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INTRODUCTION 
Hemp has had an unprecedented amount of attention in the last two years. No other agricultural crop has received as much interest and speculation by such a large cross-section of society in Australia. Its value as a therapeutical drug is being debated by medical practitioners and recreational drug enthusiasts. Environmentalists argue its ability to solve a range of environmental problems by reducing production inputs and replacing sections of the forestry industry. Even farmers, renowned for their conservative attitudes, are exploring hemp as a means of diversifying their current crop rotations and developing value-adding industries in rural regions. 

Hemp production is illegal throughout Australia, forcing these interest groups to lobby government authorities and their local representatives from various agricultural departments and consultancies. Public pressure resulted in a national industrial hemp conference, and the initiation of some hemp trial work in a number of States for the investigation of hemp stalk production using low THC varieties. At the same time a domestic market for hemp products has been developing rapidly by a network of retailers throughout Australia who currently import all their raw material and processed goods (Beetson, 1995). 

HEMP TRIALS IN AUSTRALIA - RECENT EXPERIENCE (see Appendix 1) 

Agricultural products represented 22.8% of Australian exports in 1992-93 (Annonymous, 1995). Increasing pressures from rising farm debt levels and low world commodity prices are forcing farmers to explore new crop options and specialised markets. Australian government authorities at various levels are attempting to stabilise rural communities by encouraging the establishment of regionally based industries that add value to agricultural products. It is against this backdrop that industrial hemp has emerged from obscurity, promising environmental benefits at the cultivation and production levels combined with a diversity of eventual uses. The initial steps to establishing a hemp industry have not been easy, however. Three main types of obstacles have emerged which are beginning to be surmounted. 

One of the most damaging misconceptions in Australia is the belief that industrial hemp is marijuana. This is despite evidence that if plants are left to themselves they tend towards a relatively low THC level (Clarke, 1981, K.Hillig pers. comm.). The media have done little to clarify the picture and continue to discuss industrial hemp within a framework of whether to legalise marijuana or not. Industrial hemp can be grown while marijuana remains illegal, and the two issues should not be confused. In fact, the cultivation of industrial hemp can actually assist in the control of marijuana by its ability to vigorously outcross. The pollen from industrial hemp can inundate and fertilise illegal crops of marijuana, effectively reducing the drug value of the next generation. 

Another problem is a widespread perception that industrial hemp is being solely promoted by fringe groups - environmentalists, "greenies", alternative lifestyle and pro-marijuana interest groups. As a result, many governmental and agricultural services have made only token efforts to investigate a hemp industry. Their policy has generally been to appease these interest groups by allowing restrictive small-scale trials while refusing to perform holistic hemp research themselves and failing to provide farmers with support beyond merely growing the plant. 

Finally, much of the information being generated about industrial hemp is misleading and often exaggerated (Fletcher et al, 1995). Non-scientific interest groups are publishing unsubstantiated claims based on old documents, often taken out of context resulting in 'hemp can save the world' arguments. Scientific institutions have been countering these arguments with modern accounts of hemp production resulting in 'hemp is not economic' arguments. Unfortunately, these can also be misleading as they relate to hemp adapted to temperate northern hemisphere regions specifically bred, over the centuries, for their high-grade textile applications. 

In Australia, the legal barriers to hemp trials exists in the form of State rather than Federal legislation (Beetson, 1995). As a result, each State has developed its own hemp program in relative isolation from the others and at the expense of a co-ordinated national approach. The States that have conducted hemp trials to date include Tasmania, Victoria, South Australia, Western Australia and New South Wales. Queensland is presently reviewing relevant legislation to allow experimental trial work to commence. 
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Figure 1 Approximate locations of hemp trials in various States in Australia   

The main objective of all these trials has been to assess the agronomic feasibility of growing hemp. In all States, except Tasmania, the costs of these trials have generally been born by individual farmers or organisations with limited assistance from government authorities. Very little attention has been given to processes beyond the farm gate with a resulting stock pile of hemp stalk with no immediate sale value. In contrast, the Tasmanian Hemp Company Pty Ltd (P. Harmsen pers. comm.) has begun to produce hemp oil from their limited hemp plantings and Australian Newsprint Mills Ltd is continuing to conduct paper pulping trials in Tasmania. 

