological 

Footprint is the demand we place on that bio-capacity.  It is calculated in a similar way, 

with one exception.  It includes the “phantom land” of past bio-capacity; namely the 

buried plants and animals from previous eras that we are digging up as and using as fossil 

fuels.  The combustion of fossil fuel releases carbon from past carbon cycles and adds it 

to the present carbon cycle.   In order to account for the burden ancient carbon is placing 

on current productivity, the amount of land needed to sequester Green House Gases is 

incorporated into the Footprint calculation (Wackernagel and Rees, 1996). 

Ecological Footprint of Global Civilization 

Estimates of our footprint have been calculated to as far back as 1961 (WWF, 2002).  

They show a continued erosion of the global biological bank account.  Around 1978 we 

stopped accruing “interest” as we began to eat up the principle.  Since then we have 

steadily drawn down the principle faster than we can replace it.  According to the latest 

data from 2007, more than half the principle is gone.  The numbers indicate that an even 

distribution of the earth’s supply of biologically productive land, or Earth’s Bio-capacity, 

is 1.79 gha/person.  An equal acquisition of the resources taken from that land, or our 

Global Ecological Footprint, is 2.70 gha/person.  As illustrated in Figure 19, it represents 

an overshoot of at least 51%.  If we assume that current conditions remain the same, but 

use the projected world population of ten years from now, the deficit expands to at least 

82%. Then, as now, the overwhelming issue will be energy consumption, and the 

cumulative destructive effects of fossil fuel use (GFN, 2010; Stinson 2011). 
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Figure 19: Global Bio-capacity vs. Ecological Footprint - Projection 2021 

 
                                                                                                   Source: Town of Minto ISCP 

 

The numbers are not a static, and will change with advancements or regressions in 

technology, increases or decreases in human population, and expansions or declines in 

ecosystem productivity. They are also driven by subjective factors such as people’s 

perception of satisfaction with their lives, the understanding of their own happiness, and 

the intentions underlying their hopes, fears, anxieties, and aspirations.  These greatly 

influence the desire for wealth, with its attendant consumption of resources and 

accumulation of waste.  As van Dam (2009) points out, the numbers also vary 

considerably between countries and are tied to their consumption levels. Thus the global 

deficit has grown in the intervening years because affluent countries live far above their 

fair share of the earth’s resources (Stinson, 2011).   

Ecological Footprint of Canada 

In Canada we use 7.0 gha/person, four times beyond the 1.79 gha/person available to the 

average human.  Situations such as this allow those not living in affluent counties to live 

below their fair share.  The hectares used by people in the following places are at least 

half of the global average: Afghanistan at 0.6, Bangladesh at 0.6, Burundi at 0.9, D.R. 

Congo at 0.8, Eritrea at 0.9, Haiti at 0.7, India at 0.9, Malawi at 0.7, Mozambique at 0.8, 

Palestine at 0.7, Pakistan at 0.8, Timor-Leste at 0.4, Yemen at 0.9, and Zambia at 0.9. 

 

Despite the fact that the average Canadian is more than ten times as wealthy as say the 

average Afghan, within our borders we are living within our means.  We have a large, 

resource-laden land mass with a relatively small population.  We have a productive 

workforce and a developed economy.  So far, our Ecological Footprint has not exceeded 

our own bio-capacity.  It is only in the global resources that we command through global 

trade that we are living way beyond our means (Stinson, 2011).   
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Ecological Footprint of Fibre 

One example comes from an Australian study in 1999 that quantified the resource use of 

City of Melbourne.  It found that over 14% of its ecological footprint came from clothing; 

close to 3% from carpets, curtains, tarpaulins, sails, tampons, and other textiles; over 2% 

from processed wool, textile fibres, yarns, woven fabrics, and knitting mill products.  

Almost another 3% came from furniture and footwear, though not all of these products 

are created from fibre (Lenzen, 2004).  Nonetheless, the use and consumption of fibre in 

this contemporary city in a developed economy accounted for more than half of its fair 

share of the earth’s resources.  At the turn of the millennium, this amounted to 1 hectare 

per capita out of the 1.87 hectares available per each person then living on the planet.   

 

Australia is similar to Canada in terms of its population to resource base ratio, and at the 

time it had an ecological footprint of 7.58 gha/person.  Melbourne’s apparent footprint 

was approximately five, well below the national average, but well above the global 

capacity.  Melbourne spent a fifth of its ecological budget on fibre which, as seen in the 

previous section, was more than what some countries spent on everything.  

 

On a national basis, the footprint of fibre can be lower due to other priorities taking 

greater precedence in the national accounts.  In a more recent study done for the United 

Kingdom, the estimated impact of clothing, footwear, and household textiles was only 

1% of the total footprint.  However, this report went on to examine 12 different case 

studies of fibre cultivation and manufacture from around the world.  They compared 

organic and conventional hemp including several experimental processing methods, 

organic and conventional cotton, and polyester.   

 

The method of comparison was done in global hectares per tonne of spun fibre rather than 

per person.  Though polyester requires the most energy it needs no land for cultivation.   

European polyester had a footprint of 1.67 gha/tonne while American polyester was 2.21.  

Cotton did the worst, ranging from 2.17 for that grown organically in the USA to 3.57 for 

that grown conventionally in the Punjab.  Overall, hemp did the best ranging from 1.46 to 

2.01 gha.  The best was organically grown in the United Kingdom, dew retted, and 

processed through an aligned scutch mill as used in the linen industry.  An increased 

footprint was associated with experimental decortication of green stocks and chemical de-

gumming.  The land used for cultivation represents the largest portion of the footprint for 

both cotton and hemp, but hemp’s productivity lowered its impact.  It can yield up to 3 

tonnes/ha dry fibre compared to 1.35 tonne/ha for cotton lint (Cherrett et al, 2005). 

 

The relevance of these results stems from the fact that cotton is the main natural fibre 

produced on the planet and that hemp production and productivity are very similar to 

flax. According to the Food and Agriculture Organization of the United Nations (2009), 

Polish flax yields range from 1.5 to 3.5 tonnes/ha.  As a “stand-in” for flax, the hemp 

results are encouraging. 
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Carbon Footprint of Fibre 

About half of our Ecological Footprint comes from our Carbon Footprint, which is 

largely derived from the fossil fuels we use (F.I., 2005a; Stinson, 2011; Wackernagel and 

Rees, 1996).  The total amount of energy used to produce fibre varies quite a bit by the 

fibre type.  Polyester uses well over 100,000 mega joules/tonne while organic cotton was 

in the 12,000 MJ/tonne range.  Organic hemp was close to this at around 15,000 

MJ/tonne.  Conventional cotton and experimental hemp processing were all more energy 

intensive, but no higher than approximately 33,000 MJ/tonne.   Switching to renewable 

energy could reduce the burden of producing polyester, but it is made from non-

renewable oil which would still account for 1/3 of its impact (Cherrett et al, 2005).  An 

article produced by fabrics international (2005) contrasted the energy required to produce 

various fibres as follows: 

 
Figure 20: Fibre Energy Needs in Mega Joules per kilogram 

Fibre MJ/kg 
Nylon 250 

Synthetics & artificial 100-200 

Rayon 100 

Cotton & wool 50-60 

Organic cotton 15 

Flax 10 

Hemp 2 
Source: fabrics international, 2005a 

 

They note that a gallon of gasoline contains 130 Mega Joules.  Though different fuel 

mixes in different parts of the world produce different carbon dioxide levels, emissions 

more or less matched energy use.  The polyesters did the worst ~7-10 kg CO
2
/tonne and 

organic cotton and hemp did the best ~2-4 kg CO
2
/tonne (Cherrett et al, 2005). 

 

The end use of fibre also affects the carbon footprint. As stated by van Dam and Bos 

(2004?), the largest impact from textiles is the pollution and energy use to launder them. 

It is estimated that 0.9 kg of carbon are emitted for every load of wash, though this can be 

reduced to 0.6 if cold water is used.  But every load run through a dryer makes 2 kg of 

carbon (fabrics international, 2005a). Thus, a cotton/polyester blend fairs better than pure 

cotton, as it is easier to wash, uses less energy to dry, and lasts longer (van Dam and Bos, 

2004?; van Dam, 2009).   

Water Footprint of Fibre 

The impact on water is harder to measure as there is no agreed upon method of measuring 

the footprint.  However, this study estimated that the water needed to grow and process 

the cotton imported into the United Kingdom at under 10,000 l/kg of usable fibre.  The 

experimental hemp only required over 2,000 l/kg.  As for polyester, water is an actual by-

product of the poly-condensation process that creates the ester from the chemical reaction 

of an alcohol and an acid group.  Water is needed for production, but mostly for cooling.  

In that sense it is not “used”, and technically has no impact if allowed to return to 

ambient temperatures before being released back into nature (Cherrett et al, 2005).    
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Cotton is often grown in dry areas, and the need for irrigation can compete with other users, 

the disappearance of the Aral Sea being the severest example.  The flooding technique most 

often used has a global efficiency of less than 40%, due to evaporation, seepage, and poor 

management.  Other impacts include eutrophication, nitrate pollution salinization, wildlife 

contamination, habitat destruction, and elevating water tables (Cherrett et al 2005; van Dam 

and Bos, 2004?). 

 

Pesticide Impacts of Fibre 

It should be noted that cotton has been used extensively as a rural development tool in Africa 

and Asia.  The Food and Agriculture Organization (FAO) of the United Nations (2009a) 

indicates that cotton is mainly a crop of poor, small-scale famers, 100 million of whom base 

their livelihood on it.  Nonetheless, Cherrett et al (2005) states that agro-chemical use has 

become essential in the widespread mono-cropping of cotton, consuming 11% of the world’s 

“fertilizers, insecticides, herbicides, growth regulators and defoliants”.  Large amounts of 

“the most acutely toxic pesticides” are applied to cotton.  As the FAO (2009a) points out, 

these chemicals are often banned in the developed world.  By the mid-90s, cotton received 

24% of all manufactured insecticides, amounting to 40% of production costs in some 

counties.  As pests developed resistance to these chemicals, farmers applied more chemicals.  

The extra costs were often paid for through crippling, high-interest loans.   

 

Profitability aside, the social costs of pesticides include illness, even death, along with the 

associated medical bills.  There is also the bio-accumulation of chemicals up the food-chain, 

the contamination of water supplies, the disruption of pest/predator cycles, and the 

destruction of biodiversity and soil fertility.  All of this has spawned an interest in integrated 

pest management (FAO, 2009a), as well as organic production methods.  Indeed, the lower 

ecological footprint of the organic crops was noted by this study, and encouraged the 

adoption of “bio-dynamic approaches” that are more closely integrate with the landscape, use 

less water, and boost yields to meet increasing consumer demand (Cherrett et al, 2005; van 

Dam and Bos, 2004?).  In the parts of Europe that grow flax, it is estimated that their 

replacement of cereals saves 25,000 tonnes of fertilizer and 390 tonnes of pesticides 

(Mackiewicz-Talarczyk, 2008). 

 

Air Impacts of Fibre 

Not to be overlooked are the health concerns from processing fibres such as flax.  It has long 

been known that occupational lung disease can arise from working with natural vegetable 

fibres.  Care must be taken to remove dust, bacteria, fungi, and endotoxins from the air when 

dealing with flax fibre (Bos, 2004; van Dam and Bos, 2004?).   

 

Other Impacts of Fibre 

The end products themselves also have ecological consequences. A pertinent impact of 

textiles comes from the chemicals used to soften, bleach, and dye them, regardless of the 

source material.  Synthetic ropes, twines, and fish nets are cheaper, but their persistence 
damages wildlife. Pulping wood for paper is environmentally expensive, but the high cost of 

recovering the chemicals makes scaling factories down to the fibre-crop scale difficult. 

Currently, it is only feasible for higher priced niche papers.  For non-woven fabric, whether 
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dry, needle-punched (produces dust), or wet (uses chemicals) other effects arise that depend 

on end use.  For disposable tissues and diapers the bio-degradability of natural fibre is better 

than the persistence of synthetics.  This is also true for geotextiles used for erosion control in 

temporary landscaping or engineering situations.  The composting of these fibres in the 

ground actually improves the soil structure.  In horticulture, fibre-based pots and potting 

mixtures may overcome the disposal problem of plastic and mineral wool, but synthetic twine 

survives the moist conditions of greenhouses better.  In the construction industry vast 

amounts of resource depletion, waste and energy use are common place, so natural fibres 

may have an enhanced role in insulation and reinforcement materials, building blocks, brick, 

or light-weight concrete.  Plant fibre boards, though, use more glues than wood fibres do.  

But plant-based varnishes, paints, finishes, resins etc. can easily replace petrochemical-based 

ones.  Such “value-adding” of by-products and residues greatly boosts “the overall ecological 

performance of a crop” (van Dam and Bos, 2004?; van Dam, 2009). 

