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METHODOLOGY

1. ThisReport is based primarily upon reviews of the literature and papers presented at recent
events, and discussions with experts. It has been prepared by ACTIN (Alternative Crops
Technology Interaction Network) and was submitted to the IENICA Co-ordinator in
February 1999.

2. Thefollowing are acknowledged as providing key contributions specifically for this Report
(full contact details for these organisations are given in Appendix 8):

 ADAS (Mike Bullard and Julian South)

» Agros Associates (Richard Constanduros)

* The BioComposites Centre (Jamie Hague)

» British Sugar Technica Centre (Trevor Theobald)

* Home-Grown Cereals Authority (Clive Edwards)

» John K King and Sons (Andrew Hebard)

* MAFF, Alternative Crops Unit and Chief Scientist's Group
* Woye College, University of London (John Nix)

» Scottish Crop Research Institute (lan Morrison)
 SCOPA (Angela Bowden)

* Semundo (Chris Green)

» Silsoe Research Institute (David Bruce)

» The Textile Consultancy (Joe Ellison)

3. The rights of others in original material are acknowledged. MAFF, LINK and HGCA have
provided significant public funding for much of the work described in this Report. The
following are other key sources of expertise and information:

* ADAS Arthur Rickwood (S Runham): essential oil crops
* Natural Fibres Organisation (H Gilbertson): decorticated fibre
* The BioComposites Centre (J Bolton): plant fibres

4. Throughout this report, use is made of the Gross Margin analyses, where available, prepared
annually by Professor John Nix of Wye Colleg@8)(to indicate whether the growing of
industrial crops is likely to prove sufficiently profitable to be of interest to farmers. For all
crops, comparisons are made with wheat and/or oilseed rape, these being the two most
widely-grown crops in the UK. In all cases further data are available in the annual Nix
publication.

5. Because the Nix Gross Margins only report actual figures for commercial crops in the year
concerned, gross margins in Section 3.1.iii (Wheat), which also make forecasts for the year
2000, are taken from 'Arable Cropping Under Agenda 2000’ (the proceedings of a conference
organised by Semundo in April 19986), and those in Section 2.3.iii (Miscanthus), which
are for a crop not yet commercialised, are taken from AD3E (
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Agenda 2000 proposals and the use of gross margins are described more fully in Nix (28).
Further comments with reference to first wheat crops, oilseed rape and the prospects for non-
food outlets are given in Section 1.1.iii(oilseed rape).

. Contributors have been encouraged to be as open as possible in the provision of information,
particularly with regard to recently-completed projects. Thiswas on the basis that the UK
Report will only be used internally within IENICA and the European Commission, prior to
formal discussions - involving the IENICA Country Co-ordinators - regarding the possible
future publication and dissemination (whether electronic or paper-based) of the entire Final
Report.

. In preparing this Report, the authors have not drawn upon a series of recent and
comprehensive pan-European Reports, where it proved difficult to isolate UK-specific
information; see, for example, (29) in the Bibliography.

. Not all recent UK innovations could be reported here for reasons of confidentiality. Many

research organisations have data that have not yet been published or disclosed. Some work
is privately-funded by companies. In many cases, development of the research towards the
utilisation of UK crop plants is confidential.

. Dataon crop areas, production and yield are given in Appendices4 to 7. It is however
important to note that accurate crop areas are not available for many of the species featured
inthisreport. In addition it has also been difficult to assign figures for specific industrial
crop production to crops such as oilseed rape and potato, which can be grown for both food
and non-food use. Asaresult Appendix 7 contains estimates of the potential industrial crop
production on main regime land and set-aside (where appropriate), giving an indication of
the maximum potential crop production theoretically available.

10.ACTIN would like to acknowledge the help given by many other expert individualsin both

research and industrial organisations throughout the duration of the IENICA project.
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GLOSSARY - Additional acronymsaresummarised in Table4.1

ACTIN
ADAS
ARINI
ARMs
BACS
BBSRC
BSE
C4

CIA
CTVO-net
DANI
DETR
DTI
EFA
EPSRC/SERC
ERMA
FORESIGHT
GLA
GRP
HEAR
HGCA
IACR
IGER
IPR

JC
LINK
MAFF
MDF
MDI
NERC
NFO
NFU
POST
PvC
RSC
SAC
SCOPA
SCRI
SEM
SMEs
SOAEFD
SORIS
SRC
SRI
SSSl
UF
UMIST

Alternative Crops Technology Interaction Network
Agricultural Development and Advisory Service

Agricultural Research Institute of Northern Ireland
Agricultural Raw Materials

British Association for Chemical Specialities

Biotechnology and Biological Sciences Research Council
Bovine Spongiforum Encephal opathy

C4 metabolism in plants

Chemical Industries Association

Chemical Technical Utilisation of Vegetable Oils (Concerted Action)
Department of Agriculture Northern Ireland

Department of Environment, Transport and the Regions
Department of Trade and Industry

Essential fatty acid

Engineering and Physical Sciences Research Council (formerly SERC)
European Renewable Raw Materials Association

A programme of strategic national importance
Gammallinolenic acid

Glass-reinforced plastic

High erucic acid oilseed rape

Home-Grown Cereals Authority

Institute of Arable Crops Research

Institute of Grassland and Environmental Research
Intellectual Property Rights

John Innes Centre

A framework for collaboration between public and private sectors
Ministry of Agriculture, Fisheries and Food

Medium density fibreboard

Isocyanate resin systems

Natural Environment Research Council

Natural Fibres Organisation

National Farmers Union

Parliamentary Office of Science and Technology
Polyvinylchloride

The Royal Society of Chemistry

Scottish Agricultural College

Seed Crushers and Oilseed Processors Association

Scottish Crop Research Institute

Scanning Electron Microscope

Small and medium-sized enterprises

Scottish Office Agriculture, Environment and Fisheries Department
Specialised Organics Information Service

Short rotation coppice

Silsoe Research Institute

Site of Specia Scientific Interest

Urea-formaldehyde resin system

University of Manchester Institute of Science and Technology
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SUMMARY

1. Thefocus of this report is organisations engaged in research, development, growing, processing,
production, and utilisation of materials derived from crops for industrial applications - defined as
renewable raw materials.

2. Major market opportunities and potential applications fall into 4 main areas - chemicals, speciality
chemicals, industria fibres and industrial oils:

e Chemicals: Polymers and Plastics, Dyes, Paints & Pigments, Pharmaceuticals

e Speciality Chemicals: Adhesives, Agrochemicals, Personal Care Products, Soaps & Detergents,
Specialised Organics

e Industrial Fibres: Paper & Board, Composites, Textile Fibres, Bulk Fibres

e Industrial Oils: Two Cycle Qils, Transmission Fluids, L ubricants

15 potential market priorities were ranked in an earlier report (3) according to a scoring of demand,
cost of R&D, risk and benefits (to UK farming and UK balance of payments).

3. The UK view isthat potential markets for renewable raw materials are significant and global .
Surfactants have a worldwide potential of £7 billion and the European potential alone for
biodegradable lubricants is in excess of £1 billion (refer to Tadegs 13,14)

4. Usage of crop-derived materials for all the applications mentioned in point 2 is driven by a number
of key factors: These include potential performance of the materials, their sustainability, “cost of
use”, politics, consumerism, the green movement and global climate change.

5. Manufacturing industry (see, for example, a paper by2l}lrecognises the benefits of crop-
derived products as raw materials in that they are more sustainable, non-toxic and biodegradable.
Such materials must be competitively priced and be available in sufficient quantities to meet market
needs in addition to meeting functional specifications.

6. Today the market is immature - industry lacks knowledge of and links to the supply chain and
processes which can automatically utilise alternative crops cost effectively. Equally industry needs
to understand environmental, regulatory and IPR considerations.

7. Global production of crop-derived materials for industrial use is estimated to be in the region of 51
million tonnes, valued at £20 billion today (refer to TaBlppendix 2). Of this, UK production
represents a modest 360,000 tonnes. Actual penetration of the global potential is however minimal.

8. Inreality, crop-derived products hold little short term financial promise in bulk production today,
but speciality chemicals “tell a different story”.

9. Environmental and consumer considerations, as well as cost drivers, are focusing increasing
attention on crop derived products as sources of sustainable raw materials, by an increasingly
diverse range, scale, size and spectrum of organisations. This trend will continue to drive the
development and increased utilisation of such materials in the future.



10. Given thistrend it is anticipated that the global market will grow from 51 to 71 million tonnes,

11.

12.

13.

14.

15.

16.

17.

valued at £28 billion by 2003: a growth of 39% (refer to Tabjfmendix 3).

The first detailed reviews of UK’s industrial crops arena were undertaken by fd)ASd POST

(5), in 1994 and 1995, respectively. The latter contains a comprehensive analysis of environmental
and economic factors, which is supplemented by more recent information in this Report (for
example, concerns about damage to SSSIs) and within Nix's Pockég®ogublished annually.

A combination of life-cycle assessment (LCA) and cost-benefit analysis (CBA) has been applied to
several case-study produétel, 46), but there is a continuing need for further research in this area.

A strength of UK is the diverse science base, with:

» wide-ranging expertise underpinning all the major market opportunities

« academic-academic and academic-industry linkage through various Government-funded
initiatives (funding mechanisms are listed in a MAFF documégj, (

« skills ranging from basic agronomy through to economic and life-cycle assessment

e an extensive research programme in oils, fibres, starches and speciality chehpipatsli(x 9)

The extensive bibliography of events and publications in the period since 1994 demonstrates that
UK is developing a key strength in “technology interaction” i.e. a two-way dialogue between
industry and the science base.

In the period 1995-1998, MAFF and HGCA have commissioned major reviews of industrial markets
in the following areas:

» UK-produced Oilseeds

« UK-Grown Crop Polysaccharides
» OQilseed Rapemeal

e Fibre from UK-Grown Crops

» Essential Oils

A planned series of workshops and seminars focussing on key market areas have been held recently
within UK, alongside ACTIN’s own ‘in-house’ events, for example (a more extensive listing is
included in the Bibliography):

« Surfactants (LINK/BACS/ACTIN/RSC)
» Speciality Chemicals (LINK)
« Paints & Coatings (CTVO-net)

The importance of crop-derived feedstocks to UK industry has been reinforced by Chemical
Industries Association, the Foresight Panel (Agriculture, Natural Resources and Environment) and
Royal Society of Chemistry, Speciality Chemicals Sector:

« This area was specifically highlighted as a, perhaps the, major long-term opportunity for the
chemical industry, in the 1995 CIA report for Foresight, “Chemical Industry Research Priorities”

« “Crops for Industry” will feature as a key component in one of only ten Sectoral Panels for the
next round of Foresight (Foresight 2000, beginning in April 1999).

There are particular concerns within UK about commercial confidentiality, genetically-modified
crops and the impact of the Agenda 2000 reforms:

« Although there are significant market opportunities for oils, fibres and carbohydrates, the
markets for some specialist crops are limited and could easily be over-worked



18.

19.

20.

21.

« A range of new measures designed to monitor, control and debate the commercial introduction
of GM crops into the UK have been announced by the Government and, for the foreseeable
future will be restricted to farmscale plantings on a strictly limited basis

« UK industry groups - including NFU, ACTIN, SCOPA and HGCA - have formed the “UK
Industrial Crops Action Group” calling for an EU policy specifically designed to encourage the
growing of industrial crops within the Agenda 2000 proposals

e At the invitation of MAFF, representatives from the industry met to discuss the future of the
non-food and energy crop sectors - see Appendix 1 for a list of the issues raised.

In terms of the current UK market, analysis confirms a toteikcd. 1400 organisations who are

today interested/involved in alternative crop development/utilisation. These embrace the complete
spectrum of users, from academia to industrial applications. Commercial organisations range from
‘boutiques’ to major internationals - including such companies as BP, Cargill, ICI, Amylum,
National Starch, Courtaulds, DuPont, British Sugar, Monsanto and Zeneca - and ansivgat to

50% of the total.

Despite these market trends, the number of UK organisations involved in alternative crops is not
forecast to grow significantly - requirements for primary processing, information/ data, contacts and
points of reference related to such materials will however increase.

Market structure characteristics (the industrial crop sector as a whole is immature) and industry
requirements (the need to see a return on any investment) combine to create opportunities for
organisations which:

 raise the profile and increase awareness of alternative crops

« can accelerate acceptance, knowledge transfer, applications, utilisation

» undertake this more cost effectively and quicker than companies engaged in this sector, for
whom these opportunities are currently peripheral to their mainstream activities

UK industry has been proactive in the establishment of such an independent national agency,
ACTIN, to address market opportunities, supply chain issues, barriers to progress and networking.
The ACTIN staff and Sponsors now provide a coherent central source of information, supplemented
by the ACTIN database and wider ‘databank’, a Special Interest Group - ACTIN2020 - now over
110 strong, and links to EU-level initiatives.

Success for such organisations will revolve around their ability to develop, maintain and facilitate:

« centres of 'knowledge and excellence'

« provision of comprehensive information across the full spectrum of alternative crops which is
current and accurate (technical, commercial and regulatory)

« establishment of an 'environment' which encourages focus on alternative crops, their applications
and utilisation through networking and other forms of communication

« and, which can act as the voice of the industry at a European level, but providing a global
perspective.

Xi



1.0 Oil Crops

The seeds of over 1400 plant species are rich in oil largely composed of triacylglycerol
(triglyceride), offering enormous potential for exploitation in both the chemical (namely
lubricants, surfactants, surface coatings and polymers) and pharmaceutical industries. Currently,
only avery small proportion are commercially grown for this purpose and use of oilseed meal is
at present under utilised (Batchelor et al, 1996 (12)).

Over 500 different fatty acids are found in plants but most are only found in the storage oil of a
few species. On the other hand a relatively small number of ‘housekeeping’ fatty acids are
present in all plants in both the storage and membrane lipid.

The two main oilseed crops currently grown in the UK are oilseed rape and linseed, with the
majority of the rape produced for human consumption. Evening primrose* , borage* and
sunflower are also grown on a commercial basis, albeit on a much smaller sc&a. (20f)
hectares for sunflower). A number of other crops are currently the subject of various trials.
Crambe is discussed in this section, whilst crops supplying essential oils for the Speciality
Chemicals industry appear in Section 4.0.

The use of crop-derived products by the chemical and pharmaceutical sectors is not new and a
limited number of vegetable oils are already used to a certain degree by various sectors of UK
non-food industry. However, eventually, diminishing reserves of mineral oil, with inevitable
price rises, will almost certainly demand that renewable raw materials, especially seed oils will
increasingly be required to provide the feedstock of chemical industries making detergents,
plastics, pharmaceuticals, lubricants, paints and many other end products. Over a larger time
scale, it has also been argued by Mur@)yti{at the availability of seed oils with specific

profiles of fatty acids or even homogenous oils will create new industrial processes and
demands. Thus, crop-derived feedstocks could replace petroleum-based feedstocks in
established industrial production lines, lead to the establishment of new processes, or lessen the
UK'’s dependence on imported oils.

Changes in legislation, a growing demand from consumers and manufacturers for naturally-
derived products and new possibilities for crop production, arising particularly from the
application of novel biotechnologies are also stimulating increased interest in the use of crop-
derived industrial feedstocks.

Whilst some of these raw materials are already, or could be obtained from existing crops, or by
the introduction of undomesticated, or partly domesticated species, other materials will only be
obtained by modifying a crop or crops, using either:

) Genetic modification.
i) ‘Traditional’ plant breeding programmes

* See section 4.0 for further information.



The UK has a strong plant science base and the biochemistry and molecular biology of lipid
synthesis of plants, especially oilseed rape, has a significant presence in the national research
programme. Thereisaworld-class base for this research in the UK with at least four centresin
universities and research institutes, capable of identifying opportunities and pursuing the
appropriate research. These skills are discussed in more detail in Section 1.0.i.

1.0.i Oil Crops- Science and technology

Over the last 10 years, interest in the use of animal oils and fatsin food has declined, primarily
through the impact of health concerns. Parallel to that has been an intensification and
diversification of food-use vegetable oils, itself generating the interest and research that is now
seeing non-food-use oilseeds make a major impact within industry.

The value and use of different vegetable oils depends on the composition of their constituent
fatty acids, particularly carbon chain length, the degree of saturation and the nature and position
of functional groups. Thus short chain fatty acids (C8-C10) can be used in soap and cosmetics,
medium chain lengths (C12-C14) can be processed into oils and greases and long chain lengths
(more than C14) are needed for industrial lubricants and polymers.

The main sources and uses of plant oils that could be grown in the UK are as follows:

Chain length Common Name  Sources Uses

(Carbon atoms)

8 caprylic acid Cuphea fuel, detergents

10 capric acid Cuphea fuel, detergents

12 lauric acid Cuphea, coriander detergents

14 myristic acid Cuphea detergents, soaps

18 petroselinic acid coriander, carrot, parsley plastics, detergents

18 alinolenic acid linseed paint, varnish, linoleum
18 y- linolenic acid evening primrose, borage pharmaceuticals

18 calendic acid Calendula (pot marigold) nylon, lubricants, perfumes
18 ricinoleic acid Lesquerella dyes, lubricants

18 vernolic acid Vernonia (ironweeds) €poxy resins, paints

20 eicosanoic acid Limnanthes (meadowfoam)  lubricants, cosmetics
22 erucic acid rapeseed, Crambe, mustard  nylons, erucamide,

perfumes, cosmetics, lubricants

Table 1.1 (source MAFF 4).



Industrial oils and fats is the most devel oped market for non-food cropsin the UK and isthe
focus of considerable public and private research. Over the past few years there has been an
increase in the number of collaborations and alliances between strategic partners at al levels of
the supply chain, (both through private initiatives and through UK government-funded research
such asthe LINK programme for Competitive Industrial Materials from Non-Food Crops).
Such partnerships enable the transfer of skills and techniques and facilitate the development of
the projectsin question.

Scientific research on oilseeds, in particular oilseed rape, is aready making a growing
contribution to industrial development and wealth creation and the UK already has researchers
and centres of international standing in this area with particular expertisein:

) Plant physiology, biochemistry and cell biology, including oil assembly and fatty acid
synthesis/regul ation

i) Agronomy, plant breeding and genetic manipulation

i) Environmental assessment methods and cost benefit analysis

iv) Processing and manufacturing techniques

V) Plant biotechnology

Vi) System modelling using Arabadopsis

vii)  Anaytica expertisein lipid analysis - e.g. the Lipid Analysis Unit at SCRI

Particular achievementsin oilseed R & D by UK Organisations include:

) Cloning of the Limnanthes enzyme that enables erucic acid to be positioned at position 2
on triglycerides.

i) The development of environmentally-friendly oils for off-shore drilling and other total
loss systems.

These achievements and their impact on industrial crop production are discussed in more detall
at various pointsin Section 1.0.

Three publicly-funded reviews looking at the potential markets for UK oilseed crops and the
focus of future UK research strategies have already been performed, namely:

* Industrial markets for UK-produced oilseeds (7)
* Industria markets for oilseed rapemeal (12)
* ‘Towards a UK research strategy for alternative craps’ (

Key recommendations coming out of these reports included the fact that:

» The development and application of methods of environmental audit would enable claimed

environmental advantages of certain vegetable-oil base products to be ass&3sed (

» Further basic research on the synthesis of oil in oilseed rape is needed if the potential for

transgenic crops is to be realis@jl (

» There is a need to develop a thorough understanding of the biosynthesis of triglyceride fats
and of the molecular biology of rapeseed and plants such as evening primrose and borage

which produce different oils and which could provide donor genes or gene-co8jrols (

3



Oilseed rape cultivars containing oils with specific fatty acid compositions should be
developed and evaluated for their potential asindustrial feedstocks. (3).

Oilseed crops other than rape should be screened for specific application to avoid over
dependence on oilseed rape, taking into account modern breeding methods and agronomy.

@A).

The latest MAFF summary of publicly-funded research work into renewable raw materials for
Industry and Energy (25) lists 37 research projects involving industrial oils and fatty acids.

A number of these projects will go along way towards addressing the recommendations of the
earlier studies for example:

Scottish Agricultural College and the Centre for Agricultural Strategy at Reading University
are jointly working on a ‘Cost benefit assessment, including life cycle analysis of oils
produced from UK-grown crops compared with mineral oils’.

ADAS Rosemaund and HRI Wellesbourne are investigating the use of vegetable oils as
pesticide adjuvants.

The Universities of Manchester and Durham in conjunction with University College, London
and an industry sponsor are aiming to produce plant-derived plastics (phytopol).

Various Research Institutes including the Universities of Bristol and Sheffield and the John
Innes Centre are seeking to obtain a greater understanding of the synthesis of membrane and
storage lipids through a series of research projects.

The University of Durham and the John Innes Centre aim to produce fatty acids with better
manufacturing profiles via genetic modification.

In addition to considering the use of industrial oilseeds on a national level, the UK, via ACTIN
is also participating in the EU-concerted action, CTVO-net (Chemical and Technical Utilisation
of Vegetable oils), which is funded under FAIR CT98.3884. The project is investigating both
existing and potential uses of vegetable oils by six sectors of industry, bringing together
individuals from all stages of the supply chain (including research), to identify the current level
of knowledge and use in various EU member states. Within the project the UK has particular
responsibility for the workshops on ‘Paints and Coatings’.



1.0 Oil Crops- Industry

Rapeseed produced by British farmers accounts for more than half the volume of oilseeds
crushed in the UK. Other seeds crushed include linseed, soya beans imported from the USA

and sunflower from other EC countries and the USA.

The mgjority of linseed crushed in the UK is currently produced within this country.

The UK seed-crushing industry accounts for about one third of the total volume of oils refined

in the UK. The balance comprising liquid oils from other EU countries. In 1997 world

production of oils and fat was of the order of 101 million tonnes with the UK’s output
accounting for around 1,473,000 tonnes of the overall figure. The breakdown between the

different oils is as follows:

Major oils and fat

World production (tonnes)

UK production (tonnes)

Maize 2,000,000 13,000
Cotton 4,000,000 19,000
Groundnut 4,000,000 6,000
Olive 2,600,000 N/A
Rapeseed 12,000,000 635,000
Soyabean 22,500,000 129,000
Sunflower 9,000,000 125,000
Palm 17,300,000 408,000
Palm kernel 2,200,000 54,000
Coconut 3,300,000 21,000
Lard 6,400,000 25,000
Tallow 7,500,000 2,000
Fish 1,000,000 36,000
Total 93,800,000 1,473,000

Table1.2: Source SCOPA

The UK has five seed crushers and eight oil refiners.

Crushers Refiners Crushers & Refiners

Unitrition Ltd John L Seaton & Co Ltd Cargill plc

Seed Crushers Scotland  Anglia Oils Ltd Archer Daniel Midland Erith Ltd
Central Edible Oils Statfold
Van den Bergh Oils Ltd
Karshamns Ltd

Of the organisations listed, Cargill plc has the largest number of processing sites, with plants in
Hull, Bootle and Liverpool, each devoted to different crops. The Liverpool site is the only one
in the UK that crushes soya bean and has capacity for 155,000 tonnes per year, whilst up to
300,000 tonnes of rapeseed can be crushed and refined in Bootle. The company’s niche
crushing refinery for linseed, maize and High Erucic Acid Oilseed Rape (HEAR), (which has
two deodorisers) is based at Hull and has a capacity of 80,000 tonnes. Both toll and contract
crushing are carried out at this site, with as little as 1000 tonnes of seed processed per crush.
5



Whilst Cargill refines both food-grade and industrial oils, John L Seaton and Co Ltd, adivision
of Croda International, specialisesin refining and processing naturally occurring triglyceride
oils (notably linseed, rapeseed, soya bean and castor oil) for technical purposes and are one of
the three major industrial oil processorsin EU. The company has four major processing plants
on site for refined oils, oxidatively polymerised oils, thermally polymerised oils and speciality
oils and processes around 70,000 tonnes of unsaturated liquid oils per year. The output is used
for surface coatings (paints), lubricants, leather dressings, pharmaceutical intermediates and
agrochemicals (adjuvants).

Crushing and oil extraction:

In the UK the two main ways ail is extracted from the seed are via steam heating and solvent
extraction. Cold pressing facilities are also available - See Section 2.1.ii

Refining

The crude oil isrefined by neutralising and bleaching using natural earth, then deodorised with
steam under vacuum. Further processing options such as oxidative polymerisation and thermal
polymerisation are available. The physical properties of oil can be modified by hydrogenation
and/or fractionation to obtain different products with special characteristics.

Pilot plant facilities

In addition to commercial processing plants the UK also has a pilot plant based at BP
Chemicals, Hull (see aso Section 2.0.ii - Foresight challenge). Thisworld class scale-up and
production centre provides awide range of vessel sizes (from 2 - 2000 litres) with analytical
support and facilities for lab scale devel opment work to investigate: New solvents, Novel
polymers, Novel fuel and oil additives, Bleach activators, Modified ion exchange resins,
Chemically modified plant fibres, Performance esters, Pharmaceutical intermediates.

Oilseed product uses

Vegetable oil, meal and straw can all be obtained from oilseeds and have a variety of potential
USES.

Vegetable oils are, or could be used in awide range of industrial processes and products, which
can be classified under 5 broad headings: lubricants, surfactants, surface coatings, polymers and
pharmaceuticals & cosmetics.

Lubricants

V egetabl e oil-based |ubricants, many based on fatty acids derived by the hydrolysis of pam,
palm kernel, rapeseed and coconut oil, continue to penetrate sectors until now served by mineral
oils. The replacement materials are reputed to have better lubricity, reduced deposits, and a
lower environmental impact both in terms of emissions and ultimate biodegradability.
Competitive success is dependent on tailoring molecular structure (chain length and degree of
branching), and hence properties, to the end application requirements.
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The use of vegetable oils as lubricant base oils is restricted by some technical disadvantages
constraining their use at high and/or low temperature. Very high oleic oils seem to offer the
best compromise in terms of technical characteristics. Modifying vegetable oils (e.g. via
additives or conversion into esters) to overcome these technical problemsis possible and would
expand their potential markets, but would also increase costs and may reduce their
environmental advantages. Genetically-modified high oleic sunflower oils and high oleic
rapeseed are beginning to find uses where higher oxidative stability isrequired, asthe level of
stability rises in conjunction with the oil’s oleic acid content.

The UK has a number of organisations with expertise in either the manufacture and/or use of
vegetable oil-based lubricants who offer a range of products mostly aimed at total loss and high
environmental risk markets. These organisations include:

Lubrizol International Ltd who develop specialty additive systems for lubricating oils.

Solar Petroleum Ltd who manufacture automotive, agricultural, industrial and speciality
lubricants.

A P Chemicals - manufacturers of biodegradable fatty acid esters which are used as a base for
biodegradable lubricants.

LIFE Lubricants who produce various biodegradable fluids including low and high temperature
food grade lubricants e.g. LIFE BD5W/40 (biodegradable engine oil for all 4-stroke engines,
petrol and diesel), industrial fluids and neat cutting oils.

UK Research Organisations such as Heriot-Watt University (issues connected with off-shore
drilling) and SAC (Life Cycle Analysis) have particular expertise in both the development and
use of vegetable oil seed lubricants.

In addition to manufacturing products, the UK’s lubricant companies are also involved in a
number of research projects associated with vegetable oil-based lubricants:

e.g. Solar Lubricants and AP Chemicals are seeking to develop a range of biodegradable
lubricants from selected seed oils/esters, with special emphasis on hydraulic fluids (bio-
hydraulics), whilst LIFE are working on a project in conjunction with John Moores University,
Liverpool, to develop microbes that can test for ecological activity after oil spills.

Surfactants

Surfactants can be used as the basic ingredient in cleaning products and are also used as
facilitators in a wide range of industrial processes ranging from textiles and fibres through to
plant production and pest control (see Section 1.0.iii for further information). The use of
carbohydrates in surfactants manufacture are discussed in Section 3.0.

Although thousands of surfactant compounds are available, the majority are currently derived
from petrochemical feedstocks. Most surfactants could be derived from plants, however few
occur naturally. Consequently raw plant materials must be chemically processed in order to
manufacture surfactants. Alternatively, ‘next generation’ surfactants could be dedy&omh
bacterial (“biosurfactants”), algal, marine (seaweed) or biodegradable synthetic sources.
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The structure of the world’s surfactant market is complex, with a number of major multi-

national manufacturers dominating the market, in particular that for detergents, cleaning and
personal care. Price, performance and product safety are the major factors considered by buyers
when choosing their products and currently, surfactants derived from EU-grown oilcrops can

not compete on price with mineral oil-based products, or those derived from tropical oilseeds

(i.e. coconut, palm and palm kernel), which are of superior composition and higher yielding.

Where cheap vegetable oil-based fatty acids are available, problems are often encountered with
colour and odour. Consequently, there is a need to find niche markets if temperate oilcrops are
to succeed in this area. Development of high lauric and ideally pure lauric oilseed rape varieties
might make the crop a stronger competitor in this market.

Although there are :

* anumber of multinational surfactant manufacturers with sites in the UK (such as ICI
Surfactants (now known as Unigema), Proctor and Gamble and Unilever)

« numerous companiefurther down the supply chain

» considerable academic expertise at a number of research organisations

no one particular organisation can be said to be developing surfactants specifically for the UK
market.

There is however considerable interest in this area in the UK, in particular from within the
membership of BACS (British Association for Chemical Specialities) and The Royal Society of
Chemistry, Speciality Chemicals sector. Three key events, with international participation,
were held during 1997/1998%, 24, 46). The latter event is summarised in the first issue of
Green Chemistry, (The Royal Society of Chemistry), February 1999.

The HGCA investigation into ‘Industrial uses for UK produced oilseej¢ncluded that the

UK share of the world’s surfactant market was very small and the best opportunity for increased
use, was probably as pesticide adjuvants. As mentioned previously (Section 1.0.i), a number of
research projects are currently investigating the feasibility of this suggestion.

Surface coatings

Vegetable oils are currently used in the manufacture of gloss (oil-based) paints, oil modified
alkyl resins and oleoresinous varnishes and are also used as ‘vehicles’ in lithographic,
letterpress and thermally polymerised printing inks.

The majority of oil modified resins are based on soya oil, although recently sunflower, which

has similar properties has become popular as a direct replacement. Linseed, tall and soya oils
are those most commonly used in paints and inks as they contain high levels of polyunsaturated
fatty acids, which aid drying.

0One of the companies, Akcros Chemicals (now wholly-owned by Akzo-Nobel), has recently published a detailed view of the
world market for surfactants — see “Chemistry & Industry”, 7 September 1998, pp 685-691



The main attraction of using vegetable oilsin printing inks is that they are less damaging to the
environment, less toxic and easier to remove than traditional vehicles. These features (notably

ease of de-inking) are becoming increasingly important as more paper is recycled, and have

been the subject of an EU-funded Air project (AIR3-CT94-2272), for which Pira International,
Leatherhead was project Co-ordinator. The programme’s objective was to assess and improve
the de-inking characteristics of vegetable oil-based sheet-fed and newsprint inks. As a result of
the three years work, new formulations of vegetable oil-based inks were developed, which have
improved de-inking properties compared with similar quality mineral oil-based inks.

Non-drying vegetable oil such as low erucic acid vegetable oil could be used as a replacement
for mineral oil in newsprint inks, which dry by adsorption into pongayser. Although the

USA already uses soya ink in this way, the process is not believed to be economically viable in
UK for black newsprint inks, as costs need to be kept low in order for prices to remain
competitive.

Highly polymerised vegetable oils produced at 300 -330 C using thermal polymerisation in the
presence of anthraquinone as a catalyst have been developed, which, when reduced to the
required viscosity, produce ‘vehicles’ with an extremely light colour, which have demonstrated
superior ‘rub-off’ resistance when used in black news ink. It is however, Industry’s belief that
the greater use of vegetable oils in ink formulations is dependent on the introduction of
legislative controls relating to safety or environmental issues, rather than on technical
advantages.

Polymers

Most polymers are derived from petroleum. Certain products however, are based upon, or
incorporate vegetable oil-based derivatives and there appears to be considerable scope for an
expansion in the use of vegetable oils and oilseed crops in polymer production. Vegetable oil
derivatives can be used in the manufacture of polymers as non-reactive functional additives
(where they can alter physical properties) or as reactive ingredients (where they form part of the
polymer chain). Further genetic engineering is opening up the possibility of producing oilseeds
that synthesise polymers in the plant itsé)f (

Functional additives

Vegetable oil derivatives are used in slip, anti-block, anti-static and plasticising agents, as
stabilizers and processing aids and as flame retardants in the manufacture of plastics. The
principal chemical currently produced and used this way in the UK is erucamide, which is
derived from HEAR and used as a slip agent in polythene film.

Croda Universal Ltd is the leading manufacturer of HEAR oil in the UK.

It has been reported that erucic acid can be used as the starting material for both nylon-13 and
Nylon -13, 13. Nylon 13,13 has been promoted as a lightweight material for various vehicle
and marine engine components and if realised, the demand for erucic acid cowd)soar (
However, it is important to note that although this knowledge has been around for 20 years, a
lack of viable industrial processes means that the information has to date not been exploited.



- Reactive agents

Vegetable oils can be used as reactive agents in the manufacture of polyamides, polyesters and
polyurethanes. The potential to produce oils from modified plants and for using
biotechnological processes to convert vegetable oils into polymer substrates is substantial.

Croda Universal Ltd isagain one of the leading UK companiesin this area.

Castor oil can be used to produce polyurethanes with arigid, cross-linked matrix, which have
particular uses asinsulatorsin high voltage cable joints. Mid-Kent College, Kent have devised
away of producing rape and linseed oil derived hydroxy-compounds which can be used in the
production of polyurethane and which mimic the hydroxy- compounds obtained by castor oil.
One of these processes has been patented (31).

- Direct production of polymers

Polymers can already be derived from plants via the bacterial fermentation of carbohydrate
feedstocks e.g. the fatty acid derivative polyhydroxybutyrate (PHB) was until December 1998
formulated in this way and used to produce the biodegradable plastic Biopol (Monsanto).
Although thisis an expensive route to the production of polymers, further research suggests that
oilseed crops could provide a direct source of polymers via genetic modification of the plants
biochemistry. Such devel opments would enable some processing stages to be eliminated with
consequent reductions in manufacturing costs.

As much as 15% PHB has aready been obtained in the leaves of a genetically-modified
Arabadopsis thaliana and the prospects for obtaining even higher levels and effecting PHB
secretion in the seed of oilseed rape appear to be high (see Section 1.1.i).

The HGCA report on ‘Industrial uses for oilseedd’ gtates that achieving synthesis of PHB in
transgenic crop varieties would considerably reduce the price of biodegradable plastics such as
‘Biopol’ for which there is already a proven market. Successful application of the technology to
produce other polymers would expand the market prospects still further.

Pharmaceuticals: See Section 4.0

Usesfor meal

Oilseed rape meal is currently used in the production of animal feed, although glucosinolate
levels can influence the quantity of meal that can be used in a particular batch.
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The 1996 HGCA report (12) suggested the following potential uses for rapemeal (Table 1.3):

Potential low value markets ~ Potential near term uses Potential long term uses

Fuel - not discussed fertiliser biodegradable plastics

Animal bedding component of microbial soluble and edible coatings
culture media

Composts low matrix wood coatings for paper
composites

Seed coating and bait pellets  mushroom compost textile and fibre applications

supplementation

use as an absorbent material  pesticide products -the
glucosinolates are thought to
have fungicidal activity

adhesives for wood bonding

Table 1.3 (Source 12)
See Section 1.1.i for further information.
Straw

See Fibres Section (2.0), for information on storage, processing, uses and fractionation.
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1.0.iti Oil Crops- Markets

The total world production of vegetable oilsis over 85 million tonnes, with more than 80%
originating from soya bean, oil palm, rapeseed, sunflower and coconut. Whilst the majority of
thisoil isused in the food industry 25% is used in non-food or technical applications, by the
oleochemical industry.