Generally hemp stalk yields have been well below those reported from European crops, with some exceptions in Tasmania and Victoria. This is often attributed to premature flowering of the cultivars selected (Lolicato et al, to be published, Beetson pers. comm.) and to a combination of poor soil conditions and water availability which either reduced germination or inhibited growth. Waterlogging was the most common problem. Generally hemp exhibited a relatively high tolerance to water stress, except where soils were shallow. 

Weeds were suppressed where crops had good establishment. Control for lucerne flea (Sminthurus viridis L.) was required in Tasmania and South Australia - there are no reports of lucerne flea in Queensland (J. Donaldson, pers. comm.). African black beetles (Heternychus arator) were identified chewing young hemp stalks in Western Australia but control was not necessary. Helicoverpa sp. infestations were viewed as a potential problem for seed production throughout Australia. Fungal infections of Sclerotinia sp. and Alternaria sp. may also prove to be a problem in the future (S. Lisson pers. comm.) 

Without exception, all cultivars being trialed have come from commercial seed companies or research stations located in temperate zones of the northern hemisphere. It is also interesting to note that all of the hemp trials, except glasshouse trials in New South Wales, have been conducted in areas that experience winter rainfall. 

DISCUSSION 
It is extremely difficult to extrapolate results from the northern hemisphere and apply them directly to Australia where climatic and economic conditions are markedly different. Australian Hemp Resource and Manufacture (AHRM) have deliberately explored a wide range of options for growing and processing hemp from around the world, and selected those that appear to hold the most promise for use in Australia. 

THE PLANT 

Figure 1 shows that Australia can be broadly divided into areas which experience winter rainfall and those that experience summer rainfall. 

Hemp is a short day plant (short days stimulate the onset of maturity) and has a relatively high water demand. It would therefore be better suited to cultivation in the summer rainfall regions of Australia. Paradoxically, all hemp trials to date have been conducted in the winter rainfall areas of southern Australia which, because of its lower latitude and cooler climate, was seen by researchers as better suited to the temperate cultivars available. In these areas, however, costly irrigation is generally required during the summer months, and where hemp has been planted in winter, the hemp stalk yields have been poor due to premature maturation. 

Temperate cultivars of hemp may prove unsuited to sub-tropical/tropical zones (where summer rainfall regions of Australia are found) yet little work has been done to investigate sub-tropical/tropical cultivars. This is surprising given that these cultivars have outperformed commercial temperate cultivars in taxonomic trials (K. Hillig pers. comm.). 

THE END-USE 

It is important that an end-use for industrial hemp be determined as it ultimately influences how the crop is to be produced, harvested and processed. Different combinations of cultivars, growing conditions, and stalk fractions suit particular applications. Textiles for example, require long fine bast fibre while paper pulps require bulk core and bast fibres [quality vs quantity]. Unfortunately all the trial crops to date, except for trial work in Tasmania, have planted readily accessible commercial cultivars without reference to an end-use. Most of the agronomic information being collected on hemp in Australia relates to its growth performance as a broad-acre crop, rather than to the characteristics that will enhance its performance for processing and marketing - which ultimately determine its true value. 

The growth of a large and competitive hemp textile industry in Australia is unlikely. First, the country's textile industry as a whole is very small and is currently threatened by tariff cutbacks. Second, Australia has an unpredictable climate in terms of water and temperature, between and within seasons, which contributes to low and variable quality bast fibre, unsuited to fine textile production. To date all published reports on the potential of industrial hemp in Australia have concentrated on the textile industry and have correctly anticipated its non-viability - particularly when the capital outlay and necessary upgrading of facilities has been factored in (Graham, 1995, Fitzgerald, 1995, Begg & Buller, 1995). 

ECONOMIC FEASIBILITY FOR THE FARMER 

As it is unlikely that hemp grown in Australia will produce high valued textile grade fibre, other options include the use of lower grade bast fibre and its core. The higher the yield of stalk per hectare, the higher the potential return for the farmer. Evidence suggests that sub-tropical/tropical cultivars of hemp will significantly increase the potential yield of stalk fibres over current commercial cultivars (K. Hillig, pers. comm., V. Jagadish pers. comm.). The extended growing season possible in northern Australia may increase this advantage. 