Life Cycle Assessment of Flax Composites 

Other tools that more fully capture these other impacts have been developed.  They try to 

calculate a product’s “life-cycle” from obtaining the raw materials through to the final 

disposal.  A method developed by Dutch companies is the Eco-indicator 95.  It starts with the 

definition of goals, aims, and scope for the assessment.  Next, it inventories all pollution 

emissions and resource consumption.  It then classifies their effects, followed by a weighed 

evaluation and an interpreted analysis.  Consistency across a variety of effects it is difficult to 

obtain and differing priorities such as product development, or strategic planning, or public 

policy, or marketing may affect the results.  However, the intended outcome is a single 

impact number which is measured in milli- Points.  It is scaled to the impact on a society over 

a given time, such as Europe for one year (Bos, 2004; van Dam and Bos, 2004?; van Dam, 

2009).  The impacts used are listed as follows: 
 

Figure 21: Weighting factors for the Eco-indicator 95 method 
 
 
Reference Compound 
 
 
CO2 (Carbon Dioxide) 
 

 
CFK-11  

 

SO4 (Sulphate) 
 

 

PO4 (Phosphate) 

 

 

C2H4   (Ethylene) 

 

 
 
SO2 (Sulphur Dioxide) 
 

 
Amount of active ingredient  
 
 
Pb (Lead) 
 
 
 
Cd (Cadmium) 
 
Polyaromatic Hydrocarbons  

Source: Bos, 2004; van Dam and Bos, 2004? 
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Getting accurate input data is an issue, particularly when comparing different materials.  

Nevertheless a comparison for wind turbine construction was done between flax fibres 

and glass fibres, along with the composite matrix materials that can be embedded in such 

as epoxy resin (EP), unsaturated polyester (UP), and polypropylene (PP).  The flax 

substantially outshone the glass at 0.34 vs. 2.31 mPt/kg. As pesticide use could not be 

taken into account, the figure may be low.  The EP came in at 10.2, the UP at 9.45, and 

the PP at 2.99 mPt/kg.  The UP value may be too low due to the unavailability of energy 

use figures or too high depending on the production method.  What is apparent is that the 

environmental benefit comes more from the type of matrix used than from the flax (Bos, 

2004; van Dam and Bos, 2004?; van Dam, 2009).   

 

Similar assessments have been done in the automotive industry.  Growing the crop was 

seen to have little impact since, aside from cotton; the demand for fertilizer and pesticides 

is moderate. Operating farm machinery does use energy, as does the post-harvest 

processing.  Care must also be taken to properly treat processing waste water.  But the 

energy used to produce a flax-fibre mat was more than five times less that for a fibre 

glass mat.  Stacked against synthetic or glass fibres, the resource use, energy use, carbon 

dioxide, and Green House Gas emissions for natural fibre are much better during the 

production phase. But, as with turbines, blended textiles, and non-wovens, the use of a 

polymer matrix has a more significant impact than the use of a natural fibre.  However, as 

long as stiffness was a design criterion, the lighter weight of natural fibres brought fuel 

savings in transportation applications compared with any glass fibre reinforced part.  

Also, if performance criteria required an increase in the fibre content, it also decreased 

the amount of polymer needed.  Indeed, the use of natural fibre in composites lowers 

energy use and Green House Gas emissions better than using those fibres to produce bio-

fuels (Joshi et al, 2004; van Dam and Bos, 2004?; van Dam, 2009).    

 

Recycling composites is impossible since the fibres are damaged in any “re-

compounding” process, with natural fibres fairing worse than a glass fibre.  However, 

incineration of natural-based composites return 25% of the embedded energy compared 

to 13% for fibreglass and is touted as the most viable end-of-life solution (Joshi et al, 

2004; van Dam and Bos, 2004?; van Dam, 2009).    

 

Though a natural fibre does wear equipment less than say a glass fibre, for composites the 

environmental advantage is not in the production phase, but in the use phase.  It is the 

weight savings of a light fibre such as flax, not the fibre itself, which has less impact.  

This is true for parts that require stiffness, but its limited strength can increase the impact 

if more of the fibre is needed to produce a part that will receive heavy loading.  Thus, the 

highest gain comes from its use in transportation, where fuel savings and reduced 

emissions can be had (Bos, 2004; Joshi et al, 2004; van Dam, 2009). 

 

The challenge for natural fibre is to develop products with the technical requirements, 

high quality, and environmental benefits that outperform products made from 

petrochemicals.  Assessing all impacts can be difficult, particularly if these impacts are 

not comparable.  At the agricultural phase it depends on the crop grown, the level of 

mechanization and agro-chemical employed. The utilization of by-products and residues 
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improves the eco-performance, as does installing any needed waste-water treatment.  

During the production phase, fuel consumption and Green House Gas emissions are much 

lower compared to those derived from oil.  However, synthetic resins, additives, and 

polymers used in blended textiles, non-woven, and composites greatly increase the eco-

impact.  Generally, natural fibres are carbon neutral and though they can compete with 

food for land and resources, the use of fair-trade principles minimizes this issue (van 

Dam, 2009). In the end, natural fibres such as flax do have environmental benefits, but 

they do not automatically come from being natural.  Care must be taken in how the plants 

are grown, processed, used, and disposed of for any benefit to be gained. 
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FIBRE FLAX MARKET 

TIONS 

The market of fibre flax is diagramed in Figure 22.  The strengths and weaknesses of flax 

fibres are examined.  The opportunities and threats are presented. The properties of 

Ontario grown flax fibre are discussed.  The economic impacts of fibre production are 

also outlined.  

 
Figure 22: Fibre Flax Market Matrix 

 
 

INTENTIONS FOR FIBRE MARKET: STRENGTHS AND WEAKNESSES OF FLAX 

 

As seen in the “Intentions for Fibre Use” section (p.10), flax currently plays a minor role 

in the fibre world.  Since it is derived from a plant, flax needs the right soils and climatic 

conditions.  It is dependent on the weather and the skill of the grower.  Fibre flax has 

specific harvesting and processing requirements that make it more expensive than most 

fibres. The fabric can be more demanding to manufacture and its use may require more 

care.  
 

With the rise of synthetics in the 1960s, the natural fibres that have been with us from the 

start of human society (FAO, 2009g) began to wane in prominence.   The ease with 

which undervalued petroleum could be turned into fabric “demanded” by an ever 

growing human population pushed less polluting fibres into specialized or elite uses.  As 

van Dam (2009) pointed out, the marketing of any given product is not yet dependant in 

any significant way on its ecological impact.  The absence of extreme costs or legislation 

to restrict the use of non-renewable resources relegates natural fibres to where they have 

the “best price/performance”.  A market niche will require a specific cost savings or 

performance benefit.  Thus, “the appeal of natural fibre products should primarily be its 

quality”.  (van Dam, 2009) 
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The long line fibres of flax, of both fine and regular quality, are typically spun into yarn 

for linen.  More than 70% is used for clothing, the rest for high quality bed coverings, 
upholstery and interior design.  Shorter (tow) fibres are spun into heavier yarns used for tents, 

sails, canvas, and kitchen towels.  Lower quality fibres reinforce thermoplastic composites 

and thermoset resins used in consumer goods, furniture, and substrates for automotive 

interiors (FAO, 2009d). According to the FAO (2009d & 2009g), industrial manufacturing is 

beginning to replace synthetics with natural fibres such as flax.  Indeed, …“agrofibre 

reinforced composites are used now by a  number of automotive producers for instance inner 

door liners, and amount of fibre used in these applications has increased significantly over the 

last 8 years” (van Dam and Bos, 2004?).    

 

In the 1990s, environmental concerns sparked an interest in using renewable materials in 

high-tech applications.  Agriculture was also looking for new uses of its products.  It was felt 

that flax fibres might be a good choice given its strength, low density, and high stiffness.  

However, a good composite was harder to achieve than first thought.  As seen if the 

“Behavioural Characteristics of Flax” section (p. 23), the “composite-like” cell structure of 

the long fibres means its strength varies in different directions and that they can be damaged 

by decorticating.   Thus, when used for a unidirectional epoxy composite the tensile strength 

is good, but the compressive strength is not.  The latter can be improved if kinking damage is 

treated, but then the former is compromised (Bos, 2004). 

 

However, work on natural fibre mat reinforced thermoplastics has shown more promise.  

Short fibres infused with polypropylene (PP) can make a randomly oriented non-woven 

material.  In this process, the coarser fibres derived from the initial scutching phase make 

weaker mats than the finer fibres from the hackling phase.  Their superiority in strength 

transference compares to that of glass fibre.   The tensile strength of flax is much less than 

that of glass; but if the fibre volume is the same, the modulus of a glass mat and a flax mat 

are similar. Thus, given the lower density of flax fibre, lighter materials can be created as 

long as stiffness is controlled.  While the other mechanical properties remain the same, even 

better impact strength comes from compounding flax and PP.  The process unfortunately 

breaks the fibre into even shorter lengths and flax/PP adhesion is not a given.  The addition of 

malic anhydride can help, but the 200oC mixing temperature is enough to melt the wax off of 

the flax fibres and encourage adhesion.  Tests of the interfacial shear strength of these 

compounds approach that of the matrix itself, indicating that adhesion is not the problem.  

The Russian “matryoshka-doll” nature of flax fibres can lead to their internal failure, thus 

limiting the tensile, compressive, and impact performance of material made from them.  

Preserving fibre length would substantially improve such materials (Bos, 2004).  

 

It seems that the best technical application of flax composites is those that require flexural 

stiffness and low weight.  When greater tensile strength is needed more material must be 

used, compared to the amount of glass fibres that would otherwise be employed.  The 

material would be thicker and have an excess amount of the thermoset matrix, increasing the 

environmental impact of the material.  So the “light but stiff” behaviour of flax lends itself to 

transportation sectors where less fuel can be used to move vehicles. Cost savings to both the 

user and the environmental can be realized; but for producers of these materials to benefit 

specific legislation or subsidies would be needed.  In the meantime, reinforcement with flax 

must focus on its unique nature, namely its fineness and relative strength compared to other 

natural fibres (Bos, 2004). 
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CULTURE OF FIBRE MARKET: OPPORTUNITIES AND THREATS TO FLAX 

 
In 2009, the United Nations celebrated The International Year of Natural Fibres.  They 

focussed attention on both the past and future of natural fibres.  With the aid of inter-

governmental associations such as the Common Fund for Commodities, they brought 

producers and consumers together to help improve the lives of fibre producers.  According to 

the Food and Agriculture Organization, natural fibres are coming into their own again 

because of the advantages they have.  The fabric created from natural fibres is healthful and 

comfortable.  The fibres they are made from are renewable and have high-tech applications.  

Most of all, they are natural (FAO, 2009g).   

 

But flax, like all natural fibres, is dominated by the world’s most popular natural fibre: cotton 

(FAO, 2009c).  As seen in the “Intentions for Fibre Use” section (p.11), its massive volume 

overwhelms everything else.  Flax is out-produced by jute, which is used the world over for 

sackcloth and supports millions of small farmers (FAO, 2009b).  Flax is superseded by wool; 

which is used mainly for garments, along with carpets, furnishings, and some home 

insulation (FAO, 2009f).  Even silk, though lagging far behind in output is still better known 

than flax for its luxuriousness.  It is also used in medicine due to its anti-inflammatory nature 

(FAO, 2009e).  So, where does flax stand? 

Fibre Flax Geography  

Figure 23: Fibre Flax by Region – 2009   Figure 24: Fibre Flax by Volume - 2009 

 
                                                                                      Source: FAOSTAT, 2011 

 
As seen in Figure 25 (next page), the producing regions from a century ago were largely 

above the Tropic of Cancer, but well below the Arctic Circle with some areas below the 

Tropic of Capricorn.  They were scattered across Europe, a couple in India, with several 

pockets in Canada and the United States, and in the Argentine/Uruguay district of South 

America.   

 

Today’s producing regions are similar, if not exactly the same.  As seen in Figure 26 (next 

page), the majority in now grown in the mid-latitudes of Eurasia.  In Western Europe, it is 

found in Austria, Belgium, France, Italy, Netherlands, and the U.K.  In Eastern Europe, it is 

grown in Belarus, Bulgaria, the Czech Republic, Estonia, Latvia, Lithuania, Poland, 

Rumania, Russia, and the Ukraine. Flax is raised in Argentina and Chile in South America, 

Egypt and Turkey in the Middle East, and in Asia it is harvested in China. 
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Figure 25: World Flax Production Regions - 1916 

 
 

 
 

Figure 26: World Fibre Flax Production Regions - Today 

 
                                                                                                                                                                         Source: IJSG, 2009 
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Fibre Flax Production  

As seen in Figure 27, fibre flax has maintained an average relative production of 

approximately 700,000 tonnes, over the last 113 years.  Year-to-year flax production 

levels have only declined by 19,000 tonnes over this period despite vast increases in 

world population and fibre usage, together with competition from cotton, then man-made, 

and eventually synthetic fibre. 

 
Figure 27: World Fibre Flax Production Levels – 1896 to 2009 

 

             Source: Barker, 1917; Bidgham & McFarlane, 1916; FAOSTAT, 2011; Gordon Mackie in Frank, 2005 

 

Even during the First World War, where the blood, mustard gas, and shrapnel of “the 

western front has lain waste the best linen district in the world” (Barker 1917), production 

still managed to reach more than 635,000 tonnes.  At the time, cotton production was 

eight times greater.  Rayon had just been discovered and was not competitor; but 

cellulosics, such as rayon, are now eight times the output level of flax and cotton 

production is more than 50 times greater (Engelhart, 2010; Engelhart & Wissenberg, 

2010; FAOSTAT, 2011; van Dam, 2009).   
 

The previous graph does reflect the substantive changes that have occurred in fibre 

production, as outlined in the “Intentions for Fibre” section (p.11).  If only the data from 

the past 50 years were used, the trend line would be in a steeper decline.  The most recent 

numbers show a severe plummet, even before the 2008 recession took hold. 