Oil Crop market areas

Lubricants

It isreported that around 740,000 tonnes of lubricants are used in the UK each year, whilst

the EU market for lubricantsis reputed to be some 4.5 million tonnes (59). Of these, over
580,000 tonnes (13%) are unaccounted for after use and presumably lost to the environment.
Theloss of hydraulic oilsis believed to be around 8% whilst for engine oils the figure proposed
is 34%. Further to thisthe European Environmental Agency has estimated that around 260,000
tonnes of oil arelost in the North Sea each year (59). It therefore seemslogical that vegetable
oil-based lubricants are perceived to have the greatest competitive advantage in total loss
systems e.g. chain bar oils, two stroke marine engines, drilling muds, agricultural greases and
possibly in applications where the risk of lossis high. e.g. certain hydraulic systems.

In such cases their negative impact on the environment is much less than that of mineral oil-

based lubricants. Although they are more expensive than mineral oil-based lubricants, lessis

needed per tonne of wood cut, so the cost isno greater. However, their extensive use in these

contexts is likely to be dependent on specific environmental legislation (asisthe casein

Germany and Switzerland). Nevertheless, since April 1995 the UK’s Forestry Enterprise (a
division of the Forestry Commission) has adopted a policy of using environmentally-friendly
lubricants to lubricate chainbars and chains, in both their motor manual systems and automated
harvesters. The UK’s Environment Agency is also keen to promote the use of more
environmentally-friendly products.

At the ‘Lubricants from oilseeds workshop’ held in London on 9th May 1996, Dr Harold of
Lubrizol International Laboratories stated that the estimated potential EU market for
biodegradable lubricants was in the region of 370,000 million tord®gs However, to date

only a fraction of the market (35,000 tonnes) is actually derived from vegetable oils (see also
Table 1.4).
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The Potential European Market for Biodegradable Lubricants.

Total Current Potential Value of
market for European European Potential
Lubricants Market
(‘000 Tonnes) (‘000 Tonnes) (‘000 Tonnes) (£ Million)
Antiwear
Hydraulic 610 20 250 825
Grease 90 0.6 35 58
Chainbar 40 10 40 66
Mould Release 40 2.5 30 50
Two Cycle 70 1 3 10
Anti-corrosion 25 0.6 7.5 12
Others 0 0.6 3 5
TOTAL 875 35.3 368.5 1,026

Table 1.4. Source: Lubrizol
Surfactants:

The structure of the world’s surfactant market is extremely complex and there are thousands of
surfactant compounds available to the user industries listed in Table 1.5. Reports suggest that
the global use of surfactants is increasing in response to growing demands for detergents and
industrial development, although regional changes in usage figures are occurring.

Trends in Western Europe and North America, in particular, are towards the use of more
concentrated products. However, this does not necessarily reduce the quantity of ‘active
surfactant’ present in the product, as consumers are demanding the same, or better performance
from the products.

There is an increasing demand for the use of ‘natural’ ingredients in personal-care products and
at the LINK seminar in York, 1998 David Karsa of Akcros Chemicals stated that “Detergents,
personal-care and consumer product sectors utilise nearly 60% of all surfactants and apart from
a few major industrial uses will afford the main potential for the development of new, high
tonnage surfactants4§ - also see footnote 1, page 8)
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Global Surfactants Market

Vaue GBP millions Volume metric tons '000

Household detergents 2800 4000
Industrial and institutional cleaning 420 530
Personal care 940 860
Crop protection 290 200
Oilfield 390 440
Paints and coatings 140 160
Textile spin finish 200 160
Textile auxiliaries 450 500
Construction 190 470
Emulsion polymerisation 240 290
Food 190 200
Leather 30 60
Ore/minera 60 150
Plastic additives 60 40
Pulp and Paper 100 120
Explosives 10 10
Other 630 380
TOTAL 7140 8570

Table 1.5 Source : I.C.1. Surfactants (Belgium)

As mentioned in Section 1.0.ii, the HGCA-funded report, which investigated the industrial

markets for UK-produced oilseeds concluded that there was limited scope for UK -produced

oilseeds to supply the worlds surfactant market and that the best opportunity would be to

develop niche markets, such as pesticide adjuvants (7). The report also states that “one

adjuvant company has estimated the total market for pesticidenthétoe used with

adjuvants to be as much as 19.2 million hectares per year. Each hectare of land sprayed requires
2.5 litres of adjuvant. Thus, a total of 48 million litres of oil would be required: as the density

of vegetable oils is in the region of 0.8 kg/l, 38,400 tonnes of oil would be required if adjuvants
were used for all possible applications”.

“However, to date this market potential has not been realised. This is probably due in part, to
the comparative size and market share of the agrochemical industry, legislative restrictions
requiring all new adjuvant products to be registered and the need for growers to adapt their
techniques in order to apply the products effectively. The slow uptake may also be due to
continuing questions regarding the agronomic advantages of pesticide adjuvants. Further
scientific investigation may therefore be needé&ql’ (

Surface coatings

The production of paints and coatings in the UK rose from 512,000 tonnes in 1996 to 793,000
tonnes in 1997 (source: SEPE), suggesting that the potential market for the use of vegetable oils
in paints and coatings could be increasing.
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According to the 1995 report on the ‘Industrial markets for UK-produced oilseeds’,
approximately 80,000 tonnes of alkyd paints are sold in the UK each year, which constitute
about 25% of total paint sales by volume and 60% by value. The report also states that some
48,000 tonnes of oil would be used if all the gloss paint sold in the UK was vegetable oil-based,
however the actual UK market is much lower. (

Based on a survey of it's members, the British Coatings Federation estimated that the value of
the UK paints and coatings industry in 1997 was £1.4 billion (Coatings COMET, November
1998, 6(11) 67).

Polymers

A wide range of different polymers are produced and used in an even wider range of
applications. The global market for polymers is approximately 125 m tonnes a year and appears
to be rising.

In an HGCA-funded study (now being continued at Warwick University), Mid-Kent College
found that oilseed rape oil-derived products could compete directly on price with mineral oil-
derived polyetherpolyols, for polyurethane markets. Unprocessed rape oil is currently
£500/tonne, whilst mineral oil-based polyetherpolyolscar£1000 tonne (based on 1997
figures) indicating that rapeseed oil could compete commercially if it could be processed for
under £50066).

- Functional additives

UK industry currently uses around 14,000 hectares of HEAR in the production of erucamide.
Current HEAR varieties produce no more than 60% erucic acid in the oil. Increasing the
proportion to 80-90% should increase the world market for high-eruci€)oil (

- Direct production of polymers

Markets already exist for biodegradable plant derived polymers. For example ‘Biopol’ was
until recently used by the Co-Operative Bank to make the world’s first biodegradable credit
card.

Production of Biopol stopped for commercial reasons in December 1998, as Monsanto were
unable to find a partner for the project and concluded that it was not cost effective to continue
the existing method of production on its own (pers comms. - Monsanto). However, other
sources of the raw material PHB are still available.

Pharmaceuticals:

See Section 4.0
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1.0.iv Oil Crops- Environmental | ssues

Vegetable oils are becoming more widely used as replacements for mineral oilsin industries
where release of the ail into the environment islikely to occur.

1.0.v Oil crops- Barriersto progress

Competition from microbe-produced surfactants.

Competition from other green processes e.g. The Japanese have devel oped a new method for
producing adipic acid (an intermediary in the manufacture of nylon) which only produces the
acid and water. Currently production of adipic acid also results in the production of nitrous
oxide as a by-product (ca 400, 000t/year), which adds to the world’s greenhouse effect,
damages the ozone layer and contributes to acid rain and smog.

Companies will not invest time and money in processes that cannot be patented.

EU and UK legislation surrounding the production and use of genetically-modified crops.
Issues surrounding Agenda 2000 and the potential changes in subsidy.

Changes to restrictions re disposal of drilling muds ashore.

There is no legislative incentive to switch to vegetable based surfactants like in other
countries (e.g. White Swan label in Sweden).

The Blair House agreement limits EC oilseed meal production to 1 million tonnes of soya
bean oil equivalent.

European-grown vegetable oils cost more than tropical vegetable oils and mineral oils.

The cost of EU-derived oilseed based surfactants compared with those from tropical
oilseeds.

The cost of ELINCS (Europeandtlof Notified Chemical_$ibstances) registration, which is
between £50k - £150 k per compound, for all ‘new’ compounds not featured on the EINECS
(European INentory of Eisting Commercial Giemical_$ibstances) list. Industry states that
this registration is not cost effective for products with low profit margins.

Public resistance to the uptake of genetically-modified crops.
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1.0.vi Oil Crops- SWOT Analysis -Adapted from the SWOT analysisin ref. (20)

Strengths

Vegetable base oils are, in certain situations, of comparable quality to currently used mineral
oils.

Some new products are available now (e.g. chainbar lubricants).
The development of manufacturing technologies and product improvement is ongoing.

Vegetable oils are aready established raw materials in the manufacture of surfactants and the
technology for their use has aready been devel oped.

The use of vegetable oils as raw materials for personal care surfactant manufactureis
increasing.

Vegetable oils can provide longer-chain repeating units than mineral oils, with different and
advantageous properties.

Vegetabl e oils have environmental advantages over mineral oil, e.g. they are biodegradable
and CO2 neutral. Life Cycle Analysis of oleochemical surfactants shows that in most cases
they use less energy and generate less airborne emissions and waste than petrochemical
surfactants (Caruthers, 46).

Vegetable oils are less toxic/volatile than mineral oils.

The UK has considerable expertise in the devel opment of oilseed crops.

Vegetable oils are derived from renewabl e sources, whilst petrochemical-derived feed stocks
are based on limited fossil resources.

W eaknesses

The development of marketsisto a certain extent dependent on environmental |egidlation.

UK -produced vegetable oils are at present more costly than tropical vegetable oils and of
poorer quality.

V egetabl e oil-based materials are generally more costly than current mineral oil-based
materials in applications where they compete.

Modification of existing processes or additional steps in the processing system are often
required in order to use vegetable oils as substitutes for mineral oils.
Concerns have been raised about the ease with which industrial crops and crop products
could be segregated from crops destined for food/feed, both prior to, during and after
processing. (e.g. cleaning tankers and machinery between batches)
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» High sulphur levelsin ail.

» High levels of glucosinolates make it difficult to incorporate meal into animal feed.
Newcastle University conducted a LINK project to investigate the possibility of developing
HEAR/low glucosinolate varieties.

Opportunities

» The EU curbs on volatile organic compound (VOC) emissions offer an opportunity for crop-
derived aternatives.

» Thereplacement of existing mineral-oil-based products in environmentally sensitive
application sectors.

» Thereplacement of some existing mineral oil-based raw materials with vegetable oil-based
products.

» New products based on new oilseed rape oils should attract a premium.

* New vegetable oil-based plastics arising from the development of microbial transformation
techniques.

 Plastic manufacture in regions where imported oil is expensive but vegetable oils are
relatively cheap.

» Opportunity for growth arises from concerns about BSE and the fact that the EU ban on the
use of animal tallow products in soaps and detergents came into effect at the end of 1998.

Threats

» The United Soya Bean Board in Americais funding research into the use of soya oil ininks
and surfactants.

* New generation environmentally-friendly mineral base oils.

» Competition from other non-UK vegetable oils (e.g. sunflower, soya, tropical oils) due to
increased production and genetic modification.

» Possible constraints on oilseed rape production (Blair House agreement).

» Competition from ‘new generation’ ‘environmentally-friendly’ mineral-based surfactants and
bacterial or seaweed products.

» Competition from synthetic products (where they exist).
» Public objection to oilseed rape as a crop.
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» Competition from existing mineral-based oils.
» Thefact that oil prices are at their lowest for 30 years.

» Synthetic materials of consistent quality are readily available and less likely to be effected by
environmental factors than vegetable oils.
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1.1.i Oilseed rape - Science and technology

Oilseed rape is the main oilcrop grown in the UK and is the one most immediately suitable for
industrial use, although most is currently grown for human consumption. The agronomy of the
crop iswell established and the UK possesses some climatic advantages.

Two main types of rape are currently grown:

1 Double low varieties (00) which contain low levels of erucic acid and glucosinolates.
These are predominantly used for human consumption and high protein meal for
animal feed. Industrial usesinclude feedstocks for pharmaceuticals and hydraulic ails.

2. HEAR is grown specifically for its erucic acid content, of typically (50-60%). The
principle use for this crop is for the production of erucamide, which isasdlip agent,
used in polythene manufacture, whilst a small proportion (ca 2000 hectare) is used to
produce behenyl alcohol which is added to waxy crude mineral oil to improve flow .

In addition to its agronomic advances oilseed rape is very amenable to genetic devel opment
particularly in relation to seed-oil chemical composition. The natural genetic diversity within
Brassicas allows a number of variances with modified fatty-acid profiles to be developed via
conventional plant breeding and non-transformation-based biotechnological methods. Genetic
transformation to produce transgenic varieties (with modified fatty acid profiles, or as away to
synthesise biodegradable polymers and other chemicals widens the scope greatly. Several new
varieties with modified fatty acid profiles have been devel oped recently using one or other of
these approaches.

A number of key recommendations for oilseed rape development came out of the three UK
reviews mentioned in Section 1.0.i. Namely:

» The pathogen resistance of rape should be improved. (3)

»  Work should be done to reduce the harvesting losses of oilseed rape. (3) In adverse weather
conditions, yield reduction from pod shatter in oilseed rape can currently be as high as 50%.
This represents a substantial 1oss to the grower and can result in the problematic emergence
of oilseed rape in subsequent crops, which poses problems in the devel opment of transgenic
crops, asindustrial oilseed rape must not be grown in, or adjacent to food-grade oilseed rape.

» Thelong-term genetic stability and ecological interactions of genetically-engineered oilseed
rape plants should be determined. (3)

» Methods for identifying rape cultivars must be devel oped. (3)
» The cause and methods of containment of oilseed rape volunteersin arable rotations should
be investigated. (3)

» Thefeasihility of theindustria markets suggested in the HGCA report for rapemeal should
be further investigated (12)
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Further work on the harvesting of oilseed rape should be commissioned to cover the topics of
crop architecture and canopy development, pod orientation and resistance to shatter and
optimum methods, based on plant structure and geometry of removing the seeds. Thiswork
would be helpful in reducing the presence of volunteers (3).

The drying and storage of oilseed rape should be investigated further to devise strategies for
high temperature continuous flow and low temperature batch drier systems and the effects of
drying and storage on ultimate oil characteristics and quality should be measured (3).

A number of publicly-funded research projects that are currently ongoing will address the
earlier recommendations e.g.

A Cdll Engineering LINK project between Nickerson BIOCEM (now Biogemma UK) and
the Universities of Nottingham and Durham aims to identify changes in gene expression
controlling the dehiscence process with the intention of manipulating expression of these
genes appropriately in order to reduce seed loss prior to harvest.

IACR-Rothamsted is investigating various disease strategies.

Informative microsatellites for marker-assisted breeding in Brassica crops are being
developed by the John Innes Centre in conjunction with IACR-Long Ashton.

The John Innes Centre aims to derive the capability for producing very high erucic rapeseed
asan industrial crop. Although other research groups have succeeded in expressing erucic
acid on al three branches of the glycerol backbone of the triacylglyceride including the sn-2
position, the overall levels of erucic acid produced in the resultant transgenic oilseed rape
plants have not been substantially increased.

Oilseed rape naturally makes a triglyceride with erucic acid at position 1 & 3, but lacks an
enzyme with the specificity for putting it at position 2. However, Limnanthes
(meadowfoam) readily puts erucic acid at position 2. Attempts to purify and characterise the
Limnanthes enzyme responsible for locating erucic acid at position 2 had until recently been
unsuccessful as there have been great difficulties in solubilisation and purification of the
enzyme. Using anovel complementation cloning strategy the first genes for this group of
enzymes have been isolated by researchers from the University of Durham and, together with
Nickerson BIOCEM, used to ater the positional distribution of fatty acidsin triglyceride
storage products.

Transformed rape plants have been produced that produce 28% erucic acid at position 2 and
work is now progressing to find ways to increase the levels of incorporation.

The team at John Innes Centre aims to derive the capability for insertion of the erucic acid in
the sn-2 position from arecently discovered variety of B. oleracea, which aready makes 63-
65% erucic acid in its seed oil. High erucic rape has been resynthesised from this B.oleracea
line and B. rapa and initial results are encouraging. However, further work on erucic acid
formation/synthesisis required, as the gene which may allow > 90% erucic acid in HEAR
only produces 60% at the moment.
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Rapeseed oil can be used asacarrier for ULV (ultralow volume) pesticide spraying. Intrials
such sprays were more effective than large volume aqueous-based ones according to a
feasibility study at IACR-Long Ashton (16). However, metering and atomisation of low flow
rates is difficult and pesticide efficacy depends on complex interactions between the chemical
and plant. A further hindrance to development is that pesticides already registered for agueous
spraying would have to be formulated for usein oil, requiring expensive field testing and re-
registration.

The off-shore oil and gas industry provides a huge market for chemicals (ca 100,000-400,000
tonnes per year) (58). Current environmental legislation is forcing offshore operators to seek
out new and ecologically less damaging materials and it must be assumed that regulatory
constraints in the future will be even greater.

Investigations funded by HGCA have established that oilseed rape based products can be used
(either directly, or following modification) in various offshore drilling and production
operations, namely as:

e adrilling mud emulsifier

» anoil spill emulsion breaker

» acombined gas drying agent and anti-freeze
» acorrosion inhibitor

» agenera purpose absorbent

Theinitial tests indicated that these products performed as effectively as traditional products
(58).

Herbicide tolerant oilseed rape crops are currently under development in the UK and according
to Walker (1997), the first commercialy available variety islikely to be glufosinate-ammonium
tolerant, followed by a glyphosate tolerant crop (31). However, the introduction of these crops
isnow likely to be delayed, as the UK government is proposing to assess the environmental
impact of such genetically-modified crops, before allowing them to be grown on awidescale
commercial basis.

W orkshop to Discuss Oilseed Rape Breeding and QOil Refining

A workshop was organised by ACTIN in 1997 on behalf of PBI-Cambridge to consider future
UK objectivesin thisarea(17). The key aims of the event were to:

2For further information see http://www.maff.gov.uk and/or http://www.environment.detr.gov.uk/acre/
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Identify possible new industrial markets for rapeseed oil

Improve the efficiency of meeting existing market needs

Discuss technical routes to achieving the required changes in specification and
improvements in quality

Highlight the capabilities of organisationsin the supply chain

Indicate funding sources for future collaborative research.

Papers were presented on the following topics:

Oilseed rape - the magjor UK crop

Managing identity preserved lots

Theidea fatty acid profile

Possible chemical modifications of rapeseed oil

The potential for the genetic modification of oilseed rape
Prime targets for the future

Resear ch into uses for rapemeal

Sinceitsreview in 1996 (12) HGCA has undertaken to fund a series of new projects
investigating the potential for using oilseed rape meal in various situations suggested by the
earlier report. Namely:

1. Asageneral purpose absor bent:

The aim of the study which is currently ongoing isto:

Identify and contact different industrial sectors where absorbents are used
Determine the types of fluids to be absorbed by these sectors
To evaluate the absorbent properties of oilseed rape meal against selected fluids and

compare its absorption efficiency with traditional absorbents

To gauge the impressions of real end users of the oilseed rape meal product
To determine the commercial viability and potential market size for an oilseed rape

meal -based absorbent.

2. Asafertiliser:

The aim of the study which is currently ongoing isto:

Evaluate the processing of rapemeal into afertiliser product, demonstrate the products for
use in high value markets and determine the volumes and pricing of the various markets
Assess the processing methods and eval uate the constraints and requirements
Assess the products in terms of physical and chemical characteristics by laboratory

anaysis
Compare the use of the product in trials with conventional fertilisers
Research the volume, price and quality requirements for the most suitable uses

As a supplement for mushroom compost:
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SAC, on behalf of HGCA investigated the possibility of using rapeseed meal for the
supplementation of mushroom compost. The results of this work, which were published in
August 1997 (57) concluded that oilseed rape meal was unsuitable for mushroom
supplementation, as it exhibited some level of fungitoxicity against the mushroom crop and
failed to enhance yield. However, it was suggested that whilst unsuitable for mushroom
supplementation, oilseed rape meal may have other potential biological applications, such as
a compost activator for non-crop processes.

4. Biosupport for combined absor ption and biodegradation of spilled oil:
The aim of the study which is currently ongoing isto:

- Identify and characterise the microbes present in untreated oilseed rape meal

- Examine the effect of oilseed rape meal on the ability of oil-degrading bacteriato
degrade oil under both freshwater and seawater conditions

- Investigate whether oilseed rape meal can be used as a novel support to immobilise oil
degrading bacteria

- Measure the rate of oil degradation using an oilseed rape meal/bacteria mixture

24



1.1.i1 Oilseed rape - Industry

Oilseed rape is processed using a variety of crushing and refining technologies. The choice of
technology is very much dependent on end use and the scale of operation. In general oilseed
rape enters the process at around 40% oil content. One tonne of rapeseed yields approximately
0.58 tonnes of meal. The seed is cracked and heated to release moisture and allow easier oil
extraction. Moisture content is also modified as the seed then enters the pressing stage (12).

Qil extraction can follow 2 routes. at low volumes (< 150 tonnes/day) it may be cheapest in
capital cost termsto follow amechanical oil extraction route, although other methods extract a
higher percentage of oil. Thisinvolves a high-powered pressing of the seed through afine
gauge cage to leave only 10% oil in the resulting cake, perhaps followed by a second press to
extract another 1 or 2 %.

The high volume UK crushers (> 1000 t per day) follow a second route. Thisinvolves pre-
pressing to extract half the oil followed by solvent extraction of the remaining oil. The rape
meal residueisleft with only 1 - 2% oil (12).

Figures for the quantities of oilseed rape crushed in the UK in 1996 and 1997 and the volume of
crude oil produced are as follows:

Quantity crushed (thousand tonnes) Crude ail produced from crush
(thousand tonnes) Oil cake and meal production (thousand tonnes)

1996 1997 1996 1997 1996 1997

1363.6 1498.0 573.1 628.0 780.5 861.9

(Source: MAFF)

In the UK the high erucic acid cultivars are currently used to produce erucic and behenic acids
which have wide ranging applications in the oleochemical industry including:

surfactants and detergents

plastics and plastic additives

photographic and recording materials

food additives, cosmetics, pharmaceuticals and personal care products

ink additives, paper, textiles lubricants and fuel additives

adhesives, antifoaming agents, corrosion inhibitors, waxes and polishes, insecticides
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1.1.i1i Oilseed rape- Markets

Production of oilseed rape has increased steadily over a number of years rising from 174,000
hectares in 1982 to around 356,000 hectaresin 1996 (Appendix 4). The crop can be grown on
set-aside land (for non-food use) and on main Arable Area Payment regime land aswell. In
1996 the crop accounted for around 12% of the total amount of set-aside land, but fell slightly
to 10% in 1997 (Appendix 5). This apparent reduction in production, can possibly be
attributed to the fact that for the last few yearsit has been possible to grow HEAR on main
regime land, where previously it could only be grown on set-aside.

UK'’s climatic conditions are favourable to the production of oilseed rape and the crop yields
well in this country. As the gross margins further on in the text indicate the average yields for
the crop over the last few years were as follows (taken from Nix Gross margin f2g)jes (

» Winter oilseed rape 3.5 tonnes/hectare
» Spring oilseed rape 2.1 tonnes/hectare
* Industrial oilseed rape 3.25 tonnes/hectare (winter sown) 2.0 tonnes/hectare (spring sown)

Oilseed rape market areas

There are two industrial markets for which plant breeders currently have Speciality varieties -
high erucic and high oleic. The technical market for High Erucic Rape Oil (HERO) is -currently
between 50,000 and 60,000 tonnes world-wide. Most of this is grown and at least partly
processed in Europe for conversion to erucamide for use as a "slip agent" in the plastics
industry, or behenyl alcohol, an important intermediate in the oleochemicals industry.

The market for high oleic oils for industrial applications has, until now, been based on tallow as
the source of oleic for which the global technical market is 20,000 to 25,000 tonnes. Following
the BSE crisis there has been a move by some end-users to look for vegetable oil-derived
alternatives. High oleic sunflower oil was the first available high oleic vegetable oil, but is
relatively expensive and has been mostly used in the food industry.

Surface coatings

For oilseed rape to penetrate the surface coatings market new varieties of higher
polyunsaturated fatty acids would need to be developed. The oils from such varieties would
need to look like a blend of linseed and soya oils. The growing of such varieties could
significantly increase the use of UK-produced vegetable oils by the paints industry. If all gloss
paint sold in the UK were vegetable oil-based, some 120,000 tonnes of rapeseed would be
required ). The actual market is somewhat lower.

Between 1,000 and 2,000 tonnes of oilseed rape are included in printing inks in the UK
annually, to supply a limited demand for ecologically responsible inks. As with paints,
increasing the proportion of the market supplied by oilseed rape is likely to depend on the
development of new drying varieties. The potential maximum incorporation of vegetable oils in
printing inks in Europe has been estimated as 84,000 tonnes (i.e. 210,000 tonnes of rapeseed

().
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Surfactants

Both mineral and vegetable oils are currently used in the formulation of adjuvants. Such
substances can be used in conjunction with pesticides to enhance product performance. 197
adjuvant products were mentioned in the latest list of authorised adjuvant products, published
by the Pesticides Safety Directorate, as a supplement to the April 1998 Pesticides Register (65).
Of the 197 products listed, around 15% were vegetable oil-based, with the rest being of either
mineral-oil or synthetic origin.

Lubricants

An oilseed rape based drilling mud was developed as part of the VOODOO (V egetable Oilsfor
Offshore Drilling Operations) project. After being subjected to a variety of testsit was granted
an Offshore Chemical Natification Scheme (OCNS) classification of B, which would have
allowed the product to be used at one site in the North sea. However, ultimately the work did
not go ahead for contractual reasons (56).

Total loss systems and offshore drilling muds represent estimated potential annual UK markets
of approximately: 52,000 tonnes ail (i.e. 130,000 tonnes of rapeseed) and 32,000 to 45,000
tonnes oil (80,000 to 133,000 tonnes of rapeseed) respectively (7), so theoretically thereisa
market for the drilling mud devel oped under the VOODOO project. However, additional
toxicity testing would be required before the product obtained an OCNS classification of E,
which would allow full scale commercial use.

GrossMargin Analysis

Winter Winter Winter Winter

oilseed rape oilseedrape oilscedrape wheat

Low Average High (feed)
Yield (t/ha) 2.75 35 4.25 7.75
Price (E/tonne)* 150 150 150 72.50
Area payment 275 275 275 242
Gross Output (£/ha) 690 800 915 805
Seed 35 475
Fertilizer 92.5 80
Sprays 102.5 112.5
Total Variable Costs (£/ha) 230 240
Gross Margin (£/ha) 460 570 685 565

* price assumed for the 1999 harvest crop

Gross margin comparisions are based on yield figures taken from Nix (Farm Management
Pocket Book - 29th edition) (28)
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GrossMargin Analysis (industrial oilseed rape)

Winter-sown Spring-sown

Production level Average High Average High
Yield (t/ha) 3.25 4.0 2.0 2.6
Sale Value (£125/tonne)* 405 500 250 325
Set-aside Payment 305 305 305 305
Output 710 805 555 630
Variable costs 220 220 150 150
Gross Margin (£/ha) 490 585 405 480

* Price assumed for the 1999 harvest crop

Source: Nix (Farm Management Pocket Book - 29th edition) (28)

At the present time, first wheat crops and oilseed rape have similar gross margins. However,
under Agenda 2000 proposals, the area aid for oilseed rape will be reduced to the same as that
for wheat and the reference rate for compulsory 'set aside’ isto be set at 0%. Initial reaction
from the oilseeds industry is that thiswill lead to areduction in the oilseed rape area. Although
this may be so, oilseed rape grown for food uses will still be more profitable than second wheats
and offers agood 'entry’ for first wheats (See al'so Section 3.1.iii).

The prospects for non-food outlets are even worse, however. Unless manufacturing industry is
prepared to match the prices paid by the food industry (prices of rapeseed oil grown for
industrial uses are currently 20% less than those for food outlets), farmers, who may no longer
be obliged to set aside any of their COP (Cereals, Oilseeds and Proteins) area, are highly
unlikely to be prepared to grow such crops. Representations to the EC from France, Germany
and UK are being made to underline the seriousness of the situation.
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1.1.iv Oilseed rape - Environmental | ssues
Oilseed rape is aready grown on awidespread basis throughout the UK.

Winter oilseed rape has a high requirement for nitrogen and the maximum uptake by a crop can
exceed 250 kg N hectare (3). However, lower rates may be appropriate for industrial crops,
where the contract price may be lower.

Seed loss from oilseed rape by shedding at harvest can leave up to 10,000 seed m2 on the soil
surface posing a serious volunteer problem in following crops (3).

The crop has a higher demand for sulphur than other crops because of the genetically
determined requirement to produce glucosinolates as well as protein. Glucosinolates are an
important sink for sulphur in the plant and crop sulphur supply has an important influence on
both crop yield and quality.

Both winter and spring sown oilseed rape are competitive crops. However, herbicide
applications are till required in order to keep weeds in check, particularly those such as
charlock, which can contaminate the oilseed rape crop. The crop is also susceptible to avariety
of pests and diseases, which can be treated using arange of pesticide products.

MAFF have funded a significant study, completed in 1998, to compare the environmental and
socio-economic impacts of rapeseed oil-based industrial products with comparable products
derived from mineral oil. The Centrefor Agricultural Strategy (CAS, University of Reading)
and SAC Aberdeen used a combination of life-cycle assessment (LCA) and cost-benefit
analysis (CBA), applied to four case-study products® namely:

» Surfactants (abstract available, 46) (the study focused on alcohol ethoxylates derived
from petrochemical, coconut, palm kernel and rapeseed feedstocks)

» Chainsaw bar oil (total loss system) - reported in detail, 44

» Hydraulic ail

» Plastics

Results have been presented, on for example, the impacts on global warming potential (GWP)
and photochemical ozone creation potential (POCP). The surfactants study also drew on the
existing European Life-Cycle Inventory for Detergents Surfactants Production.

The study’s findings point to the costs and benefits to society, particularly some environmental
advantages of oleochemicals over petrochemical feedstocks and, by implication, to the potential
for replacing mineral oils with rapeseed oil in the manufacture of industrial products. Thiscan
aid in policy formulation and product devel opment.

The study also draws attention to the potential of the methodology and its shortcomings.
However, further research is still needed to enhance the data and address various
methodological questions.

3However, many stages of the life-cycles (e.g. production and refining) are generic and relevant to other sections, such as paints
and coatings
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1.1.v Oilseed rape- Barriersto progress

» Oilseed rapeisapartial out-pollinator and sheds large numbers of viable seeds at harvest.
These have a high persistence with the potential for appearing as volunteers in subsequent
years.

» [Itisdifficult to distinguish between different types of rapeseed. -The widespread cultivation
of HEAR and other rapes with modified oil content will affect the overall process of
harvesting, storing and drying because of the need for strict segregation of different varieties
and the possibility for contamination by volunteers.

» Rotational restrictions may influence the total area of oilseed rape that can be produced at
any onetime.
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1.2.i Linseed - Science and technology

Linseed is grown for oil and for flax. Up until recently only spring sown varieties were grown
in the UK, however, following trialsin 1992/93 more than 30,000 hectares of winter sown crop
were grown in 1996 (31).

Semundo Ltd, Cambridge, was the company most involved in the introduction of winter linseed
to the UK and has particular expertise in thisarea. The company continues to proactively
disseminate new information about the crop to interested parties through the production of
booklets, bulletins and seminars and via demonstration days.

Linseed is less amenabl e to genetic modification than oilseed rape. Itsoil yields are lower and

while the English climate is well suited to linseed the crop has been much less successful in the

rest of the UK. Linseed’s principal attraction has been a favourable CAP regime. However, use

of linseed oil and meal are well established and there has been growing interest in developing

uses for the fibre (see Section 2.2 for further information).

Linseed is harvested when capsules are ripe, but is often difficult as:

* Ripening is often uneven and harvesting is frequently delayed by bad weather.

» The fibrous stems wrap round the combine- this is exacerbated in wet weather, or when the
stems are green. In order to obtain an optimum harvest, the crop is therefore often
dessicated.

» The spring-sown crop matures late in the season, when dew forms early and dries late.

These issues were reflected in the review performed in B)94tfich recommended that:

» The suitability of cold-tolerant varieties in UK should be found.

» Weed control in linseed crops should be investigated.

» The effect of plant growth regulators on yield and physiology should be investigated.

» A better understanding of pests and diseases was required.

» The best time for dessicant application should be investigated to ensure the crop can be
harvested early.

» Further plant breeding was required in order to identify early maturing varieties and obtain a
better understanding of both the growth and physiology of the crop.

Since the 1994 review three publicly-funded research projects have been created to address

specific issues relating to linseed production. Many of the ongoing general oilseed research

projects will also be applicable to this crop:

» ADAS Bridget Research Centre is investigating the environmental and agronomic factors
contributing to increased levels of phospholipids in oil from UK lins@BQ (
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Linseed agronomy is being studied by ADAS Cambridge (25).

HGCA are funding trials at seven sites across the UK to learn more about the regional

performance of the winter linseed variety ‘Oliver’. In particular the trials will determine the
influence of drilling date and seed rate on yield, monitor the effect of agronomic variables on
tillering and investigate the nitrogen requirements of the crop at different dates and seed rates
(64). The use of plant growth regulators and fungicides are also being investigated at some
of the sites.
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1.2.i1 Linseed - Industry

World production of linseed has remained relatively static over the last 20 years at around 2.5
million tonnes, with Canada accounting for nearly 50% of production and the UK is now the
world’s largest producer of winter linsee.

Linseed oil is mainly used in the production of surface coatings, as it's high linolenic acid
content offers good drying properties. It is also used in alkyd resins and in the production of
linoleum & glazier’s putty.

Blown (oxidised) linseed oil has been used in surface coatings for many years. It is generally
manufactured from the raw or crude oil by sparging with air in tall cylindrical vessels at
temperatures between 100 and 150 C. The blown oil has excellent pigment-wetting properties.
Metallic soaps of mixed carboxylic acids are sometimes added either before or after gentle
oxidation to produce low viscosity boiled oils with improved drying properties.

Thermally polymerised oils (heat bodied or stand oils) are produced mainly from refined linseed
oil under controlled conditions of elevated temperature and high vacuum. Under these
conditions the oil molecules undergo rearrangement and cross link, to produce macromolecules
with high molecular weights.

The major problem associated with the use of linseed in paints is that over time oxidation of the
unsaturated fatty acids causes the paint to yellow.

High levels of tocopherol can effect the drying properties of vegetable oil-based surface
coatings. However, it is possible to process the oil so that the tocopherol content is not at an
unacceptable level.

As with oilseed rape, linseed meal can also be used for animal feed

Figures for the quantities of linseed crushed in the UK in 1996 and 1997 and the volume of
crude oil produced are as follows:

Quantity crushed (thousand tonnes) Crude oil produced from crush
(thousand tonnes) Oil cake and meal production (thousand tonnes)

1996 1997 1996 1997 1996 1997

95.3 102.2 33.3 35.2 62.0 66.5

Source: MAFF
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1.2.iii Linseed - Markets

Linseed production in the UK hasincreased rapidly since 1984 (3). In 1990 the UK produced
384 tonnes of linseed: 82% of the total EC production and by 1991 the area of linseed in the UK
had reached 105,000 hectares (3). Thisriseisdirectly linked to the favourable support
associated with this crop. The Semundo briefing notes (64) indicate that the European shortfall
in linseed production is currently around 500,000 hectares, providing an ideal opportunity for
increased production.

Almost al the linseed grown in the UK is used for industrial purposes (3). About athird is used
domestically in the production of paints, varnishes and linoleum, whilst the rest is exported,
mainly to the Middle and Far East.

It isreported that UK paint manufacturers currently use around 10,000 tonnes of linseed oil per
year, whilst world market usage for paint manufacture is ca 100,000 tonnes (7).

There are suggestions that the demand for linseed ail, especially by the paint industry, would
increase still further if the composition of the oil could be modified to contain more linoleic and
less than 10% linolenic acid, as this would decrease the yellowing properties of the oil without
significantly effecting its drying properties.