Hemp has several cost advantages for the farmer including a reduction in the reliance on herbicides and pesticides, and an improvement of soil aeration compared with traditional cereal crops. Crop husbandry techniques are similar, and current broad-acre machinery can be used (Lisson, 1995). High fertiliser inputs can be offset by the reduced need for herbicides and pesticides while artificial fertilisers may also be reduced by rotation with legume crops and recycling the green leaf matter back into the soil. 

When comparisons are made with high yielding crops such as forage sorghum (10 tonnes/hectare) it is possible to estimate that a minimum return of $60 per tonne (without harvesting costs) is necessary to make hemp attractive for farmers to grow. It has been estimated that kenaf, a similar crop grown under similar conditions, requires a return of $80 per tonne (Planning & Managing Projects, 1996). These prices could be reduced if higher yields were secured. 

ECONOMIC FEASIBILITY FOR THE MANUFACTURER 
Lower grade bast fibre has potential applications in paper pulps, composite boards, geotextiles and as structural reinforcing fibres in numerous industries. The core fraction can be used to produce paper pulp (DeGroot, 1995), organic adhesives (D. Seber pers. comm.), light sandwich boards (F. Moller pers. comm.) or used in products that require high absorbency such as kitty litter, animal bedding, potting mix additives and mop-up products (Lowe, 1995, Planning & Managing Projects Pty Ltd, 1996). 

A recent report commissioned by Rural Industries Research and Development Corporation (RIRDC) outlines the raw material requirements of a range of established fibre industries in Australia (Planning & Managing Projects Pty Ltd, 1996). 

Product
Raw Material
Price/Tonne

Plaster Sheets (pulp) 
Newsprint 
$150-$200

Plasterglass 
Fibreglass 
$2,200

Decorative Plaster Products 
Fibreglass 
Sisal 
$2,800-$3,600 
$450

Fibro-Cement Sheeting 
Chemical Wood Pulp 
$900 (estimate)

Fibre-Reinforced Concrete 
Polypropylene 
$25,000

Plastic/Wood Flour Composite 
Polypropylene 
Wood Flour 
$25,000 
$300

Fibre & Particleboard 
Pine Wood 
$115

Cement Board 
Sawdust 
$30

Fibre-Reinforced Plastics 
Fibreglass 
Viscose Rayon 
Polyester 

Talc 
$2,000-$3,000 
$3,340-$5,000 

$3,000 
$40-$550

Carpet Underlays & Felts 
Sisal 
Coir 
Rag Wastes
$750 
$380 

$750

Weedmatting 
Jute 
$800(retail)

Mulching Materials 
Waste Wood Fibre 
Straw
$300 
$130

Gardening Materials 
Vermiculite 
Rockwool 
Coir 
$6,000 
$5,000 

$400

Kitty Litter 
Recycled Paper
$50

Mopping Up Materials 
Polypropylene 
Sisal & Coir 
SupaSorb
$14,000 
$1,250 
$1,100

Rope & Twine 
Sisal
$400

Table 1 Raw material requirements of fibre industries in Australia   

Extracted from: Prefeasibility Studies of Hemp Products, by Planning & Managing Projects Pty Ltd (1996)
Although waste wood fibre replacement is unlikely given its current low prices (Table 1), there is evidence to suggest that the forest industry in Australia is working at a net loss and is only able to function with excessive subsidisation by the tax-payer (Dragun, 1994, Kellow, 1992). It is unlikely that this form of subsidisation can persist indefinitely; if and when retracted, it would ultimately result in future increases in wood prices. In addition, plantations are expensive ventures which require large inputs and long term capital outlays (Keto, 1990, Cameron et al 1990), and if grown without external financial support systems, may make the cultivation of hemp fibre an attractive alternative, particularly as it could enhance strength and/or absorbency characteristics of some end-products (W. Conde, pers. comm., Lowe, 1995). 