 

The Food and Agriculture Organization of the United Nations’ information from1961 to 

2009 indicates the pivotal role China has played in elevating recent production levels.  As 

seen in Figure 27 (above), flax cultivation is cyclical, often mirroring economic 

downturns.  When flax production rebounds there has always been an increasing interest 

from China.  Their support of the 1976 peak was only 11%, but by 1984 it had risen to 

23%.  In 1987, their participation was up to 34%, and by 1991 it was 40%.  By 1995 they 
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reached 49% and in 2004 claimed 67% of world-wide fibre flax output.  Indeed, the 

meteoric rise in global production in the mid-2000s was largely due to expanding Chinese 

cultivation.  Between 1998 and 2005, they went from 26 % of total flax tonnage to 70%.  

The precipitous drop in global production followed China’s exit from the field.  They 

went from a 695,050 tonne harvest down to 245,406 tonnes by 2009, the decline being 

almost as much as the remaining global harvests (FAOSTAT, 2011).     

 

As seen in Figure 28, the Belarusians, the Dutch, the Egyptians, the Russians, the 

Ukrainians, and many others anticipated this trend, though without the same impact.     

 
Figure 28: Fibre Flax Production Levels by Country - 2004 to 2008 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 
                                                  Source: IJSG, 2009. Courtesy: Ministry of Textiles, Government of India 

 

Since then, the Belarusian and the Russian harvests have shown some recovery, while 

those of the France, Egypt, and minor players such as Argentina, Chile, Estonia, and Italy 

have remained more consistent throughout this period (IJSG, 2009; FAOSTAT, 2011).  

 

In 2009, close to 458,000 tonnes were harvested on more than 322,000 hectares 

worldwide.  Figure 31 (p. 46) lists the 21 countries that were responsible.  Figures 28 to 

30 indicate those nations, Belarus, Belgium, China, Egypt, France, the Netherlands, 

Russia, and the United Kingdom, currently doing most of the fibre flax growing on the 

planet and representing the bulk of global production.  
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Figure 29: Amount of World Fibre Flax Growing Area by Nation - 2009 

  
Source: FAOSTAT, 2011 

 

 

 
Figure 30: Amount of World Fibre Flax Harvest by Nation - 2009 

 
Source: FAOSTAT, 2011 
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Fibre Flax Yields 

The table in Figure 31 makes explicit what the previous charts implied, that flax yields 

are quite variable depending on the country it is grown in.  In the “Behavioural 

Characteristics of Flax” section (p.22), different yields were described.  The table below 

is based on a consistent data set of the most recent harvest and acreage information 

available from the Food and Agriculture Organization of the United Nations (FAO).  

China has a superior yield (2.7 t/ha) to match its large volume and on a regional basis is 

the highest.  Western and Eastern Europe, along with the other regions, are closer to 1 

t/ha.  A few countries have some exceptional yields, but these are often due to small 

harvests in tiny areas.  The global yield is 1.42 tonnes/ha.  Bos (2004) notes that though 

the performance (yield and/or volume) of east Eurasian fields is high, the quality of the 

fibre produced is considered to be poor.  The best flax still comes from Western Europe. 

 
Figure 31: World Fibre Flax Yield by Region & Country - 2009 

 
Harvest in 

tonnes 
Area in ha Yield in t/ha 

World 457,913 322,180 1.42 

Western Europe 98,098 83,973 1.06 

  Austria 3.88 3 1.29 

  Belgium 12,500 11,277 1.11 

  France 67,000 56,602 1.18 

  Italy 477 3,043 0.16 

  Netherlands 3,374 2,850 1.18 

  U.K. 14,743 10,198 1.45 

Eastern Europe 101,989 132,551 1 

  Belarus 46,893 64,785 0.72 

  Bulgaria 110 46 2.39 

  Czech 461 153 3.01 

  Estonia 112 85 1.32 

  Latvia 100 50 2.00 

  Lithuania 31 100 0.31 

  Poland 422 1,897 0.22 

  Rumania 100 35 2.86 

  Russia 52,560 63,600 0.83 

  Ukraine 1,200 1,800 0.67 

South America 4,145 4,625 1 

  Argentina 1,614 2,443 0.66 

  Chile 2,531 2,182 1.16 

Middle East 8,275 10,015 1 

  Egypt 8,274 10,014 0.83 

  Turkey 1 0.77 1.29 

Asia 245,406 91,016 2.70 

  China 245,406 91,016 2.70 
                                             Source: FAOSTAT, 2011; imputed missing data 
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Fibre Flax Leaders 

According to the FAO (2009d) France, Belgium, and the Netherlands are still leaders in 

the field, with China, Belarus, and Russia being significant players as well.  The hub of 

flax production in Western Europe is located in the south-west Netherlands, west 

Belgium, and north-west France region.  It is what remains of the old flax industry that 

existed until after the Second World War.  Traditionally, each of the processing steps: 

rippling, water retting, scutching, hackling, and weaving were done separately by family 

firms that rarely integrated these steps.    

 

In the Netherlands, there are about 10 small scutching enterprises in the hands of those 

families that remain in business.  They contract, as well as grow, flax, and along with the 

farmers harvest, ripple, and dew ret the flax which is subsequently scutched.  There is 

only one firm left in the country that also hackles its scutched fibre. In the past the flax 

lint was sold to Belgian traders for distribution.  Now it is often sold directly to spinners, 

none of which remain in Holland.  Given the “very cyclic” nature of the industry, large 

quantities of processed flax are stored until the market is favourable.  Thus innovations 

are only undertaken in small steps and in collaboration with equipment manufacturers 

(Bos, 2004).  

 

In Belgium, there are approximately 70 scutchers, four spinners, and 13 weavers who use 

flax.  Family firms predominate, but there are a few larger companies, such as Procotex 

that search for new uses.   The distributive traders improve the quality through the mixing 

of batches and the hackling of fibres.  Their presence in the global market is strong 

enough to regulate the flax trade (Bos, 2004). 

 

In France, the business is larger and the firms are more innovative (Bos, 2004).  There are 

many agricultural co-operatives, and some also scutch and process the fibres.  One is also 

a major European wet and dry spinner (Frank, 2005).  An example is Terre de Lin, a 650 

member cooperative with 250 employees involved in rippling, scutching, hackling, plant 

breeding, and fibre research (Becker, 2011b).  But, French firms are also dependant on 

Belgium traders.  Most European companies are members of the Paris based (CELC) 

Confédération Européenne du Lin et du Chanvre (Bos, 2004). 

 

China is an up and coming flax region.  80 % of its production is focussed in the 

northeast province of Heilongjiang where high latitudes make for suitable growing 

conditions.  Yields for the mid-2000s were reported to be 3.75 t/ha. There are more than 

140 flax processing mills whose output is between 40 to 50 thousand tonnes of fibre.  The 

more than 100 flax textile operations (700,000 spindles in all) have a capacity between 80 

and 120 thousand tonnes of fibre (Mackiewicz-Talarczyk, 2008).  This deficit is made up 

through annual imports of between 63 and 100 tonnes of flax lint (FAO, 2009d; 

Mackiewicz-Talarczyk, 2008).  China now spins and weaves 70% of the world’s flax 

production.  They are also active in Europe with their own distributive traders (Bos, 

2004). 
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Fibre Flax Competition 

One of the source documents for this report has been the excellent 2004 review: “The 

Potential of Flax Fibres as Reinforcement for Composite Materials”, by Harriëtte L. Bos.  

Among many other things she analyzes, are the barriers to entrance into the flax industry.  

The model she uses can be seen below:  

 
Figure 32: Competitive Advantage Model by M.E. Porter  

 

 
 

Fibre Flax Rivalry 

As can be surmised by Figure 29 (p. 45), the flax industry has been contracting.  There 

was a surge in the mid-2000s, but the industry has retreated to one of its lowest points in 

over a century.  The FAO does not have more recent figures than 2009, so it is uncertain 

how well the flax industry is weathering the recession. 

 

Generally though, flax suffers from a lack of “brand identity” and the European product 

has few distinguishing feature between countries. Flax suffers from the whims of the 

fashion industry and relies on low storage costs to ride out price fluctuations.  However, 

an increase in industrial rivalry comes with price instability.  The entrance of China had, 

interestingly enough, stabilized prices at a high level.  Linen was increasingly used in 

garments, thus increasing demand.  With better earnings companies could afford to 

innovate without worrying about competitors (Bos, 2004).   

 

With declining production, and thus price, competitive rivalry has most likely increased.  

The family business model referred to earlier may make survival difficult, particularly in 

hard times. Usually they are not diversified beyond flax, and without successors tend to 

fold.  This gives some appeal to the French cooperative as a model of longevity. 
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Fibre Flax Entry 

As evidenced earlier, China has been an enterprising entrant in the flax industry, vastly 

increasing its hackling, spinning, and weaving capacity.  Yet, they were not expected to 

compete with the cultivation and scutching expertise found in Belgium, the Netherlands, 

and France.  The next threat is seen as coming from Eastern Europe and Russia.  They 

grow, process, and export substantial amounts of flax, but the quality is poor.  However, 

most of the spinning and weaving capacity has left Western Europe, with much of it 

settling in the East.  By the 1990s, countries like Spain started growing flax, but this 

ended when European Union subsidies ended.  At this same time, companies in Germany, 

Denmark, and the United Kingdom started to process long line flax according to the “lin-

total” method to produce short fibre (tow) for use in the technical market.  They also have 

seen some demise (Bos, 2004). 

 

The distribution chain may also be a barrier to entry.  Access to the small clique of the 

traditional flax industry is controlled by distributive traders.  As a destination for output, 

the apparel market will not induce participation.  The world of technical application is 

different.   New entrants from Western Europe have evolved enterprises around short 

fibre, while the traditional firms see it as a side market.   But it is difficult to work with 

natural fibres.  The steep learning curve involved is a barrier to new entrants as well as 

those seeking new uses for natural fibres.  The competitive advantage goes to those with 

experience.  The current industry may need more “added-value” products to encourage 

new business (Bos, 2004).  

Fibre Flax Substitutes 

Flax is vulnerable to substitutes.  Its profitable position has been lost to the availability of 

cotton and synthetics.  But the presence of linen has been boosted by China, due to its 

cheaper manufacturing costs.  While hemp, jute, sisal, and even coir are not often seen as 

replacements for flax in the apparel market, they readily replace them in the technical 

market.  Thus when flax prices are high, alternative natural fibres could readily be found 

for the automotive sector; the pulp and paper sector and for cordage in mats, etc. (Bos, 

2004; FAO, 2009g)  

Fibre Flax Buyers 

Recently, scutchers have been making deals with spinners directly, which has started to 

undercut the bargaining power of the Belgian distributive traders.  In the technical 

market, the automotive industry has a strong bargaining position.  Suppliers can get 

“larger sales and longer contracts”, but only subject to “sharp negotiations” (Bos, 2004). 

Fibre Flax Suppliers 

The bargaining position of suppliers is weak.  Farmers typically grow flax under contract 

to scutchers, and the European Union subsidizes it.  They have a subsidy for processing 

flax that went from €160/tonne to €200/tonne in 2006 for long fibres.  But the €90/tonne 

for short fibre ended then as well (Bos, 2004). 
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Fibre Flax Future 

In the mid-2000s, the fashion industry focussed on flax and the price rose for the long 

fibres.  Attention and innovation shifted in that direction.  When this happens flax cannot 

compete against cheaper fibreglass in composite materials.  As pointed out in the  

“Intentions for the Fibre Market” section (p.40), flax also suffers from poor compression 

strength.  The technical market is a far more likely home for short fibres, particularly in 

the automotive sector.  The use here of new materials is not unusual, but compared to 

larger firms in this market, small companies are at an innovative disadvantage.  As can be 

inferred from the structure of this highly integrated sector (Figure 33), a small scutcher 

would have a herculean task of imposing “specification and usage of natural fibres” 

throughout the entire chain.   

 
Figure 33: Place of Fibre Flax in the Automotive Supply Chain  

 

-  Original Equipment              

Manufacturers or car companies 

 

 

 

-  provide specialized parts 

 

 

 

 

- create non-woven textiles or 

plastic compounds 

 

 

 

- supply the natural fibres 
 

 
Source: Bos, 2004 

 

Substrate Suppliers work mainly with synthetics, since natural fibres are seen as “dirty”.  

Flax processors, such as Procotex, thus have an advantage since they are used to dealing 

with dusty conditions.  Nonetheless, Bos lists Tier One Suppliers such as Johnson 

Controls, Visteon, Lear Corporation, Fibrit, etc. as the “the principle innovators in 

automotive components… and… that their research and product selection decisions will 

be the main determining factor in the growth of the natural fibre sector”.  Some had 

experience with wood in the past, but experimentation with other fibres began in earnest 

in the 1990s, particularly in Germany where manufacturers were subsidized to develop 

renewable based technology (Bos, 2004).  

 

German, Belgian, and French companies have begun producing flax felt.  In the United 

Kingdom, Sweden, and Germany the “lin-total” concept has been used to establish 

processing lines.  Apparently, the short fibre (tow) produced from this method has better 
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length and homogeneity than the tow derived from the fibre scutched for textiles.  At the 

turn of the millennium, Dailmer-Chrysler announced that they would no longer use such 

by-products but only work with fibre cultivated for industrial purposes, e.g., green 

decorticated flax.  But the primary motivator for Tier One Suppliers is price.  Though the 

overall application of natural fibre has increased, the interest in flax waned when the 

apparel market drove the cost of flax fibre up.  In fact, Lear Corporation replaced flax 

with kenaf, hemp, and jute (Bos, 2004).   