GrossMargin Analysis

Spring Spring Spring Spring

linseed linseed linseed wheat

Low Average High
Yield (t/ha) 1.0 15 2.0 7.75
Price (E/tonne)* 130 130 130 72.50
Area payment 470 470 470 242
Gross Output (£/ha) 600 665 730 805
Seed 85 475
Fertilizer 325 80
Sprays 62.5 112.5
Total Variable Costs (£/ha) 180 240
Gross Margin (£/ha) 460 485 685 565

* price assumed for the 1999 harvest crop

Gross margin comparisons are based on average yield figures taken from Nix (Farm

Management Pocket Book - 29th edition) (28)

Linseed currently receives roughly twice as much area aid as wheat (see Gross Margins above)
and the belief isthat if it gets the single non-crop specific payment proposed under Agenda
2000, it will no longer be cost effective to grow.



1.2.iv Linseed - Environmental |1ssues

Linseed is sensitive to weed competition, particularly during the early stages of growth,
however, there are herbicide products approved for use on the crop in the UK.

It is susceptible to various seed-borne pathogens such as Alternaria, Fusarium and Botrytis, but
these can be controlled by iprodione seed treatments (Mercer et al 1990). Alternaria and
Botrytis cinerea are also common fungal pathogens of the growing crop, along with powdery
mildew, but again pesticide treatments are available.

Flax flea beetle has been noted to be a major pest and has caused widespread damage in South
West England (Walters and Lane, 1991 (3)).

The crop has alow nitrogen requirement and is not vulnerable to harvest losses in the same way
as oilseed rape, leaving few volunteers for subsequent crops.

Introducing the crop to arable rotations offers an opportunity for crop diversification and it’s
deep roots mean that linseed is a good soil improver.

1.2.v Linseed - Barriersto progress

The proposed non-crop specific area payment under Agenda 2000.
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1.3.i Crambe - Science and Technology

Crambe abyssinica is perceived to be one of the most promising new industrial crops and from
atechnical and agronomic point of view is possibly one of those closest to commercial
production in the UK. However, at the moment it is only grown on an experimental basis, asa
result of itslow market price.

Interest in the crop has centred around the plant’s ability to produce oil with a high erucic acid
content (53 - 67%). The seed also contamn8% glucosinolates (predominantly epi-

progoitrine) that can be used as a precursor of fine chemicals and polymers and generates a
residue (the hull) which can be used as a source of cellulose pulp. There is also potential for the
meal to be used as an animal feed.

Although crambe was grown on a trial basis in the UK in the 1970’s, the majority of scientific
research into its potential use as an industrial crop has been carried out by other EU member
states. The crop has been the subject of a number of EU funded projects including the
Concerted Action AIR3-CT94-2480, which was a comprehensive programme looking at the
economics, agronomy and breeding, processing and utilisation of the crop and more recently
FAIR6-CT98-433 DICRA, which is looking at the diversification of crambe as an oil crop.

Trials in both the South of England (1995) and Scotland (1996/97), which were both carried out
under AIR3-CT94-2480 established that crambe can be grown as a spring crop in the UK.
However, problems were noted with weed competition resulting from slow emergence Walker
et al (1997), whilst the Southern trial encountered problems with establishment following high
rainfall. Susceptibility to disease also raised serious concerns in Scotland. Yields from the
Scottish trial were recorded to be disappointing, whilst those in the South varied according to
the cultivar. Cromack concluded that under the conditions of the trial crambe produced
comparable yields to spring oilseed rape and required a similar level of agronomic input.

The 1994 Silsoe Research Institute rep@rrécommended that future UK research should

focus on the development of cultivars with improved oil yield, disease resistance, pod shatter
resistance and lower glucosinolates, which should be evaluated under a range of conditions as
both a winter and spring sown crop. Further investigation of the plant’s physiology was also
advocated, particularly with regard to plant population and weed control, so that agronomic
guidelines could be produced.

The crop can be harvested via conventional methods i.e. combmivigdrowing and
threshing.

Crambe’s main competitor in the industrial crops market would be oilseed rape (especially
HEAR which yieldsca 45% erucic acid). However, unlike HEAR, crambe does not cross-
pollinate with oilseed rape, so can be grown adjacent to low erucic crops (Harsch 1993).

IACR-Long Ashton has investigated the potential to use crambe oil as an adjuvant in pesticide

herbicide applications. However, their results indicated that the oil is unlikely to be
significantly superior to existing adjuvant oils.
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1.3.it Crambe- Industry

The feedstocks derived from crambe seed (i.e. oil, glucosinolates and meal) have a variety of
potential uses.

Potential uses
Qil

The oil, which contains around 55% erucic acid, 10-15 % oleic acid and 5-10 % linolenic acid
isan excellent source of erucic acid and ideal for use by the lipochemical industry,
predominantly in detergents and as polymer additives (erucamide). Asaresult of itshigh
smoke point and high viscosity, niche markets have also been identified in steel hardening and
casting, as alubricant in metal working and as a hydraulic fluid. Two-stroke engines (boats,
motorcycles) working on crambe oil have been shown to maintain their power output. Evidence
suggested that the oil could potentially be used as a fungicide and work has also been ongoing
into its use as an adjuvant.

1-cyano-2-hydroxy-3-butene which can be extracted from crambe has been shown to be a
mildly effective fumigant against several insect species.

Glucosinolates

The glucosinolates are readily extracted and the most abundant one, epi-progoitrine, has been
identified as having biocidal activity. When hydrolised they produce chiral cyanids (HBC's)
which have potential for use in organic chemistry and biotechnology to produce both
intermediates for fine chemicals and polymers for textile materials.

Hull

The hull of a crambe seed, which is 20 - 25% of the dry weight, is rich in cellulose and it is
suitability for paper production or film materials when used with HBC polymers, have been
demonstrated outside the UK.

Meal

Crambe meal contains 25-30% protein and consequently could potentially used as a source of
animal feed. However, current varieties contain glucosinolates and other anti-nutritional
substances which reduce its potential rate of inclusion in animal feeds. Although a
detoxification method was identified under AIR3-CT94-2480

Processing

The advantage crambe has over other developing industrial crops is the fact that it can be
processed using existing equipment and techniques i.e. crushing and solvent extraction (as
discussed in Section 1.0.ii)). However, it would appear that to date oil has only been extracted
on a small scale using pressure, due to the low volumes of oil involved.

1.3iii Crambe - Markets
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Crambe is already grown on acommercia basisin the USA. Consequently, any EU-produced
crop needs to be comparable, or better than it's American counterpart, in both quality and price.

Yield data available for the UK (Table 1.6) indicate that currently, this may not be consistently
achieved, although it is appreciated that yield varies between cultivars.

Country Yield

USA 1.4-3.4tha

Scotland (Walkeet al 1993). 09-1.8

Southern England (Cromack 1995) 3.5 (average) Bel Ann and CEB9402
produced 4.0

Scotland (Walkeet al 1996/97) 0.2 t/ha (average)

UK 1.251t0 1.76 t/ha

Table 1.6

To date the best results have been produced by the cultivar CEB9402 which produced the
highest yield of both oil and erucic acid.

Since the crop is not grown on a commercial basis no gross margin information is available.
However, Walkegt al estimated variable costs to be £150/hectare (£93/t) and suggested that
yields of around 2 tonnes/hectare would be realistic for a gross maygin (

The UK’s primary producers know sufficient about the production of crambe, for it to be grown

on a commercial basis. However, at this point in time the economic incentive to grow the crop
is not there, as the price it would yield at market is too low.
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1.3.iv Crambe - Environmental | ssues

Little is known about the fertiliser requirements of crambe in the UK. Walker et al considered
the crop needed 20-40 kg/hectare nitrogen in the seed bed and phosphorous.

In trials outside the UK crambe oil was shown to have better biodegradability and lower toxicity
than some mineral oils. Crambe oil also produced less smoke than mineral oils when used in
two-stroke engines and so had less impact on air quality.

1.3.v Crambe- Barriersto progress

» Thecrop is susceptible to beet cyst nematode, which could pose a problem with certain crop
rotations.

» Primary production yields are still weak.

» Theoil isanew product in an existing market, whose main competitor is the established
crop oilseed rape. The raw product priceis currently too high although valorisation of the
by-products (straw and meal) might help lower the price. Economics seem to be a deciding
factor, so it would be beneficial to identify a niche market that would attract a premium.

* No pesticides are currently approved for use on the crop in the UK. Consequently some
form of on, or off-label approva would be required. Particularly since Walker et al
considered that disease could be a problem to commercialisation in UK.

» The crop will not be supported under present agenda 2000 proposals. If the proposed
legislation becomes law, it will not be economically viable to produce the crop in the UK.
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2.0 Fibre Crops

At sometimein the future, fibres produced on agricultural land will contribute significantly to
the world fibre supply. Such fibres might come from residues or from dedicated fibre crops
harvested annually. Dedicated fibre crops will become areality sooner if agriculture can
produce fibres more competitively than forestry. Long fibre crops (flax, hemp) have particular
promise providing that production costs are competitive with those for Third World fibres, or
that atechnological edge in processing can be established.

After a century of decline, the 1990s have seen aresurgence of UK interest in flax and hemp,
versatile low-input crops which can, in addition to fibre, produce useful products from virtually
every part of the plant. These re-introductions, now grown on acommercial basis present new
opportunities, use new agricultural practices and primary processing techniques, and seek new
markets, not traditional ones. All products of the whole crop (e.g. fibres and oils) are reviewed
in this section.

The acreage of hemp is growing, but small. The larger (ten-fold) area of flax has however
started to decrease and this may be atrend, at least in the short-term, reflecting market
limitations.

A crop of increasing interest is miscanthus, albeit principally as afuel crop, but thisis not yet
grown commercialy. A C4 plant, which can fix carbon both by day or night, it should have the
greatest biomass productivity and has fibre not dissimilar to hardwood. It remainsto be seen
whether industry could accept it on alarge scale.

Recent developmentsin UK are:

» A strategic programme of research, funded by MAFF, to evaluate the industrial potential of
fibre from UK-grown crops

* New scae-up facilities for the processing of awide range of fibre crops
» The establishment of commercial hemp processing facilities by Hemcore
* Production of machine-processed 100% hemp apparel fabric

» Cold-processing of hemp seed oil and the formulation and launch of a ‘Body Shop’ product
range

» Growth of hemp for medical research

* A new flax decorticating technology commercialised by British Fibre and a resultant
performance fibre - Fibrelin® - marketed by Natural Fibres Organisation

Fibres workshops, conferences and events have been held ret®ritl §3), organised by the
Institute of Materials, ADAS and Pira International.
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2.0.i FibreCrops- Science and Technology

UK has world-class expertise in fibre crops, products and technologies. Plant fibres can be
grown, produced, processed and/or chemically-modified, in laboratory, pilot-scale and/or
production facilities, at recognised Centres of excellence. These are well-equipped for the
analysis, characterisation and assessment of modified and unmodified plant fibres. Some key
players (with an indication of their expertise) include:

- ADAS
(growing of crops)
- Silsoe Resear ch Ingtitute
(harvesting, drying, storage and pre-processing; fibre extraction; economic assessment)
- TheBioComposites Centre"
(alternative fibres in the wood-based panelsindustry; aternative fibresin the pulp and
paper industry; chemistry of plant fibres; plant fibre non-wovens; development of novel
products e.g. car body panels)
- School of TextileIndustries, Leeds University
(processing for textiles; acceptability by industry)
- Agricultural Research Institute of Northern Ireland, ARINI
(fibre quality and textile applications)
- Scottish Crop Research Institute
(Fibre processing for pulp and paper industry)
- Centrefor Biomimetics, University of Reading
(composite materials and fibre properties)
- Natural Fibres Organisation
(marketing of British Flax fibres)
- Piralnternational
(Pilot plant facilities - see Section 2.0.iii for further information)

A comprehensive review in 1994 (3) and several subsequent publications, particularly from the
BioComposites Centre and Reading groups, identified the key areas which remained to be
researched in UK in the 1990s, with al possible end usesin mind:

» Rapid small-scale assessment of the industrial potential and quality of new fibre crops that
are well adapted to UK climatic conditions should be carried out at the earliest possible
opportunity. Thistesting should include the major potential fibre uses (e.g. pulp, board
materials, textiles).

» Methods of extracting fibre should be assessed and the quality and yield of separation
determined. Fibre quality assessment techniques need to be developed for both pre-
decortication and post-decortication stages (the difference represents both the useful work
and the potential for damage to fibres caused by the machine) and to quantify fibre
specification.

4Established in 1989, now self-financing (but non-profit making) with a £1.85M turnover and 48 employees. Facilities include
an MDF pilot plant and a full-scale commercial production linen (non-wovens).
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Costs of different systems of production, yields and quality assessments of UK grown fibres
in comparison with imported and existing fibres should be examined at the earliest possible
opportunity to avoid wasted research effort.

» Theworld market for fibres should be reviewed at intervalsin order to identify whether the
potential of UK grown fibres has changed.

» The comparative ultrastructure of plant fibres should be studied in order to highlight any
special attributes of UK grown fibres that can be exploited by industry, in particular lignin
distribution. Techniques to assess the fibres while they are still in the stem are important
because they are independent of processing effects and will help to identify and quantify
agronomic variables.

» The physiology of specific crops should be investigated in order to develop agronomic
guidelines which will enable economic production of fibres with controlled properties from
cropsin the UK.

These and other issues are now being addressed, in part, through a strategic programme of
research, with significant financial support from MAFF. The objectives of this programme,
with research carried out in collaboration by the first five organisations above (co-ordinated by
Silsoe Research Institute), are as follows:

to provide a 'first impression’ of the potential of twelve crops as UK grown fibre crops

to highlight the potential of the twelve fibre crops and to establish a wide platform from which
further, more focused, projects could be launched, by

assess the costs and feasibility of growing, harvesting and storing the crops, and processing to
extract fibre or produce particles from the harvested material,

investigate the properties and processability of the extracted fibre or particles for the bulk end
uses of pulp and paper, wood-based panels and textiles, and investigate the properties of the
prototype products made,

assess the economic competitiveness, both of the fibre crop against other crops on the farm,
and of the fibre and particles against competing materialsin industrial markets

investigate the industrial acceptability of the fibre materials and prototype products
The work was completed in 1998 and has been reported in at least 12 papers and conference

presentations, alongside a comprehensive final project report (50). The outputs can be grouped
under four headings, by area of application.
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2. Crop production (see below) - data and technology on the agricultural aspects of fibre
crops specific to UK conditions, i.e. growing, harvesting, retting, storage, particle and fibre
extraction. Thiswill be valuable to growers and processors of the various crops, whichever
prove to be economically feasible, in deciding what to grow and how to overcome problems
with the crops. These data will also give a sound base for further research on all aspects of
these crops.

3. Industrial applications (see Section 2.0.ii) - data and technology on the processability and
performance of fibre for textiles, of particles for pulp and panel products, and of possible
hazards with dust. For crops that are profitable to grow, industrial uptake will require
decisions by potential users of the fibre. This datawill inform such decisions, and will
allow further research effort to be aimed at critical technical problem areas.

4. Policy (see Section 2.0.iii) - economic data on production and competitiveness of fibre
crops with other crops on farm, on markets for fibres and particles, and a computer model to
investigate the implications of the data. The Silsoe Research Institute model and economic
datawill alow various scenarios for fibre crops to be investigated, so asto inform policy
decisions from farm to strategic policy level. Industrial investment decisions will also be
informed by the data and output from the model.

5. New opportunities - novel aspects of fibre properties with potential for new applications
e.g. nettle particles for high density panels, miscanthus-based pul ps, coppice poplar-based
panels, calendered flax fabrics and products exploiting the hollow seed fibre of milkweed.

[Key results from the last three headings are reported in greater detail in later Sections]

Crops of hemp, reed canary grass, flax, miscanthus, nettles, annual and biennia hollyhocks,
marshmallow, milkweed, linseed, wheat and oilseed rape were grown by ADAS at sitesin
southern England during 1995-1997. The crops were harvested, field dried and retted as
required. Harvesting systems that are technically feasible have been identified and specified for
each of the fibre crops and for each form of the product from that crop. For some crops, special
machinery is needed. Records of crop management, crop production, dry matter content of
harvested crop material and weather conditions during each growing season were kept. Not all
of the crops were found to be currently suitable for commercial field production, but growing
crops elsewhere in the UK was not studied and the conclusions should be qualified accordingly.

Hemp, reed canary grass, miscanthus, flax, wheat, oilseed rape and linseed all produced good
yields of straw suitable for fibre extraction and could be grown using equipment and skills
normally available to arable/grassland farmers. Fibre material was produced from the other
crops grown, however crop production problems were encountered due to poor crop
establishment, low yields, the lack of effective herbicides approved for use and the requirement
for specialist horticultural equipment or high labour inputs. Milkweed and Asclepias syrica had
poor winter hardiness. Further agronomic research would be needed to ensure consistent
production of material suitable for fibre extraction from these novel crops under normal farming
conditions in the UK. Milkweed proved unsuitable for UK climate and no harvesting system
for the seed heads was available.
Fibre extraction by decortication is feasible if the crops are suitably retted, though wrapping led
to low work rates for hemp. Chopping to produce particlesis feasible provided crops are not
retted.
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Additional and more detailed agronomic information for hemp, flax and miscanthus is reported
in greater detail in Sections 2.1, 2.2 and 2.3, respectively.

» A more extensive listing of current Government-funded R&D projects (25) isgivenin
Appendix 9.

Ultrastructural | ssues

The properties of end products are ultimately dictated by the properties (ultrastructure) of the
raw materials (fibres) from which they are manufactured. In addition, the properties of the raw
materials themselves are often of crucial importance in determining the costs associated with
processing and manufacturing products, which in turn ultimately determines the economic
viability of a given raw material. Important ultrastructural propertiesinclude: tissue structure
(types and arrangement of cell/fibre types); fibre length; fibre strength; chemical composition.

However, the ultrastructural characteristics of many of the crop materials that are being
considered for UK agriculture have not been well documented. In addition, there has been little
or no information regarding the likely variability that might occur within given crop materias
grown over successive years. Two studies of ultrastructure issues have aimed to address this gap
in the UK knowledge base (49b):

SEM studies on the stem material of the ‘grasses’ (cereals, miscanthus, reed canary grass etc)
showed that the structure was generally characterised by high concentrations of sclerenchyma
tissue (fibres) towards a waxy epidermis but many short (parenchymatous) cells towards the
pith. These observations help to explain the relatively poor performance of such materials when
used as raw materials for particleboard in particular; within particles the epidermis and pith
constitute a significant proportion of the available surface area, and are likely to represent
relatively poor substrates with respect to bond quality. Considerable quantities of parenchyma
tissue also contribute to a significant reduction in the effective mean cell length of these
materials. This can lead to processing difficulties in the production of both wood-based panels
and paper.

Smaller particle sizes could reduce any deleterious tissue heterogeneity in fibre materials;
however, any approach which involves reducing particle size significantly is likely to be viewed
unfavourably by industry, since this could well add significantly to production costs e.g.
increased energy consumption, increased resin consumption, increased pressing times (due to
reduced mattress permeability).

Mean cell length of coppice poplar and willow was generally shorter than that typically found

in hardwoods. This reflected the juvenile nature of the tissue comprising these materials.
Significant differences were also evident in the mean length of bast fibres from hemp, flax and
linseed and there were marked within species differences in successive growing seasons. This
could to some extent be correlated with fibre maturity, and serves to highlight the importance of



harvest date in determining fibre properties’.

Extractives occur at very high levels (in some instances as much as 30% of the dry matter) in
many of the crop materials, and in particular the grasses’. For all species there was significant
variation in the level of hot water solubles between successive growing seasons. These results
have significant implications in terms of product yield (and effluent) that could be obtained
from such materials, particularly in 'wet’ production processes e.g. the fibreboard and pulp
industries, and in products such as chipboard and medium density fibreboard (MDF), where
high levels of extractives can inhibit the cure of thermoset resins. The significant variation in
successive growing seasons could also have implicationsin terms of quality assurance by
suppliers of such raw materials.

Lignin content of al crop materials was generally lower than that typically found in both
hardwoods and softwoods and was distributed in most cell typesin asimilar fashion to that
found in wood fibres (i.e. concentrated between cells). Many of the conventional manufacturing
processes in the forest products industry are designed to exploit the fact that wood fibres are
held together by lignin. Accordingly, most crop materials should be able to fit relatively easily
into these conventional processes. It isnow known, however, that wheat straw ligninis
composed of three fractions, one of which is covalently bonded to polysaccharides and has no
counterpart in softwoods or conventional (forestry) approaches to processing. The observation
that parenchymatissueis generaly lignified to a significant degree is also less encouraging,
since this reduces the likelihood that such tissue could be used for aternative added value end-
uses e.g. cellulose dissolving pulps’.

Silica was found to be present in significant amountsin all examples of the grasses
investigated, although the silica content of miscanthus was amongst the lowest of these
materials. In almost all cases there were marked differencesin the silica content of the stem and
leaf material. The silica content of stem material was typically between 1 and 2%; though
considerably higher than that typically found in temperate timbers, these levels could be deemed
acceptable in many forest products. However, the levels present in leaf material (4-8%) would
not be regarded as acceptable. This clearly suggests that strategies for either reducing the overall
silica content of crop materials, or economically separating leaf and stem material would be
beneficia

Tensile strength and stiffness data derived for bast fibres gave significantly lower values for
hemp and flax than previously reported in the literature. This could to some extent be explained
by the relative immaturity of the fibre samples investigated, and again highlights the importance
of harvest date in determining fibre properties. Bast fibres from milkweed and nettle exhibited

5A group at the University of York is working on expansins eaently-discovered class of protein shown twdolate plant

cell wall extensibility during growth — with particular reference to modified levels of expansins in tree species andrax, whe
alteration of fibre length is of interest

The chemical, including soluble and extractive, composition of UK-grown crops from 1995 harvest has been reported in detail
(15).

'SCRI have developed a more environmentally acceptable way of removing lignin with penosyiphate; molecular

biological techniques are also being applied to the phenol oxidase enzymes believed to be involved in the final step of
lignification
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markedly lower properties than those of hemp and flax, suggesting that the latter would
probably be the crop materials of choice where fibre strength was of key importance e.g. as
reinforcements for composites.

Hydroxyl groups (contained by plant cell walls) absorb water very strongly. Absorption of
water leads to swelling and the failure of the weak bonds formed between the fibre and the
matrix, undermining the potential strength and toughness of plant fibresin true fibre reinforced
composites (equivalent to GRP composites). The BioComposites Centre has developed
difunctional reagents and methods of controlling the reaction of these reagents with the fibre
surface. These reagents eliminate the fibre hydroxyl groups and form strong (primary valence)
bonds with organic matrix materials. Thisimprovement in both water resistance and fibre to
matrix bonding resultsin strong plant fibre reinforced composites. The level of chemical
modification can be altered and controlled to give designed levels of performance.

Further research reguirements

One output of the current UK R&D Programme is the recent identification of at least 24 key
recommendations for further research (50, 49), including:

1. Comparison of varieties of whesat, oilseed rape, linseed, flax and miscanthus for fibre
production.

2. Evaluate theyield potential and reliability of production of fibre crops across a range of
sitesin the UK over several seasons.

3. Further studies to determine the likely variability of the more promising cropsin terms of
quality.

4. Studiesto determine the likely long term effects (in particular the levels of extractives) on
MDF production processes utilising the more promising crops; similarly, the development
of grasses (cereal straws, miscanthus etc.) with lower silica and parenchyma tissue contents.

5. Development of indirect test methods as a general quality control tool for determining fibre
‘quality’ e.g. fibre strength, fibre length, cleanliness etc. In particular to establish effective
and objective quality measures for flax (and hemp) fibre.

6. No rapid method for estimating shiv content of flax fibreis available at present. Asshiv
content is the major quality factor limiting the uses for decorticated fibre thereis aneed for
research to devel op an appropriate technol ogy.

7. Evaluation of how the correct degree and uniformity of retting can be achieved and
measured in crops under management systems appropriate for industrial crops.

8. Further research efforts should be directed towards the ongoing devel opment of
economically viable small scale chemical pulping.

9. Combining economic analysisin conjunction with appropriate technical research is required
in order that the main technical and industrial impediments to successful commercialisation
can be identified, quantified and optimally solved.
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10. Evaluating awide range of agricultural policy scenarios, especially during this period of
policy reform, will help to provide a context within which to assess the risks of long-term
industrial investment into any of these crops.

11. Enlarging economic analyses to include the environmental life cycle assessment of the
important commercia opportunities will help identify whether continuing to develop a UK
fibre crop industry will result in anet environmental gain for the UK.

12. Decortication of hemp is challenging the decorticator system. Further development is
needed to increase processing rate and reduce wrapping.

13. Establishment of amodular processing line, based on existing commercial equipment, to
clean up basic, decorticated raw material and provide a better quality fibre.
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2.0.ii FibreCrops- Industry

Recent interest in the growing of biomass crops such as miscanthus, short rotation coppice
(SRC) poplar, SRC willow and Phalaris spp. has been focused primarily on evaluating their
economic potential as fuels for energy production. However, together with flax and hemp, such
crops also represent a potentially valuable source of fibre, for which the potential uses are
described in more detail below and in subsequent sections. They include both conventional and
novel products:

Conventional

» A supplement to, or as adirect substitute for, wood in the manufacture of forest products
e.g. particleboard/chipboard, medium density fibreboard (MDF), or pulp for paper-based
products

Novel
» Textile applications, including industrial textiles such asinsulation quilts, and geotextiles
+ Composites®
* lon-exchange materias
 Pollution control
e Agricultural and horticultural products
» Packaging applications

Opportunities for the use of cellulose and hemicellulose from fibre crops such as hemp and flax
are also recognised within UK industry.

Natural Fibres Organisation have presented (27) asimplified scheme to summarise and
categorise the various business opportunities and the wide range of uses and processes
employed between fibrous raw material and end user.

8 Defined as consisting of 30-70% fibre and 70-30% matrix. A 1993 survey (1) for DTI reviewed, in depth, the current
knowledge of three UK contributing organisations with particular reference to structural composites, listed those UK
organisation involved in plant fibre composite research and provided a comprehensive review in the following areas:

*  Survey of fibretypes

e Comparison of plant fibre properties with man-made fibres

*  Conventional and plant material based matrix materials

e Treatment of plant fibresto improve fibre/matrix compatibility, environmental stability and biodegradability
*  Properties of unmodified fibre and modified fibre compositesin comparison with man-made fibre composites
e Plant material composite processing

»  Theproduction of reinforced plastics and composites

e Assessment of potential substitution of man-made fibre composites by plant fibres

Seventeen areas where no information was available or more research was necessary were identified in the following categories:

fibre structure; fibre quality and variability; plant matrix materials; fibre treatment and modification; processing; and product
assessment.
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As described in Section 2.0.i, the UK Ministry of Agriculture, Fisheries and Food (MAFF) has
funded a concerted research programme aimed at determining whether the growing of
aternative fibre crops in the UK could be a viable economic option. The aim isto evaluate nine
fibre crops (those likely to be the most readily available in UK), for their technical and
economic viability as feedstocks for the forest products and textiles industries:

» Coppice poplar

* Misanthus

* Reed Canary Grass
* Hax

e Hemp

* Nettle

* Milkweed

* Marshmallow

* Hollyhock

If these biomass crops are to have any future as raw materials for forest products they will have
to compare very favourably, in terms of both production costs and product properties, not only
with wood fibres (in UK there are currently no real shortagesin timber supply), but also other
readily available sources of biomass e.g. cereal and rape (Brassica spp.) straws. Hence, the
studies have also included an evaluation alongside three agricultural crop residues (wheat,
oilseed rape and linseed straw).

The industrial aims of this programme were to provide:

 technica data on the production and processing of each material, and the performance of
products

» economic datafor crop, fibre and product production

 identification of the most promising alternatives to the considerable range of timber products
and the end products for which any particular material islikely to be best suited (samples
were presented for evaluation to prospective industrial users both as raw material and
modified/product form)

The potential for exploitation of promising research on crops for industrial use carried out in
UK universities and institutes has, however, until recently been hindered by the absence of
scale-up facilitiesin chemical processing. Thisis now being addressed, in part through
additional Government funding, in tandem with the concerted programme described above.

The remainder of this section describes, in detail, the UK provision for scale-up facilities and
the industrial outcomes of the MAFF Programme, together with closely-related activities.

Scale-up facilities and mar ket opportunities

In addition to the specific information given below, there are anumber of other facilitiesin
place for fibre processing, for example Hemcore (Section 2.1.ii), British Fibre (Section 2.2.ii)
and other more traditional businesses, such as Henry Day and Sons.
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Foresight Challenge

In 1996, UK Government announced the results of the Foresight Challenge®. Out of more than
500 initial bids and 62 full proposals, only 24 projects were selected. Only one of these wasin
the Agriculture/Forestry/Industrial Crops sector: thisis entitled "Positioning the UK as aworld
leader in innovative plant processing” and is led by the BioComposites Centre of the University
of Walesin Bangor.

Other companies involved in the project are Hicksons International Ltd, Caledonian Paper Co,
Concargo Ltd, WS Building Services Ltd, J B Plant Fibres Ltd and Sonic Systems. These
represent both processing and end use interests. The consortium is completed by groups from
the Building Research Establishment, Imperial College, UMIST and the Universities of
Loughborough and Wales.

The overall project will eliminate barriers to the commercialisation of new technology in the
processing of plant materials. In particular, the project overcomes the lack of scale-up facilities
by making available the pilot plant of BP Chemicals Ltd (see also Section 1.0.ii).

Scale-up problems to be addressed include the processing of plant polymers, pulp and paper,
and of plant fibres for composites and ion-exchange media.

The IONEX project, funded by MAFF and EPSRC, will run parallel to the Foresight initiative
and enable the potential of chemically modified agricultural materials such as flax and hemp
fibres and sugar beet pulp to be realised in true industrial applications. The main obstacle to
full exploitation of cellulose-based ion-exchange materials has been the lack of facilitiesto
produce these materials in quantities greater than afew kilograms.

In the ‘IONEX’ project, the Centre is making use of the BP facility to transfer their expertise in
lab-scale chemical modification of plant fibres to produce low cost ion-exchangers. Hickson
and Welsh, in its role as end user, provides guidance as to the desired properties of these
materials to ensure they can be a commercially viable complement to existing ion-exchange
systems. The environmental impact and fate of the new materials will be assessed by Imperial
College London.

MDEF pilot plant

A medium density fibreboard (MDF) pilot plant with a staff of 12, also at BioComposites
Centre, has been used for processing fibre crop materials through a 60 litre digester, 1m x 1m
forming box and 500 tonne thrusting press.

9The aim was to stimulate partnerships in areas of strategic importance to UK and to act on market and technology priorities
identified in 16 “Technology Foresight” reports commissioned by Government and published in 1995 by independent expert
panels (see www.foresight.gov.uk)
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JB Plant Fibres

JB Plant Fibres Ltd, in collaboration with the BioComposites Centre, has now assembled a
production facility to manufacture a plant fibre alternative to glass fibre for use in reinforced
plastic composites. Production equipment is based on carded nonwovens technology. Product
development and manufacture experience have resulted in the ability to produce plant fibre
nonwovens of arequired weight, consistency and fibre orientation.

Production capacity 600 tonnes / annum (3 shifts)
Cost of plant fibre product £1500 / tonne
Cost of glass equivalent £2000 - 3000 / tonne

Storage of fibrous crop materials - FIBSTORE

Uses for straw can improve the profitability of the main crop (a ban on straw burning was
introduced in 1993). Research is underway in UK on various fractionation and storage options
such as FIBSTORE. This programme, funded under the LINK ‘Crops for Industrial Use’
Programme, involved a number of industrial partners with research input being provided by
Silsoe Research Institute, Cranfield University and the Scottish Crop Research Institute. The
programme set out to address the problems of storage of cereal straw. This valuable residue
material is harvested, on farm, over a 3-4 week window while any industrial use will require
viable raw material over a 365 day period. Therefore, this entails storage and storage treatment
protocols to minimise any degradation and loss of quality parameters, depending on the end use.

The original thrust was aimed at the pulp and paper industry and the programme was intended

to support a proposed wheat straw pulping plant in the UK. Although this plant has not been
built (see also ‘chemical pulping’ below), the five Non-Fossil Fuel Obligation Orders (NFFO 1-

5) and the Scottish Renewable Orders (SROs) have since encouraged projects to provide energy
from biomass, including all forms of cereal straw and other unused agricultural wastes. Loss of
guality would also have a detrimental effect on cereal and oilseed rape straw when used for the
production of energy.

- Summary of technical achievements

An understanding of the degree to which spoilage processes can be retarded by chemicals and
by modification to the package structure or its environment was completely successful through
field experimentation conducted in conjunction with Northern Straw Co. Ltd.

The economically viable treatment which best preserves the value of straw during storage, was
achieved through:

. biocide (500ppm Lastil 40) treatment of wet straw at baling

. the use of straw wads placed horizontally on top of the top layer bales and retained
in nets, to give effective weather protection against ingress of rainwater during
storage (chopped straw retained in nets was less effective and the proprietary
material Nutri-Shield was found to have no effect)

It was found to be essential that straw losses (determined through visual evidence, fungal
population determinations, and lignin and non-cellulosic polysaccharide analyses) are reduced
to 15% or less for any commercial venture to use straw in an industrial application.
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Samples treated with biocide did not have a detrimental effect on particleboard strength
properties at |aboratory scale, and alaboratory technique for ng the suitability of such
straw samples for use in paper making was established.

An understanding of the complex processes involved in deterioration of straw, and itsrelation
to the condition of straw was achieved in full through the laboratory work at Cranfield
University and SCRI, supported by Silsoe Research Institute.

Feedstock for the pulp and paper industry

Paper pulp (wet) processes tend to consume large quantities of raw material but the output sheet
istraded at low unit price. Hence the price paid for the input raw fibre has to be low. However
because the fibre will be chemically digested down to the ultimate fibre, initial length and
diameter of the fibreisnot critical. More important is the level of shiv content and any
contamination with non-digestible matter such as plastic.

None of the crops was suitable for mechanical pulping because the fibres became too short
during processing.

Although semi-chemical pulping of some crops was successful, the whole industry is now
geared to the utilisation of waste paper, so uptake is unlikely in the foreseeable future.
Producers would not be interested in establishing pulping plants to process crop materials, and
would only consider utilising the pulp if it was available at prices which were competitive with
those of waste paper.

Pulp merchants and manufacturers of printing and writing papers have indicated that chemical
pulps of short fibre materials - miscanthus, wheat straw and reed canary grass - gave acceptable
properties and would have a place in the market, providing pul ps were available at competitive
prices.

Despite the technical promise of chemically-pul ped miscanthus (see also Section 2.3.ii), there
are still anumber of barriers which need to be overcome before widespread acceptance and use
could berealised. For example, there are currently no chemical pulp millsin the UK producing
commodity pulps; al commodity chemical pulps are imported. The likelihood of amill being
constructed in the UK to pulp miscanthus aloneis, at present, and for the foreseeable future,
negligible. To be economic, such mills have to be constructed on alarge scale e.g. of the order
of 200,000 or more output tonnes of pulp per annum, and any party proposing to construct a
mill would require guarantees with respect to the supply (and possibly price) of raw materials
for periods of upwards of 20 years. It is conceivable that amill could be constructed in the UK,
utilising wheat straw as araw material ™. Were this to happen, miscanthus might then gain

10 The need for and obstacles to the setting up of a straw pulp mill in the UK has been argued at length by J P O'Brien, Andrew
Cellulose Internationallf) and in the POST reporb)
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gradual acceptance as a partial, or even complete, substitute raw material for straw. Given the
investment costs and the scale of raw material supply needed, it seems likely that there will only
be uptake in the short-term if smaller-scale pul ping processes are devel oped.

Long fibre materials - flax, linseed and hemp - are suitable for speciality pulps (but separated
fibreis preferable to whole stems to improve pulp yield and reduce chemical use). Pulps
derived from whole stems possess very high tear strengths, related directly to the length of the
bast fibres present in these materials. Pulping isasmall-scale (relative to the total paper
industry) low yield specialist sub-sector, confined to producing high strength but thin
(<25g/m2) papers mostly for high value cigarette and specialist tissue industries by long
established chemica methods. Another application is as a (ca. 25%) supplement to strengthen
recycled waste paper. Producers indicated that the most important criterion was cleanliness of
thefibrei.e. shiv content.