For hemp fibre to compete with other natural fibres, such as imported jute and sisal, it would need to be produced for around $400 per tonne. Given that production costs are around $60-$80 per tonne, as noted above, the harvesting and processing costs of hemp stalk would need to be under $300 per tonne. In some applications, the unique length and strength properties of hemp surpass those of other fibres, and may attract higher prices. One example is a product being developed in New Zealand where hemp bast fibre (imported at $1,000/tonne) is replacing fibreglass ($3,000/tonne). This patented process is set to expand into the building product market as a superior wood substitute which is fire resistant and has resilience and deformation properties that surpass steel (Teleskivi pers. comm.). Synthetic fibres command a high price (Table 1) due to their durability and reliability, although concern about the accumulation of non-biodegradable material in the environment is increasing (Planning & Managing Projects Pty Ltd, 1996). 

Pulping of hemp stalk has generally been dismissed in Australia. This has been influence by an economic rationale based on bast fibre production only, and the expectation of expensive adjustments to established mill operations (Maddern & French, 1994). Unfortunately this ignores the possibility of developing regional smaller scale non-wood mill operations which pulp both bast and core fibres. One such mill currently being investigated in Queensland requires 200,000 tonnes of stalk per year to produce 70,000 tonnes of pulp - a quantity that paper millers are willing to contract for (Roth pers. comm.). 

Processing 

Hemp can be extremely difficult to use if it is not processed correctly. Geotextiles, and products that use reinforcing fibres require the long bast fibres, unlike paper pulps, composite boards and absorbency products, which need chopped fibres of specific lengths. The requirements of the end-user have direct implications for the choice of harvesting and processing techniques - a point that the agronomic trials on mainland Australia have failed to address. Two alternative techniques can be identified: 

First, for long bast fibres, harvesters that maintain the integrity of the hemp stalk are essential - such as the Ukrainian hemp cutters (Goloborod'ko pers. comm.), the mower/conditioner used in France, or the windrower (Lisson, 1995). Decortication is also required at some stage but currently available decorticating machines are very inefficient (FAO, 1993) and need development. The level of retting (if at all) and fibre separation will depend on the needs of the end-user. The cost of processing is expected to be high, due to the difficulty of managing long fibres and the extra processing required if fibre is to be separated further. 

Second, chopped fibres can be obtained using existing forage harvesters or sugarcane cutters with minor modification (Lisson, 1995). Harvesting tends to loosen the core from the bast, and water can further separate them (Lisson, 1995, Maeyer & Huisman, 1994). Decortication may not be a necessary step. Most users of chopped-up fibre either do not require retting or further fibre separation - or else this process may already have been built into their operations (e.g. the defibrator in pulp mills). Processing costs are significantly reduced, especially if specialised decorticating machines and fibre separation are not necessary. 

It is difficult to derive a realistic value for processed coarse fibre as most cost analysis of hemp processing in Australia draws from examples based on textile production requirements (Graham, 1995, Begg & Buller, 1995). Examples of processes occurring overseas - in England (paper pulping and animal bedding), the Netherlands (paper pulping), and Spain (paper pulping) - may provide estimates to work from. 

Markets 

AHRM has attended workshops to discuss the potential of industrial hemp in Australia at two major conferences - the Industrial Hemp Conference, Melbourne, 1995, and the New Crops Options Conference, Gatton, 1996. The one notable conclusion from both events was the lack of evidence of a cohesive international hemp market. The available statistical information pointed to a decline in international hemp exports over the last two decades (FAO, 1973-95) and the low level use of non-wood fibre by industries around the world (FAO, 1991). There is general acknowledgement that the retail of manufactured hemp products in Australia is expanding (Beetson, 1995), but concern was expressed as to its market stability, especially as it related to the fashion industry (Fletcher et al, 1995) and its apparent dependence on the current hemp "fad". 

Unfortunately the analysis fell short of discussing unrealised markets. There has been a strong tendency to look only at products or markets that already exist (e.g. Fitzgerald, 1995). Overall, the task of looking at Australia's potential markets has been characterised by a general lack of adventure or foresight. 

CONCLUSION 
The market demand for hemp due to environmental considerations should not be underestimated. Hemp cultivation satisfies more Ecologically Sustainable Development (ESD) principles than both wood and cotton in Australia (Rider, 1996). Industrial hemp is capable of fulfilling the need for crop diversification, development of regionally based value-adding agricultural industries, and the desire for enhancing sustainable growth and environmentally friendly practices. Such developments utilise skills already being employed in rural regions, as well as opening up new opportunities for technological improvements and innovations for an expanding export market. Other non-wood fibres currently under-utilised, such as straw and cotton stalk, can also supply such an industry thereby adding to the overall value of existing cropping systems. 