 

Injection moulding is another possible use of natural fibre, such as flax.  It has similar 

cost concerns, but there are technical ones as well.  The material is voluminous, does not 

flow freely, and is dusty.  If not handled well, the resultant product can smell or look 

“burnt”, and/or have inferior properties.  Most experimentation has not come from the 

usually innovative plastics industry, but from the flax processors or Research and 

Development institutions like universities.  However, some commercial interest has been 

shown (Bos, 2004).  

Fibre Flax Strategy 

Bos seems to anticipate the recent decline in flax production and suggests diversification 

as a way to deal with price fluctuations.  “Conglomerate diversification”, or doing 

something completely different from one’s core business, was not recommended. 

“Horizontal diversification”, such as processing other natural fibres, would expand their 

experience, but would not escape the cyclical nature of the apparel market. “Vertical 

diversification”, such as a scutcher taking on hackling, creates more synergy, but also 

creates more dependence on the market they are already in.  “Concentric diversification”, 

using related or unrelated technology for new or similar customers, or using unrelated 

technology for old customers was seen as having the potential for stability (Bos, 2004).   

 

To start, a flax processing firm would use its competitive advantage: it knows how to 

handle a demanding commodity like natural fibre.  They could create something such as 

non-woven or other intermediate products for the technical market.  A horizontal step 

could then be added of making the same product from another fibre, e.g., hemp or jute, 

which adds protection from the price of flax.  Alternatively, they could enter a joint 

venture with a plastics compounder, preferably with the assistance of a research 

institution, to create composite or moulding products.  Another option would be to set up 

a compounding business of their own (Bos, 2004). 

 

This would require a well-defined market and a refined quality.  Flax has better 

mechanical properties than cheap chalk composites but not as good as more expensive 

fibreglass composites.  The specific benefits of the finer fibres derived from flax need to 

be clarified so that they are “non-interchangeable” with other natural fibres or cheap, i.e., 

poor quality, flax.  Daimler-Chrysler has found that a blend of flax and sisal provides 

both “material toughness and processing ease” (Bos, 2004).  Bio-composites made from 

non-wood fibres are being applied more often.  In 2005, the German automobile industry 

used approximately 30,000 tonnes, almost two-thirds of which, or 19,000 tonnes, were 

natural fibres.  European Union figures were similar at 40,000 to 50,000 tonnes and 

30,000 tonnes respectively.  The primary fibre employed was European flax at 65%, 
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followed by hemp for 10%, and the last quarter made up of jute, kenaf, coir, and abaca 

(Engelhardt, 2009).   

 

For sales to the automotive sector to stabilize, more research will be needed.  The 

advantage flax has now is that it has a solid supply chain that can deliver a consistent 

product of a finely structured fibre.  Its niche most likely lies in the light but stiff 

applications, somewhere between materials that are not stiff enough such as unfilled 

polymers, elastomers, engineered polymers, and even wood products, and those that are 

stiffer than necessary such as engineered composites or those that are too heavy such as 

engineered ceramics and engineered alloys.  An example is the natural fibre mat 

reinforced thermoplastics (NMT) used for inner door liners.  This competitive advantage 

could be enhanced if a bio-degradable matrix where to be used with flax so that a fully 

recyclable parts could be fabricated (Bos, 2004; Mackiewicz-Talarczyk, 2008). 

 

More research into innovations will be required if better processing and improved 

products are to be created in natural fibre industries (FAO, 2009g). 
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BEHAVIOURAL CHARACTERISTICS OF FIBRE: ONTARIO FLAX 

Ontario: 1850s to 1950s 

Fibre flax was most likely grown for the first time, in what is now Ontario, during the 

pioneering of the colony. Volumes were probably low “…despite the tenacious story of 

Upper Canadian pioneers producing homespun cloth from flax and wool, pioneers grew 

very little flax…” due to the expertise and labour involved.  The industry began in the 

1850s with the appearance of the first mills.  Production occurred mostly in the westerly 

region centred on Stratford.  Some crofters did grow flax on their own. Most often millers 

rented the land and sometimes the labour from farmers to cultivate their own supply or 

they arranged to purchase it from willing growers.  Workers for the harvest were 

provided by the millers.  Each August they organized the large gangs of 25 – 50 people: 

women, children, transient labourers, skilled flax-pullers, full-time workers at the mills, 

native families engaged in seasonal employment, even farm-owning flax growers.  They 

pulled at an average rate of 3.5 person-days per acre.  Waterloo County saw flax milling 

begin in 1854.  By 1860, they were growing 2,000 acres and one in four farms was 

involved.  But though the average crop then was only two and a half acres, work gangs 

still did most of the pulling and stooking.  The farmer would thresh flax with the mill’s 

equipment and spread it on the fields to ret.  Mill workers would check on the flax and 

turn it.  The gang would return to rake and bind it, after which the farmer would transport 

it to the mill where it was scutched.  The grower was paid for the crop, minus the labour, 

keeping some of fibre for spinning. In the spring, the miller would provide seed for the 

farmer to begin the process again (MacFadyen, 2006). 
 

Figure 34: Rueben Sallows Photograph of Native Flax Harvesters -1910  

 
       Credit: Sallows Collection, Archival and Special Collections, University of Guelph Library 
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The largest cost was pulling, at $3-$7 per acre or $0.85-$2.00 per day.  Children usually 

received less, as wages varied by “pulling capacity”, but could be driven up by labour 

shortages.  In extreme cases, $20-$30 per acre were required to harvest the crop.  

Mechanical pullers were not perfected until after First World War (MacFadyen, 2006).  

The first one was invented in Ontario around 1920 by a clergyman named John Magill.  It 

was rated at one acre/hour and replaced 40 pullers, required only an operator and 

someone to pick up the bundles (Becker, 2011).  But by that time, the Ontario flax 

industry was stagnating.  But during WWI, its importance as an industry was underscored 

by the large quantities of fibre manufactured into aeroplanes wings and the exemption of 

flax experts from military service.  With government support, acreage doubled from 

4,000 acres in 1915 to 8,000 acres in 1917.  The value of the crop increased almost 

fivefold from $399,600 to $1,984,000 in 1918 dollars (currently $27,637,000).   Some 

milling became collective, such as the Manufacturers’ Co-operative Agricultural 

Association in Windsor.  It was the largest Co-op in the province and processed much of 

the fibre flax grown in East Middlesex (Stewart, 2011).  While the industry created 

wealth for a few, it created employment for as many as 500 to 2,000 people every 

summer, providing useful items for Ontario and business for American and European 

clients (MacFadyen, 2006). 

 

In its heyday, flax sprouted mills in many communities of Midwestern Ontario such as 

Alma, Arthur, Baden, Belmont, Brussels, present-day Cambridge, Clinton, Conestoga, 

Drayton, Exeter, Linwood, Lucan, Palmerston, Plattsville, Seaforth, and Walkerton.  

Eastern Ontario and along the St. Lawrence River in Quebec also supported this industry.  

But as discussed previously, the advent of synthetics, such as polyester, during WWII 

pushed fibre flax production into extinction by the 1950s.  This was assisted by Ontario’s 

own “Chemical Valley”, centred in Sarnia.  The growing of flax and hemp continued in 

places like Eastern Europe until the collapse of the Soviet Union.  In Western Europe, 

they have persisted because of the $450 per hectare subsidy that growers receive 

(Scheifele & Davies, 2001). 

Ontario: 1990s 

Interest in bast plants did not completely die out in Ontario.  By 1993, a study of 

industrial hemp led to the formation of the Hempola Company near Barrie, Ontario in 

1995.  They participated in the initiative by Health Canada to de-regulate hemp in 

1997/98.  In 2002, they built the first octagonal-shaped, hemp-straw house (Hempola, 

2010).  Between 1995 and 1998,Québec was researching fibre flax (Scheifele & Davies, 

2001) and the feasibility of cultivating European flax strains in Eastern Canada was 

conducted (Couture, 1999).  It was sponsored by the Quebec Research Council on 

Fishing and Agriculture (CORPAQ) and Gilflax Inc. in support of the scutching plant 

established in Salaberry de Valleyfield, Québec that was to ship processed flax to China 

for textiles (Irwin, 1998; Wormington, 1998).  Field trials were conducted at the 

Macdonald campus of McGill University in Ste. Anne-de-Bellevue, Québec and at two 

Ontario sites, Kemptville and Winchester during the 1997 and 1998 seasons.  The cultivar 

“Ariane” showed particular promise, out of the eleven planted.  Differences in soil type, 

seed size, and germination rates seemed to affect performance.  Shallow planting on 

heavy soils and shallow planting on lighter soils, compacted before seeding worked best. 
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Minimum tillage appeared to produce the best yields.  The study concluded that there was 

no agronomic or climatological reason that fibre flax could not be re-established here 

(Couture, 1999).   

 

There were however, economic reasons to worry.  37 farmers were under contract to 

Gilflax to grow flax with seed and planting and harvesting equipment supplied by the 

company.  But in the wake of the Asian currency devaluation in 1997, the debt of the 

Gilbert Holdings parent company forced them into bankruptcy by the end of 1998.  

Gilflax closed its doors and left the farmers’ crops rotting in the fields. Without access to 

the pullers, turners, or balers needed for harvest, much of the 1,000 acres under contract 

had to be cut and burned (Irwin, 1998; Wormington, 1998).   

 

The prospects had been good.  Gilflax had 20 employees and was one of five Canadian 

companies processing flax.  Gilbert was profitable company that had contracts with 

Calvin Klein, Armani, Gap, and Eddie Bauer.  It had recently purchased a 7-million 

square-foot plant in Harbin, China to make linen cloth and yarns.  They had been buying 

European fibre, but decided to invest $3.5 million worth of cropping and processing 

equipment in Canada.  Labour costs for production were lower here.  The previously 

mentioned flax trials were encouraging.  It was expected that our growing costs would 

undercut the Europeans by 15 to 20%.  Land in Europe was the equivalent of $10,000 to 

$15,000 per hectare, and thus they needed better returns than Canadian farmers.  The 

anticipated yield was 1-1.2 tonnes/ha (2.5-3 tonne/acre) and growers were promised $150 

per tonne, with a $5per tonne bonus for every percentage point for 12% long fibre, and 

$10 for every point over 17%.  The average gross revenue would have been about $450 

an acre.  Their plans seemed to include producing linen for here and the United States.  

Volatile global markets, corporate over-extension, and contractual arrangements left 

farmers “holding the bag” (Irwin, 1998; Wormington, 1998).   

Ontario: 2000s 

Hard on the heels of this effort, another feasibility study was undertaken on reviving the 

flax textile industry: this time in Ontario.  It examined the suitability of 13 European 

cultivars at the following University of Guelph research stations: Emo, Huron, 

Kemptville, New Liskeard, Thunder Bay, and Verner, the Canadian Agriculture and 

Agri-food station at Kapuskasing and at Mike Snobelen Farms in Ripley.  They were 

compared to the “Ariane” cultivar for performance, fibre yield and quality. “Electra”, 

“L60962-94”, “Codruta”, “Aurora”, “Marilyn” and “L60978-94” proved to be the five 

top yielding varieties and best adapted to Ontario conditions.  “Ariane” yielded 

approximately 87% of “Electra”.  The site results varied, but New Liskeard (the coldest), 

Emo (the wettest) and Winchester were the best, in that order.  Their yields exceeded 

European averages.  Most sites were clay or clay loam, but Kemptville is sandy loam, 

which exacerbated the drought condition that year that also affected the results from 

Huron and Ripley (Scheifele & Davies, 2001).  

 

The purpose was to collect growth conditions data for crop insurance of the 30,000 

hectare harvest projected for 2008.  This was to support an anticipated 15 scutching mills, 

the output of which would be sold to Europe or China in the form of long line fibre.   
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The tow would also be marketed to China or the North American automotive industry.  

The results were encouraging and growing flax was felt to be possible from the 2700 

CHU region northwards.  It was recommended that a pilot commercial venture of 400 to 

500 acres be attempted in Southwestern and Eastern Ontario, if harvesting equipment 

could be obtained via purchasing, leasing, or manufacturing.  Conducting further research 

in the North was also urged. An evaluation of European harvesting equipment was to be 

undertaken on that being used in Valleyfield, Québec by Fibrex, a producer and processor 

of hemp and flax fibres for yarn spinning, nonwovens processes, and pulping 

applications,.  The study was also to include an evaluation of Chinese processing and 

field equipment and market conditions. This was to determine the equipment’s 

adaptability for Ontario conditions and possible manufacture (Scheifele & Davies, 2001).  

 

Fibrex was sending line flax to Europe and had contracted small acreages from farmers in 

Ontario and Québec.  But its plant was only obtaining a 10% fibre yield, whereas 15% is 

needed for profitability.  A stronger cooperation between growers and processors was 

noted as necessary to improving field results.  An anticipated Fibrex trip was delayed 

indefinitely due to the financial restructuring of the company.  

 

 China, in little more than a century, has emerged as a major producer of bast textiles 

such as flax, hemp, and ramie.  But the technology observed during the Chinese 

expedition was, at the time, inferior to that of the Europeans, and their flax varieties still 

needed to be evaluated. However, it was felt that Ontario was in a position to out-bid 

Europe in supplying scutched fibre to China given our lower production and land costs.  