Theyield and properties of chemical pulps derived from SRC poplar were relatively poor. This
discrepancy can probably be attributed to the age of the material investigated, which was
harvested after 3 years in order to maximise biomass yields. Whilst such an approach might be
appropriate where material is being grown for energy uses, for the paper industry the perceived
economic benefits (in terms of lower unit costs for the raw material) would evidently be more
than outweighed by an unacceptabl e reduction in pulp quality. Appropriate rotation ages of
poplar grown for the pulp industry are likely to be of the order of 7 to 10 years.

Substitution of particles and fibres into wood-based panels

Fibre products could substitute for wood in construction boards such as particle board and
medium density fibreboard (MDF). Two commercia systems have already been developed in
the UK. In one system chopped straw is compressed into boards which are used for partition
wall and roofing systems; the other is a particle board where the straw is bonded using resins.

Even as recently as 1995 available information on the suitability of agricultural raw materials
(ARMS) for panel products was limited. Work with cereal straws suggested that expensive
isocyanate resin systems (MDI’s), with their attendant processing difficulties, were the only
suitable resins for manufacturing particleboards. If this were the case for all potential ARMS,
this would represent a serious barrier to the adoption of these materials as alternative raw
materials in an industry predominantly geared to the use of cheaper, conventional urea
formaldehyde (UF) based resin systems (acid-catalysed).

A key project (49a, 47) has examined in detail the suitability of the selected ARMs for al the
key panel products produced in the UK. The particular objectives of this study were as follows:

» Determine the effect of ARM substitution level on the properties of wood-based panels

» Determine the suitability of different resin systems

» Determine the effect of particle size on the properties of particleboards

» Determine the effect of storage method (under cover/external) on panel properties.

* Investigate the influence of ARM surface chemistry on the cure characteristics of urea
formaldehyde resins.

* Present results to the UK wood-based panels industry.
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Assummarised in the Table 2.1, a number of the materials - including both agricultural by-
products and fibre crops - appear to be viable as substitutes for wood in panel products (unless
otherwise shown, suitability indicates industry-acceptabl e properties under standard process| 1]

variables):

wheat linseed shiv | miscanthus | coppice hemp shiv
straw poplar

OSB/plywood None suitablef2]

M DF: | | | |

UF resin Suitable at low (20%) to moderate [3] (50%) levels of wood substitution[4]

MDI resin Suitable at
100%
substitution

PB:

UF resin[5] Suitable only 20% suitable; | Suitable only Suitableto at Water swelling
at low levels levelsto 50% | at low levels least 40% adversely
(<10%) feasible[3] (<10%) affected

MDI resin Bond strengths | Suitable at Suitable[4] ditto
marginal for 100%
panel products | substitution

Table2.1

Key: particleboard (PB); medium density fibreboard (M DF); oriented strand board (OSB)

1. Pre-processing and processing methods are discussed in detail in references (47) and (48)

2. Older material (6-8 years) of coppice poplar could eventually be a viable option

3. Coppice poplar, miscanthus, oilseed rape and reed canary grass

4. Careful control of processvariablesisrequired e.g. elimination of wax addition; controlled
particle sizes; use of catalysts or dlightly increased levels of resin

5. Other materials that showed promise at least at low (20%) wood substitution levels, included
nettle (shiv), hollyhock (shiv) and marshmallow.

The results from this work have been presented to UK industry. Feedback suggests that, given
the results, the more promising ARMs might be considered as aternative raw materials for
wood. However, it was apparent that these alternative materials would only be considered if
they could be supplied at alower cost than that commanded by wood, coupled with assurances
in terms of security of supply and quality.

MDF manufacturers expressed some concern over the darker colour of many of the test panels
(colour isused as akey indicator of panel quality by many consumers and end-users). Concern
was also expressed over the potential long-term effects on the production process of utilising
aternative raw materials. Issuesthat were raised included: build up of silica deposits; increased
wear; increased effluent discharged from the process due to higher levels of extractives (see
‘ultrastructure’, Section 2.0.i).



The following issues have a so been highlighted:

* thelong fibre component of hemp and linseed can be problematic; these materials are likely
to be rejected because of the difficulties they would present from a processing point of view
(the bast fibre component lends itself ideally to the clogging of screens and filters, and wraps
around any moving parts).

» expensive approaches to storage may not be required to maintain the quality of raw
materials.

* ARMs have lower refining energy requirements and offer the potential for real cost savings
in the production process; at the very least these savings could offset the additional capital
outlay required for specialised pre-processing equipment (equipment which is available 'off-
the-shelf, and which has low energy requirements).

« the presence of naturally-occurring wax (cereal straws) significantly reduces the bonding
ability of UF resins; removal of the wax (using organic solvents) can result in significant
improvements in board properties. In some instances, however, the presence of this natural
wax may offer the potential for savings on wax usage.

 coppice poplar apart, ARMs have significantly higher pHs and acid-buffering capacities than
softwoods (the predominant raw material used in UK panel products), which significantly
reduces their compatibility with the acid-catalysed UF resins. A refining process or the use of
additional catalysts could alter the chemistry of some ARMS (i.e. those of intermediate
buffering capacity) in a beneficial manner.

 oilseed rape straw is likely to be rejected due to the unpleasant odour with which itis
associated (both as araw material and as part of a product).

Textile applications

There are severa potential markets in the textiles area. High quality, long flax and hemp fibres
can be used in clothing but there may also be a market for shorter fibresin areas such as soft
furnishings. Possible industrial textile uses include paddings, linings and insulation - for
example, the use of flax/linseed straw fibres as paddings and sound-proofing in various car
parts. Such fibres may also be made into geotextile mats used to control soil erosion or suppress
weeds while other vegetation becomes established (Bolton Institute provide a key source of
expertise in these technologies, 27). There may be particular applications in transient
applications where the biodegradability of natural fibre matsis an advantage.

In textile applications, variations in raw material quality and high shiv content severely limit the
acceptability of the fibre to potential users. Accessto high quality marketsis dictated by quality
and price. Microbial activity in dust from most stem fibres may constrain use of thefibresin a
commercia environment. If these limitations can be overcome flax and hemp fibres, which
have the greatest industrial potential, would be more readily acceptable to manufacturers of
technical textiles, e.g. in the geotextile, horticultural and automotive industries. Flax can be
blended and processed as an apparel fibre but appears to offer no specific enhancement of the
technical performance of cotton or wool. This does not preclude its use where an economic
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advantage is apparent or in non-woven or technical textiles. The sample of hemp investigated
was not suitable for processing by the routes tried and was unsuitable as a mainstream apparel
fibre (but see Section 2.1.ii, hemp fibres for |ocally-produced apparel fabric). Nettle fibreis
difficult to extract but useable. Hollyhock and marshmallow fibre were not suitable for
processing down any of the routes tried.

Flax fibre is technically acceptable for use in mattress construction and related uses, but the dust
content of the basic fibreisalimiting factor. Interest has been expressed by industrial matting
manufacturers wishing to improve their environmental awareness profile.

anew coated membrane textile using natural plant-derived cellulose fibres

Funded under an EU Craft contract, the consortium of industrial partnerswasledby J& T
Ingles Ltd, while research partners were Scottish Crop Research Institute and the Lightweight
Structures Unit of the School of Architecture, University of Dundee.

Currently the main fibre-coating combination used in architectural fabric structures (awnings,
marquees, stadia, airports) is polyester coated with PV C. Both of these have inherent problems:
polyester is a purely synthetic fibre derived from mineral oil and PV C, a chlorine containing
polymer, is subject to increasing legidation relating to manufacture, fabrication and disposal.
Theuse of PVC islikely to be limited, even phased out in the future. There are currently no

low cost, environmentally sustainable aternatives which display similar performance
characteristics. The aims of this research project were to establish the efficacy of afabric with a
natural fibre substrate and a non-chlorine containing, polyurethane-based coating that could
provide the physical and mechanical properties required for its application as a membranein
tensioned fabric structures.

Coated and uncoated woven flax (three densities) and jute (one density) were compared to the
current industrial standard, PV C-coated polyester fabrics.

Polyurethane coatings were shown to be amenable for use with woven cellulosic materials.
* Inthe case of flax fibre, covalent linkage of the polyurethane to the cellulose was evident.
» The polyurethane coating inhibited fungal degradation of the matrix flax fibre.

» Co-blending of specific high strength synthetic/natural fibres would be required to increase
tensile strength to values similar to high strength PV C-coated polyester fabrics.

» Suitable high strength synthetic/cellulose fibre blend fabrics with sufficiently ‘open’ weave

characteristics have to be developed to produce optimum strength to weight ratios.

» The results are currently being evaluated and further funding opportunities evaluated.
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Fibre composites

For reasons of reduced cost, increased performance and reduced weight fibre, reinforced plastic
composites are taking an ever increasing share of the structural materials market. Glassfibreis
the most common composite reinforcement. Plant fibres could potentially be used to replace
this (or carbon) man-made fibres in composites such as pressed panels for car interiors.

The performance of glass fibre in composites can be equalled or bettered by plant fibres and
they provide strong, low cost, lightweight alternatives to man-made fibres. In addition, plant
fibres have the advantages of having a very reactive surface chemistry and a high work of
fracture (greater than 104 Jm?2). The fibres are recyclable or can be designed to be combustible
to alow recovery of their energy content (unlike glass fibres). Other potential advantages over
man-made fibres include reduced tool wear and safer handling and working conditions. In
addition to these technical advantages, there are also the significant environmental advantages
of using fibres which come from a continually renewabl e resource and which utilise
atmospheric carbon dioxide rather than carbon from mined resources.

Beneficial properties of plant fibresin composites (27)
» Equivaent strength values to glass composites (high tensile/diameter ratios)
» Lower cost (25% - 50% cheaper than glass)
» Easyto cut; reduced tool wear
» Light weight (less than half the density of glass fibre)
» Excellent formability (deep mouldings can be produced)
» Safer and more ‘pleasant’ to work with
» High cellulose content
* Low lignin content
* Environmental benefits (biodegradable, combustible, CO2-neutral)
» Availability - abundant world-wide availability of plant fibres.

Samples of flax and hemp basic fibre were presented to automotive component manufacturers
for assessment as a raw material for car interior structural panels. The basic raw material as
presented was assessed as too variable in quality, but there is no technical reason why a more
consistent material would not be useable. This sector of the market is particularly price
sensitive, but for environmental reasons would be keen to utilise flax or hemp. Samples of
calendered flax non-woven fabric were presented both as pure flax and as flax/polypropylene
blends. These were of interest due to the finish and increased strength produced by calendering.
There are technical problems with dust and with odour when wet which would have to be
overcome for this use, but it is believed that natural fibres will provide a better ‘comfort
environment' in a car interior compared with synthetic alternatives.

lon-exchange materials/pollution control/absorbents

lon-exchange materials based on pure cellulose have been used for the past two decades. They
are characteristically available in very pure forms, have high exchange capacities and are the
main alternative to synthetic (petroleum-based) ion-exchange resins. Lignocellulose is also
highly reactive and lends itself readily to “graft modification”. This principle has been

investigated since the early seventies and, to date, ion-exchangers have been derived from such
diverse materials as wood flour, coconut coir, sugar beet pulp and even empty corn cobs. Straw
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may be used for pollution control; it has been used in cleaning up oil spills, and barley straw is
used to inhibit algal growth in water.

The ongoing IONEX project is described in further detail above.

Activated carbon materials derived from flax and hemp are being assessed for air pollution
remediation in a 3 year, £200k project.

Interest has been expressed in the use of flax fibre in disposable nappies.

Agricultural and horticultural products

The biodegradability of plant fibres may be advantageous in other agricultutabidicdltural
applications. Coarse flax fibre can be quite easily spun, twisted and plied to form agricultural
and horticultural twine. Environmentally concerned professional and amateur growers are
turning away from synthetic polypropylene twine for both horticulture and agriculture, although
the synthetic material has a lower cost per unit length and is inherently more consistent in its
properties than any spun natural yarn. There is environmental pressure to increase usage on
natural twines and desist from using synthetic twines wherever possible.

Concerns about the amount of polypropylene twine which has become scattered across farms
and may be accidentally eaten by cattle and horses, has led Silsoe Research Institute and an
industrial partner to investigate the possibility of producing a substitute twine from linseed
straw fibres.
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2.0.iii Fibre Crops- Markets

On at least two recent occasions (20, 27), Natural Fibres Organisation have set out important
guestions with regard to future opportunities for British fibre. These are addressed in this
Section:

1. What are the potential sources of natural fibres for British industry?

2. Which fibres are best suited to British conditions for both crop production and fibre use?

3. What fibre prices can be obtained and are these economically viable for everyone in the
supply chain from farmer to manufacturer?

4. Which market sectors are available and which are best suited?

5. What new technologies are needed for success on the farm and in the factory?

6. Which economic model should be adopted in the future for British fibres?

The use of plant fibresis presently dominated by fibre from treesi.e. wood. The demand for
(wood) fibre in conventional pulp, paper and board products is one of a major commodity
market influenced by issues of world supply and demand:

* Land productivity
» Population levels
e Consumption levels
» More recently, huge step changes associated with political events:
- tribal rights issues
- timber management practices
- conservation issues
- break-up of the Soviet Union
- liberalisation of the People’s Republic of China
- unprecedented market growth in the ASEAN region
- continued growth in the proportion of paper recycled, and
- introduction of legislation enforcing recyclittg

It now seems likely that there will be a global deficit of wood supply well into the next century
and it seems inevitable that fibre grown on agricultural land will play an increasingly important
role in satisfying the demand for paper and sheet materials in the future. Even a small
percentage deficit in the supply of wood fibre could create huge opportunities for agricultural
fibre. What is less certain is the time scale over which this will happen. For a more detailed
discussion of these issues, refer to Pira International (see below) or a recent paper from The
BioComposites Centrgl, p91), from which this market summary is drawn.

In the West, the obvious opportunity is cereal straw. Inthe UK alone, it is estimated that 12
million tonnes of straw are produced annually, of which only half is used efficiently. Although
more efficient utilisation of such residues may not help the farmer - by providing alternatives
for food crops - it should increase the financial return to the farm, thereby making it easier to
accept lower prices, reduced subsidies etc for the food crop. A UK approach to whole-farm
modelling is described below.

1Causing short term local glut of wasterpaper
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Itisclearly aso possible to grow crops entirely for fibre on agricultural land. At one extreme,
trees can be planted. Thisis seen asalast resort, best applied only to marginal land, because
the long rotation times in forestry, and the very different demands for labour and equipment, are
likely to destroy the socio-economic structure in the farming community. From this point of
view annual, or annually-harvested, fibre crops are seen as much more desirable. For annually-
harvested fibre production to be an attractive market proposition, the essential requirements are
that:

» thematerial be produced at alarge enough scale

» themateria be produced at alow enough price

» thefibre characteristics are adequate for end use in their quality

» there should be a proven technology available for the processing of the raw material

It is clear however that many of the potential new fibre resources (whether derived from
residues or new crops) are both different to softwoods and more heterogeneous than softwoods
in their chemistry and fibre characteristics (this point isillustrated at length in Sections 2.0.i and
2.0.i1); adaptation of existing softwood processing technologies or completely new processing
technologies may be required for their application into conventional markets:

- anoptimal (perhaps multistage) delignification process

- fractionation to remove a proportion of short cells

- in-feed systems flexible enough for wood chips and/or loose packed straw (very
different basic densities) or new processing units solely for agricultural fibre

Secondary problems may arise from the seasonality of crop raw material supply, the need to

store large volumes of raw material, and the biodeterioration of material in storage (but, see the
‘FIBSTORE’ project, Section 2.0.ii). However, the small but increasing number of new
ventures in this area in USA and Europe suggests that demand for raw material is beginning to
drive the solution of technical problems.

Against this overall global scenario that annually-harvested fibre produced on agricultural land
might satisfy the anticipated deficit in wood fibres for conventional forest products, there are
further opportunities as follows:

 agricultural fibre might compete with forest fibre_in conventional markets on grounds of
properties or cost

 agricultural fibre might win novel markets dominated by synthetic and/or non-renewable
materials (insulation, packaging, geotextiles, composites, filters/sorbents), in some cases
through the supply of long fibre - which can be spun/woven - and is produced only by
annually-harvested plants

These topics are discussed in further detail below or in later sections describing hemp, flax and
miscanthu¥. By themselves, most of the novel markets are relatively small (10,000s tonnes) in

lestimates of market sizes were also given in an earlier review (3). For market information specific to British Fibre “Fibrelin”
flax, see Section 2.2.iii.
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the context of overall land areas and may be equally well satisfied by fibre from wood. The
obvious exception being long fibres, where there is likely to be strong competition on price
from developing countries, but where technological advantage, for example UK devel opment of
reliable in-field decortication and mechanical fibre separation (as an alternative to retting),
might be achieved.

It has been made clear by al potential users surveyed, in the sectors described below, that there
isagenera interest in a UK-sourced material for strategic planning reasons (27, 50):

1. Price substitution (international currency fluctuations)
2. Supply continuity (overseas civil and economic unrest)
3. Environmental/marketing considerations (biodegradability and producer responsibility)

However, the fibre supply is required to be competitive with existing materials (the fibres sector
is extremely price sensitive). Thereisonly interest in flax and hemp as candidate fibres at this
stage - others are not available in quantities of interest to industrial companies.

Economic analysis of crop production

This has been undertaken by SRI using the optimising Silsoe whole-farm model. It was
reported (50) that all crops except for milkweed were potentially profitablein at least one
market and an established UK fibre cropping industry could potentially require 50-100,000 ha
of land. Under the current agricultural support arrangements, the following crops have the
greatest potential profitability if technical problems are resolved:

» Wheat, rape and linseed straws are al by-products and are amongst the most profitable in the
short-fibre composites markets,

» Flax and hemp are potentially the most profitable crops for the long-fibre textiles and
chemical pulping markets.

All of the crops were modelled using existing agricultural support policies. For those crops
where support policies do not currently exist, arange of support payments has been evaluated.
If support payments of c. £ 600/hectare (similar to flax and hemp) are made to the 'un-
supported' crops then the following become potentially profitable if the technical factors
associated with their production and processing can be optimised:

» hollyhock, marshmallow and nettle for long fibre pulping and textiles markets,

* Reed canary grass, miscanthus and poplar coppice for short fibore composites markets.

The following comments and caveats were noted by SRI:

» Establishment costs are an important area of cost for hollyhock, marshmallow, nettle,
miscanthus and poplar coppice.

» The lack of suitable approved crop protection chemicals gives rise to high weed control costs
for hollyhock, marshmallow and nettle at present.
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» The harvesting systems of flax, hemp, hollyhock, marshmallow, nettle, reed canary grass,
miscanthus and poplar coppice have the potential to be further improved.

» Theeffect of quality and variability of dew retting on the functioning and economics of the
decortication system for long fibre production have yet to be researched.

» Profitable and practical storage and drying systems for retted straws and winter-harvested
crops are not fully researched in the context of the fibre market. These costs are important
sensitivities to the potential profitability of these crops. Results and techniques for drying
and storage of biomass coppice are relevant but not sufficient.

» Thelong fibres of nettle and flax can technically be upgraded to be competitive with wool
and cotton, but shiv monitoring and control is a serious current limitation.

» The profitability of short-fibre composites manufacture depends on very small margins. The
resolution of this study is only high enough to determine the general areas of potential
profitability, so estimation of those marginsis not sufficiently good for confident predictions
to be made in this market.

The potentia profitability of the above crops can be further enhanced if the support
environment is guaranteed over the 20-25 years stand lives that these perennial crops can have.
To redlise this potential profitability may require the optimisation of a number of technical
factors, such asdrying costs. Additionally, successful commercialisation depends on a number
of issues relating to commercial acceptability and the current state of relevant industrial
processing technology and investment in the UK.

An aternative scenario is that preparation needs to be made for the time when there will be
little or no CAP support. It isthe view of Natural Fibres Organisation (27) that, to do this, the
needs for sustainable markets are:

1. increaseyields per hectare of productive stem and seed to reduce costs of supply
2. optimise harvesting techniques to improve timeliness and preserve fibre quality
3. develop low-cost, effective retting techniques linked to market needs; retting for
high quality markets, such as fine spinning, requires precise control of duration
(enzymerretting, while still at the trial stage, shows promise in this regard)
develop efficient decortication (primary straw-fibre processing) equipment
maximise final fibre yield per tonne of straw processed

improve fibre-refining techniques to increase homogeneity

develop sampling, testing and analysis techniques

No oA

Fibres- market areas

Pulp and paper

7.5 million tonnes, worth £3500M, were imported into UK in 1992 of which (excluding waste
paper) approximately 50% was chemical p@p The UK paper market is also summarised
elsewherdg5). Only a small number of mills in UK still pulp vegetable fibres for speciality

papers (using imported abaca, sisal, jute). There is potential for flax/hemp substitution at 4,000
tonnesl/year, rising possibly to 8,000 tonnes/year and some export potential: there are 31 mills
throughout the World using flax/hemp, but only 3 in Western Europe - France and Spain,
adequately supplied local{27).
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PiraInternational is the leading independent source of market information and advice on

packaging, printing, pulp and paper, publishing and new mediaindustries. Established for

nearly 70 years, it provides and organises market studies, research services, consultancy, specia

interest groups, events, information services and publications. A founding Sponsor of ACTIN,

Pira serves manufacturers, suppliers and users of pulp and paper and has over £16m of
specialist pilot, laboratory, testing and information facilities. Its 200 staff create and maintain a
skill-base comprising industry experience, commercial acumen and practical skills. Market
intelligence services include:

. market surveys by country or product
. price monitoring

. forecasting

. market entry evaluations

Relevant Pira pulp and paper publications include:

Y ear Title Content

1996 “World Fibre Supplies” forecasts to 2005

1996 “Nonwood Fibre Applications in Papermaking”

1997 “Packaging 2005” astrategic forecast for the
European packaging industry

1998 “The Future of Pulp and Paper to 2007”

Monthly “Nonwovens Abstracts”

Quarterly  “Paperbase” CD-ROM™ - international

coverage from 1975

Wood-based pandls

The wood-based panel industry is the largest consumer of small roundwood and wood
residues in the UK. It currently consumes around 1.8 million tonnes dry matter of wood raw
material annually in the production of particleboard, medium density fibreboard and oriented
strand board. The industry as awhole is characterised by having high turnover but relatively
modest profits, and raw material costs represent a significant proportion of production costs.
Accordingly, any strategy that can reduce production costs e.g. the use of lower cost or higher
performance raw materials, islikely to be considered very seriously. With the above in mind,
the wood-based panels industry offers probably the best opportunity for bulk usage of UK -
grown agricultural raw materials (49b). The cost of establishing a market-scale greenfield site
is £30-40M B8, 1994 figures).

13 Published by Paperbase International, a partnership bringing together the expertise and experience of four leading pulp and
paper institutes. STP (France), KCL (Finland), PiraInternational (UK) and STFI (Sweden).
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Textiles'

Industrial markets offering long-term contracts, such as bonded/needled nonwovens and
reinforced composites, are better matched to UK agriculture than the small-scale and volatile
fine textiles markets for fashion apparel™. Eight British processors supply up to 10,000
tonnes/year of natural fibres (coir, jute sisal) into 4 main sectors (furniture, floor covering,
geotextiles, automotive and industrial matting). There are also at |east ten sizeable non-woven
processors using only synthetic feedstocks (27).

In addition to the comments solicited in the recent survey (50), several sectors of industry
(automotive, household and apparel textiles, bedding) have also presented their case (27).

The difficulty with spinning plant fibres either for plying into twine, or for weaving or knitting
into fabric, is one of scale and production. A small scale spinning plant could work in batch
mode, down to very small scale of |ess than one tonne per day. However, this would be
inefficient in production and by definition consume only small amounts of decorticated fibre.
Whilst this might provide alarge number of small, rural enterprises with some remuneration®® it
isunlikely to make any significant impact on agricultural consumption in the UK.

On the other hand, large-scale spinning mills require considerable confidence in the continued
and consistent supply of decorticated fibre in order to convert from whatever fibre they are
currently spinning, to plant fibres, which have no "track-record". Such mills tend to operate 24
hours aday on athree shift basisin order to obtain maximum benefit from their economy of
scale. It isasubstantial risk for such an enterprise to take up, what is, to them, anew and
unproved fibre, - even on atemporary or batch basis due to the disruption in production. Pilot
plant facilities, if available, would help overcome both technical problems and financial fears.

On the other hand, a single order from a volume automotive manufacturer, for say, boot linings

for one model would represent 200-800 tonnes/year of flax fibre requirement. With 13 million

vehicles produced in Europe each year, the flax fibre demand at even 50% blend is 10,000

tonnes'’ (27). With six global car manufacturers based in UK, it is doubtful whether the British

plant fibre industry could currently support the likely tonnage and quality requirements. This

could force purchase from overseas by UK component manufacturers (although shipping costs

may be prohibitive), but is seen as an opportunity for UK to move forwards to secure a ‘captive’
market. There is also export potential, but competition from French and Belgian flax suppliers.

Long plant fibres may win more of the geotextiles markets presently occupied by polythene and
polypropylene materials, which are perhaps over-specified with regard to durability. 300
million m2 are applied annually in Western Europe and the predicted world market for the year
2000 is 1400 million m2 (estimates of the requirement for natural fibres range from 70,000 to

14 One source of UK market expertise is The Textile Consultancy.

5 The fine textiles industry consumes only asmall proportion of the total tonnage of plant fibres used (only 1.2% of total global
fibre production), of which cotton is dominant (90%). Over 505 of textile fibres produced globally each year are man-made.
While textile fibres command the highest prices of all plant fibres, the total land areais small seen in the global context (57).

16 See, for example, hemp apparel fabrics, Sections 2.1.ii and 2.1.iii

7 The potential total material usage (per car) is 6 kg. Contracts to supply product normally last 7 years with a 10 year model
life.



110,000 tonnes/year for all applications, worldwide) (27, 61). The cost of establishing a
geotextile production unit is £1M8,(1994 figures).

Agricultural and horticultural produc{d5s)

The UK market for agricultural twines is approximately 8,000 tonnes/year of polypropylene

plus 2,000 tonnes of natural fibre (sisal). Polypropylene sales have increased progressively as a
proportion since its introduction in the 1960s with a corresponding decline in sisal usage. The
price advantage of polypropylene is a major factor. Technical advances in baling methods have
been matched by a diversity of polypropylene twines with improved strength to weight ratios.

The introduction of new regulations regarding the disposal of packaging waste materials by
commerce and industry as well as consumer pressures, means there may well be new
opportunities for the introduction of natural fibre tying media to replace plastic strapping.
Technically, plastic strapping is difficult to beat, is cheap, reliable (consistent), easy to use, has
good strength to weight ratio and does not rot or decay. But this last property which be
deleterious in certain markets where the cost of recovering and dealing with recovered waste in
an environmentally acceptable way may be greater than alternative, if technically inferior,
natural twines.

Fillers, sorbents and active surfa¢és, 27)

Only about 500 tonnes of modified fibre would be required annually in UK for cleaning up
marine oil spills (current spend is about $60M/year). In volume terms, a larger demand may
come from the oil industry (clean up of water from wells).

A UK market of 10-20,000 tonnes of modified fibres and an EU market five times larger, is
possible for the removal of heavy metal pollutants (mainly short fibres, although a proportion
may be longer fibres used in non-woven fabrics for cartridge filters). The fibres could be
incinerated after use.

Insulation(61, p91)

The European market for glass fibre in insulation (about 460,000 tonnes in 1991) or the larger
rock wool market might be challenged by long plant fibre. The requirement however is for the
development of efficient, integrated growing and processing operations to produce a long fibre
in the West at prices competitive with jute produced in India or Bangladesh.

Compositeg61, p91)

The technical demands placed on reinforcing fibres are not high in many glass fibre reinforced
plastics and this is, therefore, an area most likely to be substituted by (long) plant fibres. In
1991, the amount of glass fibre used in composite production in UK was about 50,000 tonnes
(about 350,000 tonnes/annum in EU). In common with geotextiles, EU production may be
undercut by lower cost imported jute.
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Packaging (61, p91)

In EU, the annual consumption isof 12 million tonnes of paper and board, 6 million tonnes of
plastics and over 100,000 tonnes of expanded polystyrene for packaging. Environmental
concerns are causing some pressure for amove away from non-renewable materials. Low grade
moulded (short fibre) pulp products might displace expanded polystyrene in some applications.

2.0.iv Fibre Crops- Environmental I ssues

Potential environmental issues and benefits of plant fibres have been highlighted throughout
Section 2.0 (see, for example, 2.0.ii and 2.0.vi - SWOT analysis). Flax and hemp are low input
crops and decortication of flax, in particular, is a simple mechanical non-polluting process.

2.0.v FibreCrops- Barriersto Progress

Plant fibres indigenous to UK such as flax and hemp have exceptional properties, but also a
series of drawbacks. These include political and macro economic factors such as World Trade
Agreements and the uncertainties of EU support schemes, as well as the technical delivered
price. EU production may also be undercut by lower cost imported jute.

There are crop and fibre production problems, from other - non-commercial fibre crops - due to
poor crop establishment, low yields, the lack of effective herbicides approved for use, and the
requirement for specialist horticultural equipment or high labour inputs.

One further drawback is that there are few British processing facilities for straw to be turned
into fibre. The nearest traditional fibre processing (scutching) mills are in Northern Ireland,
Northern France or Belgium. The wider potential remains therefore for the introduction of
novel equipment and systems that could utilise stored straw from the UK acreage and turn it
into useful fibre. Thereisarequirement for the same basic infrastructure of production,
processing, storage and investment as a partnership with the relevant end user industries.

There have been suspicions that UK growers are growing crops (flax and hemp) merely for aid.

This has led the EU to tighten up flax and hemp rules on several occasions, to prevent any
future abuse of the support system.
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2.0.vi FibreCrops- SWOT analysis -Adapted from the SWOT analysisin ref. (20)

Strengths

Demand for natural fibresis on the increase for both real and perceived reasons.

Good physical and chemical characteristics giving broad scope for modifying fibres to suit
many different applicationsi.e. they are flexible for process purposes.

Only small (relative to factory) investment is needed to set up a processing plant, unlike say,
polyester or viscose.

Crop is easy for farmersto grow and fits well with their crop rotation being a separate
species from all other arable crops.

Rapid modifications (plant breeding) and change in supply (seed multiplication) of crop raw
material. Being an annual plant - this can provide arapid response to market demand when
compared to say, trees as a source.

Greater ease of satisfying environmental audit in a process based on a European crop.

W eaknesses

Reliance on EU subsidy in the short term. Industrialists are reluctant to commit investment to
amaterial with economic instability.

Lack of incentive amongst farmers to improve quality and yield and general lack of fibre
education and training.

Lack of integration in industry - generally fragmented into growing, processing, marketing
sectors which do not get involved in a proactive way.

Logistics of transporting straw are poor due to low bulk density - storage on farm and
collection from farms can be haphazard if not organised professionaly.

Fibre market liable to dumping of foreign fibres for political or economic necessity e.g. coir,
jute, Eastern European flax.

European fibres are not cost-competitive with jute from India/Bangladesh.
Lack of quantifiable data on fibre characteristics.

Agriculturally-based fibres are heterogeneous to a greater or lesser extent (deleterious
properties are low elasticity, variable length, variable fineness, high trash content).
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Opportunities

» Environmental movement - consumers are becoming better educated as to the full
environmental consequences of products throughout their life-cycle. This creates an
advantage for bio-degradable materials and may favour a European (rather than Third World)
product with European raw materials.

» Growing application of “just in time” manufacture and delivery could favour European or
British fibre.

 Recycling and disposal regulatidfis EU Packaging and Packaging Waste Directive,
various codes of practice and national legislation - particularly Germany e.g. a target of 85%
of auto body weights to be recyclable by the year 2002; seven point Responsible Packaging
Code in UK (1998), endorsed by over 85% of UK packaging chain companies, which
exceeds Single Market requirements

» Price fluctuations of foreign-sourced alternative fibres - security of supply and stable price in
home currency are important for customer budgeting.

+ Although most western populations are stable, the consumption of goods e.g. paper, clothes
per person per annum is rising almost everywhere - therefore there is a generally rising
market in scale (predictions of the ‘paperless office’ seem groundless).

Threats

» Synthetic fibres are developing fast, backed by vast R & D resources of multi-national
companies; new "micro" fibres such as Tencel™, Lyocell™ and Deposa™ are threats to the
environmental niche of flax.

* Organic cotton, if grown successfully, would counter many of the claims that although cotton
Is natural, it is environmentally damaging due to the volumes of water for irrigation,
fertilizer, herbicides and pesticides used on the cotton plant, leading to land degradation and
human health problems.

» Wood fibres - raw and pulped are plentiful and low cost. Most countries regard their forests
as national assets so supply is subject to political interference.

» Subsidies are paid out to farmers for flax, linseed and hemp. The effect of new moves such
as Agenda 2000 remains to be seen - this is an uncertain backdrop against which to make
long-term farm or factory decisions.

18 Seg, for example, (27) or http://www.incpen.org
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2.1.i Hemp - Science and Technology

Interest in the crop in the UK has been stimulated by the progressive relaxation of legal
cultivation restrictions'® and, in 1993, by the creation of processing facilities by Hemcore, a
consortium of hemp growers. The production of fibre hemp in Eastern England is now viable.

Hemcore hold the UK rights for French varieties [FNPC, Le Mans]. The majority of the crop is
Fedora 19 with some Felina 34, the two earliest maturing varieties. Futura 77, although higher
yielding, is generally considered too late to harvest for UK conditions. Hungarian varieties
have been trialled and they tend to be late with poorer resistance to Botrytis, but have a higher
bast fibre content. Seed availability is restricted and largely in the hands of Hemcore.

A mid-April to early-May sowing date would appear satisfactory for most parts of England and
Wales. The crop iswell adapted for cultivation in UK, has a minimal requirement for
agrochemicals, amodest fertiliser requirement and residual benefits. UK experience suggests
that hemp is an ideal break crop to bring fallow land and permanent pasture back into
production.

Regulations require that the crop should be cut after the seed reaches 50% of itsfinal form and
size (likely to be towards the end of August for the early varieties). From a practical and
probably fibre quality viewpoint harvesting at full flower would be preferred.

Hemcore have developed a swather to cut the crop prior to retting (other specialist harvesting
equipment is currently under development). Retting time depends on weather conditions, some
rainfall speeding it up, but 2 to 6 weeks from cutting to baling seems the norm. The swath needs

to be turned at least once to ensure a uniform ret and aid drying. Hemcore prefer the producein
Heston (round) balers, but a variety of baler types are being used and many farmers are using

their existing equipment to minimise expenditure. The tough nature of the crop does place

severe strain on machinery, hence the development of specialised contractor versions of

swathers and balers. Bales are stored on growers’ farms until called off for production at the
factory.

The seed contains 30 to 35% oil (hemp varieties contain high amounts of moisturising essential
fatty acids, tocopherol and protein) which has industrial and food uses. Medical and narcotic
properties of the plant are due to the presence of tetrahydrocannabinol (THC) but its content in
authorised fibre types, although botanically similar, is very low (less than 0.3%). The stem
contains outer fibre bundles of long (up to 20mm) bast fibres and a core containing short fibres
(0.5mm). The bast fibre content depends on variety, plant population and growing period, and
can range from 30% to 45%. The long strong outer fibres can produce a strong low grammage
paper or textiles where coarseness and resistance to rotting are advantageous.

There is considerable scope for novel research and improvements in the systems for harvesting,
retting, baling, storage and processing (to extract long fibres for markets other than pulping)
either on farm or in a local co-operative. Since 1996, ten participant organisations from five
European countries have contributed to an EC-funded research programme “Hemp for Europe:
Manufacturing and Production Systems”. The UK’s ADAS is the co-ordinator of the project,

with joint funding from EC and MAFF (UK).

¥ The proscription of the species prevent its production in UK except under license Misuse of Drugs Act 1971.
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The objectives of the project are to develop cultivars of hemp with very low psychoactive
compound (THC) contents, to improve yield, fibre quality, pest and disease resistance and to
overcome all production bottlenecks through research means.