Hemp's overwhelming popularity with a large proportion of Australia's population has been obscured by the production of misleading information. Although hemp trials and dedicated reports are being commissioned throughout the country, the realistic potential of an industrial hemp industry is being overlooked. Poor selection of cultivars is being compounded by a lack of coordinated research into the processing and manufacturing of hemp crops. 

Australian Hemp Resource and Manufacture has restricted the scope of its research effort to those end-products that hold the most promise in Australia's industrial landscape. We have also sourced cultivars that are suited to Australian conditions, while targeting appropriate growing locations. Australia has traditional strengths in agricultural production and related technology for processing primary products. We believe this country would be best suited to producing high volume hemp stalk where fibre quality (fineness) is not paramount to its success. Whether on a national or a global scale, the demand for such unglamorous goods is likely to increase. 

Australian Hemp Resource and Manufacture is currently awaiting amendments to Queensland legislation to allow cultivar selection trials. We continue to encourage interest, both domestically and internationally, from those interested in establishing non-wood fibre based industries in Australia. 
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Appendix 1 
Hemp Trials in Australia  

Tasmania (1994-1996)1 

Participants: Co-operation between University of Tasmania, Australian Newsprint Mills Ltd and Department of Primary Industries and Fisheries(initiated by Tasmanian Hemp Company Pty Ltd) 

Aim: Feasibility of using hemp and flax as reinforcing agent in newsprint. Agronomic, economic & processing studies (field and lab trials) 

Cultivars: USO, 11, USO 14, USO 13, Futura 77, Felina 34, Fedrina 74, Ferimon 12, Kompolti 

Findings: *Optimum density for stalk is 80-120 plants/m2 *Kompolti & Futura 77 had best stem yields - up to 14t/ha *Evidence of water stress tolerance *best sowing date is early Oct (mid Spring) 

Problems: *Uneconomical to grow for bast alone *Inferior pulp using both bast and core fibres in traditional pulping techniques *Early maturity of plants *Waterlogging *Lucerne flea infestation   

Tasmania (1991- ?)2 

Participants: Tasmanian Hemp Company Pty Ltd under the guidance of the Poppy Advisory and Control Board. Stoney Creek Oil Products Pty Ltd for oil extraction (1996-1997). 

Aim: Obtain agronomic information, develop a hemp seed oil industry, and use as a building material (field trials) 

Cultivars: USO 11, Kompolti 

Findings: *Produce oil from the seed with projected returns of $1,000-$1,200 per hectare 

Problems: *0.005% THC not permitted in field oil extraction trial  

Queensland 

Currently reviewing relevant legislation to allow experimental trial work   

South Australia (1995)3 

Participants: Yorke Peninsula Regional Development Board with SARDI and IAMA 

Aim: Obtain agronomic information on stalk production (field trials) 

Cultivars: Ferimon, Fedora 19, Felina 34 Fibrimon 56, Fedrina 74, Futura 

Findings: *Require irrigation *Max. 9 t/ha dry weight *Optimum Oct-Nov sowing (early-mid Spring) 

Problems: *Early maturity of plants *Lucerne flea infestation   

Victoria (1995- ?)4 

Participants: Public or private citizens under the guidance of a Steering Committee 

Aim: Obtain agronomic details for stalk production (field trials) 

Cultivars: Ferimon 12, Fedora 19, Felina 34, Fedrina 74, Futura 77, Beniko, Biolobrzeskie, Kompolti TC, Secuini 

Findings: *Weeds suppressed with good crop establishment *Evidence of water stress tolerance *Affected by short day lengths *2 sites with yields similar to reported European yields 

Problems: *Early maturity of plants *Flood irrigation a problem *Helicoverpa sp. in seed heads  

Western Australia (1996- ?)5 

Participants: Public or private citizens under the guidance of a Steering Committee 

Aim: Obtain agronomic information for stalk production (field trials) 