Also, the poor weather of the time in both Europe and China had created a 40,000 tonne 

short fall of lint and tow for the textile and paper industries of the day.  The difficulty 

would be in cultivating the appropriate Chinese investment partners (Scheifele & Davies, 

2001). 

 

The projected farm gate benefit by 2006 was $72 million per year, based on an average 

yield of 1tonne per hectare.  Each scutch mill would create 31 jobs.  The boost to flax 

might also spur the flagging Ontario hemp industry.  All that was necessary was “an 

aggressive but thorough development program” (Scheifele & Davies, 2001). 

 

Undeterred by the collapse of Gilflax a half a dozen years before the Eastern Lake 

Ontario Regional Innovation Network published a report entitled “Biofibres Industry 

Development Project for Eastern Ontario” in 2005. They asserted that while hemp would 

be best grown in the westerly part of the region, flax would better suit the eastern end.  

Although there are customers within and outside the region, efforts to create a bio-fibre 

industry have not succeeded.  While regulation makes start-up of a hemp venture 

difficult, it also keeps competitors at bay. Agriculture and manufacturing have become 

“challenged industries in Ontario” and bio-fibre production could nourish both.  Within 

the region, industries such as textiles and carpets, pulp and paper, and absorbent materials 

and bedding have shown interest.  Outside the region, it was felt that automotive and 

energy would be important sectors.  At the time, a processing line was “sitting idle” in 

Southwestern Ontario and was capable working to the technical specifications for non-

woven fibres in the automobiles.  Finally, given that the financial constraints for this 
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region where unique; data comparison from Western Canada or Europe should not be 

relied upon (Wood, 2005). 

 

In her review, Wood (2005) listed 16 market segments as seen in Figure 35, each with its 

own cost structures, technical requirements, regulatory concerns, and sourcing issues.  A 

comprehensive assessment of every segment was not practical, the non-woven fibre 

market being cited as an example.  It has over 100 possible applications.  Instead, they 

created a set of screening criteria to help select those segments most likely to lead to the 

economic development of the region.  They used both assets and obstacles, favouring 

more of the former.  They also sought market diversification, and the “financial and 

environmental benefits” of using the entire plant.  

 
Figure 35: Bio-fibre Product Market Segments 

 

Source: Wood, 2005 

 

Figure 36 outlines the criteria used.  Each part of the bast plant was then given a first, 

second, and third place ranking based on the assumption that the market would use 60 to 

70% of the processed material, 20 to 30%, and 10 to 20% respectively.   

 
Figure 36: Market Segment Screening Criteria 

 
Source: Wood, 2005 
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The results from talks with businesses are shown in Figure 37.  

 
Figure 37: Market Priority Matrix 

 
Source: Wood, 2005 

 

Whether or not a bio-fibre can gain acceptance was seen as depending less on its 

environmental benefits than on its ability to fit into existing production lines.  The 

capacity of a new bio-processing enterprise to deliver a steady supply of material that 

meets technical specifications was seen as critical.  Though price was seen as important, 

the risk to the company using this new feedstock was perceived as far more fundamental 

(Wood, 2005).  

Ontario: 2010s 

The most recent attempt to understand the potential of fibre flax in Ontario is the current 

Labour Market Partnerships project “The Re-introduction of Fibre Flax from Field to 

Finished Production in Midwestern Ontario” of which this report is a part.  12 fibre flax 

cultivars and one dual-purpose cultivar (Bethune) were planted in small trial plots on the 

11
th

 of May 2011 at the Environmental Sciences Western Field Station, Western 

University Canada, 11 km northwest of London, Ontario.  The strains selected were 

considered premium producers in different parts of Europe, the dual-purpose cultivar 

having shown promise in the Canadian Prairies.  The fibre flax cultivars historically 

grown in this region originated from European sources and were likely changed through 

selective breeding.  These genetic differences do interact with climatic and soil factors to 

affect flax growth, yield, and fibre quality. Thus, reassessing European fibre flax cultivars 

available now for their suitability to Midwestern Ontario was thought wise before 

attempting any large scale reintroduction of fibre flax (Stewart, 2011).  

 
 

 

 

 

 

 

 

 

 
 

Credits: Helmut Becker, 2011 

Figure 38: Harvesting Flax at Environmental Sciences Western Field Station 
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Though more than one season’s worth of data is needed and yield and quality assessment 

is still pending, the cultivars “Drakkar”, “Marilyn”, “Chantal”, “Caesar Augustus” and 

“Suzanne” appear to be the top five cultivars in terms of estimated of fibre production. 

However, “Agatha”, “Alizee”, “Eden”, “Electra”, Melina” and “Vesta” are also 

contenders.  An estimate of yield was completed based on fresh weight.  Production 

appears to be in the 2.5 to 3 tonne per hectare range, well above the European average of 

1.5 to 2 tonnes (Stewart, 2011).   

 

These preliminary results are encouraging; other parts of the project have also proceeded.   

They include a review of available information on fibre flax, its production and uses; a 

business plan for the possible creation a co-operatively owned scutching mill; and an 

assessment of the potential for job creation with any re-introduction from the raising, 

harvesting, and processing of fibre flax to its manufacture into useful products in Ontario.  

 

This effort has initiated discussions with possible users of the various pieces of the flax 

plant for such uses as yarn spinning, bird seed mixes, geotextiles, fuel pellets, paper 

making, and bio-composites.  It is this last area that a textile manufacturer touted as 

having the best potential for job creation, particularly in the automotive sector.   

 

On the textiles front, talks with Troy Snobelen and Gordon Scheifele (see Ontario: 2000s 

above) indicate that since there are no North American spinners or weavers who can 

create fabric from (long) line flax, only “cottonized”, or cut line fibre should be 

considered.  This shortened version can be turned into cloth and even blended with other 

fibres in 90% of the factories here.   

 

The Chinese are in the forefront of long line textiles; but the market is volatile right now.  

China does import fibre from Europe.  However, Europe would probably not import from 

Canada as it would be seen as unwelcome competition in a stressed industry.  European 

Union subsidies where felt to be under threat, so this might also make expansion into 

North America conceivable.   

 

Currently, the Chinese are talking with Saskatchewan farmers about possibly constructing 

a factory there along the Gilflax model.   They would provide the investment, the 

equipment, even the labour; the growers would supply the flax.  The scutched fibre would 

then be shipped to China for carding, spinning, and weaving into linen fabric.  This 

would entail possibly switching from seed flax to fibre flax and deciding who would 

harvest the plants.   

 

Scheifele believes that the prospects for fibre flax in Ontario are unfulfilled and that pilot 

projects should be encouraged.  An aggressive marketing plan is essential, but must be 

grounded in solid agronomic, processing, and economic research (Becker, 2011a).    

 

Ontario has an illustrious history with flax, and for the past fifteen years has been circling 

the cusp of honouring that history by reviving the cultivation of this ancient crop with 

modern techniques. What remains to be seen is if we will do it. 
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If Midwestern Ontario hopes to compete with the Europeans for business in the Chinese 

market, we would have to match or beat the prices in Figure 39. 
Figure 39: Recent Production and Primary Processing Prices - 2011 

Quality €/100kg $CAN/100kg* 
Long Fibre  *31 Jan 2011 

lower  up to 130.00 178.11 

medium  130.00 - 175.00 178.11 - 239.77 

better  175.00 - 210.00 239.77 - 287.72 

very good  bonus  

Short Fibre (not scutched)   
lower  up to 35.00 47.95 

medium   35.00 - 50.00 47.95 - 65.05 

better   from 50.00 65.05 

By-products (hackled & scutched)   
deseeding 2.48 3.40 

Waste   

straw up to 4.00 5.48 

short fibre  from 8.50 11.65 

Particleboard   

shives  9.00 12.33 

E.U. Flax Subsidy   
Grower*   

2004 63 €/tonne**  86.32 

current Single payment***   

Scutcher   

 long fibre 160 €/tonne 219.22 

 short fibre  90 €/tonne 123.31 

hemp fibre 90 €/tonne 123.31 

Source: Kozlowski, 2011; * Kozlowski, 2009; **+ national subsidy; *** introduced in 2005, delayed in Netherlands & France until 
2006, soil must be in good agricultural condition, varies by farm according to ha/animal declared in 2000-2002 base period 
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SYSTEMS OF GLOBAL MARKET: FIBRE ECONOMICS 

 
As indicated in the “Culture of Fibre Creation” section (p.17), we are shifting to a new 

energy regime.  This assumes we survive the side effects of the current regime.  One of 

the symptoms of this shift is the peaking of oil production.  The Association for the Study 

of Peak Oil
1
 (ASPO) has asserted (in Heinburg, 2007) that light sweet crude peaked in 

May of 2005 and that all liquid oil and gas would peak in 2010.  Jeremy Rifkin (2009), 

American economist and professor at the Wharton School of Business, has quoted the 

International Energy Agency (IEA) as saying that oil production would peak in 2035.  He 

also referenced the ARMCO consultant Matt Simmons as saying we peaked in 2008.  Dr. 

Jonica Newby (2011) reported that the IEA’s chief economist still believes in their 

previous forecast peak date for a total oil production of 96 million barrels per day; but Dr. 

Faith Birol also said crude oil peaked in 2006.  By contrast, Dr. Kjell Aleklett, founding 

member of ASPO and physicist at Uppsala University in Sweden believes that a closer 

reading of the available data reveals that we passed the peak for total oil production in 

2010. Oil industry executives, however, are concerned about an “Oil Crunch”, i.e., supply 

does not meet demand and begins to drop precipitously.  In Newby’s report oil analyst 

Chris Skrebowski states that the calculations predict a crunch between 2013 and 2014.  

Rifkin also confirms 2014 as the IEA’s crunch date.  

 

Concern over energy supply is why contaminated sources of oil are as valuable as they 

are and the reason the Canadian dollar has become a petro-currency.   Steaming the tar 

out of sand has kept our economy afloat during the recession.  But according to Rifkin 

(2009), dirty fossil fuels like bitumen, heavy oil, and shale are “sunset” technologies.  

The evidence is the rising price of oil, as seen in the following graph.   

 
Figure 40: Average Annual Crude Oil Prices - 1861 to 2009 

 
Source: BP, 2010 

 

                                                 
1
 Peak oil is the point in time when the maximum rate of global petroleum extraction is 

reached, after which the rate of production enters terminal decline. planetforlife.com/oilcrisis/index.html  

http://en.wikipedia.org/wiki/Extraction_of_petroleum
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Prices were high during the start-up phase of the oil industry and then settled down for a 

hundred years.  The cost spiked during the 1970s “oil crisis”, but settled down again by 

the mid-1980s; though not back to earlier levels.  By the mid-2000s prices were spiking 

once more.  They rose from an average price of $US 26.61 in 2001 to an average of $US 

96.91 in 2008.  The average fell to $US 61.67 in 2009 but is back up to $US 79.50 in 

2010 (BP, 2010; BP, 2011).  Of note is the fact most of the recent U.S. recessions 

(NBER, 2011) can be linked to rising oil prices, as seen in the following graph. 
 

Figure 41: Average Annual Crude Oil Prices - 1965 to 2009 

 
Source: BP, 2010; NBER, 2011 

 

Rifkin (2009) has stated that the era of globalization based on cheap oil has peaked.  As 

third-world nations such as China and India made a bid to join the second industrial 

revolution, their phenomenal growth placed great demand on the economy’s first 

ingredient: oil.  When the price of this commodity hit 147 $US a barrel in July of 2008 

the effect reverberated throughout the whole supply chain; “there were food riots in 30 

countries… inflation  soared, purchasing power plummeted, and the entire economic 

engine of the industrial revolution shut off…”  By September, the capital markets 

collapsed and the global economy went into recession.  The question is why.   

 

Rifkin does not ignore the inept enforcement of weak regulation on mortgage derivatives, 

but insists that the underlying cause is the amount of oil per person.  As seen in the 

“Systems of Fibre Production” section (p.31), impacts are best understood in relation to 

the number of people who experience them.  In 1979, the earth entered the era of 

ecological deficit.  For the first time, the “fair-share” of ecological resources due each 

citizen of the planet was superseded by the average demand for those services.  These 

resources are obviously not being shared equally and the deficit has only grown worse.  

The oil per capita ratio or “fair-share” of the earth’s petroleum also peaked in 1979.  It 

has declined ever since.  We have found more oil, but the population grew more quickly.  

Again, there is no pretense that oil is being distributed evenly.  But as seen in Figure 42, 

production is not accelerating, even as we desperately search for more. 
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Figure 42: Global Oil Production per Person – 1965 to 2009 

 
Source: BP, 2010; GFN, 2010; WWF, 2002, 2004, 2006, 2008 

 

The problem is that much of what we do (agriculture, construction, pharmaceuticals, 

transportation, heating, lighting, clothing, etc.) depends on oil (Rifkin, 2009).  This 

includes fibre, the consumption patterns of which are telling: 

 
Figure 43: World Fibre Use - 1950 to 2009 

 
Source: Engelhart, 2010 

 

Data for 1979 is not available, but that for the early 1980s mimics that for the global 

ecological deficit.  As the recession took hold, the deficit eased. It resumed with the 

recovery and was off and running by 1984.  As seen in Figure 43 (above), per capita fibre 

consumption patterns did exactly the same.  But how do the vulnerability of supply and 

the volatility of the price of oil relate to our sources of fibre?  Dr. Alejandro Plastina from 

the International Cotton Advisory Committee (in Townsend, 2011) examined almost two 

decades worth of data for oil, polyester and cotton.  The previous two commodities make 

1979 - 
5.52 
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up approximately 85% of global fibre production and were part of the 2008 “boom”, 

cotton prices peaking in March and polyester prices peaking along with oil in July.  