The MAFF funding supports the ADAS component (UK agronomy trials) of the overall EU
project. This hasinvolved structured field experiments which optimise the agronomy of the
crop. Thetrialswill in turn be scaled up to field production, with the devel opment of pre-
harvest, harvest and post-harvest (decortication) processing technology for specific end use
markets. At each stage, the fibre quality of the hemp will betested. The suitability of the hemp
fibre for awide range of possible end uses will be examined, including use in wood-based
panels, non-woven and woven materials, composites, geotextiles and spinning.

Theuse of hemp in recycled paper - Scottish Non-Wood Fibres Resear ch Group

Staff from the Scottish Agricultural College (Aberdeen and Edinburgh), the Paper Technology
Unit of Robert Gordon University, Aberdeen and the Scottish Crop Research Institute have
formed the above group to further the use of hemp fibre in recycled paper. The growth trialsin
Aberdeen and Dundee indicate that the quality of the fibre is high, possibly due to the longer
day length experienced during the growth period at these sites. Aswell as using conventional
technology, the hemp fibre may be pulped by environmentally more acceptable methods.
Investigations will also consider the use of hemp fibre that has not been delignified.
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2.1.ii Hemp - Industry

The only UK hemp fibre processing plant is the Hemcore facility based near Stansted Airport in
Essex, where the fibre on the outside of the stem is stripped from the inner woody core. The
whole crop comes into the factory and after separation the various fractions are sold, with zero
waste. The woody core is chopped, dust extracted and packaged into polythene bales. These
bales are mainly sold into the equine industry as alitter for horses. It is very absorbent and,
importantly, biodegrades quickly after use into an excellent compost. The dust and small core
particles are sold to the animal feed industry for mixing with a vegetable oil after which they are
used as afiller.

The fibre is packaged into steel-strapped bales and sold to cigarette paper producers who

purchase hemp and flax fibre for their raw material. Hemcore are expanding hemp into other

markets such as textiles, both industrial and apparel and would like to see this versatile fibre

used in other non-specialist sectors of the paper industry (perhaps as a strengthener to recycled

pulp or mixed with recycled paper as an “environmentally-friendly” printing and writing paper).

Fibre quality is reported as high: 4-20% lignin in comparison with tree wood fibres at over 30%
lignin. Lignin content is significant because it is positively correlated with paper yellowing, a
clearly undesirable characteristic for paper with long anticipated life. The traditional methods of
bleaching to prevent yellowing are becoming environmentally questioned.

Car makers are reported to be interested in hemp products. Hemcore is said to be working with
Ford in England to produce automotive parts and they see hemp as partly replacing fibreglass in
door panels and roof lining.

If hemp is to be grown and processed on a wider scale in cooler climates, or at a more
competitive price, there are three technical problems which would need to be ovét2pme

« firstly, as hemp is harvested late in the season (a month later than flax) dew retting of hemp
is unreliable. Therefore retting technologies must be developed which are suitable for the
UK'’s temperate climate, or bypass the need to depend on the weather.

» to be a viable source of fibre for modern use, an efficient hemp harvesting system is
required. Silsoe Research Institute has investigated a method of harvesting which involves
stripping away the leaves and head of the hemp just before the stem is cut. This exposes the
stem which contains the fibre and allows it to dry more rapidly in the field.

» ways of adapting the flax decorticator to extract thick fibre and make it much more widely
available for industrial use.
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Processing of hemp fibresfor apparel fabric

It has been suggested that hemp could be an important crop enabling the production of
environmentally-friendly, locally produced, high quality textileg(42). In 1996, the Bioregional
Development Group of The Ecology Centre reported trials in the South-east of England (a

project “Hemp for Textiles” with funding from the UK Department of the Environment Local
Projects Fund and the Konrad Zweig Trust) which probably produced the first machine-
processed, UK-grown 100% hemp apparel fabric this century.

Using four different varieties of hemp, and a range of different retting, scutching (by hand,

using conventional flax machinery and a novel decorticator) and spinning techniques they

worked with Hemcore and other organisations to produce experimental quantities of 100%
hemp fabric.

Four different low narcotic varieties were grown (two French - F34 and F56 - and two

Hungarian - Kompolti and Uniko BF) and it was found that the Hungarian varieties yielded

70% greater biomass (as measured after retting) than the French varieties. Dew retting took 20-
50 days.

Fibre extraction was attempted by two different methods: conventional flax "scutching"
machinery (aligned fibres) and the new "Fibrelin" machine - see Section 2.2.ii - (non-aligned
fibres).

Firstly, retted stems were sent to Depoortere, a flax processing machinery manufacturer in
Belgium for trial processing on a conventional flax scutch line (to be processed on conventional
flax machinery, the stems have to be kept aligned throughout harvesting and fibre extraction).
The hemp stalks needed to be cut from their full length to 1.5 metres and yields of only 8.5%
fibre were achieved (given that unadapted flax machinery was used, a scutch turbine adapted for
hemp should give greater yields).

The remainder of the stems were sent to Silsoe Research Institute to be processed through the
"Fibrelin" decorticator. The hemp was successfully processed to produce non-aligned fibres,
with a yield of 20-25% fibre. However, the hemp was very "heavy" on the machinery, which

had been designed for flax, and a rather more robust version of the machine would need to be
built to process hemp.

Both resultant fibres were successfully spun on a wet spinning system developed by Mackie
International and the yarns were analysed subsequently by Leeds University. Two textile
colleges, Chelsea School of Art and Design and Huddersfield University, carried out tests to
ascertain hemp’s suitability as a furnishing fabric.

Conclusions from the project included:

® wet and dry flax spinners can adapt their machinery to handle hemp without too much
difficulty, particularly the line fibore hemp (from a 'scutch’ mill)
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(iii)  linefibre hemp produces yarn and fabric which are noticeably superior in quality and
strength to the non-aligned fibre hemp yarn and fabric

(iv)  therewas some practical experience in spinning hemp fibre in blends with cotton, but no
experience of blends with polyester or acrylics (the addition of 10% synthetic material is
said to greatly improve abrasion resistance and extend the range of end uses for hemp)

(V) no particular problems were foreseen in commercia weaving, dyeing and finishing

(vi) thetypes of fabric and uses that hemp seemed to be most suited to were: the furnishing
fabric area, especialy drapes; and, "bottom weights" in clothing, perhaps jeans and
sportswear, in both 100% hemp fabric and blends with cotton, linen or wool and with
synthetics

(vii) inthe short term, it may be possible to establish hemp textile production in Southern
England to produce high quality hemp yarn and fabrics at a similar cost to linen

Cold-processing of hemp seed oil

Hemp oil, which iswidely advocated for personal care use has one major drawback - it goes
rancid extremely quickly after exposureto air. Vacuum pressing and bottling will keep the oil
fresh for up to ayear, but after it has been opened it must be kept refrigerated and used very
quickly. Statfold Seed Oil Developmentsis a pioneering UK -based initiative in this area, where
oils can be cold-processed and capped with either carbon dioxide or nitrogen gas injection.

The main objective of Statfold isto grow and cold process quality crops, without the use of
chemicals, to produce oils including most notably hemp, but also rape, mustard, sesame,
sunflower and grape seeds, evening primrose, borage, camelina, flax, linseed and maize germ
(their range extends to over 59 products). They also undertake "toll processing” of oilseeds.

Statfold process alarge variety of seeds and nuts without risk of contamination (larger seeds or
nuts are reduced in size by specially designed chopping machines). Their storage facility has a
capacity of 7000 tonnes of seed. Cold-pressed and filtered special samples from 2kg to 100kg
of any product can be produced. Processing, testing and research are constantly monitored in
their customised on-site laboratory. They can also grow seeds on their farm and then process
them into high quality oils with or without additives. Oil extraction rates reach up to
approximately 90% of the natural content of the seeds. Typical vegetable oils do not attain
temperatures over 40-50 oC during pressing so their natural nutrition is preserved and, if
correctly stored, they will have along life span.

The advantages of the Statfold ‘cold pressing’ process over vegetable oil extraction by hot
pressing and chemical extraction include
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* No pretreatment (heating, boiling or steaming) required

* All natural components remain undiminished

* No treatment (refining, filtering, deodorising) of extracted oils

» Clear oil can be decanted or siphoned off when suspended particles have settled on
the bottom of the collecting container

* Verylong life-span of oils due to natural antioxidants/'tocopherols

* No drying/dehydrating process required (moisture content below 0.5%)

» Presscake/pressmeal, the by-product of the oil extraction process, is high in protein
and can be used as animal feed or as an organic fertiliser

A recent development is a Natural Hempress® hemp oil product extracted from imported hemp
seed - light, colourless and ideal as a base oil for skin care preparations. Hemp oil is a balanced
source of essential fatty acids (EFAs) and is said to contain the gamma-linolenic acid (GLA)
benefits of evening primrose oil together with Omega 3 (3) fatty acids (which are completely
lacking in evening primrose oil) at a fraction of the cost.

Body care products retailer The Body Shop has launched a five-product dry skin care range
formulated with Statfold’s hemp seed oil. While there are a wide variety of such products on the
market in US, the entry of a UK and major international retailer with The Body Shop’s
reputation is a major breakthrough for hemp producers. Product literature was printed on
recycled paper containing 30% hemp fibre and the range is said to account for 5% of sales
(Anita Roddick, Chief Executive, The Body Shop: BBC Radio 5, September 1998).

GW Phar maceuticals

In June 1998, a specially-created company, GW Pharmaceuticals, was granted Home Office
licences to grow hemp for medical reseg@3). The cultivation licence allows growth from

seed or clones of a range of chemovars (cultivars, or races, of hemp defined by the particular
chemical composition). A second licence allows the possession and supply of cannabis for
research purposes.

Through its work the company aims to discover the best delivery methGdrinabis sativa

extract or its active ingredients (purified fractions or single active molecules) and to establish -
in systematic research programmes and controlled clinical trials - whether safe therapeutic uses
exist in a range of illnesses (multiple sclerosis, other neurological disorders, AIDS, cancer
chemotherapy, glaucoma).

The company’s first step has been to grow 5,000 cannabis plants in a high-security greenhouse
at a secret location in UK in order to develop standardised extraCtsadbis sativa. The

first of the plants were harvested and hung out to dry by 1999 and three year Royal
Pharmaceutical Society trials (of oral capsules containing refined cannabis oil) with 900
patients are now planned under new protocols. The trials will assess the drug’s effectiveness
against post operative pain and spacicity caused by multiple sclerosis, with the aim of providing
results acceptable to World Health Organisation.
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Ultimately, licensing data may be provided to the UK’s Medicines Control Agency. The Home
Office has indicated that, in the event of a product licence being granted for a cannabis-based
medicine, it would be willing to change the controls of the Misuse of Drugs Act 1971 to allow it
to be prescribéd. To gain licences after clinical trials will however take five years.

2.1.iii Hemp - Markets

UK production is mainly co-ordinated by Hemcore (in 1996, 90% of licence applications were
through Hemcore). 80% is used in paper manufacture and the rest in industrial textiles.

Around 2,200 hectares were grown under Home Office licence by 80 growers in 1997, 2,400
hectares in 1998 (unlike flax, the major processing firm Hemcore, have only expanded the
acreage under contract in line with their ability to process and sell the fibre). A licence must be
obtained before cultivation commences, for which the cost for the next three years will be: £270
(1998), £300 (1999) and £320 (2000), subject to inflationary rise.

Hemp is supported by the EC Hemp Subsidy scheme and the payment (reviewed regularly;
£575.97/hectare in 1997) is administered in UK by the Intervention B88xdThe crop is

outside the Arable Area Payments Scheme and so can be grown on non-eligible and set-aside
land (provided the crop is grown under contract).

The late maturing variety Futura 77 has produced higher plot yields than the earlier types:

Mean 1994/1995 Experimental vields

Stem yield Bast fibre Core

tdry matter/ha % %
Fedora 19 9.0 20.2 61.8
Felina 34 8.4 22.2 61.2
Futura 77 11.0 21.5 64.9

Sold yield is adjusted for retting losses and payment on a 15% moisture content basis. Hemcore
report sold yield (i.e. post retting) to be between 5 and 7.5t/hectare. Yields increase with grower
experience, with an average of around 6t/hectare.

An approximate gross margin for straw yields (excluding seed oil products) is as follows:

20 A recent report (November 1998) by the House of Lords Science and Technology Committee concluded that cannabis should
be re-classified (i.e. made available on prescription).
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GrossMargin Analysis

Hemp Hemp Winter
Average High Oilseed
Rape
Yield (t/ha) 5 75 35
Price (£/tonne) (1) 55 55 150
EU Payment (£/ha) (2) 576 576 275
Gross Output (E/ha) 851 989 800
Seed 150 150 35
Fertilizer 80 80 925
Sprays 0 0 102.5
Contract swathing and baling 150 150 -
©)
Haulage to factory (4) 50 50 -
Tot Variable Costs (£/ha) 430 430 230
Gross Margin (£/ha) (5) 421 559 570

(2) Delivered
(2) Hemp subsidy

(3) Alternative figures (M Bullard, ADAS) are: mowing £30-38/ha, baling £3.50/bale
(4) Becomes more significant further from the factory
(5) Excludes the Home Office licence fee - see 2.i.iv

Gross margin comparisons are based on yield figures taken from Nix (Farm Management

Pocket Book - 29th edition) (28)

Gilbertson(15) stated that there are various niche markets for hemp at all levels and that the
goods are being sold at a premium, beyond their “functional price”. His view was that while
perfectly valid markets, lucrative for the companies involved, they are small scale and will last
only as long as the novelty factor is present. One recent appraisal, albeit small scale, is that of
markets for hemp apparel fabric.

Hemp apparel fabric

The Bioregional Development Gro?) estimated that, bearing in mind hemp's similarity to

flax and it's likely lower spinning limit, it would only be successful as a textile fibre for
international markets if its price came somewhere between flax and cotton, perhaps in the
region of US$7-10 per kg (for the long fibre). At the same price as flax there would still be a
market, but it would be small. However, the potential to grow hemp organically, which is
difficult in the case of flax, would assist hemp gain a place in the small, but growing, market for
eco-friendly products. It was difficult to estimate the size of the potential market except to say
that it was somewhere, depending on price, between cotton (50% of total fibre consumption)
and flax (3%). From the information gathered in the project, predicted (conservative) yields of

fabric, if produced on a commercial scale, were as follows:

0.2 ha (1 tonne) hemp = 150g fibre = 97.5kg sliver = 73kg yarn = 182 m2 of 400 g/m2 fabric



In addition, 100kg (10%) of shorter tow fibres would be generated which could be used for
paper making or geotextiles and 500 kg (50%) of hemp hurds which would make building
materials, paper or could be sold as animal bedding.

2.1.iv Hemp - Environmental | ssues®

Hemp is sensitive to waterlogging and drought and so requires awell drained but moisture
retentive soil for high yields. The minimum soil pH required is 5.0. Initial modest fertiliser
recommendations for a 10t/ha crop of stem are 80 to 160kg/ha nitrogen, 80 to 120kg/ha
phosphate and 160 to 200kg/ha of potash, but no further additions are required.

The dense leaf canopy smothers most weed infestations, and consequently there are no
herbicide recommendations.

Botrytis cinerea and Sclerotina sclerotium appear to be the two main diseases of the crop;
significant Botrytis cinerea was recorded in the south west during the wet summer of 1994.
While fungicide programmes have been devised they are not economic or practical. Flea beetle
species have been reported as a pest but not in the UK. The crop is attractive to birds at
germination and seed set.

The acreage of hemp grown with an organic fertiliser isincreasing and in East Anglia several
crops have been treated with sewage sludge. Hemcore report that hemp has the ability to absorb
heavy metals and this aroused the interest of water companies prevented from dumping sludge
into the North Sea from the end of 1998. However, according to a UK Government (DETR)
announcement in September 1998, the spreading of untreated raw sewage on UK farmland isto
be phased out by 2001.

In Britain, 55% of 1 million tonnes of sludge (the biosolids from sewers) produced in 1998 will

be spread on farmland, of which ¥ will be raw; by 2002, 61% of 1.5 million tonnes will end up
there New Scientist 29 August 1998). Britain alone allows farmers to put raw sewage on their
land, subject to voluntary guidelines based on European Union requirements. Anglian Water
spreads 40% of its sludge raw, but by 2000 will treat all its sludge (at a capital cost of £150M).
Pressure from food retailers may influence the spreading of sludge on food versus non-food
crop areas.

21 See al'so Section 2.2.iv
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2.1.v Hemp - Barriers To Progress

* A dilemmain that, to be taken seriously by industry, hemp must avoid the image of drug-
association and sell on technical function. But the same association provides the basis for
high-value niche markets in papers, textiles and personal care products.

» The need to establish long-term contracts to provide the stability and certainty that will
enable investment in plant and storage facilities to be made; requires an integrated approach
from grower to end-user.

» Strict UK licensing and registration controls (39) which mainly restrict hemp growing to
fibre or pulp use (rather than other industrial uses e.q. as a seed oil crop)?.

» Charging of Home Office fees for the licensing of hemp growing. In 1998, UK growers of
industrial hemp were to be charged the same licence fee as those growing the crop for
pharmaceutical purposes (£480); after NFU intervention, the licence fee for the former was
fixed at £320.

» Requirement for a Home Office licence, before cultivation, providing details of a seed
supplier, a discrete location and a growing period; may preclude growing in fields which are
easily seen by the public, or require screening by another crop.

» To significantly increase the hemp acreage could require an enormous and costly increase in
crop inspections.

» Only approved varieties can be sown.

» Other than a prodigious yield of dry matter per hectare, there is said to be little benefit in
technical terms for hemp fibre over flax (flax is nearly always finer and more homogeneous).

22 Cannabisis a Schedule 1 Controlled Drug in the UK. Under the Misuse of Drugs Act 1971, additional licences are required
for the production, possession and supply of hemp-derived medicinal products for the sole purposes of research and other
special activities.
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2.2.1 Flax - Science and Technology

Flax has been grown in the UK for many centuries. It isonly within the latter half of this
century that production all but ceased, due to competition from other natural and man-made
fibres (alimited acreage has been grown continuously in Northern Ireland supported by a
traditional spinning and weaving industry). Over the last 3 or 4 years, flax has been introduced
into the UK, not as the traditional, pulled, long [continental] fibre variety used for linen textiles
but as a cut, combinable crop producing shorter fibres for industrial uses.

A low input crop, flax grows best in areas of high rainfall such as Wales and the South West.
Expert advice indicates the optimal sowing period to be April (very late sowings produce late
and/or difficult harvests and are more susceptible to drought). A high proportion of the crop
has been rejected due to weed infestation and it is expected that herbicides and pesticides will
be used at the due time (33).

Different agricultural practicesin UK (20) mean that the straw isin adifferent form from
conventional continental flax:

 desiccation followed by the use of combine harvesters

» dew-retting in the field in atangled swath, depending on weather, takes 10-21 days

 straw isbound with sisal twine

 itisadvantageousto work at higher throughputs, with tangled straw, to ensure maximum
timeliness for lower quality industrial textiles and paper pulp markets

 in-field handling and baling machinery (simpler and more readily available for tangled
swaths)

* high capacity large (500kg) and medium (250kg) rectangular balers [round balers leave the
straw most intact but are inefficient in storage and for transport]

A new decorticating technology has been developed for processing the crop (Section 2.2.ii),
including specialist bale opening devices.

The quality of fibre produced is amost entirely a reflection of the management of the crop and
the methods adopted for harvesting and retting the straw and extracting the fibre. When grown,
harvested and water retted as a fibre crop in NI, the quality of flax fibre after scutching is
equivalent to that of high quality Belgian flax while fibre from stand retted and dew retted flax
issimilar in quality to Russian dew retted fibre (50).

The fibre content of areasonable crop is 20-30% and new market outlets (Section 2.2.iii) are
being established.

Elemental analysis has revealed that the pectin present in flax fibresin particular isrich in

calcium, and therefore offers the additional potential for these fibres to be used in ion exchange
applications (49).
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2.2.ii Flax - Industry

Five major flax contractors/processors and one independent processor were operating in UK in
1998/9, of which oneis described in detail in the remainder of this Section (see also Section
2.2.ii0).

Silsoe Research Institute and William R Stewart & Sons (Hacklemakers) Ltd adapted
techniques used in the textile industry to develop a machine for extracting fibre (all the fibre
together) from linseed straw, under an open contract from MAFF. This mechanical process
(decortication) is more compact and has the potential to provide a much higher throughput, and
hence lower cost than conventional flax scutching methods.

The existing flax infrastructure provided awealth of comparative data, but its value was limited

in commercial relevance to this new development. Decorticated British fibre - whilst broadly
similar to continental “tow” grade, was sufficiently different to warrant being marketed in a
different way i.e. as a performance fibre, not just as a cheap substitute commodity.

From 1993 to 1996, a LINK project named “Fibrelin” ®(under the Crops for Industrial Use
Programme) was instigated to co-ordinate the necessary further technical and marketing
developments and to bring together enough diverse skill and experience to tackle this broad
problem. The £1.1m project was sponsored by five agencies: MAFF, BBSRC, SERC, SOAEFD
and DANI. Academic investigations were undertaken by Silsoe Research Institute, Leeds
University, Cranfield Institute of Technology and ARINI; while the industrial work was
completed by Wm Tatham, Robin Appel, Gaskell Textiles and Wm R Stewart. The whole
programme was co-ordinated by SRI and apart from a wealth of scientific data and reports, one
of the main practical outcomes was the establishment of British Fibre in December 1996. This
Hampshire-based company has built a full-scale demonstration and commercial production line
incorporating the prototype machine. This is unique and acts as a model for a potential new
generation of fibre extraction machinery systems. There is potential for the patented technology
to be replicated world-wide.

The attraction is that these plants are small-scale (relative to conventional factories), capable of

around 5,000 straw tonnes a year throughput and thereby offer a cost-effective means of rural-
processing, providing local employment and added-value at source.
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2.2 Flax - Markets

The area of flax grown in UK has expanded from around 200hain 1992 to 20,000hain 1996,

but has since fallen back to around 17,500hain 1998. It attracts an EU Flax Subsidy,
administered through the Intervention Board (33) and must be processed before the subsidy is
paid. It may be grown on land that is ineligible for Arable Area Payments, providing ‘good
agricultural practice’ is adhered to (see Sections 2.2.iv and 2.2.1).

Currently, short fibre flax can only be grown under contract with a contractor/approved
processor, using a recognised fibre flax variety. The grower must make sowing and harvesting
declarations, use a cutter height no more than 10cm, and retain the stubble for 20 days. Areas
sown and harvested may be subject to inspection.

Potentially yields can be good, but farmers are still learning; hence, average yields have been
low and a significant proportion of straw has not been of an acceptable quality. From 1998
yields of flax straw (harvested by cutting) of 1t/ha (1998), 1.5t/ha (1999) and 2t/ha (2000) will
have to be achieved in order to qualify for the full subsidy. Most of the UK crop is for paper
production. Fibre prices are at their lowest level for 20 years.

GrossMargin Analysis (cut flax for industrial fibre)

Flax L ow Flax Flax High Winter
Average Oilseed
Rape
Seed
Yield (t/ha) 0.5 0.85 13 35
Price (£/tonne) (1) 130 130 130 150
Seed Output 65 110 170
Straw
Yield (t/ha) 1.0 (4) 15 3.0 3.5
Price (E/tonne) (2) 20 20 20 150
Straw Output 20 30 60
EU Payment (£/ha) (3) 535 535 535 275
Gross Output (E/ha) 620 675 765 800
Seed 135 135 135 35
Fertilizer 35 35 35 925
Sprays 75 75 75 102.5
Total Variable Costs (E/ha) 245 245 245 230
Gross Margin (£/ha) 375 430 520 570
(2) asfor linseed

(2) can be higher depending on quality
(3) non de-seeded crop £465
(4) ‘rejected’ (harvesting by cutting) - from 1998 this will result in reduced area payment.

Gross margin comparisons are based on yield figures taken from Nix (Farm Management
Pocket Book - 29th edition) (28)
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There are severa producers/processors of UK flax fibre, in addition to British Fibre (see
below). Flax UK Ltd, part of the Gorham & Bateson Group of Companies, supplies flax fibres
to the industrial sector with the aim to produce and consistently supply fibres of a known
quality and at a stable price. It is said to have one of the most up-to-date flax processing factory
linesin Europe.

All farmers growing with the company automatically become members of Flax UK, whichisa
farmer-controlled flax growing and marketing group. The sister company Lintex Industries Ltd,
isjointly owned by Procotex, who are one of the largest world traders of fibre flax.

British Fibre

In recognition of the considerable input to the Fibrelin project (both from partners and funding

agencies) the word Fibrelin® has been registered as a Trademark to define all fibre produced by
this system to be sold as “Fibrelin” fibre. Just as natural fibres are botanically defined e.g. flax,
hemp, jute, kenaf etc. so the processes that these fibres pass through are now legally defined to
avoid risk of confusion and substitution.

British Fibre itself is an integral part of a production, processing and marketing system divided
into three separate companies as follows:

Production - Robin Appel Ltd
Processing - British Fibre
Marketing - Natural Fibres Organisation

Robin Appel Ltd is the leading UK flax contractor and a pioneer of flax production in UK, with
a market share of 42% in 1997.

In order to provide a rational approach to marketing the produce of Robin Appel's 500 flax
growers to large-scale industries, the Natural Fibres Organisation (NFO) was formed in 1994.
Each flax grower is a member and together they subscribe annually (50%) to a unified
marketing effort. This has been matched (50%) by funds from MAFF Market Development
Grants (1994-1997) and a series of market studies (1991, 1992, 1994 and 1995).

British Fibre flax has the potential to become an economic crop in the long-term, providing new
high-value markets can be found by NFO for the decorticated fibre and by-products. It is
however grown nationally over a range of latitude from Cornwall to Aberdeen with inevitable
variations in retting, straw and fibre yield and quality. This is taken into account when
investigating appropriate markets i.e. a range of different end uses is addressed because it is not
grown and processed to a particular specification. However, the important difference from
conventional, continental flax industries is that production is specifically targeted by positive
marketing to potential users.

The view of NFO is that flax fibres have a bright future as a marketable product, provided care
is taken at all stages to ensure strict quality control and adherence to customer specification.
The most care and attention is required during growing and harvesting. By separating the
fractions of good fibre, poor fibre and shiv, three product ranges could be developed whose sum
value of the fractions could be greater to the grower/processor than that obtained by selling the
whole, even when taking into account processing and storage costs.
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There are at least 183 individual end products for which NFO have either had an enquiry, found
that flax has been used historically, or are actively developing (20). These individual

product categories can be consolidated to a number of basic market sectors (see al'so Section
2.0.iii):

» Absorbents - dry and as fluff pulp

e Composites - with resins and binder

» Chemicals - including regeneration of fibres
» Construction Materias

* Fuel (shiv and dust)

* Non-Woven Fabrics

» Pulp and Paper Making

e Spun Yarn for weaving and knitting

A number of commercial initiatives are underway in these sectors by British Fibre, examples of
which are:

Spun fibres

Most remaining UK mills now serve the household linen sector of the textile market, which is
well suited to British Fibre flax: there are less demanding specifications on fibre quality in
terms of fineness than the fashion apparel sector; it isalso less prone to spurious annual
fluctuations in consumer demand.

Dry-process technology: hon-wovens

A wide range of mat products to satisfy avariety of consumers, from fine-grade felts and
interlinings for tailoring and furnishings, to coarse grades for geotextiles, or oil-absorbing mats
for pollution control or animal welfare housing liners have been produced. These materials have
been undergoing acceptance trials with consumers.

Compression moulding

By further blending prepared flax fibres with polypropylene and needling into a felted fabric,
high pressure hot moulding techniques can melt the plastic into the flax to create a composite
matrix. Thisis particularly suited to automotive interior trim panels such as door panels, boot
linings; headliners and parcel trays®®. All of these have already been produced using British
Fibre flax and weight savings of up to 20%, for the same strength, have been noted by
manufacturers. All the magjor automotive manufacturers are now specifying the option of
including natural fibre content in their tender documents to trim suppliers of future models (a
significant - German - influence/impact on British suppliers such as MIP, Midland Industrial
Plastics). Thisisanew market for flax, but the key constraints are low material cost and

28 Comments rel ative to the automotive sector are also given in Section 2.0.iii
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consistent supply of homogeneous material to an agreed specification (the industry requires 5-7
year contracts for vehicle production). The variability of retting and coarseness of flax grown
under the British system, means a definite supply can be guaranteed, but not yet always meeting
atight fibre specification.

Board-making

Aswell asthefibre fraction, the separated, non-fibre parts of the straw have value applications.
Shiv has always been generated from any form of fibre-flax processing. Many attempts have
been made to find uses for this fraction, as aboiler fuel, animal litter or conventional flax-board
which uses formaldehyde resin to bind the particles. The Compak Company of Gainsborough
has devel oped a novel process for bonding agricultural crop particlesinto board using iso-
cyanate (MDI) resins together with heat and pressure. Trial evaluations with Silsoe-produced
flax shiv made a set of 6mm trial boards with densities ranging from 600 - 800 kg/m3 using 3%
MDI resin. All boards were 'sound’ with a smooth surface. At approximately 620 kg/m3 the
boards achieved and exceeded the strength properties specified for British Standard particle
board.



2.2.iv Flax - Environmental | ssues
Weed control is essential, see Section 2.2.1.

UK flax contractors have agreed a protocol to ensure that flax is not grown on land of

environmental significance - contracts will not be accepted on land of high conservation value
(asimilar arrangement is also applied to the hemp crop). In September 1998, the UK

Government also proposed heavier fines for damaging such environments. The penalty for

damaging Sites of Special Scientific Interest (SSSIs**) will rise from the current maximum of
£2,500 to an estimated £5,000. The proposals will also make offenders repair damage they
cause, while landowners who neglect SSSis could be forced to relinquish them.

Through these changes, the Government is addressing the undermining of SSSI payments by
European CAP provisions. Farmers can gain 6 times more in EU subsidy for growing flax than
for leaving land in its natural state. More recently, the qualifying rules for flax subsidies have
been tightened, for example to ensure that flax is grown for a definite end use.

2.2v Flax - BarriersTo Progress

Long term contracts need to be established for flax fibres to provide the stability and certainty
that will enable investment in plant and storage facilities to be made. As with hemp, this needs
to be an integrated approach going all the way from grower to end-user.

In 1996, there were proposals from Brussels for a maximum guaranteed flax area, which may
have hindered the new and emerging flax growing industry in UK. On this occasion, MAFF

were able to secure a review of the sector such that this, and further suggestions for change, take
full account of developments at Member State level.

2 See al'so Section 4.0.iv
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2.3.i Miscanthus - Science and Technology

Miscanthus, a source of high annual yields of cellulose (44%), hemicelluloses (24%) and lignin
(17%), is asub-tropical C4 grass with relatively high cold-temperature tolerance, high
theoretical productivity® and is of importance to the global carbon cycle. A wide-ranging
experimental programme with miscanthus during the last eight years has included: complex
physiological studies; ayield evaluation on seven sites; and taxonomic re-classification. This
has begun to elucidate its ability to grow in the UK and define the most appropriate agronomic
treatment. Two species receiving most research interest at the moment are M. sinensis and M.
sacchariflorus which produce new shoots usually during late April in UK, but do not set viable
seed.

Field work commenced when MAFF funding was used to undertake limited observation studies

in Devon in 1990. This confirmed that miscanthus plants were capable of very high rates of

growth and gave some useful experience of propagation techniques. In early 1992, ADAS used
evidence from this draft review to gain funding to determine the yield potential of miscanthus

on three fertile sites in the southern half of England, i.e. situations where miscanthus was likely

to perform well. This was expanded subsequently (1994) to embrace testing under more

demanding conditions at a further four sites. These trials are now only entering their ‘mature
yield’ phase, but productivity so far suggests that the yield potential of the crop in this country
is very high - annual dry matter yields at harvest of 15-25 t/ha have been observed.

Comparative above ground dry matter harvest yields (t/ha) at UK (ADAS) siteM[1] -
sacchariflorus. Source(53).

ADAS Site Density 1992 1993 1994 1995 1996 1997
(plants/m2) [2] [3] [4] [4]
Arthur Rickwood 1 165 153 11.0 169 209
4 6.7 244 182 124 166 207
Rosemaund 1 6.3 9.5 128 154 139
4 6.0 158 192 154 139 154
Buckfast Abbey 1 2.7 101 175 208 165
(ADAS Starcross) 4 18 119 197 205 196 164
Boxworth 1 0.2 17 5.9 14.9
4 0.8 6.1 101 175
Bridgets 1 0.4 5.0 188 165
4 11 107 116 222
Gleadthorpe 1 0.4 19 4.8 13.9
4 1.0 25 4.4 13.8
High Mowthorpe 1 0.2 0.1 17 39
4 0.8 13 75 12.9

% ca 55 t/halyr in the UK, approximately 60% higher than for C3 plants
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1. This continuing experiment has two spacing treatments applied to a randomised block
design with five replicates at each site.

2. Between 70 and 90% of rhizome cuttings, planted by hand between 31 March and 13 April
1992 at 4 plantsm2, established. Establishment, crop growth and dry matter yield all
declined at the latest planting date.

3. Inthe second year, half the plots were thinned to 1 plant/m2. The lower plant population
resulted in greater numbers of stems per plant, but shorter crop height, in comparison to the
4 plants/m2 popul ation.

4. The climatic variable with perhaps the greatest influence on miscanthus productivity in the
UK istemperature. Late spring frosts and combinations of very high summer temperatures
and extremely low soil moisture availability were the main limitations to dry matter
production on arable soilsin England in 1995/1996.

A large scale physiological assessment of miscanthus also began in 1993, funded by MAFF.
The objectives of this study were to determine precisely the physiological mechanism
underlying the productivity of a perennial C4 grassin the UK. The experiment consisted of a
complex comparison of M. sinensis "Giganteus' (two densities), Triticum aestivum (annual, C3)
and Zea mays (annual C4). Sufficient miscanthus plots were established for destructive
sampling over athree year period. A large amount of experimental equipment was installed on
site and awealth of quantitative and qualitative physiological data concerning biomass
accumulation and partitioning, leaf/photosynthetic area development, nutrient partitioning,
water use, radiation-use efficiency, morphology and micro-climate aspects were accumul ated.

This project demonstrated the successful establishment of micro-propagated miscanthus, and in
so doing, greatly increased UK knowledge of the crop. Major findings have been that:
miscanthus partitions 40% of accumulated biomass to the root/rhizome complex; thereisa
large loss of biomass (c. 30%) from peak levels due to a combination of respiration losses,
senescence and leaf fall; height, GAI and stem density are higher for high density miscanthus,
radiation-use efficiency is greater for C4 than C3 species; extinction coefficient decreasesin
the order: low density miscanthus > high density miscanthus > wheat and maize. It also appears
that the source/sink nature of N supply of miscanthusis very different to that of cereals crops.

These projects form part of awider programme of UK research (see Appendix 9), including:

“Collection of natural source germplasm from China, Japan, Korea and Taiwan” and
“Miscanthus in Britain: a molecular based review of diversity”

A further extension of the miscanthus experimental programme at ADAS has come through
their collaboration with the Royal Botanic Gardens, Kew in which a variety of molecular and
classical taxonomic techniques will elucidate definitively the relationships between the different
species and 'varieties of miscanthus. At Kew, a special MAFF-funded laboratory and
herbarium-based research project on miscanthus is reviewing the genus (20 species) to identify
clones with potential value as a source of biomassin agro-industry. The ADAS-Mepal
commitment to the project is to assemble a gene-bank of different accessions, and assess their
agronomic potential.

Taxonomic research over the last 3 years has made considerable advances in the understanding

of the grass genus Miscanthus. Investigation of the interrelationships with other closely related

genera has revealed the degree of affinity which Miscanthus has with its near relatives and has
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provided information which demands that the circumscription of the genus should be re-
examined. The 12 species within the genus have been critically appraised and a detailed
assessment of the variation found in two speciesin particular (M. sinensis and M.
sacchariflorus) has been made. The focusis on the Asiatic species (M. sacchariflorus, M.
sinensis, M. floridulus, M. oligostachyus, M. nudipes, M. tinctorius, M. nepalensis, M. fuscus);
the 4 outlying species in southern Africaare not included. A special study has aso been made
origin of the hybrid M. giganteus.