Cultivars: Ferimon 12, Fedora 19, Felina 34, Fedrina 74, Futura 77, Kompolti 

Findings: *sensitive to soil/climate *growth determined by temperature *reliable rainfall for good growth 

Problems: *flower after 45 days regardless of daylength or plant height *poor/variable germination *Helicoverpa sp. and black beetle at all stages *waterlogging   

New South Wales (1996- ?)6 

Participants: Growth trials by public or private citizens under the guidance of a Steering Committee. One trial completed at University of New England 

Aim: Obtain agronomic information for stalk production (glasshouse trials) 

Cultivars: Ferimon 12, Felina 34, Futura 77, Fedora 19, Fedrina 74, Secuini, Beniko, Biolobreski, Kompolti hybrid TC 

Findings: *Temperate European cultivars better suited to cooler temperatures *Fibres stronger and higher quality than kenaf fibres *Daylength effects not significant *Temperature effects significant 

Problems: *Flowering at low heights - may need acclimatisation   

1 Pers. comm. Shaun Lisson, PhD Student, University of Tasmania 
2 Pers. comm. Patsy Harmsen, Tasmanian Hemp Company Pty Ltd 
3 Pers. comm. Trent Potter, SARDI 
4 Lolicato et al (to be published) 
5 Pers. comm. Brian Beetson, Projects Manager, AGWEST Trade & Development 
6 Burke, E. et al (1996).  

Ecofibres – Sustainable Supplements to Forestry Products
Carolyn Ditchfield (BAgSc), Australian Hemp Resource and Manufacture, 15 Belmont Crescent, Paddington, Qld, 4064.
An Introduction to Ecofibre Crops
Ecofibre crops are those annual plants that produce a dense woody inner core and soft flexible outer bast fibres that extend along the bark of the stems. These include hemp, kenaf, roselle, flax, jute and ramie. 

These plants produce two distinct fibres that are suited to a wide range of applications. The longer bast fibres are suited to end products requiring fibre length or strength such as high quality papers, fibreglass replacement items, reinforcement in structural materials and textiles. The shorter core fibres are suited to end products that require bulking potential or high absorbency properties such as hardwood fibre replacement in paper, animal bedding, potting mixes and absorbency products such as nappies. 

Put simply, ecofibre plants are capable of producing fibre to supplement almost all existing fibre based industries. 

Sustainability 

There is continuing debate as to how to define the term ‘sustainable’. It is generally accepted though that the fundamental premise of sustainability is to ensure that all enterprises meet the needs of the present without compromising the ability of future generations to meet their own needs. 

When applied to agriculture it generally means ensuring that crop or livestock production can continue into perpetuity without any decline in output or quality. For industry it tends to mean ensuring that operations work efficiently to minimise waste generation and that any by-products are returned to the environment in a similar state to which it was originally found. 

To determine whether a system is ‘sustainable’ it needs to be measured. The most obvious way to do this is to measure the quality of the physical environment including soil, water, air and vegetation. Fears about greenhouse gases have brought to attention the need for also measuring carbon sequestration and release, and having an overall understanding of the interrelations between all biosystems. 

As the term ‘sustainability’ implies, it is part of a continuum over time, and comparisons need to be made during the lifecycle of each production system. The commonly used phrase ‘from cradle to grave’ infers that sustainability ought to be measured from the moment a resource is exploited (soil tilled in preparation for planting) to the moment the resource returns to its elemental state (rotted back to the ground or released into the atmosphere). 

Sustainability of Ecofibres 
The term “Ecofibre” has been coined to capture the idea that these plants have environmental advantages over traditional fibre crops and other synthetic fibre sources. As will be seen, these advantages also contribute to the overall sustainability of these crops ‘from cradle to grave’. 

Of all the ecofibre plants mentioned below, hemp (Cannabis sativa L.) tends to be the most environmentally friendly and sustainable crop option for fibre production and application. The other ecofibre crops can play an important role in either supplementing hemp production or processing; or servicing specific requirements and needs. 

Fibre Production
Synthetic Fibre 
Synthetic fibres are made from resources mined from the earth either as a mineral (sand, asbestos etc), or a fossil fuel. Renewal of these resources takes a lot longer than the obsolescence rate of the products being made from them (millions of years, compared to decades). This production system could only be considered sustainable if the resources used to make the fibres remain intact and are returned for reuse, at a similar cost advantage, by future generations. This also must assume that the mining operations themselves do not compromise potential land uses for future generations. 