Through an econometric examination of real prices (nominal figures adjusted for 

inflation), Dr. Plastina discovered no stable relationship exists between these three 

commodities, or between the two fibres separate interaction with oil.   

 
Figure 44: Inflation Adjusted Prices for Polyester, Cotton, and Oil – 1991 to 2008 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

                                                                                                                                       Source: Townsend, 2011 

 

There is, though, a stable relationship between cotton and polyester.  In any given month, 

if the price of cotton exceeds 104% of the price of polyester, the former will begin to 

decline.  If it falls below this percentage, the cotton price will begin to rise.  

 

However, price shocks have interesting effects.  A quick 10% price hike in polyester 

levels out at prices 15% higher for polyester after 16 months and 10% higher for cotton 

over 17 months.  A similar jump for cotton, though, only leads to a higher equilibrium 

price of 1% over 24 months and 2% over 20 months, respectively.  The shifts in polyester 

prices are bigger and quicker than for cotton and are probably due to the fact that it is an 

industrial product whose price is determined by contract.  Therefore, it is vulnerable 

mainly to demand shocks.  By contrast, cotton is a crop subject to both supply and 

demand shocks, whose price is determined in the futures market (Townsend, 2011). 

 

The study also looked at sudden increases in the price of oil.  If oil prices rose by 10% in 

any given month, Dr. Plastina found that it leads to a 17 month adjustment upwards in 

polyester prices of 3%; the adjustment for cotton takes 15 months and is 2% higher 

(Townsend, 2011).   

  

This bolsters the industry view that the impact crude prices have on derivatives of oil are 

overrated.  As seen in Figure 45, the average price of polyester intermediates such as 

paraxylene (PX), purified therephthalic acid (PTA), and mono ethylene glycol (MEG) do 

respond to their parent commodity price.  MEG is the most disassociated, remaining 

below the index for much of the time.  It did spike during crude’s accent in 2007 at more 
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than 1.5 times the 2004 base year.  PTA and PX remained above the index, for the most 

part.  PTA spikes a couple of times to 1.5 the base year level, while PX does the same 

close to 2 times the base year.  Yet, this is portrayed as relative price stability for the 

2005 – 2009 period (Engelhart, 2010). 
 

Figure 45: Crude Oil and Polyester Fibre Intermediates Price Index – 2005 to 2009 

 
Source: Engelhart, 2010 

 

 

However, the average price of oil in 2009 returned to the level of 2005 after the spike, 

though as seen in Figure 41, this price has few historic precedents.  As a base year, the 

average price of 2004 was almost half as high as the previous low in 2001 and two and 

half times as high as the low before that in 1998.  Dr. Plastina also notes that the price 

increases for polyester and cotton from oil shocks are permanent.  Due to the 

“synchronous short-term cycles” of polyester and cotton, the impact the price of oil has 

on cotton is mediated slowly through the price of polyester; the impact on the price of 

polyester occurs mostly within a couple of months.  As a strategy, the price 

competiveness of cotton is limited by this link with polyester.   Promoting cotton use, 

increasing yields, and improving quality are the proffered way to increase demand 

(Townsend, 2011).  

 

The price of flax compared to the price of oil can be inferred from the following graph 

(Figure 46).  Though flax occasionally mimics cotton, it appears to mirror it more often.  

As one rises the other falls and vice versa.  The influence of oil over cotton is weak, but 

as discussed, it does respond in the same direction to price shocks.  It might be inferred 

that the price of flax has an inverse relationship to oil and is not a good substitute for 

synthetics.  But the “Culture of the Fibre Market” section indicates that the price of flax is 

more directly influenced by the fashion industry, a relationship to which the price of oil 

has not been established. 
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Figure 46: Flax, Cotton, Wool Price Indices – 2000 to 2009 

 
Source: Kozlowski, 2011 

 
In recent years, the West European price of long line flax has varied between €1.15 and €2.50 

per kg, and €0.25 and €0.60 per kg for tow.  In the technical market, long fibre might have 

trouble competing with €1.75 a kilo for fibreglass, whereas the short fibre could certainly 

compete, even if extra treatments are necessary for better processing or adhesion (Bos, 2004).  

Recent prices for polyester staple fibre of €1.00 to €1.40 per kg indicate a difficulty in 

substituting this synthetic (YNFX, 2011).  As forthrightly stated by van Dam and Bos 

(2004?), “The economic advantage of fibre crops use in many applications is still small as 

long as the cost of waste management is not included in the product costs. The increasing 

costs of petrochemical resources will enhance the competitiveness of fibre crops”. 

 

The argument compellingly presented by Mr. Rifkin, is that the current economic crisis along 

with the climate crisis is the beginning of the “end-game” for our era.  He asserts that oil, 

coal, natural gas, and uranium have become increasing unable to support economic activity. 

Future job growth must come from what he calls the “Third Industrial Revolution”. It will be 

fuelled by the rapid expansion of renewable energy and “smart grid” technology.  It will be 

based on the actual economy of photosynthesis.  The “real bottom line” will come from 

gathering solar energy though the plants we and our fellow creatures rely on (Rifkin, 2009).  

 

This section suggests that in an era of higher oil prices, higher fibre prices can be anticipated.  

Although the impacts are lower and slower for natural fibre than synthetics, if this pattern can 

be maintained, flax can be demonstrated as a stable, renewable source of fibre as the price of 

oil inevitably rises.  
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BIO-FIBRE EMPLOYMENT 
 

The employment from bio-fibre is diagramed in Figure 47.  The potential for jobs derived 

from bio-products and textiles are examined.  The culture unique to creating bio-products 

and textiles is presented. The characteristics of the firms producing bio-products and 

textiles are discussed.  The types of training required are also outlined.  
 

 

Figure 47: Bio-Fibre Employment Matrix 

 
 

INTENTIONS FOR EMPLOYMENT: BIO-FIBRE JOBS 

 

According to a recent report, the intentions for employment in the bio-fibre field are 

weak.  Despite the wistful hopes seen in the “Behavioural Characteristics of Fibre: 

Ontario Flax” section (p.53) the Canadian potential for bio-products is woefully 

underdeveloped.  According to David Sparling, professor at the Richard Ivey School of 

Business at Western University Canada (Mitchell, 2011), “With the growing concern 

over the environment, and the impetus to transition from an oil-based economy to one 

based on sustainable alternatives, one would expect strong growth in the Canadian bio 

product industry.  In fact, the industry has contracted.” 

Bio-Product Jobs 

Despite our scientific and industrial capacity, plenty of feedstock, as well as a skilled 

workforce, this field suffers weak growth and is susceptible to foreign takeovers.  It is 

also hampered by an absence of comprehensive planning, poor access to capital, 

regulation, and the cost of obtaining and transporting the needed biomass.  In 2009, 

investment only amounted to $221 million, and came mostly from government.  

Revenues, profits, research & development, exports, and jobs were all well below the 

2003 figures (Mitchell, 2011; Sparling et al, 2011).   
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Products such as “biofuels, plastics, chemicals, bioenergy, and non-conventional fibres” 

were the focus of the report, which indicated that the United States and the European 

Union are beating Canada at this game.  Since September 2010, there has been more than 

twice the American investment of Canada, at US$528 million.  Their government has put 

close to 2 billion into biomass energy, as well as developing renewable energy standards 

and programmes for administrative and military procurement (Sparling et al, 2011).  The 

report questions this strategy and references M.E. Porter’s notion that markets require an 

engaged and informed, i.e., sophisticated, customer.  It was felt that this will do far more 

than any subsidizing or mandating of the market.  But so far, consumers have been   

preoccupied by substitutions that require no change to their products, processes, time, or 

money, and with prices.  Regardless of these arguments, the Canadian market “remains 

stagnant”. 

 

The bio-product sector is swimming in ethanol at more than 68% of revenues, followed 

by organic chemicals, bioenergy, and polymers.  The number of firms involved 

predominates in these areas as well.  Products of interest to fibre flax such as solid fuels, 

composites, and fibreboards have far fewer players.  Of note, is that the number firms 

involved in composites has grown while those in fibreboards has decreased.  Overall, 

employment has declined substantially and is only 38% of that in 2003.  Major losses 

were from management, marketing, finance, research, and engineering.  However, in 

small firms the level of employment of those spending at least half of their time on bio-

products has been maintained compared to bigger companies (Sparling et al, 2011). 

Textile Jobs 

In another recent survey, the outlook was more optimistic.  The Textiles Human 

Resources Council notes the challenge of “green textiles”, but also its opportunities.  

During the past decade, there has been a collaborative shift away from traditional markets 

towards “specialized component products” of a technical, high-end, or value-added 

nature.  Textiles are one of Canada’s oldest industries compared to the emerging  

bio-products sector, the presumed overlap being undefined as yet.  Thus, Sparling’s 

estimate of 3,019 working in bio-products (2011) is dwarfed by that of 43,526 in the 

more established sector.  Indeed, it currently suffers a shortfall of 809 jobs for 

occupations including senior or specialist managers, supervisors, engineers, technicians, 

Research and Development, mechanics, machine operators, and sales and business 

development.  This deficit is expected to grow to 4,205 positions by 2015 (T.H.R.C., 

2010).   

 

This upbeat mood exists amongst textile executives even after the beating manufacturing 

has taken lately: down 18% from 2005 to 2009.  For textiles it was close to 44%, due to 

the increasing value of the Canadian dollar, higher transportation and raw material costs, 

shrinking of the domestic demand, elimination of tariffs on Canadian textiles, and the 

uneven “playing field” in the international market.  Despite this, the survey estimated that 

there are now 22,218 textiles jobs.  They exist in industries such as Textile Mills, Textile 

Mill Products, Chemical Manufacturing, and ten percent of the Transportation Equipment 
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Manufacturing, as outlined in the North American Industry Classification System 

categories seen in Figure 48 (R.A. Malatest & Associates, 2010).  
 

Figure 48: Textile Industry NAICS Codes 

North American Industry Classification System 

313 Textile Mills  
3131 Fibre, Yarn and Thread Mills  

 31311 Fibre, Yarn & Thread 

3132 Fabric Mills  

 31321 
Broad woven Fabric, Manmade Fibre 
& Silk 

 31322 
Narrow Fabric & Schiffli Machine 
Embroidery 

 31323 Nonwoven Fabric 

 31324 Knit Fabric 

3132 Textile and Fabric Finishing and Fabric Coating  

 31331 Textile & Fabric Finishing 

 31332 Fabric Coating 

314 Textile Product Mills  

3141 Textile Furnishing Mills  

 31411 Carpet & Rugs 

 31412 Curtain & Linen  

3149 Other Textile Product Mills  

 31491 Textile Bag & Canvas 

 31499 All Other Textile Products 

325 Chemical Manufacturing  

3252 
Artificial and Synthetic Fibres and Filaments 

Manufacturing 
 

 32522 
Artificial and Synthetic Fibres & 
Filaments 

336 Transportation Equipment Manufacturing  
3363 Motor Vehicle Parts Manufacturing  

 33636 
Motor Vehicle Seating and Interior 
Trim 

Source: R.A. Malatest & Associates, 2010 
 

 

There are also jobs in related industries such as 19% in Clothing (NAICS 315), 4% in 

Personal and Household Goods Distribution (NAICS 414), 1% in Miscellaneous 

Manufacturing (NAICS 339), and 0.08% in all other manufacturing.  As illustrated in 

Figure 49 (next page), these sectors are laterally integrated; those NAICS codes located 

near the centre are more closely tied to the Primary Textile industries.  Some of the sub-

sectors display employer/employee ratios.  The survey found an additional 21,308 jobs 

related to primary textiles (R.A. Malatest & Associates, 2010). 

 

The total of 43,526 people was estimated by examining specific jobs employed in textile 

processing: Supervisors (J016), Machine Operators (J15), and Labourers (J316).  They 

discovered that only 37% of textile-industry employment is covered by these 

occupations.  Thus, this creates a 1.7 job multiplier in other occupations for each job 

specific to textiles (R.A. Malatest & Associates, 2010). 
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Figure 49: Horizontal Integration of the “Textile Universe” 

                                                                                                                                                Source: R.A. Malatest & Associates, 2010 
 

Fibre Flax Jobs 

To calculate the theoretical employment from fibre flax several methods can used. A 

liberal approach might assume that the price of oil with soon place polyester and 

conventional cotton beyond the reach of the textile industry as foreshadowed in the 

“Systems of Global Market” section (p.62).  Flax would then be competing with wool 

and hemp, perhaps some organic cotton and what other exotic, yet natural, fibres that 

might still trickle in from diminished foreign trade. Nonetheless, speculation on how fast 

flax production could be geared up and what share of the Canadian fabric market it might 

command has not been undertaken here.  But assuming that flax was one of four fibre 

commodities and using the current textile figures a high end estimate could be achieved: 

 

43,526 / 4 = 10,882 

 

This is fine, if we assume that all these jobs would only be created in Ontario.  But as 

seen the “Behavioural Characteristics of Employment” section (p.76) we only employ 34 

to 39% of the textile jobs in Canada.  This lowers the numbers as follows: 

 

10,882 x 39 /100 = 4244 

 

10,882 x 34 / 100 = 3700 
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A more conservative approach is to look at the current slice of the fibre world flax now 

holds and then extrapolate.  From the halcyon days of 2004 (see Figure 27), we know that 

globally 993,712 tonnes of fibre were produced from flax, compared to the 62,582,000 

tonnes of total fibre.  This means that flax was 1.59% of the market.  In 2009, the figures 

were 457,909 and 70,526,000 respectively equalling 0.65% (Engelhart, 2010; FAOSTAT, 

2011).  This gives us a range that can be applied to the 43,526 jobs (R.A. Malatest & 

Associates, 2010) from the last section: 

 

43,526 x 1.59 / 100 = 692 

 

43,526 x 0.65 / 100 = 283 

 

Again, not all these jobs are only created in Ontario.  Since we have 34 to 39% 

employment in textiles this lowers the numbers as follows: 

 

692 x 39 / 100 = 270 

 

692 x 34 / 100 = 235 

 

283 x 39 / 100 = 110 

 

283 x 34 / 100 = 96 

 

We can also include employment from the bio-products sector.  In 2003 there were 7,945 

jobs.  Sparling et al (2011) lists the number of firms creating work.  If each of them is 

assigned an equal number of employees, an indication of possible additional jobs can be 

gained.  One of the relevant sub-sectors, bio-fuels and bio-energy, was not sufficiently 

differentiated then.  The potential 2,139 jobs were most likely weighted towards ethanol, 

so these will not be used.  However, the composite and fibreboard sub-sectors did hold a 

possible 1,167 positions.  By 2009, the restructuring would only provide 162 jobs by this 

method.  Solid fuels were separated by then and could add 136 positions. 