141 plants of miscanthus were gathered into cultivation mostly from horticultural sourcesin
Europe, the predominant species being M. sinensis. This collection was taxonomically assessed
using classical methods of morphological comparison, molecular techniques and inter-
microsatellite markers to compare related genera and species and to identify each clone
precisely. Further collections have recently been made in S Korea and central and southern
Japan which will hopefully provide an opportunity to examine further the variation of the
miscanthus genome.

Miscanthus Productivity Networ k

A revised and extended Miscanthus Network has been funded under the AIR Programme (field
work commenced in 1993). Experimental work at ADAS consists of ayield potential
experiment involving three rates of fertiliser nitrogen. IACR-Rothamsted are also investigating
miscanthus under low input conditions. M. sinensis planting stock of common origin has been
used for al the sitesin the network. This provided the opportunity for 18 European research
groups to disseminate information on the performance of miscanthus and to run identical
experiments over avery wide range of climatic and edaphic conditions. A Miscanthus
Production Handbook has recently been published.

C4 Grassdand Model (Biological Sciences, Univer sity of Exeter)

Given the recognised importance of C4 grasslands, and other related plant communities, to the
global carbon budget and the current lack of direct experimental evidence for the effects of
climate change on these systems, predictive mechanistic models are a vital tool in extrapolating
from current information.

One aim isto construct and modify a C4 grassland model in order to study the potential impact
of climate change on the light, nitrogen and water use efficiencies of crops such as the
agriculturally important C4 species Miscanthus sinensis. This complements awider interest in
low temperature tolerance of C4 photosynthesis in temperate grasses of the genera Miscanthus
and Spartina.

The Group (funded by BBSRC, EU, NERC, US-DoE and UNEP) also hosts an “International
Grassland Database”.
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2.3.i1i Miscanthus- Industry

The main markets for miscanthus other than fuel are for paper and composite board
manufacture (see also Sections 2.0.i and 2.0.ii). Here, more costly harvesting operations may be
required, but these are off-set by an increased commodity value.

Miscanthus shows considerable promise as a feedstock for chemical pulps. In terms of both
pulp yields and strength properties, miscanthus pul ps are evidently superior to those of other
crop materials, including the already commercially-established wheat straw; in addition, they
also compare favourably in terms of properties with eucalyptus pulps, and in terms of yield with
spruce pulps. With yields similar to those obtained for kraft eucal yptus pulps, higher brightness
than kraft wood pulps, and strength properties which lie between those of hardwood pulps,
miscanthus could potentially have afuture in the pulp and paper industry

as agenera 'workhorse' pulp. Miscanthus could also offer advantages in terms of a lower
refining energy required to devel op the pulp properties.

Miscanthus shows promise as a feedstock for medium density fibreboard (at 50% wood
substitution). However, particleboards manufactured from miscanthus revealed that important
board properties were significantly impaired, even at relatively low levels of wood substitution.

Moisture content on harvest in the UK remains high - the best results have been in the order of
30%2°. Whilst a disadvantage for energy cropping, high crop moisture content is a positive
benefit for miscanthus in the MDF market. Forage harvesters chipping at 50% moisture content,
followed by immediate transportation to the processing plant, is a viable option. Annual
husbandry costs will be low and there is an opportunity to reduce production costs by treating
an existing plantation as a nursery bed for multiplication and resale of rhizomes.

BICAL has been established in England to develop the end uses of miscanthus as a new crop.

A range of end products using the cane are being devel oped and rhizome production and
planting technology iswell advanced (rhizome and seedlings are now offered for sale).

%% This may be because the plant is still in its vegetative phase in the UK when it starts to dry back — flowering would trigger
natural senescence earlier
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2.3.1i Miscanthus- Markets

The following isa synopsis of a much more comprehensive report produced by ADAS for
MAFF. Economic analysis of miscanthus production is discussed further in Section 2.0.iii.

General production economics

Miscanthus production economics have been modelled on the basis that:

a‘first of its kind’ production scenario is avoided®” in order that a degree of reality can be
applied to economic modelling and market identification.

all labour inputs are considered to be covered by general farm overheads, and thus

‘standard’ fixed costs are used in the computation of break-even costs.

a productive crop lifespan of 20 years is assumed

no serious pests or diseases are assumed.

rhizomes will be supplied at 5 pence per piece.

break-even costs are calculated on the premise that no area payments, planting grants, tax
credits or other subsidies are payable.

markets other than fuel require alternative harvesting operations (i.e. not using existing
farm machinery); in many cases these additional costs of harvest will be adequately
compensated for by higher end use product value.

On the basis of these assumptions the following break-even costs for miscanthus entering the
paper/MDF market are calculatésB):

Depreciation 5% Break-even cost
0% resale assuming predicted annual yield (£/t)
12t/ha 15t/ha 18t/ha 21t/ha 24t/ha
<100 ha 7827 63.63 5360 4630 40.75
100 - 200 ha 6790 5520 4650 4017 3535
>200 ha 6069 4933 4156 3590 31.60
Mean 68.95 56.05 4722 40.79 3590

Depreciation5%  Break-even cost
50% resale* assuming predicted annual yield (£/t)

12t/ha 15t/ha 18t/ha 21t/ha 24t/ha

<I00ha 7190 5911 5019 4361 3855
100-200 ha 60.98 5014 4257 3698 32.70
>200 ha 5338 4389 3726 3238 2862
Mean 62.09 5105 4334 3766 33.29

* Economic feasibility of miscanthus production isincreased significantly by considering
sacrifice of the crop during its lifetime for resale. Adoption of a strategy whereby half of the

2 The cost (1996 figures) of establishing a Miscanthus plantation is high — approximately £3000-£5000 for 10,000 plants.
These costs will reduce dramatically as demand stimulates the supply of rhirce®qi plantlets.
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mature crop is cultivated to produce propagules for re-sale, half-way through the twenty year
growing cycle, reduces break-even costs.

Gross margins using comparative figures (not necessarily the latest in all cases) for two end-use
scenarios are:

Comparative gross margins for miscanthus, winter wheat and oilseed rape (OSR) sold as a
feedstock to the pul p products market

Miscanthus Winter Winter
Wheat Oilseed Rape

Yield (t/ha) 18 7.5 3
Price (E/tonne) 40 107 175
Area Payment (£/ha) 325 257 455
Gross Output (£/ha) 1045 1060 980
Seed/Rhizomes 40 50 38
Fertilizer 30 85 90
Sprays 25 125 103
Contract harvesting 44 0 0
Total Variable Costs (£/ha) 139 260 231
Gross Margin (£/ha) 906 800 749

Gross margin comparisons are based on yield figures taken from ADAS (53)

Comparative gross margins for miscanthus, winter wheat and oilseed rape (OSR) sold as a
feedstock to the wood-based products industry

Miscanthus Winter Winter
Wheat Oilseed Rape

Yield (t/ha) 18 7.5 3
Price (E/tonne) 60 107 175
Area Payment (£/ha) 325 257 455
Gross Output (£/ha) 1405 1060 980
Seed/Rhizomes 40 50 38
Fertilizer 30 85 90
Sprays 25 125 103
Contract harvesting 44 0 0
Total Variable Costs (E/ha) 139 260 231
Gross Margin (£/ha) 1266 800 749

Gross margin comparisons are based on yield figures taken from ADAS (53)
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2.3.ilv Miscanthus - Environmental |1ssues

C4 grasslands, such as miscanthus, and other related plant communities, are of recognised
international importance to the global carbon budget (see Section 2.3.i).

Physiological datafrom ADAS (51), aswell as elsewhere in Europe, suggests that:

* Moisture use efficiency is very high

* Nutrients are cycled effectively

» After establishment, N is supplied by rhizome reserves with no need for additiona N
fertilisation

Theinitial development of an effective canopy (GAI 5) requires only ¢. 120 kg N in miscanthus,
compared with 150 kg N for wheat and maize and subsequent nutrients are drawn from rhizome
reserves which accumulate during the winter. Requirements for additional supplementation are
therefore expected to be low. This, together with the plant’s status as a non-food crop, indicates
that sewage sludge might provide the greater part of nutrient requirements. A water company
has commissioned ADAS Arthur Rickwood to investigate the utilisation of sewage sludge and
further research is also examining the potential to genetically modify miscanthus to safely
accumul ate the high levels of heavy metal's sometimes associated with sewage sludge and other
contaminants. A patent application has recently been made in respect of thiswork.

Weed control issues have been discussed in detail by Bullard (51). Establishment can be
severely checked by poor weed control during the first two years of growth and so sites for
miscanthus should be cleared of perennial weeds before planting. A wide range of herbicides
including atrazine, propyzamide, mecoprop, floroxypyr, bromoxynil/floroxypyr/ioxynil
mixtures and some sulfonyl ureas has been used effectively with apparent crop safety in the UK.
Once the crop is mature, miscanthus will smother all weed competition. This should present
less of an ongoing problem, but if miscanthus is to become cultivated widely, thereis a need for
work on weed control in the establishment phase of the crop. In addition, the persistence of
perennial miscanthus plants as volunteers may present a problem when the field isto be
returned to mainstream arable production. Thus, herbicidal control of miscanthus itself must be
addressed. This may take the form of the application of high doses of systemic herbicide at the
beginning of the growing season, with the land then put down to broad-leaved crops to which
graminicides can be applied safely.

Whilst Miscanthus spp. are attacked by a number of pests and pathogens in the areas to which
they are native, the literature fails to reveal any major pest or disease problems causing serious
losses to production (although it has been reported that micro-propagated plants introduced into
the UK are infected with barley yellow-dwarf virus). However, this may be due to the very
small areas of miscanthus that are currently cropped. If this situation prevails, it will provide a
positive opportunity to reduce pesticide usage as the area of miscanthus cultivated increases at
the expense of other traditional crops.

With Anglian Water plc, ADAS is assessing the value of sewage sludge as afertiliser source for
mi scanthus.
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2.3.v Miscanthus- Barriers To Progress

It appears that there are no overwhel ming agronomic factors which would preclude commercial
exploitation of this crop in the UK. However, the full environmental range of Miscanthus, its
longevity, maximum yield potential and ability to sustain these maximal yields have yet to be
established under UK conditions (but it is anticipated that a stand will remain viable for at least
15 years). Results obtained in the UK so far tend to suggest that the crop will grow well, but
whether or not it will yield at economic levels at a significant number of sites to warrant
commencial exploitation has yet to be seen.

Experience indicates that establishment from rhizome cuttings is the least problematic method
of propagation, although micro-propagation and seed production techniques may be improved
as knowledge of the crop increases. Removal of miscanthus (and reed canary grass) plants at
the end of the production period may be difficult due to the persistence of these plants.
Definitive statements relating to the value of this genus for fibre-producing purposes should be
delayed until the full range of its genetic diversity has been determined and exploited. Likewise,
the classification of miscanthus material needsto be clarified and revised before any breeding
programmes are undertaken.

ADAS s of the view that miscanthus offers very good potential as a (biomass) crop, but it is
essential that long-term evaluation of its potential takes place before growers have the
confidence to invest heavily in the crop. Perhaps more important is the need to develop the
necessary infrastructure for utilisation and, as aresult, a market for products of miscanthus. The
speed and extent of this development will depend on a number of economic and political
factors, including EC and Government policy for surplus land use and the availability of any
subsidy; the demand for, and price of, energy; the comparative yield potential as a biomass
crop and viability as afeed stock to chemical pulp mills for the production of speciality paper
(but no such pulp mills exist in the UK). In the meantime, the objective of ADAS research isto
continue to produce a scientific definition of the yield potential of miscanthusin the UK, and its
physiological basis, to underpin the development of future research strategies and processing
infrastructure.

The principle factors affecting the uptake of miscanthus as a cash crop in the 21st Century are
likely to be perceived high production costs and tardiness of market devel opment. The view of
ADAS isthat likely current production costs are not prohibitively high, when viewed either
against other novel species or against established cereals and break crops, assuming that yields
of more than 15 t/ha can be achieved on an annual basis. A long-term strategy for the
exploitation of the crop is however required. The realistic basis for ng the viability of
miscanthus must be that the first large-scale crop is established as aloss leader, with rhizomes
imported from abroad. Subsequent establishment costs will be sufficiently reduced to enable
low cost production.
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3.0 Carbohydrate Crops

UK crop-derived carbohydrates are primarily in the form of starch and sugar. Opportunities for
the use of cellulose and hemicellulose from fibre crops such as hemp and flax are al'so
recognised within UK industry.

Starch

In the UK, wheat and potatoes are the most widely grown starch-producing crops, athough
guota restrictions on the allocation of EU support payments prevent the development of a UK
potato starch industry. Other starch-producing crops of interest are barley, oats and peas and, in
the longer term, novel crops such as quinoa could provide alternative sources.

However, the UK has research centres with expertise and interest in the physical, chemical and
genetic modification of starch so that the UK’s most abundant crop, wheat, represents the
greatest potential source of renewable raw materials for industry with products ranging from
biodegradable plastics to adhesivésl)

Starch and its derivatives are renewable, abundant polysaccharides with established markets.
Some of these are in decline, but recent moves towards environmentally-friendly products have
opened up new market areas for these raw materials.

The paper and board industries are the largest consumers of starch and derivatives in the EU
non-food sector. Starch is added at the pulping stage to promote internal cohesion - greater use
of recycled paper in the pulp calls for greater use of starch to counter fibre quality deterioration.
Most of the starch, however, is used to reinforce surface fibres and provide a smooth finish.
Increased demand for paper and board and greater use of recycled paper should increase
demand for starch in the future.

Several of the 15 or so chemical constituents of detergents could be derived from starch. Their
main advantages over petrochemical-based products relate to biodegradability and their

safety in terms of human health. One estimate is that 800,000 tonnes of starch could be used in
the EU for these purposes by 2000. Surfactants are also described in Sections 1.0.ii and 1.0.iii.

Starch derivatives have some applications in cosmetics and personal care products. The
markets are small, but likely to increase in view of the increasing demand for 'natural products'.

Sugar & Fermentation Products of Starch & Sugar

Sugar produced from sugar beet, in the form of sucrose, is one of the UK's most abundant crop-
derived commodities. Other sugars could be made readily available from the hydrolysis of
agricultural wastes and starch.
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The fermentation industry uses sugar, sugar beet molasses and starch to manufacture awide
range of chemicalsfor use in the food, chemical and pharmaceutical sectors. Molasses (both
EU produced and imported) is the cheapest feedstock, but technical and organisational factors
have effected a shift towards sugar and, particularly, starch. Future expectations are of a steady
growth in demand (perhaps 5 - 10% per year) for, at |east, some fermentation products.

Uncertainties remain as regards costs and prices. The fermentation industry cannot always
match the prices offered by the food industry, and new investment in fermentation plantsin the
EU has been somewhat limited.

A number of chemicals used in pharmaceutical and health care products are derived from starch
and sugar via fermentation or chemical synthesis, and research and devel opment are creating
many new possibilities. Again, demand for natural products should strengthen this small, but
potentially lucrative, market.

There is also much ongoing research in the area of fermentation and the chemical

transformation of starch and sugars to polymers such as the biodegradable plastic Biopol

(formerly 1Cl/Zeneca, now Monsanto- see Section 1.0 for further information) and Union

Carbide’s PLLA (polylactic acid). Production costs are high so that present uses are restricted
to the medical sector. However, cost reduction, through improvements in the efficiency of the
fermentation process, would expand the market significantly, e.g. to high value packaging.
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3.0.i Carbohydrate Crops- Science and Technology

The UK has considerable expertise and interest in the physical, chemical and genetic
modification of starch with skillsin chemistry, biochemistry, molecular biology and materials
science.

The principal research centres, with an indication of their particular fields of expertise are as
follows:

- The BioComposites Centre
(starch derivatives for thermoplastics and thermosetting adhesives)
- The John Innes Centre
(biochemistry of starch synthesis and structure/function relationships)
- The University of Cambridge
(materials science, including biopolymers)
- The University of Oxford
(molecular biology concerned with the biosynthesis of starch - see
‘Breakthrough in starch yield potential’ below)
- The University of York
(macromolecules group developing biocompostable co-polymers)
- The Wolfson Centre (Brunel University)
(composite materials and process technology)
- UMIST
(materials science including starch networks)

More generally, York (Department of Biology), Oxford (Glycobiology Institute), it's spin-off
company Oxford Glycosciences and Dextra Laboratories (Reading) are foremost centres of
carbohydrates expertise.

A project in the LINK Programme 'Crops for Industrial Use', entitled Industrial Markets for
UK-Grown Crop Polysaccharide$l)), produced in January 1996 and funded by the HGCA,
BBSRC, EPSRC, SOAEFD and the Potato Marketing Board (now the British Potato Council),
made the following recommendations for future research into the industrial uses of starch.

1 As EU quota restrictions inhibited the establishment of a UK potato starch industry,
research and development will need to focus on cereals.

2 Cereal starches are already securing some new industrial markets (for example in the
paints industry) despite certain quality limitations simply on the basis of cost
competitiveness. However, there is a major role for Government to play in supporting
basic research which is likely to reduce raw material costs still further.

3 Further work is required to elucidate the precise roles and relative importance of the
enzymes responsible for controlling starch synthesis in order for the variability in starch
types (primarily the ratio of amylose and amylopectin) to be exploited commercially.

4 There is a need to assess the influence of climate, growing location and crop
management on starch quality.
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5 Genetic modification, both by conventional breeding and genetic engineering, offers the
opportunity for producing radically different starch qualities. However, these can be
expensive technigques and need to be targeted at viable markets. A close dialogue with
potential end usersis, therefore, essential.

6 New starch sources such as quinoa and non-traditional starch crops such as oats merit
further investigation.

7 The sectors of industry with the greatest starch-using potential are paper, surfactants,
cosmetics and pharmaceuticals.

Research projects currently underway, some directly as aresult of these recommendations,
include:

* Nove products based on chemically and/or physically modified starchesand gluten
The BioComposites Centre, Bangor is working with a number of companies to develop
new products from potato and cereal starches and starch/gluten mixes.

» Prediction of starch processing potential - in relation to cereal and potato production
under Scottish conditions
Scottish Agricultural College and the Scottish Crop Research Institute aim to identify the
properties of starch which confer particular technological characteristics.

* Nove Polymersfrom Starch
Researchers at the John Innes Centre are investigating the functional significance of
structural differences between the various isoforms of starch synthase and starch branching
enzyme.

» Direct determination of the molecular organisation of amylose and amylopectin in
native starch granules
At the University of York research is being carried out into the location and molecular
arrangements of amylopectin and amylose in starch granules of different origin.

* Thestructure and synthesis of carbohydratesin legume seeds
In this project at the John Innes Centre naturally occurring and induced mutants have been
used to manipulate the amounts and types of pea starch.

Breakthrough in Starch Yield Potential

If starch isto become an industrial feedstock of importance, it will need to be availablein
sufficient quantity and at a competitive price. Improving starch yield, therefore, remains a
prime target for al engaged in breeding starch crops whether for human consumption, animal
feed or industrial use.

A breakthrough in genetic engineering by Oxford University scientists should help plant
breeders in their search for the ‘holy grail’ of increased starch production in crops such as
potato, rice and maize. The advance stems from work by the Plant Sciences Department into
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how plants breathe. Led by Steven Hill and Chris Leaver, the research team’s objective was to
seeif genetic modification of the potato plant could alter its rate of respiration - the
production of energy from the oxidation of carbohydrates. The study, backed by BBSRC,
focused on a gene which carries the inherited blueprint for one particular enzyme in the potato
called the NAD-malic enzyme.

In the laboratory, the researchers have already demonstrated a 100 per cent improvement in
starch yield from potatoes in which NAD-malic enzyme activity has been cut down. The work
has attracted the attention of major biotechnology firmsincluding Zeneca, which is making a
"very significant” investment in the work with aview to commercialising the findings.

Workshop to Discuss Industrial Applications of Starch-Based Polymers - October 1996

A workshop was organised by ACTIN on behalf of ICI to consider the possible uses of starch in
the manufacture of polymers (14). Papers were presented on the following topics:

- Characterisation of starch and its potential as an industrial feedstock
- Polymer specifications for paints, films and surfactants

- Chemical modifications of starch and regulatory constraints

- The potential for the genetic modification of starch

- Technical and commercial barriers

In the last presentation, the ‘allure’ of starch was highlighted in that it is cheap, natural and
plentiful. However, several barriers to progress were identified, namely:

- The lack of industrial chemists with a knowledge of carbohydrate chemistry.

- The bewildering range of possibilities

- The possible instability of resultant products

- The difficulty of defining specific target markets.

In conclusion, it was recognised that there was a need for collaboration between the chemical

industry and carbohydrate experts to develop product technologies that start to deliver the basic
effects, e.g. for surfactants, emulsification and/or dispersion.
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3.0.ii Carbohydrate Crops- Industry

Industry has recognised four key forces driving the need for technological innovation, namely
the need for more cost effective products, that pose alower environmental burden, while
requiring less energy in their manufacture, and yet deliver performance benefits to the
consumer.

One strategy which offers the potential to meet some, if not all, of these tough targetsisto shift
the balance of feedstocks away from petrochemicals and more towards sustainable feedstocks,
in particular the carbohydrate family of molecules which are currently the most abundant
material grown on our planet.

Within this family, starch is one obvious starting point given the wide variety of starches
available and the knowledge base that exists in their modification and adaptation for many end
USES.

Star ch uses

UK starch production is 750,000 tonnes of which 75% is from imported maize. The remaining
production is primarily from home grown wheat. Approximately 25% of UK suppliesis used
for industrial purposes with paper and cardboard accounting for the major share.

For the extraction of wheat starch various processes are used. The Barr and Murphy processis
typical, from phase 1 of which A starch (less than 1% protein) is extracted. In phase 2 glutenis
separated from B starch by screening out the gluten. A third, light phase contains pentosans,
other solubles and some fine gluten.

Maize starch is extracted using asimilar 'wet milling’ process to separate the starch (approx
62%), maize gluten meal and maize germ cake.

The main starch first processorsin the UK are Cargill (London), Cerestar (Manchester) and
Tunnel Refineries, now Amylum, (London). National Starch and Chemica (Manchester), now
part of ICI, isamajor secondary processor of starch.

AVEBE, part of the Dutch group involved in processing potato starch, has a marketing base in
the UK.

There are no barley, oat or pea starch processing facilities in the UK but these starches have
interesting characteristics which are discussed under the respective crop in Sections 3.2, 3.3 and
3.5.

Sugar uses
British Sugar is the only company in the UK engaged in the extraction of sugar from sugar beet.

Yields of sugar are in the range 17%-18% by weight, with sugar beet pulp, currently used as
animal feed, the main by-product.
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3.0.iii Carbohydrate Crops- Markets

Present industrial applications of starch in the EU use approximately 1% of the exploitable
agricultural area. If recent annual trends were to continue, this area would increase to between
1.5% and 2.5% by the year 2000. Thereis, therefore, considerable scope for increasing the
production of starch for industrial use.

Starch - Market Sector Features:

Industrial uses of starch are many and varied (see Table 3.1). Some are traditional, such asin
the paper industry, others are potential new markets, such as for pharmaceuticals, cosmetics and
surfactants. The industrial market opportunities are discussed below.

Adhesives

Starch based adhesives are primarily used for paper bonds and the most important sector is
corrugated board. Traditional, starch based adhesives have faced strong competition from high
performance synthetic products and are unlikely to maintain their current share of the adhesives
market.

Agrochemicals

Starch is of interest to the agrochemical industry as an encapsulation agent for pesticides and for
the production of agueous base pesticide formulations. The future potential in this application is
unclear.

Cosmetics and Toiletries

The use of sorbitol in toothpaste is an example of awell established use of starch and starch
derivativesin this sector. There is potential to develop awide range of usesin high value, low
volume markets.

Detergents - (See also Sections 1.0.ii and 1.0.iii on surfactants for further information)

Consumer concern over environmental issues has led to an increasing interest in starch derived
products for the detergent industry. Surfactants are the primary cleaning agents within
detergents. Plant derived carbohydrates may be used to provide the water soluble portion of
surfactants and to form APGs (alkylpolyglucosides). These are non-ionic surfactants made by
combining an oleochemical based oil soluble group and awater soluble group based on glucose
derived from starch, thereby producing an entirely "natural” product.

At a LINK seminar, entitled ‘Sustainable Surfactants - Renewable Feedstocks for the 21st
Century’, held in York in November 19986), one of the papers described this opportunity for
developing carbohydrate-based surfactants. Akzo Nobel, the Swedish company concerned,
manufactures several thousand tonnes of APGs annually, destined for the detergent industry.
Cerestar also has a significant involvem@d).
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Builders and co-builders or sequestering agents buffer awash medium, soften the water and
disperse soil particles removed during washing. Starch derived products have shown
satisfactory technical qualities but there islack of a suitable economic process for their
production.

Paper Making Additives

The paper and board industry is the biggest non-food starch-using sector, taking about 60 per
cent of UK industrial starch.

Starch is used in several aspects of the paper manufacturing process but primarily in surface
sizing and at the "wet end”. Both modified and unmodified starches can be used for coating.
Increasing amounts of starch may be used in paper as afiller.

Pharmaceutical Additives

Starch can be used in the pharmaceuticals industry for coating and dusting tablets, binding the
components of the tablets and the production of active ingredients by acting as a feedstock for
fermentation to produce antibiotics, amino acids, organic acids, vitamins, enzymes and
hydrocolloids. Thisis ahigh value, low volume market with good growth potential.

Paints and Polymers

Starch is used in three major types of plastic, loaded products, where the starch represents a
very small proportion of the material (10 per cent), polymer mixtures and thermoplastic starches
(produced by extrusion).

The present market for such materialsis very small but, in niche markets where the benefits of
biodegradability and/or compostability outweigh the slight additional cost (compared with
oil-based products), there is a considerable growth opportunity.

One application where starch is already recognised as being cost competitiveisin the
manufacture of paint. Based on either acrylic or vinyl monomer latices, ICl Paints has studied
the replacement of up to 25% of the petroleum-based monomer by native starch from potato,
maize, waxy maize and wheat, as part of awider EU project (20). ICI believes that starch-based
paints are as economic as synthetic coatings and could have novel properties. In addition, they
may prove to be more environmentally-friendly - the feedstocks are sustainable and |eftovers
could be recycled on a compost heap, representing an important step towards the target of zero
waste. Starch-based paints are just as tough, shiny and runny as synthetic paints and despite
being potentially biodegradable after disposal, they do not rot on thewall! However, they are
less water resistant and take longer to dry than synthetic paints - problems ICI will have to solve
before the paints are marketed.

Starch has been used in emulsions and alkyds, the two most common types of decorative paint.

In emulsions, starch replaces up to 25% of the normal acrylic or vinyl monomers which
polymerise to form the finished product. In alkyds, ICI replaces oil-derived polyols with
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modified starch. The starch is converted into polyolsin a brand-new process which is cheap
enough to warrant using starch polyols on economic grounds alone.

Textiles
Starch is used for sizing (potato starch), printing (cereal starch) and finishing (dextrins and
degraded starches). Thisisavery small market and unlikely to grow since the synthetic

aternatives are far superior even though more expensive.

Woater Purification

Starch based products have traditionally been used by the water treatment industry as a
coagulant or flocculate aid. Potato starch is preferred because of its high potassium content.
However, starch-based products have been replaced to alarge extent by synthetic

polyel ectrolytes because of their superior performance and lower dosage rates. The
biodegradability of starch may also be undesirable as it increases the biological oxygen demand.

UK Industrial Uses of Starch (’000 tonnes)

Industrial Use Wheat Maize Potato Totd
Albuminoids 12.4 12.4 24.8
Enzymes 0.2 0.2
Industrial Chemicals 0.9 6.3 0.2 7.4
Organic Chemicals 5.7 24.3 17 317
Paper & Board 21.2 61.3 45.4 127.9
Pharmaceuticals 4.9 49
Plastics 6.2 0.6 6.8
Starch Ethers & Esters 4.8 4.8 9.6
Surfactants 29 29
TOTAL 27.8 123.3 65.1 216.2
Table3.1

Sour ce: HGCA Report (11)

Sugar - Market sector features

Technology is available for the use of sucrose and sucrose derivatives in arange of industrial
applications such as plastics, cosmetics and toiletries, and printing inks. Thereisaso a
significant opportunity in the area of fermentation, but at current oil prices, sugar-based
products are often uneconomic compared to petrochemical products.

Some research is being carried out into the use of by-products which, because of their lower
aternative use value may have potential asindustrial feedstocks. For example, the possible use
of processing waste streams, a source of pentose sugars, as a fermentation feedstock isbeing
Investigated.

3.0.iv Carbohydrate Crops - Environmental | ssues
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Apart from the benefits normally associated with crop-derived raw materials, namely that they
can be biodegradable and are non-toxic and CO2 neutral, carbohydrate crops raise the following
environmental issues:

1 waste streams from carbohydrate crop processing are often high in soluble by-products.
However, technologies are being devel oped to turn these waste streams into
fermentation feedstocks and, therefore, add value to the overall process.

2. some of the potential from carbohydrate crops will only be realised through the
development of GMOs (Genetically-Modified Organisms). The positive aspects of such
products, therefore, need to be highlighted in order to persuade the general public that
the perceived risks are minimal and manageable

3. while the mainstream carbohydrate crop for the UK is wheat, the development of crops

such as barley, oats and peas will improve biodiversity on the farm with rotational
benefits in terms of maintaining soil fertility and pest and disease control.

3.0v Carbohydrate Crops- Barriersto Progress
The following are potential barriers to progress, none of which isinsurmountable:

1 possible lack of interest from industry

2. lack of Government funding
3. lack of profitability to the farmer
4, lack of cost competitiveness
5. lack of acceptance of GMOs
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3.0.vi Carbohydrate Crops- SWOT Analysis

Strengths

All of the carbohydrate crops under consideration - wheat, barley, oats, potatoes, peas and
sugar beet are well adapted to UK conditions so that reliable yields of high quality raw
materials can be produced.

Research skillsin the necessary disciplines - chemistry, biochemistry, molecular biology and
process engineering are particularly strong in the UK and already focused on this
opportunity.

UK Government and the HGCA are supportive of the technologies which need to be
developed further.

UK farmers are keen to exploit new outlets for these mainstream crops.

UK industry is aready investigating the potential of sugar and starch as industrial feedstocks
- ICl Paintsisinvestigating the use of starch in water based paints
- ICl Surfactants uses sorbitol (from starch) in personal care products
- The Nationa Starch and Chemical Company has produced starch-
based packaging materials as a replacement for expanded polystyrene

With the de-coupling of support prices and the resultant reduction in domestic grain prices,
UK-produced cereals are competitive with imported maize.

W eaknesses

Quota restrictions on the allocation of EU support payments to potato starch processors
currently prevent any development of a UK potato starch industry.

Although thereis an increasing interest in carbohydrates from industry, there are till
significant gaps in the understanding of starch metabolism in plants and structure:function
relationships. These gaps will only be eliminated by further, relatively long term research.

Research into the agronomic performance of some of the relatively minor crops such as oats,
peas and quinoa will be required for starch produced from these crops to be cost competitive.

While there is an adequate distribution of sugar factories throughout the arable areas of the
UK, further starch processing sites will be required in addition to the few in London and
Manchester, the location of which reflects the fact that, until recently, most raw materials
were imported.
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Opportunities

UK has the potential to produce significant quantities of consistently high quality starch at
competitive prices which will, therefore, be attractive to industry.

Technologies developed for the use of carbohydrates from global crops such as wheat and
potatoes can be transferred to other countries, thereby providing industry, which is
increasingly international, with consistent supplies of similar raw materials world-wide.

UK has aleading position in many of the technologies required to exploit these opportunities
which could then be sub-licensed to its EU partners and third countries.

The development of awider range of carbohydrate-producing crops will lead to greater on-
farm diversification.

The establishment of more processing plants throughout the country would reduce transport
costs and increase employment in rural areas.

Threats

World oil pricesare at an all time low and continue to pose a significant challenge in the
market place.

Technologies for the use of carbohydrates by industry are being developed in many countries
both within the EU (e.g. Mater Bi biodegradable products from Novamont in Italy) and the
USA (e.g. production of polylactic acid by Cargill).

Public opinion needs to be persuaded of the benefits of GMOsin enabling the sustainable
production of crop-derived feedstocks for industry.

The spectre of global recession isleading industry to cut back on essential long term
research.

UK Government research has concentrated on health issues (BSE etc.) in the Agriculture
sector at the expense of sustainable crop-based systems.
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3.1.i Wheat - Science and Technology

Wheat isthe main UK cereal crop and, as such, has benefited from the lion’s share of most plant
breeders’ budgets. Innovation in terms of improved varieties, the introduction of hybrid systems
and genetic modification has, therefore, been substantial, although the problems posed by its
hexaploid and self-pollinating nature have not been entirely surmounted.

Wheat is recognised as one of the crops with global potential as a source of industrial
feedstocks - both from grain and straw - and continues to feature prominently in both publicly
and privately funded research programmes.

Researchers at |ACR-Rothamsted have long been recognised as preeminent in wheat agronomy.
To this expertise is now added skillsin chemistry and plant transformation.

The John Innes Centre department of Applied Genetics also has wheat transformation skills
together with expertise in starch biochemistry and molecular biology. The John Innes Centre
(JIC) and the Sainsbury Laboratory (SL) on the Norwich Research Park have recently
announced two major independent long-term alliances with industry.

DuPont UK and Zeneca are each forming research alliances with JIC and SL which will bring
significant additional funding. The DuPont aliance will provide access to genomics research
tools developed by DuPont and provide opportunities for collaborations, scientific exchanges
and training for students. The Zeneca alliance will provide research funding, collaborations and
laboratory facilities for Zeneca and JIC/SL researchers working in the field of genomics.

Both ventures will ensure that discoveries from the fundamental research programmes at JIC are
used to develop new wheat varieties and wheat products.
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3.1.ii Wheat - Industry

The main criteria (apart from cost) determining the use of the various types of starch by industry
are granule size, amylose/amylopectin ratio and phosphorus content.

A small amount of native wheat starch is used in paper coating due to its granule size. (Wheat
starch granules vary widely in size but the larger, A-type starch granules represent 90% by
weight and are slightly larger than maize starch.)

Starch high in amylose has good film-forming qualities and is preferred for textiles sizing. (The
amylose content of wheat (27%) is similar to that of maize.) High amylose starch isaso
preferred for the production of starch-based thermoplastics and packaging foams.

Wheat starch has a higher phosphorus content (0.06%) than maize (0.02%). This meansthat it
is superior to maize in applications requiring high viscosity (drilling muds, bag adhesives and
wet-end addition in paper making) and alow pasting and gelatinising temperature which is
important in fibreboard production.
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3.1.iii Wheat - Markets

The annual production of wheat in the UK is about 14 million tonnes of which the main uses
remain in flour milling (48%) and as animal feed (46%). Of the remainder, use asa
fermentation feedstock in the distilling industry (5%) is the main outlet, with other industrial
uses representing a meagre 1%.

These industrial uses (primarily in the Paper & Board Industry - seetablein Section 3.01ii ) are,
however, gradually increasing and the total annual demand for wheat for non-food industrial
usesisover 150 thousand tonnes. In the last few years there has been a marked swing away
from imported maize to home-grown wheat, as the latter is now available at highly competitive
prices.

GrossMargin Analysis

Winter Winter Winter Oilseed Oilseed

wheat wheat wheat rape rape

1st 1998 1st 2000 2nd 2000 1998 2000
Yield 10.2 10.2 8.7 4.5 4.5
Price (E/tonne) 88 83 83 160 150
Area aid (E/ha) 257 293 293 378 293
Gross Output 1,154 1,139 1,015 1,098 968
(E/ha)
Seed 62 65 65 33 35
Fertiliser 88 92 95 91 96
Sprays 118 125 131 77 80
Other 0 0 0 0 0
Total Variable 268 282 291 201 211
costs (£/ha)
Gross margin 886 857 724 897 757
(E/ha)

Because the Nix Gross Margins report actual figures for the year concerned, the gross margins
in the above examples, which also make forecasts for the year 2000, are taken from "Arable
Cropping Under Agenda 2000', the proceedings of a conference organized by Semundo in April
1998. (26). Direct comparisons between the gross margins set out in this table and those in the
remaining tables should not, therefore, be made.