All other natural fibres are derived from resources that are renewable within a (human) generation. This has the advantage of providing future generations with exactly the same building blocks for fibre production that past generations had, rather than relying on the reuse of altered materials. This makes it easier to assure sustainable fibre production, though some fibres production systems are better than others. 

Wood Fibre 
Timber has a longer renewal rate (7 up to 40 years) than other natural fibres, which can compromise its ability to be sustainable. This is particularly the case when wood fibre is used for paper production. The time required to grow a tree is much longer than the expected lifespan of the paper product made from it, even when decomposition rates of the fibres are included. In summary, production rates do not match consumption rates, unless wood is used for construction purposes. 

Animal Fibre 
Wool and other animal fibres have short renewal rates (under 1year) and are therefore better able to respond to consumption demands. This form of fibre production can be considered sustainable if the land supporting the animals is not degraded, and the inputs used to maintain the animals and land are environmentally neutral. Unfortunately these fibres are limited in their range of end use applications because of their short length, smooth fibre structure and high production cost. 

Cotton 
Cotton, like wool and other ecofibre crops, has a short renewal rate (under 1 year), but cannot be considered sustainable due to it high input requirements. These inputs are proving to be environmentally devastating and are downgrading land at the expense of future generations, as well as current generations. There are limitations to its flexibility for end use due to its short fibre length, chemical residues and high production costs. Cotton production is also restricted by its high demand for water and sun. 

Ecofibres 
Ecofibres are an attractive fibre alternative as they have a short renewal rate, require fewer inputs, can be grown in rotation with a number of other crop alternatives, have a wide range of end use options, and have wide geographical distributions. Production costs can be relatively low. 

Table 1 Comparison of different fibre sources and their production attributes 


Renewal Rate
Yields
Geographical Range
Negative Inputs
Cost
End Use Application

Synthetics
very slow
-
industrial centres
non-renewables
high
long & short fibre construction

Wood
medium
*high/ha
*all climates
pesticides
*low
short fibre, construction

Animal
*quick
medium/ha
*all climates
pesticides
medium
short fibre, human nutrition

Cotton
*quick
medium/ha
tropical
pesticides
medium
short fibre, stockfeed

Flax
*quick
medium/ha
temperate
pesticides
high (textiles)
long & short fibres, human nutrition

Kenaf
*quick
*high/ha
tropical
pesticides
*low
short & medium fibres, stockfeed

Jute
*quick
*high/ha
tropical
pesticides
*low
short & medium fibres

Hemp
*quick
*all climates
*all climates

*low
*long & short fibre, construction, human nutrition

Fibre Processing
This is the step where fibre is converted firstly into a useable form (Stage 1), then into a finished product (Stage 2). 

Stage 1 – turning a resource into a useable fibre 
Synthetic fibres are generally produced into the form required by manufacturers and this stage is missed. Animal and cotton fibres require a relatively simple cleaning and combing process after shearing/harvest. Wood when used as structural timber, only requires sawing; but when fibres are to be extracted from either wood or ecofibre crops a lot of processing is required. 

The fibres in wood and ecofibre crops are held together in a matrix of lignin and pectin bonds. These bonds are broken down using chemical or mechanical means. This is especially intensive for wood as it requires energy demanding equipment and high levels of potentially toxic chemicals to break these bonds. Ecofibre crops on the other hand require less energy or chemical input due to the low density and pliable nature of their stalks, making them a more sustainable option for fibre extraction. 

Stage 2 – turning a useable fibre into a finished product 
Environmental advantages in this stage of processing can be attributed more to the process itself rather than to the fibre source. For example, all textile grade fibres (whether animal, cotton or ecofibre) are then put through a similar sequence of spinning and weaving processes; or alternatively, once fibres are pulped they can all be made into paper using the same technology with very little variation. 

End Product Use and Marketing 
While improvements in processing design can help decrease energy and chemical consumption rates, the choice of which fibre to use for a particular end product has alarming repercussions on the overall sustainability of a resource or production system, when measured ‘from cradle to grave’. This is especially true for end products that have a short shelf life such as paper. 