 

2003: 1167 

 

2009: 162 + 136 = 298  

 

Once again, not all of these jobs would necessarily be located in Ontario. We have moved 

from 23% of Canadian firms to 36% in six years: 

 

1167 x 23 / 100 = 268 

 

298 x 33 / 100 = 98 

 

During the course of this project, we have interviewed seven companies as to their 

possible interest in using fibre flax in their processes.  Though tentative, most were 

receptive.  Their common response was to request a sample to test in their equipment.  
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The nature of our inquiry made determining staffing needs speculative.  Yet, though the 

initial job numbers presented in Figure 50 are conjecture, they do reflect a willingness to 

experiment with this new fibre.  

  
Figure 50: Fibre Flax Job Interview Results 

Company Type Occupations Labour Requirements 
NAICS Code* jobs titles processes skills training 

Equipment      

333111, Farm Machinery           
and 

 Equipment Manufacturing  

3 

 
-Senior/specialist 

Manager 
- Technicians (2) 
 

existing existing on the job 

Scutching      

 5 

 
- Senior/specialist    

Manager  
-Technician 
-Machine operator 
-Mechanic 
-Labourer 
 

new new needed 

Seed      

311119, Other Animal Food 
 Manufacturing  

3 

 
-Supervisor 
-Machine operator 
-Labourer 
 

existing existing on the job 

Shives      

424590, Other Farm Product 
Raw 

Material Merchant 
Wholesalers  

3 

 
- Senior/specialist    

Manager  
-Machine operator 
-Labourer 
 

existing existing on the job 

Tow      

 

325222, Non-cellulosic 
 Organic Fibre 

 Manufacturing 

 

1 -Machine operator existing existing on the job 

313210, Broad woven 
 Fabric Mills 

3 

 
-Supervisor 
-Machine operator 
-Labourer 
 

existing existing on the job 

Lint      

 
314999, All Other 

Miscellaneous 
Textile Product Mills 

  

5 

 
-Supervisor 
-Technician 
-Machine operator (3) 
 

existing existing on the job 

313111, Yarn Spinning Mills 4 

 
-Supervisor 
-Technician 
-Machine operator (2) 
 

existing existing on the job 

Shipping      

 5  new existing on the job 

Total 32     

                                                                                                                                 Manta, 2012.  
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Any growth in these numbers would depend on the technical performance of the fibre and 

its acceptance by their customers.  Shipping jobs reflect a minimum required to distribute 

seed, move the raw fibre, or deliver the processed product.   

Scutching jobs are based on personal observation and experience with decorticating some 

small samples of Ontario flax.  Using the multiplier from the “Textile Jobs” section above 

provides another job estimate: 

 

32 x 1.7 = 54  

 

These fourteen estimates can be collected into five groups: 

 

 54, 96, 98, 110  

 235, 268, 270, 283, 298  

 692, 1167  

 3700, 4244  

 10,882   

 

The largest collection of estimates is the 235 to 298 group.  This 200 to 300 range seems 

reasonable as target for the initial stages of the reintroduction of fibre flax into 

Midwestern Ontario. 

 

It is likely that there will be jobs created in other sectors, such as plant breeding (NOC 

code 2121; biologists, geneticists, and related technicians).  But the number of advanced 

positions needed will not be known until the industry is re-established, well after a market 

niche is carved out, and Ontario’s place in the flax world is secure. 
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CULTURE OF EMPLOYMENT: WORK IN BIO-FIBRES 

 
The ethos that exists in the bio-sector is perhaps characteristic of an industry in its infancy, 

but its struggles have been exacerbated by factors beyond their control.  Between 2006 and 

2008, the cost of bio-mass increased 500% due to increasing global commodity prices and 

rising farm input costs (See Figures: 41, p.62; 46, p.66).  Significant negative margins were 

experienced in both large and small firms.  During the recent financial crisis, research and 

development was one of the areas most affected; with spending dropping by 52%.  This has 

created a dependence on external knowledge and expertise from universities, government 

laboratories, and cooperation with other foreign and domestic firms.  As seen in Figure 51, 

about half of the 208 firms recently surveyed were involved with long-term collaborations.  

Aside from research, firms were also seeking capital or intellectual property. The study also 

reveals an “industry in a state of constant flux”, with many firms failing, exiting or being 

bought out (Sparling et al, 2011). 

 
Figure 51: Indication of Firm Collaboration in Canadian Bio-Product Sector 

 
Source: Sparling et al, 2011 
 

Yet most companies get involved in this sector based on activities or resources internal to the 

firm.  They see it as an opportunity to develop new products, boost sales, or increase market 

share.  Though considered, reducing costs was never a “leading influencer” (Sparling et al, 

2011).  Indeed, the older textile industries are moving away from traditional commodity 

products and apparel towards more technical fibres for “construction, personal protection, the 

military, sports and leisure industries, boat and shipbuilding, aerospace and medical textiles” 

(R.A. Malatest & Associates, 2010). 

  

While on-site processing of biomass is falling, local sourcing is increasing, with about 46% 

of firms acquiring it externally. The holding of patents is shifting to a more global basis, but 

is held largely by smaller, innovative firms trying to attract investment.  More firms have 

been able to raise money lately, but never as much as they wanted.  Overall, the amount has 
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shrunk with the recession.  Half came from government, and most went to small firms (ave. 

$1.6 m. each).  All the venture capital went to small firms (Sparling et al, 2011).   

The late Ray Anderson, the founder of Interface Carpets, has been lauded as a leader in 

the “greening” of industry. His efforts were sparked by customers that began to ask about 

the environmental habits of his company (Anderson, 2010). Customers in the bio-product 

sector are staring to ask the same thing.  In response, about 28% of firms surveyed have 

implemented environmental plans.  Both trends are strongest in Ontario (Sparling et al, 

2011).  Sustainable activities in the textile sector have been tracked more thoroughly and 

are beginning to follow Andersons’s path up “mount sustainability”.  The first effort was 

to reduce waste, which helped to finance the trek.   Next, was to reduce his company’s 

emissions, then start a shift to renewable energy.  Planning for such has begun in 

Canadian textiles; the pervasiveness amongst firms of at least some activity is indicated 

as follows: energy use and efficiency (62%), minimizing waste (61%), water use and 

efficiency (37%)*, carbon emissions (27%).  Next they looked at material flows and 

transportation.  For textiles the number of firms examining this was: material use and 

handling efficiency (73%), environmentally preferable materials and supplies (57%)*, 

green product and packing design (52%), green business travel and meetings (33%).  

Anderson also emphasises the importance of a cultural shift within companies and the 

ultimate reinvention of commerce itself as vital to securing our planet’s future. Only 31% 

of firms surveyed were working on employee dedication to an environmental strategy; 

advocacy was not measured (Anderson, 2010; R.A. Malatest & Associates, 2010). 

 

Interface Carpets is pushing towards the two-thirds mark on sustainability, and Ray has 

credited that with helping the company to survive recessionary times. It is clear that 

textiles as a whole are only beginning to take Anderson’s lead and some worry about 

climate change policy.  But many large companies are starting; what is needed is to assist 

the smaller ones.  The large number of small firms makes communication and co-

ordination within the sector more difficult.  But despite their lagging efforts in the 

“greening” of the industry, their “agility and nimble positioning” could make them very 

adaptable to the new technical requirements (Anderson, 2010; R.A. Malatest & 

Associates, 2010). 

 

Despite the anecdotal evidence that some Canadian companies can succeed, the bio-

products sector suffers a lack of sales.  The question remains as to what the market wants 

of bio-products.  There appears to be a distinct lack of vision for the sector, let alone a 

well-laid out plan (Sparling et al, 2011).  The textile sector is similarly conflicted.  Some 

have a vision of the future that is clear, while many others are struggling for stability after 

the recent economic difficulties (R.A. Malatest & Associates, 2010).  As Sparling et al 

(2011) point out: “This lack of vision leaves [sic] the Canada vulnerable to others who 

can move quickly to seize its natural resources and turn them into value-added 

commodities and products that Canadians will ultimately buy as foreign-made goods”. 

 

 

 

*natural advantage for fibre flax  
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BEHAVIOURAL CHARACTERISTICS OF EMPLOYMENT: BIO-FIBRE FIRMS 

 

While many firms have survived recent economic difficulties, some have moved their 

operations “off-shore”, downsized, reduced hours, shut down manufacturing, or closed 

their doors.  Traditional products have been relinquished to China, India, or Pakistan, and 

survival is seen in higher-value technical textiles (R.A. Malatest & Associates, 2010). 

 

In textiles, a large company is defined as 100+ people, and represents 9% of the firms.  

Even though this handful of firms employ a slight majority of textile workers, the small 

firm of 0-9 people is increasingly important.  They only employ 4% of the workforce, but 

represent 44% of the firms and account for a large part of its revenues. More than 80% of 

them earn in the <$50,000 to $1,000,000 range.  Almost half of the companies in this 

sector do business internationally, but participation includes a third of all small firms 

(T.H.R.C., 2010).    

 

Around 70% of textile firms are found in Ontario and Quebec.  Depending on the 

counting methods, Ontario’s share is 34-39%.  Overall, 42% of this industry is located in 

rural or small urban areas (R.A. Malatest & Associates, 2010).  In the bio-product sector, 

Ontario and the Prairies have close to 60% of the firms.  Ontario’s share has been on the 

rise and now constitutes 33%.  In these two regions, agricultural biomass was most 

commonly used and is the largest source for the country overall.  In terms of size, small 

and medium firms also tend to use agricultural bio-mass, while large ones tend to use 

forestry bio-mass.  A small bio-product firm is defined as less than 50 people and made 

up about 80% of the firms.  Though medium firms (50-149 people) made the most 

money, small firms tend to be more innovative at all the stages of product development 

(Sparling et al, 2011). 

 

On average, the revenue per employee involved in bio-products rose from $399,000 in 

2003 up to $442,000 in 2009, while firm revenues dropped from more than a quarter to 

only 9% over that time period.  However, for small and medium sized firms, bio-products 

make up approximately 60% of revenues; for large firms it’s a mere pittance at 1.3%.  

Likewise, the salaries derived from bio-products are extremely high in small firms at 

84%, as opposed to 66% in medium and 3% in large ones (Sparling et al, 2011).  

Compensation in the established textiles sector is outline below:   

 
Figure 52: Textile Occupations and Salaries 

Group Type Participation Pay Range 
Management - specialist managers 

- senior supervisors 
- sales &  business development 

16% $24,960 to $130,000 

Applied Science  - research & development 
- engineers & technicians 

6% $26,000 to $145,000 

Production  - mechanics 
- machine operators 

40% $22,800 to $75,000 

Other - managers & administrative 
- trade helpers & labourers 
- assemblers 
- transport & equipment operators-  

32%  

Source: R.A. Malatest & Associates, 2010 
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SYSTEMS OF EMPLOYMENT: BIO-FIBRE TRAINING 

Bio-Fibre Outsourcing 

In the recent survey of the bio-products sector, well over half of the firms, the vast 

majority being small, admitted to contracting out for services.  Some of these reasons 

were: 

 To access external scientific expertise and knowledge 

 Bio-products were beyond their “core competence” 

 To access research and development capacity 

 To access production facilities 

 

All large firms ranked the first reason as high; only small firms chose the last one as high.  

These reasons parallel those for collaboration found in the “Culture of Employment” 

section (p.77) and highlight the need companies have for research and development, 

engineering, and production skills (Sparling et al, 2011). 

 

In the textile survey, outsourcing was not found to be common but most often occurred 

for engineers, mechanics, technicians, and research and development.  Indeed, 

approximately one-third of firms currently have, or want to obtain in the near future, 

people to control quality or processes, or to develop new products (R.A. Malatest & 

Associates, 2010).  These indicate the skills that the industry is currently focussed on. 