Further information on potential changes in cereal production under current Agenda 2000’
proposals can be found in Section 1.1.iii
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3.1.iv Wheat - Environmental |ssues

Wheat is the most important UK crop and, as such, is grown under intensive management
systems on large areas of farmland. These systems have been criticised by environmentalists
because of concerns over such issues as the pollution of ground water supplies with nitrates and
herbicides.

However, moving to lower input systems, with inherently lower yields, would increase the area
of cultivated land required, thereby increasing nitrate leaching (through the inevitable
breakdown of organic nitrogen) and leading to unsuitable land being brought into production
with associated problems of erosion and the destruction of wild life habitats.

Most farmers are now adopting integrated pest management systems and the reduction in cereal
prices means that the level of inputsis closely monitored from a cost, aswell as an
environmental, perspective.

3.1.v Wheat - Barriersto Progress

Wheat has always benefited from a high level of research investment and, now that the
transformation of wheat is becoming more routine, there is the prospect that it could become a
significant provider of raw materials for industry, with starch, cellulose and protein important
feedstocks to the chemical and plastics industries.

However, in UK, the principal market for wheat breeders remains that for human consumption
with wheat as animal feed in a strong second place. Even though the technology is now
available, therefore, designer starches for industry remain a distant prospect.

One further barrier to progress could be concerns being voiced over the environmental impact

of GMOs. Thereis currently a UK moratorium over the commercialisation of such products
which could lead to the research focus shifting still further to the USA and Japan.
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3.2.i Barley - Science and Technology

Barley is still amajor cereal crop in the UK, particularly in Scotland, and considerable effort is
being made at the Scottish Crop Research Institute to improve its performance. However,
research is mainly directed at the fermentation industry and not at barley as a source of starch
for non-food uses.

Nevertheless, genetic modification of barley isfar easier and simpler than in wheat due to its
diploid nature (see Section 3.1.i). Waxy and high amylose mutants of barley are available and
could be produced commercially as desired, although the mutants available at present are not as
good as those from maize. The waxy mutants do still contain some amylose (normally 2-8%)
and the high amylose mutants do not have as high amylose contents as those from maize.

Another drawback to the use of barley for starch production is the mixed linkage -glucan that is
also present in the barley endosperm. To some extent, this also applies to oat starches. These
glucans have detrimental effects on the isolation of starch granules from the cereal grains.
However, these mixed linkage -glucans are reported to have beneficial effects on health and
nutrition. If processing methods are changed, these co-products may give added value to barley
starch production in a similar way that gluten production assists the economics of wheat starch
production. (34)

3.2.ii Barley - Industry

The research project described in Section 3.0.1, into the processing potential of cereals and
potatoes for starch production under Scottish conditions has considerable data on barley
starches. In general, the quality of the starch granulesis fairly similar to that of wheat but there
are significant and consistent differences in some viscosity parameters and enthal py of
gelatinisation between spring and winter barleys. As stated above, waxy and high amylose
starches are available from barley genotypes. Their properties are similar to those of some of
the early generations of waxy and high amylose maize starches but not yet as good as those
from the amylose-free maize and the mai ze starches with the very high amylose contents (e.g.
hylon maize).
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3.2.iii Barley - Markets

No barley starch is produced commercially in the UK and there are no known markets that rely
on barley starch

GrossMargin Analysis

Winter Winter Winter Winter
barley barley barley Oilseed rape
Low Average High

Yield (t/ha) 51 6.35 7.6 35
Price (E/tonne)* 150 150 150 150
Area payment 70 70 70 275
Gross Output (£/ha) 600 685 775 800
Seed 45 35
Fertilizer 70 925
Sprays 90 102.5
Total Variable Costs (£/ha) 205 230
Gross Margin (£/ha) 395 480 570 570

* The price assumed for the 1999 harvest crop

Gross margin comparisons are based on average yield figures taken from Nix (Farm
Management Pocket Book - 29th edition) (28)

3.2.iv Barley - Environmental | ssues

The production of barley starches, aswell as oat starches, is hampered by the presence of mixed
linkage -glucans. There are no major markets for these co-products and, as animal feed, they
can have deleterious as well as beneficial effects on the digestive tract.

Like al plant materials, the use of genetic modification will depend on the acceptance by the
public.

As stated previously, barley does have the advantage over wheat sinceit is easier to modify by
conventional breeding and mutants of high and low amylose contents are already available.
3.2.v Barley - Barriersto Progress

The acceptance of barley as a source of starch, along with improved processing technology,
could alter the economics of the process.
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3.3.i Oats- Science and Technology

Since oats are a minor crop compared to wheat, investment in R & D is on amuch reduced
scale. Despite this, considerable advancesin oat breeding have been made at the Institute for
Grassland and Environmental Research (IGER), from which awide range of varietiesis now
available. These include types adapted to both winter and spring sowing, conventional (husked)
and naked grains, and high oil types. A further advance has recently been made with the
introduction of stiff-strawed and dwarf cultivars. Additional research at IGER is examining
novel quality traits within the oat breeding programme.

A number of initiatives are taking place with the objective of developing industrial markets.

The Oatec project is afeasibility study funded under the EU Objective 5b programme and
aimed at attracting investment in an oat fractionation plant in the Marchesregion. Thiswill
produce oat fractions which have applications in cosmetic and pharmaceutical products and, if
successful, it is estimated that it will process an additional 50,000 tonnes of oats per year. Other
research which is associated with Oatec is funded by HGCA and is aimed at investigating the
potential for extraction of oat fractions for use as natural food ingredients. The two projects
represent a significant investment in research and development but further initiatives will be
required to maintain the momentum generated. Both projects are led by ADAS, a private sector
research organisation with along interest both in oats and in establishing industrial markets for
Ccrops.

Thereis also renewed interest in research on oats in Scandinavia and Canada and thisislikely
to lead to additional technological advances both in fractionation technology and the use of oat
extractivesin industrial products. Thelist of patents and publicationsin thisfield is already
extensive and several commercia developments have taken place overseas (see Industry
section).
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3.3.ii Oats- Industry

Thereis currently no production of oat starch in the UK. If successful, the plant being
recommended by Oatec would have the capacity to produce approximately 25,000 tonnes of oat
starch per year. Suitable technology for production of oat starch may already exist in other
sectors of the starch industry through adaptation of wheat starch equipment although the unique
properties of oat starch may require modification to existing processes. Oat starch granules are
small in size (2-10 mm diameter) and are compound in nature. The swelling, leaching and
gelatinisation properties appear to be different from other starches which may indicate different
structural characteristics.

Oat starch was produced using an agueous process in Finland by Alko until the late 1980s.
Production ceased as aresult of concentration of core business activities by the company and
the entire starch extraction plant has been offered for sale together with the patents associated
with its operation.

The Canadian company Canamino also produced small amounts of oat starch until recently.
Thiswas one of a number of products, produced at the Saskatchewan-based fractionation plant,
which are being used by Ceapro in cosmetic and pharmaceutical products (see Markets section).
Dueto financial difficulties the plant closed in September 1998 and is currently for sale. The
plant has capacity to produce up to 7,000 tonnes of starch per year using a patented solvent-
based process. A further company with potential to produce oat starch is Swedish Oat Fiber,
based at Bua in Sweden, also using a solvent-based process.
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3.3.iii Oats- Markets

Oat production in the UK has remained static in recent years although some increases have been
seen in specialist sectors (e.g. naked oats). Further increases are dependent on new markets
since little growth is anticipated in existing markets. Current production of oatsin the UK isin
the region of 600,000 tonnes per annum, of which 200,000 tonnesis used for human
consumption and 400,000 tonnes for animal feed. There are currently no significant industrial
uses of oatsin the UK.

GrossMargin Analysis

Winter oats  Winter oat ~ Winter oats Winter
L ow Average High Oilseed rape

Yield (t/ha) 5.25 6.75 8.25 35
Price (E/tonne)* 71 71 71 150
Area payment 242 242 242 275
Gross Output (£/ha) 615 720 830 800
Seed 45 35
Fertilizer 60 925
Sprays 60 102.5
Total Variable Costs (£/ha) 165 230
Gross Margin (£/ha) 450 555 665 570

* price assumed for the 1999 harvest crop

Gross margin comparisons are based on average yield figures taken from Nix (Farm
Management Pocket Book - 29th edition) (28)

A number of markets already exist for oat starch in the cosmetic and pharmaceuticals sectors.
The Canadian company Ceapro, in partnership with Ultravena, produces latex examination
gloves impregnated with oat starch which has anti-irritant properties. The starch is bound to the
latex in such away that it does not migrate from the glove and thus offers significant benefits
over gloves dusted with other starches. Other products include talcum powder substitutes,
blush and eye shadow formulations. A further product undergoing testing is a screening kit for
Type Il diabetes, which is also based on oat starch and is due to be released shortly.

The small granule size and properties of oat starch make it ideally suited for use in the paper
industry. Starch has a number of uses, including as aretention aid for fillers, as a surface
treatment (sizing), and as a binder in paper coating. Further opportunities for uses of oat starch
may exist in biodegradable plastics, adhesives and textiles, but more detailed investigation of
the requirements of these marketsis required.
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3.3.iv Oats- Environmental |ssues

Theinclusion of oatsin UK farm rotationsis well established in certain UK regions,
particularly where mixed farming activities predominate (e.g. the Marches). Oats provide a
convenient break-crop in the wheat cycle and provide environmental benefits at the farm level.
These include lower nitrogen inputs and |ess requirements for pesticides.

Production of oat starch should present no more environmental problems than any other starch
process. The plant type proposed by Oatec would be aiming to use 100% of the raw materia by
producing co-products for other valuable markets. Thiswould also give the benefit of an
economic process, enabling oat starch to compete effectively with other starch types.

3.3.v Oats- Barriersto Progress

The major barrier to utilisation of oat starch isthe lack of processing facility in the UK.
Production of oats of the required quality should present no problem though the range of
cultivars which exist may need to be investigated in terms of the properties of the starches
produced under different growing conditions.

No technological barrier exists for processing but significant evaluation of the properties of oat
starch in the likely markets needs to take place to ensure that the starch would be competitive
with other types. Although many of these issues are being addressed by Oatec, further
initiatives will be required to maintain the momentum needed to commercialise the
opportunities demonstrated.
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3.4.i Potatoes - Science and Technology

The potato remains one of the main UK food crops and research and development continues
into the production of new varieties both for disease resistance and processing qualities. Both
of these targets have similar relevance to non-food (industrial) uses. Much of thisresearchin
the UK is carried out at the Scottish Crop Research Institute. Due to the higher moisture
content of potatoes relative to cereal grains, the storing and processing of these two types of
starch-rich crops hasto be different. It isnot possible, at present, to store potatoes in the native
form without loss of quality for afull year. Hence, the processing for both food and non-food
uses has either to be seasonal or imports have to be used.

The increased use of potatoes in convenience and processed foods (chips, crisps and related
products) has resulted in considerable improvements in reducing the low temperature
sweetening effects (i.e. reduced breakdown of starch) during cold storage. Such improved
varieties are primarily for the food market, but the science and technology is available to be
used in varieties better suited to the non-food markets.

To date, only arelatively small proportion of the potato germplasm has been expl oited.
Incorporation of genetic traits from other potato germplasm, such as neotuberosum, may give
enhanced quality parameters that can be exploited for non-food uses.

A research project, funded by SOAEFD, into the processing potential of cereals and potatoes for
starch production under Scottish conditions has just been completed (see Section 3.0.i). The
research partners were SAC and SCRI. Thefinal report has been submitted but has not yet been
released for general consideration. However, some of the research findings are in the process of
being published.

In relation to potatoes, the germplasm analysed, mainly from the Commonwealth Potato
Collection, showed that the natural variation in amylose content (or amylose:amylopectin ratio)
was relatively small, but considerable variation (at |east two-fold) in the phosphate ester content
was present. Variation was mainly dependent on genotype but there were variations due to site
and year as well as genotype by year interactions. Variations in granule size distribution also
occurred and these variations (phosphate esters and granule size distribution) had significant
effects on the viscosity parameters of the starches but not on the gelatinisation temperature
profiles or the enthal py of gelatinisation.
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3.4.ii Potatoes - Industry

The main reason for the relatively low use of potato starchesisthe cost. Storage of ahigh
moisture material, such as potato tubers, has more problems than alow moisture material such
ascereal grains. A potato starch industry has either to be seasonal or use imported raw
materials with the resultant high costs of transporting a high moisture material. In addition, a
valuable co-product, such as the gluten from wheat, does not accompany the production of
potato starch.

Also, the UK does not have a share of the EU potato starch quota. Hence, thereis no
commercia potato starch production in the UK. Potato starch does have a number of technical
features that make it desirable by industrial users. The presence of phosphate esters makesit a
weak ion-exchange resin and allows better binding to paper fibres and other related uses.
Potato starches have inherently higher viscosities than cereal starches so applications requiring
high viscosity, such as ail drilling fluids, and as a component of emulsion paints, should prefer
it. Thefar lower protein and lipid contents of potato starches result in less opaque gels that are
less likely to become yellow with age. All these benefits have to be related to the cost of the
starch.

Other starch sources can be chemically modified to give starches with equivalent properties.
The additional cost of modification may be less than the difference in cost of the starch source
or produce asuperior product. However, the environmental costs of the chemical modification
are not always realised and, ultimately, may be far higher. These costs will have to be
reassessed in light of political agreements on global warming and pollution. Only then will the
comparison of potato and cereal starches be realistic but the producers of potatoes and potato
starches will need to be ready to accept the challenge.
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3.4.iii Potatoes- Markets

Although noneis produced in the UK, potato starch still accounts for nearly athird of the starch
used by UK industry, with approx 70% of the potato starch going into the production of paper
and board. The market appears to be steady but could increase if environmental pressures for
less chemical processing succeed. The demand for starch-coated papers does not show any sign
of decreasing. Indeed, it is still on the increase although demand is dependent on the national
economic patterns.

GrossMargin Analysis

Potato Potato Potato Winter

maincrop maincrop maincrop Oilseed

Low Average High rape
Yield (t/ha) 325 42.5 52.5 35
Price (E/tonne)* 80 80 80 150
Area payment - - - 275
Gross Output (£/ha) 2590 3385 4180 800
Seed 570 35
Fertilizer 210 925
Sprays 425 102.5
Casual labour 360
Sundries (levy, sacks etc) 360
Total Variable Costs (E/ha) 1875 1925 1975 230
Gross Margin (£/ha) 715 1460 2205 570

e price assumed for the 1999 harvest crop

Gross margin comparisons are based on average yield figures taken from Nix (Farm
Management Pocket Book — 29th editi(i28)
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3.4.iv Potatoes — Environmental Issues

Some of the environmental issues, particularly in relation to the chemical processing of cereal
starches, have been raised in the section on industry. Environmental issues also include genetic
engineering. Public debate in on the use of genetically-modified potatoes but in the food, rather
than non-food context. The public may be more likely to accept products from genetically-
modified plants that are going to be used solely for industrial (non-food) purposes. For example,
starch from a genetically-modified potato may be almost universally acceptable for use in the
paper industry.

3.4.v Potatoes — Barriers to Progress

The barriersto progress have all been considered in previous sections. They are mainly
economic (high relative costs of processing) and environmental (seasonal nature of crop,
storage problems and effluent management from a high moisture crop). The higher quality of
native potato starch for many applications does not yet appear to offset these problems.

One drawback with potato starch is the larger particle size of the granules relative to cereal

starches. This mitigates against its use as a replacement for talc in toilet powders and its
incorporation into biodegradable polymers that are then manufactures into this films.
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3.5.i Peas — Science and Technology

The major source of starch for UK industry comes from maize imported from the USA. In
Europe, the main alternatives are wheat and potato starch. However, within the UK, legumes, in
particular peas, could become another source of starch for processor.

Up to 50% of the mature pea seed is starch, the remainder being mainly protein and fibre, both
of which are commercialy valuable. Legume starches differ from cereal and potato starchesin
granular structure and functional properties. For example, pea starches have a higher level of
solubilisation and the starch granules have different swelling characteristics compared with
cereal and potato starches. Suspension of pea starch al'so maintain a high viscosity when heated
and cooled and the viscosity is stable when she suspensions are stored at high temperature.
Perhaps the advantage of pea as a source of starch, however, isthe high level of genetic
variation, which greatly exceeds that of wheat and potato and is comparable to maize.

Both naturally occurring and induced mutants of peathat affect the composition of starch
accumulated in the seed have been characterized. The mutants are of both substrate-supplier and
starch-synthesising types. Both types can modify the composition and function of the starch. To
illustrate this, the mutants give starch contents ranging from 1% to 50% of the seed dry weight
and starch compositions ranging from 4% to 75% amylose.

At the John Innes Centre, Norwich, work is continuing to analyse the physico-chemical and
functional properties of the starches from these mutants. These will then berelated, in
collaboration with industry, to non-food applications. (35)

3.5.ii Peas — Industry

Pea starch is at present not used by industry but could become important in the future especialy
if linked to the industrial use of protein from the crop. Possible uses range from feedstocks for
the speciality chemicals industry to biodegradable plastics.

3.5.iii Peas — Markets

The UK peacrop is primarily used for compounding into animal feedstuffs. Approximately
300,000 tonnes a year of dried peas are used for this purpose, the produce of 80,000 hectares.
However, all the seed components can be separated relatively easily and thisis already being
carried out commercialy in the EU. There is an expanding market for pea protein to be
processed as an alternative to meat products, and for peafibre, which has very good properties
for improving the texture of processed food products.

The development of the pea as a starch crop, therefore, has to be viewed in the light of the

usefulness and markets for these ‘by-products’ in the long term, it should be possible to modify
the genetic constitution of the pea seed so that the resultant starch will have the desired
properties to meet specific industrial uses.
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GrossMargin Analysis

Dried pea Dried pea Dried pea Winter
Low Average High Oilseed rape

Yield (t/ha) 3.0 39 4.8 35
Price (E/tonne)* 82.5 82.5 82.5 150
Area payment 350 350 350 275
Gross Output (£/ha) 600 670 745 800
Seed 95 35
Fertilizer 125 925
Sprays 92.5 102.5
Total Variable Costs (£/ha) 200 230
Gross Margin (£/ha) 400 470 545 570

e price assumed for the 1999 harvest crop

Gross margin comparisons are based on average yield figures taken from Nix (Farm Management
Pocket Book — 29th editio28)

3.5.iv Peas — Environmental Issues

An increase in the market for peas would provide the farmer with additional rotation options
with acrop that requires little fertiliser.

The development of starches which can be produced in a sustainable way to form, among other
things, biodegradable plastics will be of benefit to the environment.

3.5.v Peas — Barriers to Progress

The breeding of new pea varieties has made considerable progress in recent years following the
introduction of the so-called ‘leafless’ types. This is in spite of the fact that plant breeding has
been carried out by relatively few companies. Yield and lodging resistance have been
significantly improved such that peas now provide attractive gross margins, especially when the
benefits to the following cereal crop are taken into account.

The main barrier to progress has been the lack of research investment, but projects such as the
EU-funded ‘Exploitation of the unique genetic variability of peas in the production of food and
non-food ingredients’, led by ATO-DLO in the Netherlands, and in which the John Innes Centre
participates, are beginning to rectify this.
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3.6.i Sugar Beet — Science and Technology

Research at the crop level is carried out by plant breeders such as Novartis, Danisco and
Advanta Seeds whose aim is to increase the yield of sugar per hectare, to reduce impuritiesin
the beet, primarily amino nitrogen, and to improve the pest and disease resistance of the crop,
thereby improving yield stability. Recently, new varieties tolerant of low environmental impact
herbicides such as glufosinate and glyphosate have been produced but there have yet to reach
the market place.

British Sugar carries out trials of new varieties on the basis of which it provides adviceto its
contract growers on the best varieties for their location and management system.

Reseach into the industrial uses of sugar is mainly carried out by companies such as Croda
Chemicals, Dow, Henkel, ICI Surfactants (now known as Unigema) and ICI Polyurethanes
which have an interest in using sucrose and its derivatives.

3.6.ii Sugar Beet — Industry

In the UK British Sugar is the only company producing sugar from beet. It has over 50% of the
industrial market, with sales primarily in the food sector to manufacturers in the confectionery,
bakery, cereals, preserves, canning, dairy, ice cream and soft drinks industries. However, the
potential for sugar and its derivatives as a feedstock to the chemical industry is recognized and
its competitivenessin this sector isimproved through the EU Production Refund available on
sugar products used in the chemical industry.

Sugar beet tops are mainly ploughed in as “green” manure, but at least one group in UK is
interested in their potential for speciality chemical production.
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3.6.iii Sugar Beet — Markets

The following are the main industrial sectors where sugar or sugar derivatives are already being
used, or have significant potential.

Plastics

A definite potential exists for the use fo sucrose derivativesin the plastics industry. Sucroseis
polyfunctional due to the number of potential reactive sites on the molecule. The use of sucrose
polyols confers hydrophilicity to polymer systems. Furthermore, in the production of coatings
and polyurethane foams, sucrose and sucrose derivatives confer flame retardant and intumescent
(swelling) properties. The key uses of sugar in the plastics industry would appear to be as
plasticisers and in polyurethane foams.

Foundry and Casting

Sugar is used in the casting industry, primarily in the sodium silicate process. However, with
urea and/or phenol formaldehyde systems being preferred, this useisin decline.

Pharmaceuticals and Agrochemicals

Thereisasignificant use of sugar in the more traditional areas, e.g. tablets, syrups and pastilles.
Sucralfate (basic aluminium sucrose sulphate) is used in the treatment of peptic ulcers asit
inhibits the bacterium Heliobacter pylori, the causative agent. Sucrose esters are regarded as
being non-toxic, and this could lead to more such products being used. However, tonnages, as
with most products in the pharmaceutical sector, are likely to be small, albeit with high added
value.

The use of sucroglycerides as water soluble active agentsin herbicide, pesticide, fungicide and
foliar feed formulation dispenses with the need to use organic solvent.

Cosmetics, Toiletries and Detergents

Sucrose esters are used in emollients, creams and lotions. Sucrose mono-, di- and tri-esters
generally have significant surfactant properties and have application as emulsifiers in cosmetics.
However, these sucro-surfactant materials in general have had problems such as thickening and
instability.

Inks and Printing

Sucrose benzoates are sold into the printing and ink industry. The lower degree of substitution
benzoate is used in making water-based inks for the flexographic printing of plastic bags etc.
The more substituted is used for coatings, inks, adhesives and lacquers.
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Explosives

Sugar isthe classical fuel in terrorist bombs. However, sucrose has a high carbon content and,
therefore, tends to demand large amounts of oxygen from the explosive or environment, which
is not acceptable in enclosed spaces (e.g. mining).

Ceramics and Construction

Sugar isused in plasterboard, concrete and glazes and tile manufacture.

UK Industrial Uses of Sugar (‘000 tonnes) Marketing Year 1997/98

Industrial Use Total Beet and Cane Sugar Use
Plastics 400
Foundry & Castings 380
Pharmaceuticals & Agrochemicals 19,675
Other 75
TOTAL 20,550
Gross Margin Analysis

Sugar Beet Sugar Beet Sugar Beet Winter

Low Average High Oilseed rape
Yield (t/ha) 35# 50# 65# 35
Price (E/tonne)* 35 35 35 150
Area payment - - - 275
Gross Output (E/ha) 1205 1720 2235 800
Seed 125 35
Fertilizer 130 92,5
Sprays 160 102.5
195

Total Variable Costs (£/ha) 550 610 670 230
Gross Margin (£/ha) 655 1110 1565 570

# adjusted tonnes at standard 16% sugar beet content
* price assumed for the 1999 harvest crop

Gross margin comparisons are based on average yield figures taken from Nix (Farm
Management Pocket Book — 29th editi(i28)
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3.6.iv Sugar Beet — Environmental Issues

Sugar beet isahigh input crop requiring agood level of management to achieve the best yields.
However, British Sugar is actively researching ways in which sugar beet can be grown with
reduced environmental impact.

Through advice to growers and a programme of beet sampling, the company has helped farmers
to cut their use of nitrogen fertilisers by >30% since 1980. British Sugar is investigating ways of
incorporating more effective pesticides and fungicides in the seed coating so as to reduce the
number and level of surface applications.

In the last fifteen years British Sugar has radically improved process efficiency reducing he
energy required to produce atonne of sugar by 40%. The emissions to atmosphere from boilers
have, therefore, also been reduced. The factories are powered by a combined heat and power
system which produces both steam and electricity. As aresult about 80% of the energy in the
fuel isput to beneficial usein the sugar process.

British Sugar has extensive effluent treatment facilities including aerobic and anaerobic
digestion. Methane from the digestersis used to fuel boilers.

3.6.v Sugar Beet — Barriers to Progress

Significant improvements have been made by British Sugar and the sugar beet breeders

in recent years to improve the efficiency of sugar production. These improvements have been
driven by the need to maintain competitiveness with other sources of sugar (sucrose

and fructose) such as sugar cane and maize.

The main barriers to the wider use of sugar in the chemicals and plastics industries are

also economic. However, sugar offers benefits in terms of low toxicity and biodegradability
which are providing afurther stimulus to research.
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4.0 Specialist Crops

Specialist (or novel) crops can be characterised as follows:

* Noareaaid (unless non-food i.e. set-aside eligible)

* New technology

* Niche markets

* Added vaue

* Non commodity

»  Grown/bred by smaller companies with lower overheads (larger companies tend to focus on
core strengths e.g. wheat, barley etc)

* For example, oilseeds (e.g. borage, honesty) or fibres (e.g. miscanthus — an energy crop
with secondary markets — or stinging nettles).

The emphasis here is on aromatic, essential oil and extract crops. Novel crops in other markets
(fibres, carbohydrates and commodity oils) are discussed in the respective Chapters.

Novel crops are an area of significant interest within UK. Murphy and others have commented
on the dangers of an agricultural system over-dependent on rape no matter how chemically
versatile the plant may be. It could be preferable to produce tailored oils from novel crops in
order to diversify the agricultural base or to increase the size of the UK essential oil industry to
stimulate rural industries and contribute towards sustainable economic growth. The UK has
particular strengths in this area (see Section 4.0.ii) — detailed and highly focused surveys have
been made and commercialisation is underway in a number of areas, in parallel with the
development of new processing facilities (some of which could be sited conveniently for
growing areas).

Changes in legislation and a growing demand from consumers and manufacturers for naturally-
derived products have also led to a revived interest in the efficacy of plant extracts themselves,
for example secondary metabolites and essential oils. These have many uses as natural
flavourings, fragrances and remedies, medicinal drugs in pharmacy, cosmetic preparations,
aromatherapy, herbal beverages and other novel uses e.g. dyes, nutraceuticals, sprouting/weed
suppression, pest control and antioxidants.

The feasibility of work in this area of agriculture is increased by the application of modern
technology (modern techniques of seed selection, improved agronomy, mechanised and
improved product extraction and processing, and better crop production systems).
Considerable promise is seen for improvement through new varieties, by improving varieties
grown overseas and adapting them to UK conditions, and by exploiting and/or domesticating
non-crop plants. Table 4.1 summarises some plants of current interest within UK.

Specialist workshops in this area have been held red@flg22, 46) organised by LINK,

BACS and the National Herb Centre. The Royal Society of Chemistry’s proceedings of an
international conference - “Phytochemical Diversity, a Source of New Industrial Products”
(ISBN 0-85404-717-4, 1996) - describes in some detail the work of UK organisations (IGER,
IACR, Kew, Xenova, Phytera and Zylepsis) on plant constituents with potential utility in the
pharmaceutical and agrochemical industries.
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Table 4.1. Some novel crops of current interest within UK*

Plant Project(s), Plant Project(s),

if known if known
Alpine plants SAC Lunaria*# VOSFA, KINGS
Daffodils SCRI Lupins
Bearberry HNP Madder# INDINK
Birch HNP Marjoram AICG
Bitter vetch HNP Meadowfoam KINGS
Bluebell XENOVA Meadowsweet HNP
Bog bean HNP Mustard AICG
Bog myrtle HNP Naked oats AICG
Borage* #@ AICG, KINGS, SCOT Nepete# SEMIO (LINK)
Caendula*#@ AICG, VOSFA Parsley seed AICG
Camelina@ AICG, KINGS Peppermint AICG, BIOREG
Chamomile AIGC, FACT, ADAS Plantain AICG
Coriander* Pyrethrum AICG
Crambe* AICG, KINGS Rose AICG
Cuphea Rowan HNP
Dimorphotheca* # VOSFA Sage AICG, NEO, ADAS
Echium KINGS Seabuckthorn@ HNP
Euphorbia* #@ VOSFA Spearmint AICG
Evening Primrose*r@ SCOT Thyme AICG, ADAS
Eyebright HNP Valerian AICG
Heather HNP Vernonia
Hypericum AICG Weld# INDINK (LINK)
Juni per HNP, BORDERS Woad# INDINK (LINK)
Lavender BIOREG, NEO, ADAS | Yarrow NEO
Lesquerel | & VOSFA Yellow iris HNP
Limnanthes* Yew

28

ADAS = (Section 4.0.ii)

AICG = AngliaIndustrial Crops Group (Section 4.0.ii)
BIOREG = Bio-Regiona Development Group (Section 4.0.ii)
BORDERS = Borders of Scotland (Section 4.0.ii)

EC = The English Chamomile Company (Section 4.0.ii)
FACT = Fenland Alternative Crop Technologies (Section 4.0.ii)
HNP = Highland Natural Products (Section 4.0.ii)
INDINK = Plant-derived Indigo for Industrial Use (Section 4.0.i)
KINGS = John K King and Sons (Section 4.0.ii)

LINK = LINK Competitive Industrial Materials from Non-Food Crops Programme

NEO = Norfolk Essential Oils (Section 4.0.ii)

SAC = Scottish Agricultural College (Appendix xx)
SCOT = Scotia Pharmaceuticals plc (Section 4.0.i and 4.0.ii)
SCRI = Scottish Crop Research Ingtitute (Section 4.0.ii)
SEMIO = Semiochemicals for Aphid Control (Section 4.0.i)
VOSFA = Vegetable Qils for Specific Fatty Acids (Section 4.0.1)
XENOVA = Xenovaplc (Section 4.0.ii)
Availability of public domain botanical/agronomic information as at * Jul 1994 (3) and/or *Oct 1998 (28, 45,
LINK). @Cold-pressed product available (Satfold, Section 2.1.ii & 4.0.ii).
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4.0.i Specialist Crops- Science and Technology

Plant metabolism gives rise to awide range of extractable products, from colouring matters
through to effects chemicals (semiochemicals), which have exploitable activities but are
otherwise difficult to synthesise economically. Aswell as further opportunities for the more
traditional materials e.g. indigo, and for previously unexploited crops, there are completely
novel directions, for example in producing agents for pest and disease control, which in turn
capitalise on pressure from legislation and the public eg to reduce the use of toxicant pesticides
in crop protection. These devel opments are benefiting from increased yields and diversity of
targets through the use of molecular genetic engineering.

Research needsin priority order for the extracts of novel crops were considered in detail ina
comprehensive 1994 Report (3) under the following main end use headings:

Oilseed plants as a sour ce of polymers
Vegetableoilsin lipid based products
Plants as a sour ce of biologically-active molecules
Herbsand perfumeries

PWDE

The same report also described in detail the research requirements, botanical and agronomic
information, as at July 1994, on a crop-by-crop basis for ten oil crops (see Table 4.1).

The ADAS Bridgets Research Centre has been involved since the late 1980's in screening a

wide range of potential new crop species. Recent evaluations, which included Calendula
officinalis and Lunaria annua (T Cromack et al. - see Section 4.12), have indicated that these
species had sufficient potential to justify further evaluation under UK climatic conditions. UK

also has particular expertise in industrial crops per se, contract growing and identity preserved

crop production (Agros Associates, John K King & Sons, May & Dawson, Gorham & Bateson
and others). Kings have a ‘Blue Print’ for novel crop development, as presented at a 1998
CTVO-net workshog44) on ‘Paints and Coatings’ organised in UK by ACTIN (“From theory
to factory — the process of supplying novel vegetable oils”).

Despite this wide-ranging expertise, there are at present however few reliable data, in the public
domain, for many crops on average yield expectations and little on prices and variable costs,
when grown on a commercial scale in this country. Published information, where available, is
summarised in the report of the VOSFA project (later in this section) and under the individual
crops (Sections 4.1 to 4.12). A notable development is the offering by Scotia to make the
unique expertise accumulated through its work available to other companies (see below).

Since the preparation of the 1994 report described above, the potential for diverse new
technologies to significantly improve the production and exploitation of plant extracts - whether
fixed oils, aromatic crops, essential oils, or extract crops — and make them more viable in
modern industries has become clear. For example, there are now activities within the UK
directed at:
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* Micropropagation, can be used to rapidly propagate species for extraction of valuable
compounds, particularly where the plant is rare or difficult to obtain

» Genetic engineering, of horticultural crops (not necessarily herbs) for utilisation in
medicine and as so-called “functional foods” (nutraceuticals)

* Wholeplant exploitation, where, perhaps, a plant may be used for a range of purposes
facilitated by economic modelling and life cycle analysis

« On-farm and local/Regional processing, including particular expertise in cold pressing
and supercritical fluid (Cg) extraction

* Internet-based” activities, such as databasard multimedia, which have a role to play in
shaping communications within the agricultural industry and other rural business
communities; to promote market opportunities, networking throughout the supply chain and
the disemmination of agronomic information.

In the latter respect, there are at least four key UK-based initiatives

‘Plants For a Future’ (http://www.scs.leeds.ac.uk/pfaf/)

An extensive novel crops database, resource and bibliography. This Charitable Trust, based in
Devon and Cornwall, was established in 1989 on a 35 ha site. One mgjor project has been the
construction of a database of 7,000 edible and other useful plants which can be searched freely
online at two mirror sitesin the UK and US.

. ‘Novel Crops’ (http://www.novcrop.co.uk)

The MMDP/ISI* “Novel Crops” projectis aimed at helping rural SMEs utilise newly
researched technology such as safer pesticides and new commercially advantageous varieties, so
improving the position of specialist crops in the market-place. Specialist crops are herbs like
camomile and angelica, unusual salad varieties such as radicchio and salad rocket (which are
generally imported), and plants producing essential oils which have uses in the medical and
pharmaceutical industry. These are high value crops that can benefit the rural community. A
further objective is to increase uptake of the Rural Business Network; a recent development that
aims to provide other useful information to growers about weather, machinery, and other
relevant topics.

The “Novel Crops” project with a budget of £169,000, will feature a Web site where growers
can advertise and market crops. Growers will be able to 'network’ with agricultural consultants,
researchers and multimedia experts to exchange ideas, transfer technological know-how, and
increase business in the speciality crops sector. The Web site will provide growers with access
to the latest information and software available at research centres such as programs for pest

Zj.e. always ‘up to date’, available locally and on-demand, and globally accessible.

%in addition to the electronic activities of the pan-European IENICA and NF-2000 projects. Initiatives at Kew are
described in Section 4.0.ii

4 As part of the DTI's Information Society Initiative (ISI) Programme for Business, the Multimedia Demonstrator
Programme (MMDP) is currently providing around £6 million of financial support to help business teams develop
projects showing the clear business benefits of applying and using multimedia - strengthening and improving
business performance, particularly within SMEs. One of the conditions of the awards is that winning companies
share their knowledge and experience - explaining both the positive aspects of the project and the hurdles they had
to overcome - with a view to convincing others of the benefits of adopting multimedia technologies.

® building on an existing ADAS database of plants, their constituent essential oils and the range of uses, including
new uses
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and disease control, crop density and other computer models, and the latest photographic
updates.

It isintended that the discussion line on the Internet will run for four years, two of which will be

during the project’s development phase. There will be live demonstrations of the project at

technical and scientific conferences, at crop centre meetings, and articlesin the farming trade

press. Initially “Novel Crops” is targeted at 200-300 SMEs in rural locations (particularly in less
favoured areas), and it is hoped that this number will increase as information about the project
becomes more widely known.