There will always be a gap between demand and supply if the renewal rate of a resource is longer than its product longevity. This gap can only be met by consuming more resources (e.g. cutting more and more forests, or synthetically manipulating crop yields), which is not sustainable. Often different fibre sources can be used for the same end product, and those with shorter renewal rates should be the preferred choice in order to meet sustainability goals. Unfortunately other factors such as tradition, economics and logistics often take precedence and work against sustainable practices. 

Case Study – Paper Production 
Prior to the mid-1800s most paper was made from annual plants such as cotton and hemp. These crops were primarily grown for clothing, and only secondarily, often after use, were they used to produce paper pulp. During this time while demand for paper was escalating, technology for extracting fibre from wood was discovered. Wood-based paper was first manufactured commercially in the late-1800s, less than one hundred years ago. 

Wood was quickly adopted as the preferred fibre source for paper as it was essentially a free resource without cultivation costs. During this era environmental concerns and sustainability issues were not considerations, therefore large-scale energy intensive specialist wood pulping operations were developed. It has only been in the last two decades that the use of wood fibre in paper has been seriously questioned. 

Today there are concerns about the depletion of trees, the destruction of natural habitats, the excessive use of energy and chemicals, and more recently the inability of sustainably producing wood fibre for paper production. Unfortunately the wheels of change are difficult to turn. 

Although plantations are being established on a very grand scale to counter the depletion of trees worldwide, they do not address all the other problems associated with using wood for paper. Natural habitats continue to be destroyed, wood continues to require excessive energy and chemical inputs, and wood paper’s shelf life continues to be shorter than its renewal rate. To add to that, wood can no longer be considered a free resource because plantations require similar (often more intensive) inputs and labour to most annual crops, and financial returns are delayed for up to 10 year or more. 

Interestingly in Australia, extremely high subsidies are required to establish and maintain wood plantations, which are costing taxpayers more money than is being returned from wood sales. On the other hand, farmers who work with no subsidies are desperately seeking new annual crops to add diversity and value to their rotations. Clearly it is time to reassess the logic behind pursuing wood as the sole source of fibre for paper production. 

Table 2. Comparison of production attributes for hemp and wood in paper production

Hemp
Wood

Renewal Rate
4 months
7-10 years

Production Subsidies
none
excessive

Direct Employment
1 000s/state
100s/state

Inputs
similar
similar

Demand Response Time
1 year
14-20 years

Financial Returns
1 year
7-10 years

Hemp – the foremost ecofibre crop 
Hemp has all the advantages of other ecofibre crops in being an annual crop capable of producing both short and relatively long fibres; but it also has a number of other advantages. 

Hemp can be produced using similar practices and equipment to most broad-acre crops, unlike plants such as abaca, sisal, coir and henequen. It is the only species represented in the family of plants known as Canabaceae with its closest relative being the hops plant. In contrast, kenaf belongs to the Malvaceae family of plants, which includes cotton and other hibiscus speciesm which tend to share similar pest and diseases problems. 

Hemp does not require the use of herbicides as it forms a complete canopy within three weeks and suffocates all germinated weeds. Resin produced by hemp also appears to have either an insect deterrent or insecticidal property that debilitates many insect species including Helicoverpa larvae, and negates the need for pesticide applications. 

Hemp produces stalk yields comparable to kenaf and jute, and much higher than flax with potential for further significant increases. It also produces the longest and strongest natural fibre known to man giving it more flexibility in its end-use applications (from fibreglass to paper to textiles). 

Hemp is also adapted to a wider geographical range (from the polar circle to the tropics) than any other fibre plant ensuring that it can grow in almost any country or region of the world as an alternative crop. A very valuable by-product can also be produced from its seed, which has a higher nutritional value for human nutrition than flaxseed, it very palatable, as well as being a good drying oil for industrial uses. 

Hemp is also pleasant to harvest unlike kenaf that has fibreglass fine spicules surrounding its seed head, which readily pierce the skin of the labourer. Harvesting is readily mechanised so that costs can be reduced significantly. 

In summary, hemp has most of the attributes required to ensure that the production of fibre, whether for disposable or durable products, is sustainable. 