Textile Training Issues 

The survey noted that though only 17% of firms have unions, one-third of the textile 

workforce is unionized, but that tends to be concentrated in larger firms.  The sector also 

has a higher proportion of female workers than manufacturing in general; with a 

concentration in smaller firms.  Immigrants are also becoming an important part of this 

sector, with identified concerns around cultural differences, language, and technical 

skills.  The workforce is aging as well; nearly 60% is over 45 compared to 40% of the 

Canadian workforce.  An interesting parallel is that just over 60% of textile workers have 

a high school certificate/equivalent or less compared to about 40% of the Canadian 

workforce.  70% of the turnover rate was almost evenly divided between layoffs and 

people quitting (R.A. Malatest & Associates, 2010).   

 

This profile has implications for the training needs of this industry. Almost two-thirds of 

the firms report difficulties in recruitment.   Their perception was that they could not 

compete or grow enough to attract new people as the workforce aged.  There seems to be 

a lack of trained workers across the spectrum of occupations needed.  They felt hampered 

by the bad image the industry has, its poor visibility as a sector, and the actual location of 

the companies. Thus, more than half saw the transfer of knowledge to younger workers 

from older ones as they retired and retraining existing workers for new skills as strong 

challenges. To address these, many firms boosted wages, conducted on-site training, 

provided flexible working hours and benefits such as health insurance, paid holidays and 

sick leave, overtime, etc. (R.A. Malatest & Associates, 2010; T.H.R.C. 2010).   

 



Fibre Flax Labour Market Analysis 

 Page 78 of 92 February 2012 

Of particular note from the survey participants, was the feeling that their sector suffered 

from a lack of pride amongst its employees due to a negative image of the textile 

industry.  They believed that an industry-wide initiative was needed to promote its 

advantages such as: a diversity of available jobs, the opportunities for advancement, and 

benefits of a small town lifestyle.  It was hoped that this would improve the standing of 

textile jobs and attract younger, well trained individuals (R.A. Malatest & Associates, 

2010).  The emphasis on sustainability discussed in the “Culture of Employment” section 

(p.75), has been underscored by Ray Anderson as an unbeatable strategy “for attracting 

the best people and bringing them together” (Anderson, 2009).  Perhaps it is a worthy 

addition to such an effort.  

Textile Training Barriers 

With one-third of firms projecting that they would see continued declined in their 

workforce, training has become a crucial issue.  Across their various occupations, 

between 7% and 34% of firms thought that their entry level employees were not have 

adequately trained; for these same occupations, 12% to 22% felt they had no adequate 

access to training.  About three-quarters of the firms provide informal training such as 

mentoring or job shadowing.  Not quite a quarter provide formal training such as periodic 

reviews, on-site and off-site instruction.  Small enterprises were less likely to offer any 

training.  Firm-specific training was often used, because of the specialized nature of the 

work.  This included cross-training, in-house training, and knowledge transfer from those 

about to retire. The need for this “train-the-trainer” type approach was seen as vital and 

many, particularly small firms, had sought advice on this (R.A. Malatest & Associates, 

2010).  As the industry in Canada molts its more traditional role for a more technical one, 

the necessity for better training will become imperative, as the Change Model below 

indicates:  

 
Figure 53: Change in the Canadian Textile Industry 

  Source: R.A. Malatest & Associates, 2010 
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Specific barriers to training were examined.  The poor educational attainment of workers 

was seen as a problem, and improved links to educational institutions was thought to be 

needed.  But releasing staff for training is difficult.  A lack of internal resources, finances, 

or infrastructure to do in-house training is also a concern.  External funding is very 

limited and there are few programs that provide credentials particularly relevant to the 

firm’s requirements. There can also be a lack of commitment on the part of both 

employer and employee to a culture of learning.  Small firms were specifically asked 

what they needed.  Many emphasized financial support, tax breaks, or wage rebates, etc. 

as essential to their ability to participate in training.  Internet access was available in 

about two-thirds of the companies, and this was seen as a possible solution to the 20% of 

firms that believe their training needs are not being met (R.A. Malatest & Associates, 

2010).   

Fibre Flax Training  

It is entirely likely that the skills and training needed in to reintroduce fibre flax into 

Ontario already exist in the fibre utilization industries that still remain here. Their issues 

will be our issues and our success will depend on theirs.  What remains to be seen is if 

market forces, environmental stewardship, a little entrepreneurship, and some flax 

expertise can coalesce in Ontario.  We have the climate, the soils, the agricultural 

capacity, and the manufacturing infrastructure.  Can we create the vision; can we obtain 

the backing? 

 

What will be unique are the processing jobs that have not existed here for several 

generations.  The training needs will be specific to these processes and we may have to 

find expertise from other countries more advanced in these techniques. It is also possible 

that reintroducing fibre flax into Ontario will help to revitalize the bio-product and 

textiles sectors in this province.  They will have a reliable, readily-available supply of a 

natural fibre, and its by-products, close at hand.  If it meets their technical requirements 

and is price competitive, fibre flax may have a chance.  As Sparling et al (2011) notes, 

this could very well depend on the market opportunities manifested by dwindling oil 

reserves and the resulting price volatility, as well as  pressure from the public to create 

policies supporting environmental sustainability.  But if the timing is right, we will need a 

skilled and dedicated workforce.  To quote a firm representative from the R.A. Malatest 

& Associates (2010) survey: 

 

“Every industry is only as successful as the employees in that industry”. 
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SUMMARY OF HIGHLIGHTS 

 

FIBRE FLAX CONTEXT 

 

INTENTIONS FOR FIBRE USE: REINTRODUCING FLAX 

 Just under 
2
/3 of current world fibre production is man-made, the rest is natural 

 77% of current world fibre production is either polyester (45%) or cotton (32%) 

 Fibre flax is less than 
1
/25 of 1% of global fibre production 

 

CULTURE OF FIBRE CREATION: PLANT VS. PETROLEUM 

 Flax is the oldest natural fibre, grown since before 5000 BC 

 During the Industrial Revolution, the use of coal, mechanization, and cheap cotton 

imported from India and American slave colonies overtook production of flax and 

wool for clothing; jute replaced hemp for sackcloth 

 During the 20
th

 century the mass production of synthetics from underpriced fossil 

fuels (oil) continued to outcompete flax for technical and tailoring reasons  

 New era of renewable energy may herald resurgence of renewable fibres with an 

emphasis on health, social responsibility, sustainability, high-tech, and fashion 

 

BEHAVIOURAL CHARACTERISTICS OF FLAX: PLANT & FIBRE 

 Flax (Linum usitatissimum L.) is annual herbaceous plant with dicotyledonous stem; 

pith surrounded by vascular bundles of xylem and phloem.  Long fibre bundles are 

encased in the “bast” or phloem cells.  Fibre type grows to 120 cm   

 Prefers well-drained medium to heavy soils, cool temperatures, and adequate 

moisture; 85-100 days to harvest 
 Atypical processing: stalks must be pulled and laid on the ground to be “retted” 

(rotted); straw is then “scutched” (mechanical beating of the stalks) to separate the 

fibres from the “shives” (bark) 
 16-20% of plant is usable fibre; tensile strength important in textiles (long fibres), 

lateral strength important in composites (short fibres)  
 12% are linseeds (oilseed), 39% are shives (lightweight construction material or fuel) 
 

SYSTEMS OF FIBRE PRODUCTION: ECOLOGICAL IMPACT  

 “Strength” of a natural fibre is the reduction of ecological impacts 

 Canada’s ecological footprint is 4x its fair share;  fibre use may be ½ of its fair share  

 Ecological Footprint of Fibre: cotton has largest, polyester is medium, hemp lowest  

 Carbon footprint of flax is 10-25x lower than made-made and synthetic fibre 

 Highest impact of natural fibre comes from fibre extraction and textile processing 

stage 

 Advantage of natural fibres in automotive composites comes from its lighter weight 

which creates fuel savings  

 Flax competes with food for land and resources, but impact is minimized through 

fair-trade principles 
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FIBRE FLAX MARKET 

 

INTENTIONS FOR FIBRE MARKET: STRENGTHS & WEAKNESSES OF FLAX  

 Primary appeal of natural fibre product is quality 

 Without legislation, subsidies, or high costs restricting non-renewable resources, 

natural fibres are a niche market for a specific cost savings or performance benefit 

 Long flax fibres are spun into yarn for linen; short fibres into heavier yarns for canvas 

and towels; low quality fibres reinforce composites in car parts and consumer goods 

 Relative strength and fineness of flax fits the “stiff but light” requirement for 

composite thermoplastics better than other natural fibres  

 

CULTURE OF FIBRE MARKET: OPPORTUNITIES & THREATS TO FLAX 

 Average relative production of approximately 700,000 tonnes stable over last century  

 France, Belgium, Netherlands have expertise in cultivation and scutching, trading, 

and breeding;  Belarus and Russia grow flax and provide lower cost manufacturing  

 China now spins and weaves 70% of the world’s flax production; grows high-yield, 

poor-quality crop; have exited market since 2005, global production has declined  

 New West European entrants very interested in short fibres for technical market, but 

more research needed.  Automotive sector is in strong bargaining position  

 When fashion whims drive price up, flax for technical uses can easily be substituted 

for other fibres whose mechanical properties may be superior for some applications  

 Competitive advantage of processors may improve by using their knowledge of this 

demanding commodity to create technical products, process other fibres to protect 

against the price of flax, enter a joint venture to create composites, assisted by 

research institutions, or set up their own compounding business   

 Need to clarify high quality flax from cheaper flax  and other fibres so they are not 

interchangeable, or are readily integrate-able with other fibres 

 

BEHAVIOURAL CHARACTERISTICS OF FIBRE: ONTARIO FLAX 

 Ontario has a flax tradition from 1850s to 1950s; interest rekindled since mid-1990s 

in Quebec, Eastern and Western Ontario 

 Considered end-uses include automotive non-wovens and bio-composites, animal 

bedding, energy, textiles, and specialty papers 

 Competing internationally means beating low-cost, high-volume Chinese 

manufacturing or high-quality European production prices 

 

SYSTEMS OF GLOBAL MARKET: FIBRE ECONOMICS 

 We are shifting to a new energy regime, as seen in the global oil production per 

person, which peaked in 1979; the same year we entered the global ecological deficit 

 The price of oil has no apparent stable relationship with cotton or polyester, except 

through prices shocks that eventually elevate commodity prices modestly  

 The price of cotton always hovers at about 104% of polyester, and trends in the 

opposite direction of flax; inferring a weak, inverse relationship of flax to oil  

 Price of flax is more directly influenced by the fashion industry 
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 Price competiveness of fibre crops increases when waste management and petro-

chemical costs are accounted for 

 

BIO-FIBRE EMPLOYMENT 

 

INTENTIONS FOR EMPLOYMENT: BIO-FIBRE JOBS 

 Canada’s potential for jobs in the new bio-product industry is unfulfilled 

 Canada’s potential for jobs in the old textile industry is shifting away from traditional 

markets towards specialized products of a technical, high-end, or value-added nature 

 Textile supervisors (J016), machine operators (J15), and labourers (J316) create a 

1.7x job multiplier in other occupations for each job specific to textiles 

 Estimate of fibre flax jobs ranged from 54 to 10,882; reasonable forecast of 200-300 

 Interviews with potential users of flax fibre indicated tentative receptivity; common 

response was to request a sample to test in their equipment; growth would depend on 

the technical performance of the fibre and its acceptance by their customers  

 

CULTURE OF EMPLOYMENT: WORK IN BIO-FIBRES 

 A lack of clear vision in the bio-product and textile sectors leaves them vulnerable; 

bio-product sector is in its infancy, in a state of constant flux, with many firms failing, 

exiting, or being bought out 

 Recent financial crisis created significant negative margins, and has created a 

dependence on external knowledge and expertise from universities, government 

laboratories, and cooperation with other foreign & domestic firms 

 Textiles industry moving towards construction, personal protection, the military, 

sports and leisure industries, boat and shipbuilding, aerospace and medical textiles 

 28% of bio-product firms have an environmental plan; 62% of textiles firms were 

working on energy use and efficiency, 61% on minimising waste, and 37% on water 

use and efficiency; local sourcing of biomass is increasing 

 

BEHAVIOURAL CHARACTERISTICS OF EMPLOYMENT: BIO-FIBRE FIRMS 

 Ontario accounts for approximately 
1
/3 of bio-product & textiles firms in Canada 

 42% of the textile industry is located in rural or small urban areas; farm biomass is 

the most common fibre source for small & medium firms in Ontario and Prairies  

 Occupation salary range: management, $24,960 to $130,000; applied science, 

$26,000 to $145,000; production, $22,800 to $75,000 

 

SYSTEMS OF EMPLOYMENT: BIO-FIBRE TRAINING 

 Textile workforce tends to be female, immigrant, older, and less-educated than most 

Canadian workers; trained workers needed across spectrum of essential occupations 

 Almost 
2
/3 of textile firms report difficulties in recruitment; feel hampered by the bad 

image industry has, its poor visibility as a sector, and actual location of the companies 

 More than half saw the transfer of knowledge to younger workers from older ones as 

they retired and retraining existing workers for new skills as strong challenges 

 Firm-specific training often used due to specialised nature of the work, but a lack of 

internal resources, finances, or infrastructure to do in-house training is a concern 
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 External funding for education is very limited and there are few programmes that 

provide credentials particularly relevant to most firm’s requirements 

 Often there is a lack of commitment on the part of both employer and employee to a 

culture of learning 

All of these issues will affect the re-introduction of fibre flax into Ontario. 
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