Phytophar macognosy web site (http://www.alphal.mdx.ac.uk/www/phar m/index.htm)

An initiative of Dr John Wilkinson at Middlesex University (School of Health, Biological and
Environmental Sciences), the Phytopharmacognosy Discussion Group is an international
network of experts in medicinal and aromatic plants, especially focussing on the scientific
aspects of herbal medicines. Although active membership is moderated and limited to
recognised experts only, there are searchable archives and passive members can receive
discussions by email.

These pages also include the research activities, bibliography, contract research and consultancy
work of the list owner. He is Senior Lecturer in Phytochemistry and Pharmacognosy on the
Herbal Medicine BSc degree programme at the University, and is Head of the Phytochemistry
Group, which specialises in Herbal Medicine Research. This Group has active research
interests. For example, in 1997, they found that sage blocks an enzyme thought to break down
the neurotransmitters in the brain essential for memory. Clinical trials are underway to test this
(with a Newcastle hospital) and to establish whether sage could be used in the treatment of
illnesses such as Alzheimer's. They are also trying to find the source of sage (probably from
southern France) which has the best therapeutic possibilities. For further information, see
Section 4.0.ii (“Scientific basis for herbal products”).

. ACTIN®? (http://www.actin.co.uk)

The authors of this report are the UK’s industry-led authority in the industrial crops arena and
maintain an innovative database and Web site of people and organisations in this sector as a
whole.

16 recent publicly-funded research projects, which apply specifically to novel crops with the
intention of producing pharmaceutical and other high value products, are summarised in
Appendix 9. Projects of particular importance are described in more detail below.

VOSFA - Vegetable Oils with Specific Fatty Acids (see also, Sections 4.3 t0 4.12)

Within the proposal for the VOSFA projgets), which was jointly funded by MAFF and the

EC (AIR2-CT93-1817), the speci€alendula officinalis, Dimorphotheca pluvialis, Euphorhia
lagascae, Lesguerella grandiflora andLunaria annua were identified as potentially suitable for
cultivation in Europe and containing a range of oils with interest to industry. Although weed
control and plant establishment were identified as among the most important aspects of crop
agronomy to investigate, there was in general however a scarcity of information on the
agronomic management of these species, particularly under European conditions. This was
limiting field evaluation of production potential and commercial introduction.
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The objectives of the research to be conducted by the ADAS over the period 1994 -1997, were
to field evaluate the seed and oil production potential of the species Calendula officinalis,
Dimor photheca pluvialis, Euphorbia lagascae, Lesquerella grandiflora and Lunaria annua,
under the climatic conditions of south west England and to identify limitations to
commercialisation. Aswide arange of genotypes as possible were used concentrating on
material provided by partners. A range of agronomic studies were carried out to provide basic
information to improve the management of the species under evaluation. Specific experiments
were designed to determine the effect of weed competition on production and to identify crop
safe and effective herbicides programmes for the species Calendula officinalis, Euphorbia
lagascae, Lesquerella grandiflora and Lunaria annua, to define optimum plant density of
Calendula officinalis and Lunaria annua and to devise harvesting techniques for the semi-
indeterminate species Calendula officinalis.

From the species evaluated, Calendula officinalis appears to offer the most immediate prospect
of commercialisation, with yields of the best available genotypesin the 2 to 2.5t harange.

Eurphorbia lagascae established and grew successfully but until a non-dehiscent typeis
available commerciaisation isimpossible. The high oil content of the seed isan
encouragement to continue development of the species.

The establishment of Lesquerella grandiflora posed significant problems. Its growth and
performance were poor, it was shown to be very susceptible to weed competition and sensitive
to many herbicides. It is concluded that the speciesis not suitable for commercialisation in
western Europe.

The biennial Lunaria annua needs to be established during the summer and establishment
problems were experienced. An annual genotype would offer significant advantages.

Following on from the success of the VOSFA project, afurther bid was submitted to the EC in
1997 focused on the development of Calendula officinalis, the species nearest to commercial
exploitation. ADAS isthe sole UK partner within a project consortium of 12 organisations from
5 countries entitted CARMINA, Calendula as Agronomic Raw Materia for Industrial
Applications. The proposal was approved by the EC in 1998, with field work beginning April
1st 1998. The ADAS input into this research project is 50% funded by MAFF and will again
focus on aspects of agronomy. Two major research tasks are planned, one on crop physiology
and one on evaluation of variety accessions. Physiology studies will examine the effect of
density and nitrogen rate in two distinct phenotypes on crop development and performance. The
variety evaluation study will compare accessions from the latest breeding efforts at CPRO-DLO
and Cebeco in the Netherlands with currently available genotypesin the UK and 3 EU
countries.
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INDINK - Plant-derived Indigo for Industrial Use

The earliest known source of indigo was Isatis tinctoria (woad), a biennial or perennial herb,
indigenous to northern Europe. Woad produces two indoxyl forming substancesin its leaves,
indican and isatan B, which, when exposed to the air, form the blue compound, indigo.

Since the 17th century, it has not been grown in Western Europe as a source of indigo. Asa
consequence, there has been no recent attempt to breed woad to improve indigo precursor
content or crop architecture.

Changesin legidation and a growing demand from consumers and manufacturers for naturally-
derived products from renewabl e resources, have led to arevived interest in woad as a source of
indigo for industry. Systematic research on this crop, together with madder (red) and weld
(yellow), is now being undertaken in UK.

A 3 year LINK project, funded by MAFF (£300,000 which has been matched by £400,000 from
the private sector), addresses the recognised need for a greater commitment towards bio-based
materials and chemicals and will develop varietiesaifs that give improved yields of indigo,

by a rapid programme of marker-assisted plant breeding from existing lines. An experimental
extraction process will be scaled-up to produce quantities of indigo for industrial purposes.

The research is carried out by a group from IACR-Long Ashton, University of Bristol, which

has established expertise in this crop, along with Silsoe Research Institute (SRI), which will
provide the appropriate engineering skills. Harvesting equipment and the extraction process will
be developed by SRI in association with Gorham and Bateson (Agriculture) and Express
Separations. Willett International Ltd provide the end product focus (water-based bubble jet
inks).

SEMIOCHEM - Semiochemicalsfor Aphid Control

Aphids are the most important group of agricultural and horticultural pests in the UK and most
of Europe, causing direct damage to a wide variety of crops but also transmitting virus diseases.
The recent identification of the attractant pheromones produced by sexual female aphids has
opened up new possibilities for the development of novel pest management strategies, either
avoiding use of broad-spectrum pesticides or retaining their use for “fire-fighting” when aphid
problems are extreme.

This project seeks to provide products for the control of pest aphid species in the field, using the
chemicals which occur naturally in their environment and which act by non-toxic mechanisms.

It also aims to improve the method of production to use clean technologies rather than chemical
synthesis.

Aphids are attacked by a wide range of natural enemies including parasitic wasps, more
correctly termed parasitoids, and studies, particularly at Rothamsted, have demonstrated the
importance of these parasitoids as natural biological control agents. However, to be effective,
early season synchrony of parasitoids and aphids must be achieved.
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Recent laboratory and field studies at Rothamsted and Imperial College, Silwood Park have
shown that some parasitic wasps are strongly attracted to the pheromones produced by sexual
female aphidsto attract mates. Thisinnate response is being used to develop a sustainable
aphid control strategy, based on the use of synthetic aphid sex pheromones, to achieve early
season synchrony between natural populations of parasitoids and aphid pests and to conserve
and enhance field margin parasitoid populations in autumn.

The aphid sex pheromones possess a number of chiral centres, and are thus difficult synthetic

targets. Two important aphid sex pheromone components are isomers of the monoterpenoids

nepetal actone and nepetal actol, designated as having the (4aS,7S,7aR)-configuration. A

synthetic route to the (4aS,7S,7aR)-nepetal actone and the corresponding nepetal actol has been

developed from commercially available starting materials, which must be of a high

enantiomeric purity to yield materials which exhibit biological efficacy. The high cost of the

starting materials, resulting in a cost exceeding £1000/g of pheromone, combined with the toxic
nature of some of the required reagents, means that production of the pheromone from this route
is not practical.

The (41S, 7S 7aR)-nepetalactone is produced by the catriigpeta cataria and another

valuable isomer @R,7S 7a0S)-nepetalactone bjlepeta racemosa. High yields of these

compounds, of the order of 1 g/ kg of fresh plant material, can be obtained by conventional
steam distillation methods. However, use of novel and more environmentally benign extraction
protocols with reduced usage of organic solvents, including microwave extraction, are also
being investigated.

A high extraction efficiency, combined with a yield potential of up to 10 tonne/ha of fresh plant
material, demonstrates that the production of aphid sex pheromones from commercial
production ofNepeta species is economically viable.

The lactol components of the aphid sex pheromones can be derived by a simple one-step
reduction of the corresponding lactone. Although this synthetic route is amenable to large scale
production, a ‘cleaner’ approach to reduction, based on the use of enzyme chemistry, will be
investigated for the production of high enantiomeric purity nepetalactols.

The pheromone is most attractive when released into a crop area at physiological levels which
involve very low concentrations. To achieve this, a formulation will be developed which
impregnates the pheromones into a resin.

The project, which is funded by MAFF, involves John Pickett, Diane Smiley and Lester
Wadhams from IACR-Rothamsted and three Industrial partners: English Hop Products Limited,
which has expertise and facilities for the extraction and purification of essential oils, Richard
Wood Partnerships, who will propagate and grow seWsjadta species cultivars to determine
which give products with high enantiomeric purity and good overall yield, and AgriSense-BCS
Limited, which has considerable experience with pheromone formulation and currently markets
several pheromone-based products.
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Developing New Crops - Scotia’s Plant Technology Centre, Writtle

Scotia Pharmaceuticals Ltd, aresearch-based pharmaceutical company, has developed arange

of products based on essential fatty acids, particularly gammalinolenic acid (GLA). GLA is

found in the seed oils evening primrose (Oenothera spp. — Section 4.1) and borage (Borago
officinalis L. — Section 4.2). Since 1973, Scotia’s Plant Technology Centre has worked to turn
evening primrose and borage into established agricultural crops.

Over 2000 accessions of evening primrose have been evaluated in breeding rows at Writtle.
The task of domestication was approached in two ways, through plant breeding and
improvement in husbandry methods. Seven Scotia-bred evening primrose cultivars have been
awarded Plant Breeders Rights in four countries and the first borage lines are in PVR trial. The
Centre’s husbandry programme has shown that both evening primrose and borage can be
reliably and economically grown as agricultural crops. Scotia places contracts with selected
growers who are required to produce seed to strict quality standards.

The Plant Technology Centre helps Scotia to provide the grower with a "package deal’ — a
contract, the best cultivars, husbandry advice and a long-term commitment. The Plant
Technology Centre is based at Writtle College, Chelmsford and shares a modern, purpose-built
laboratory complex with the College’s Department of Applied Science. Scotia is now keen to
make this unique facility available to other companies or institutions which require a
programme of crop domestication or improvement to be undertaken, or who have specific
problems in producing novel plant products.

A collaboration between Scotia Pharmaceuticals and scientists at Bristol (IACR-Long Ashton
Research Station and the University of Bristol) has led to the isolation of a cDNA clone for the
A° fatty acid desaturase enzyme from borage seeds (essential for the production of gamma
linolenic acid, GLA). To test the function of the cDNA, it was transferred into tobacco plants
where 23% of the total fatty acids were then found to be GLA and octadecatetraenoic acid — a
derivative of alpha linolenic acid. However, only low levelédfatty acids were present in

the seed oll, indicating the need to carry out further studies to increase the level of gene
expression and ensure that ffefatty acids are efficiently incorporated into the storage
triacylglycerols. The way is now open for the production of this fatty acid, and other high value
pharmaceutical oils, in large commercial quantities using gene technology (the yield could be
boosted by up to 10-fold). One option is to increase the levels of GLA in the oils of current
sources, such as evening primrose and borage, of which there are only a limited number. The
second is opportunities for wider production in conventional oilseeds such as sunflower, linseed
and oilseed rape.

Plants as a sour ce of phar maceutically-active proteins and industrial enzymes

There are many potential commercial applications for functional proteins but they demand large
guantities of active material at low costs. Advances in fermentation technology with genetically
engineered microbes have already opened up important possibilities (e.g. human serum albumin
from genetically engineered yeasts). But, to fully realise the potential of specialist protein
opportunities, there will be a need for an ever increasing scale of production and ever
decreasing prices.

134



Recombinant plants offer a means to meet these needs, for they can be grown and harvested
without major capital investment, they are fuelled by solar energy, they can be grown on avery
large scale, they are not labour intensive and there is a good infrastructure in place for their
harvesting, storage and, often, processing. Even so, there are many other factors to consider,
such as patents®, safety (eg freedom from alkaloids), compatibility with downstream processing
systems, disposal of waste, reliability/predictability of yield, responsiveness to market demands
etc.

Already, there isworldwide interest in a variety of plant-produced proteins for this type of

application. Reportsin the literature include plant-produced xylanase (eg for paper making,

flax and hemp processing), phytase (feed additive), antibodies (eg for bioremediation/pesticide
removal, chiral separation or dental hygiene — see Section 4.0.ii), hirudin (for anticoagulant
therapy), cytokines (for immunological disorders), antigens (for vaccines) and serum proteins
(for plasma replacement). Within this group there are different demands and constraints, so it
will always be important to fully understand the intended application as well as the plant
production technology itself. Matching the application with the process is crucial.

Despite the obvious potential, however, there is more to be done with the underlying science -
most plant production systems still yield levels of active protein that are too low for commercial
application (there are no specialised ‘export’ mechanisms i.e. comparable with vertebrate
plasma cells). There are however many technical options to explore and the prospects for
success are promising. Ongoing work includes a project at John Innes Centre to investigate the
production of therapeutic peptides, antibodies and other pharmaceutical macromolecules in
important crop species.

Plants, therefore, constitute a highly attractive production system for therapeutic and healthcare
proteins, and they are likely to open up entirely new commercial applications in the speciality
chemicals, pharmaceutical and related industries.

Plant Protein Club (http://www.york.ac.uk/org/ppc/ welcome.htm)

A pre-competitive science and technology club with membership drawn from industry,

academia and government. This aims to stimulate efficient progress in the fundamental
understanding, use and manipulation of native and recombinant plant proteins to meet the needs
of industry. This includes exploring plant proteins as novel products supporting industries

across the pharmaceutical, health care, biotechnology, industrial enzymes and food sectors.

The theme of plant proteins, which has been backed by DTI as well as by a number of major
European industrial enterprises and academic institutions, attempts to redress the relative
weakness in understanding of fundamental biochemistry in relation to the exponential growth of
knowledge of plant genetics and molecular biology. In order to fulfil the biotechnological
potential of plants, and exploit the information emerging from the genome projects, this
understanding is essential.

® Key U.S. patents affect proteins produced in plants: Calgene (1996 & 1997) — mammalian peptides/plant cells;
and, Scripps (1997) — immunoglobulins/transgenic plants.
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The Plant Protein Club’s principal objective isto promote the exchange of ideas and expertise
between communities specialising in protein structure, plant biology and their industrial
applications.

Examples of outputs which this may generate are to:

eidentify bottlenecks that currently restrict advances in research and applications involving
native and recombinant plant proteins and seek processes to overcome them; eprovide a forum
to identify consortia either to be funded privately or to put forward proposals for private and
public sponsorship, e.g. through LINK schemes; and srecognise the importance of sustainability
of technologies and raw materials.

The Plant Protein Club works toward its principal objective via the following mechanisms:

*Short courses on specialist techniques used in plant protein research. eTechnology-driven
workshops on topics delaying progress in plant protein research. «Science-driven symposia to
promote interaction between industry and academia at the highest levels and act as a vehicle to
press for funding of emerging topics in plant protein research.

The Plant Protein Club is based at the University of York; its policies are decided by a steering
committee composed of academics and industrialists (Nickerson BIOCEM, Croda International,
Axis Genetics plc, Dupont (UK) Ltd, Unilever, Novo Nordisk, Nestlé, Pioneer Hi-Bred,
Monsanto, Novartis Seeds, ACTIN, Universities of York and Nottingham, IACR Long Ashton,
John Innes Centre) with observers from DTI and the Biotechnology and Biological Sciences
Research Council.

University of Leeds Centre for Plant Biochemistry and Biotechnology (CPBB)

Formed in 1990 as an inter-departmental and inter-disciplinary Centre within the University's
school of Biological Sciences. It has excellent transgenic plant facilities and links with the
Centre for Self Organising Molecular Systems (SOMS) at Leeds. CPPB is exploring the use of
plants as production systems for novel proteins and peptides which may have wide applications
in a range of industrial, medical and consumer products.

One area being developed is delivery of anti-parasitic proteins for animal and human therapy.
The Wellcome Trust is funding this programme in the first award it has ever made to support
the application of plant biotechnology for medical purposes.

The aim is to control a whole range of debilitating diseases of man and animals by introducing
anti-parasitic proteins into plants. Initial targets include parasites such as the hékoanit

which infects free range pigs and one third of the population of the developing world. This
novel approach has significant potential for the production of other therapeutic proteins either
for recovery by processing, or for consumption as an integral component of foods or animal
feedstuffs.

136



Novel protein production

A revolutionary technique to produce novel proteins has been patented by the Scottish Crop
Research Institute (SCRI). SCRI isamajor international centre for research in agricultural,
horticultural and industrial crops and into the underlying processes common to al plants. The
new method uses potato virus X, with the desired protein bound to the virus coat. Proteins
containing up to 300 amino acids have been attached successfully and protein yields up to
1.0g/kg wet tissue are feasible. The purification steps are far ess complex than those required
by conventional methodol ogy.

Supercritical fluids (SCF)

SCF allows the rapid extraction of targeted chemicals and essences from plant materials using
carbon dioxide and water as solvents. These are cheap, non-toxic, non-hazardous and
recyclable, and offer clear environmental advantages. In contrast, many commercial extraction
processes use organic solvents that not only leave trace contamination, but which are
themselves amajor environmental hazard. With regulations becoming tougher - particularly
with regard to storage, use and disposal of organic solvents - there is no doubt that SFT
provides a ‘cleaner’ solution.

Current agricultural uses of SFT include:

» Treatment and detoxification of contaminated soils and effluent trains (incorporating the
recovery of metals and other valuable materials)

» Separation of smart insecticides which are insect and crop specific
» Separation of pesticides and herbicides from crops and crop extracts

As supercritical solvents leave no traces in either the extract or the base plant residue, it may be
possible to derive several sources of income from one product — for example plant residues
could be put to use as animal feed.

Conversely, SCF is being used to great advantage to deposit new materials into plant substrates.
Successful examples include impregnations with slow release chemicals for fertilisers and
herbicides, and application of supercritical fluids as a combined solvent and reaction medium
improves dyeing of natural fibres with substantial waste reduction.

Impregnations can also be carried out to alter the surface characteristics of a plant fibre so that
chemically it appears to be a different substance. For example, Express Separations (see Section
4.0.ii) is currently applying supercritical fluid technology to naturally occurring polymers, such

as elastomers to produce a wide range of polymer replacements and natural fibre polymer
mimics. These are cheap to produce, lightweight and durable, and are proving to be of great
interest to automotive manufacturers who are attracted to the prospect of cost-effective
replacements for plastics used in vehicle interiors.
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4.0.ii Specialist Crops — Industry

Key industrial applications of novel crops are described below. It isworth noting at this stage
however that commercial therapeutic and healthcare (including cosmetics) applications, in
particular, demand:

* Cost effectiveness
e Minimal processing requirements
»  Unambiguous safety
» Easeof scae-up/handling
- are extracts as active in final product formulations?
- can be problems with ‘brown’ colouring
» Consumer acceptability
* “Environment friendliness”
* Reliability & predictability
- macroscopic and microscopic properties (batch consistency, pharmacological activity)
- botanical name and family
- geographical source
- seasonality of supply
- method of drying and/or extraction (including solvents used etc.)
- consistent analytical data (TLC, HPLC etc.)
* Responsiveness to changed demands
* No patent problems

The regulatory and registration requirements (see, for exab#pleary according to whether
novel crops and their products, including herbal extracts, are for food, medicinal or personal
care use:

considered as a food

- dietary supplements/nutritionals

- structure/function claims

- if no medicinal (disease-related) claims are to be made on a product, then it is
considered as a food supplement rather than a medicine. Here the quality control
issues and the lack of regulatory legislation puts the onus on the manufacturer/
supplier to ensure that the produchd injuriousto health, according to the Food
Safety Act 1990. If a material is already well known then it maybe relatively straight
forward to produce adequate safety data for an alternative use

- not allowable to grow the crop on set-aside
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considered as a medicine

- non-food

- aprescription or OTC (over the counter) pharmaceutical with proven disease-related
claimsfor its activity

- requirement to be licensed as amedicine - i.e. on the Medical Control Agency’s
(MCA) general sales list — for a marketing authorisation and for approved clinical
trials

- GMP guidelines (WHO, FDA etc)

- it is allowable to grow the crop on set-aside

In the personal care and herbals area, there are strict legal controls with regard to advertising
(proof of claims) and labelling (content of active ingredients). There is however a continuous
evolution and strengthening of usage, legal and regulatory status at the National and European
levels, but a need for some degree of European and international harmonisation. With the
development of so-called ‘nutraceuticals’ (see, for example, refebdrareAxis Genetics

below) the food/non-food (drug) distinction is becoming “blurred”. In a separate development,
the first ‘botanical’ products have been registered (see Phytopharm, below).

Plants as a sour ce of speciality chemicals (dyes, pigments, polymer s etc)

UK has particular strengths in the speciality chemicals industry, based historically in North-
West England. This, and in particular the related specialised organic<,decteen as the
optimal (‘upstream’) point of entry for plant-derived feedstocks if their true potential is to be
realised commercially, for the following reasons:

» Less affected (than commodity chemicals) by world economic cycles

» Already multi-skilled (but not botanically/agriculturally) with specialised processing and
production skills

» Tailored to customers’ specific needs

» High value-added (many different process steps and formulations)

* Volume requirements

Key intermediaries in this area within UK are SORIS (Specialised Organics Information
Service), a service of Chemical Industries Association, BACS (British Association for
Chemical Specialities) and Royal Society of Chemistry (Speciality Chemicals Sector), all of
whom have emphasised the potential for crop-derived feedstocks through a variety of recent
publications, submissions and events, some in close association with ACTIN and LINK.

SORIS is acutely aware of the sector, its characteristics and d@®ersTheir view is that
“each project, each crop, each target molecule will need tailored contacts” within the industry.
Alongside ACTIN they are well-placed to answer individual requests for such dialogue.

" There are subtle differences between speciality chemicals (retail markets; defined by performance; blended) and
their precursors - 500,000 traded - specialised organics (industrial markets; defined by properties; reaction).
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If natural dyes are to be reintroduced into the marketplace, then indigo provides the ideal
starting point, asthere is already an existing demand for the final product, i.e. its use in dyeing
denim jeans. The INDINK project (Section 4.0.i) isakey UK activity in this area of industry.
The end-product will be used in the manufacture and formulation, to a high standard, of ink jet
inks for use in food labelling. The project isin part motivated by the trend away from solvent
to water-based inks. Natural indigo can be imported from abroad but is impure/contaminated
and current production methods produce tonnes of environmentally-damaging by-products.

Plants as a sour ce of phar maceuticals

About half the drugs in the modern pharmacopoeia are inspired by plants, but until recently
there has been an important distinction between herbal medicines and (synthetic) drugs. Whole
plant extracts used by herbalists have not been prescription materials and often contain
hundreds of different compounds, whereas conventional pharmaceutical drugs typically have
only one active ingredient. Only within the last 5 years have mixtures derived from plant
Sources t%een taken into full pharmaceutical development with (FDA and MCA) regulatory
approval®.

The process of developing pharmaceutical products from plantsis very costly and a sufficiently
large market is needed. UK-based FIPCOs (Fully-Integrated Pharmaceutical Companies), such

as Glaxo Wellcome, may put considerable resource into screening plants from all over the

world (it is hard to quantify thisin any meaningful way), but, in general, they seek the most
cost-effective and potent source of medicines, whether from plants or subsequently synthesised.
This ‘mainstream’ pharmaceutical industry is largely intent on developing drugs from pure,
mainly synthetic compounds and the patent protection that secures these discoveries.

UK however has particular strengths in companies with a demonstrable commitment to
sourcing and/or manufacturing innovative plant-derived products (see below). There are also
strengths in organisations committed to improving, establishing and communicating the
scientific basis for medicinal activity of plants. Notable centres of expertise are established at
Kew (see below), Middlesex (see Section 4.0.i and “Scientific basis for herbal products” below)
and at Exeter’'s Department of Complementary Medicine (see “Scientific basis for herbal
products” below).

The pharmaceutical industry also uses other plant products as non-active ingredients —
vegetable oils as carriers, sugars in fermentation to produce antibiotics, starch and sugars as
bindings and coatings (tablets etc) and volatile oils as flavours. Industrial uses of starch and
sugar are described more fully in Section 3.0.

8 The medical industry has also begun to use several drugs at once. The widely hailed treatment for Aidsand HIV,
the so-called combination therapy, is a"cocktail" of different drugs, each of which acts on the virusin a different
way and makesit lesslikely it could become resistant to any one drug.
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AXIS GENETICS

AXxis Genetics plc, Cambridge, UK, is afast growing biotechnology company with the
aspiration to develop a new generation of safe, stable vaccines from plants, now thought to be a
practical and commercial reality as properly formulated pharmaceutical products within four
years (55). Some particular areas of interest are:

» Edible plant vaccines

» Plant transformation vectors for the development of transgenic plants (tobacco and potato)

*  Good Manufacturing Practice (GMP) compatible production processes for parenteral and
oral vaccines

* Immunogenicity (both at gut mucosal and conventional systemic levels) of mucosally
delivered chimaeric plant viruses and transgenic plant vaccines

» Stableformulation of product candidates (the physical nature and stability of transgenic
plant proteins)

Fresh plant material will not be used, but tomato juice or dried banana might be possibilities.
Plant-derived vaccines will not necessarily be any more effective than current vaccines but
should be cheaper. The aims (seen as having particular value in developing countries) areto
develop vaccines with along shelf-life, which are easy to produce and do not need refrigeration.

In November 1998, Axis Genetics signed its first manufacturing agreement for the production
of hepatitis B Edible Plant Vaccine (EPV) potatoes’, with American Ag-Tec International Ltd.
Under the agreement, Axis Genetics will be supplied with EPV potatoes both for use in its oral
hepatitis B clinical trial scheduled to beginin 1999 in the US, and for further product
development. Axis Genetics will develop a stable, oral formulation of these novel vaccines
using existing food processing technol ogies.

American Ag-Tec International’s expertise is in pioneering and patenting a technique for the
rapid multiplication of disease-free potato minitubers, not restricted by seasonal or geographic
limitations, and they will now use certified stocks of potatoes to produce a consistent product to
meet Good Manufacturing Practice standards. This will anticipate and ensure compliance with
production protocols demanded by the FDA and other regulatory authorities.

PHYTOPHARM (60)

Phytopharm represents an endeavour in a wholly new area of pharmaceutical development i.e
plant-based prescription medicines developed in an organised and methodical manner
acceptable to regulatory authorities the world over. The company has had a full listing on the
London Stock Exchange since April 1996.

Phytopharm's business is to take both simple and complex mixtures derived from plant sources
into full pharmaceutical development (such medicinal products are called '‘Botanicals' by the US

® Axis Genetics licensed the EPV technology from the Boyce Thompson Institute (BTI) of Ithaca, New Y ork, in
May 1998. Preliminary animal studies conducted by the BT1 and Roswell Park Cancer Institute of Buffalo,

New Y ork, indicated that potatoes modified to produce hepatitis B antigens have potential as vaccines to prevent
hepatitis B infection.
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Food and Drug Administration). Botanical products are whole extracts of medicinal plantsin
which the chemical composition is not fully characterised. These products represent a new
sector in the pharmaceutical market.

Recent highlights are:

» thekey regulatory milestone of thefirst Investigational New Drug Approva (IND) granted
by the US FDA to commence the evaluation of a Botanical product in America

» progressin the development of the company’s portfolio of 12 projectsin metabolic disease,
dermatology, anti-inflammatory and neurological disorders

» thefavourable clarification of the regulatory position of Botanical products in both the UK
and the US the compl etion of supply chain controls for major product groups

» three devel opment agreements concluded giving Phytopharm afootprint in countries of
major significance as sources of medicines from natural products (Indonesia, South Africa
and India)

In November 1996, Phytopharm received feedback from the Medicines Control Agency
concerning the first Botanical product to be put through the registration processin the UK. The
extensive response from the Agency indicated that complex plant-based medicines are
registerable as prescription medicinesin the UK. The definitive assessment of the application
by the Agency provides a detailed framework for the registration of such products, and very
similar requirements have emerged in subsequent meetings with the US FDA. Indeed,
Phytopharm have been granted an Investigational New Drug approval (IND) in the US, the first
time an IND has been granted for a complex Botanical product. Asaresult, thereis now greater
clarity and confidence regarding the US and UK regulatory requirements for the approval of
medicines derived from natural products.

The foundation of the quality of Phytopharm products lies in fully controlled supply chains for
raw materials and exclusive manufacturing arrangements. During 1997 Phytopharm established
the infrastructure in Chinato manage and validate this process for its range of products for
eczema. Alongside this major achievement Phytopharm has entered into collaborative
agreements with Phytochemindo of Indonesia, the South African CSIR and Rallis India Ltd (the
second largest agricultural businessin India). These arrangements establish long term
collaborations with substantial partners who will work with Phytopharm to manage the
horticulture of plant medicines in their country of origin and to construct primary extraction
plant to international regulatory standards, as well as give Phytopharm the first rights of refusal
on new products. With these agreements Phytopharm have the relationships to sustain long term
growth as well as the opportunity to develop international licensing arrangements in some of the
most important areas for medicinal plants outside China.

Quality control, analytical research and warehousing facilities for raw materials have recently
been expanded at the company’s second site near Cambridge. The technical services capability
for Botanicalsis now world class and Phytopharm has upgraded all aspects of the manufacture
of their products in preparation for the next phase of clinical evaluation and marketing. In
addition they have drawn up design briefs for extraction plantsin Indonesia and South Africa
after consultation with the UK authorities.
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Phytopharm is emerging as a broadly based biopharmaceutical company but with a core

therapeutic focus and 12 products in development (three entered clinical trials in 1998), many of
which have a novel mode of action and strong anecdotal evidence of efficacy in large areas of
unmet medical need such as Alzheimer’s disease, obesity and diabetes. Products range in
complexity from whole plant extracts to fully characterised phytochemicals. The portfolio
includes:

Therapeutic area Treatment Sour ce Stage
(whereknown)

Anti-inflammatory P54 — partially Phytochemindo, Phase Il clinical

(osteoarthritis, characterised extract Indonesia trial

Crohn’s disease) based on two plants

Asthma P31 Indian sub-continent
Alzheimer’s disease, P58 — characterised ? Pre clinical
early dementia single plant extract
Severe atopic steroid-P1 (Zemaphyte") -  China Phase Il UK
resistant eczema uncharacterised results reported
extract of 10 plants March 1998
Appetite suppressant P57 - single plant South Africa Pre clinical
(obesity) extract with
identified active
ingredient

0] Rights sold to Pfizer in a deal potentially worth $32m (£18.8m) - there are between 35m
and 65m obese individuals in the US alone and the US market for prescription
pharmaceuticals to treat the condition is worth in excess of $3000m

Phytopharm report that they have initiated a programme to analyse a wide range of medicinal
plants with activity towards diabetes in collaboration with a recognised centre of excellence in
metabolic research.

SCOTIA (60)

The Scotia organisatichis a group listed on the London Stock Exchange whose principal
activity is the development and marketing of pharmaceutical, dietary and healthcare products,

19 Some principal subsidiary undertakings (and trade marks of group companies) are Scotia Pharmaceuticals Ltd,

Efamol Ltd and Efamol Nutraceuticals Inc (Efamol —a renowned source of gamma linolenic aEiécal - for the
treatment of osteoporosisfalex — for dyslexic childreniEfamarine — a source of both alpha and gamma linolenic
acids, which reduces the risk of heart disedsféith, Efamast, Efanatal, Efatime, Epakex, Epogam and

Glamolec). Efamol Ltd manufactures and markets nutritional products in the UK and more than 30 countries
internationally. The Efamol Research Institutes in Nova Scotia, Canada and Carlisle, England make fundamental
contributions to the wider understanding of essential fatty acids among scientists, doctors, nutritionists and the
general public.
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but with aleading early stage pharmaceutical development capability. Thisisderived in part

from particular lipid expertise and arange of products based upon plant-derived Essential Fatty

Acids, most notably Evening Primrose Qil. Scotia’s Plant Technology Centre, Writtle is
described in Section 4.0.i. and the Company is a Partner in “Green Futures”, the flagship
publication of Forum for the Future, a leading UK exponent of sustainable development. In
1997, Scotia increased its sales by 15% to £18.9m, the highest in the Company’s history. The
key reason for this strong growth was the increasing success of their nutritional products sold
under the Efamol brand name. Sales of nutritionals increased by 43% to £12.0m due to a
broadening of the distributory outlets for these products both in the UK and internationally.
Over the last decade, Scotia has continued to gain product approvals for plant-derived
prescription pharmaceutical products, including new formulations of Epogamas&ifand

Efalith.

In future, however, more focus will be brought to Scotia’s development programmes given
resource constraints. At the time of writing, Scotia has agreed to sell Efamol, its nutritional
product business, to Nutricia, a subsidiary of Royal Numico, as part of a strategy to concentrate
on pharmaceutical development. Its pharmaceutical products Epogam, Efamast and Efalith are
not included in the sale.

XENOVA (60)

Xenova Group (with a December 1996 flotation on the London Stock Exchange) has principal
activities which focus on the discovery and development of small molecule drugs for Xenova
and its pharmaceutical and biotechnology partners. There are two operating businesses:

Xenova Therapeutics
- lead optimisation and drug devel opment through target selection, pre-clinical and clinical
trials; oncology focused

Xenova Discovery Limited (XDL) - established June 1997

- natural active compounds and high throughput screening (in partnership with Bristol-Myers
Squibb, Genzyme Molecular Oncology, Suntory, Warner-Lambert, IGER (see below), Zeneca
and EG& G Wallace)

- XDL provides for the first time, natural product libraries of highly purified single compounds

in a format designed for fast, low cost screening. In 1997, 26 bioactive compounds, comprising
16 novel chemicals, were identified and characterised for further evaluation by Xenova and its
partners.

- NatChem™ , XDL's library platform, containing up to 80,000 chemical extracts derived from
naturally-occurring microorganisms such as fungi, bacteria and plants collected from around the
world.

-QTC™  provides a complementary library of pure natural active compounds (5mg of each)

for screening alongside chemical libraries, enabling chemical structures to be determined
rapidly and at a low cost per screen.
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- ADVANT ™ assay design, high-throughput screening and reagent supply joint venture.

In January 1998, XDL and the Institute of Grassland and Environmental Research (IGER)

formed an innovative strategic alliance. This “high-profile phytochemistry group” will use new
analytical techniques to search for previously-unknown bioactive compounds from mainly
European and some tropical plants. In the past, researchers at IGER have identified biologically-
active compounds (alkaloids) in a range of British plants including the bluebell and harebell.
Some of these compounds are closely related to compounds with anti-HIV and anti-cancer
activities.

The new alliance is based at IGER's facilities in Aberystwyth, Wales, and the 15-strong group
will include a number of existing Xenova employees. The group's task over the next 2.5 years
will be to acquire, prepare and profile selected British and European plant extracts for the
isolation and purification of novel or rare plant chemicals, with an aim of 800 compounds by
the end of 1998. The resultant database will extend the breadth and depth of Xenova'’s existing
QTC natural products library.

The work will draw upon:

» existing taxonomic and ecological resources/collections

» livestock poisoning cases

» folk uses

* known plant-insect interactions

* IGER and private sources e.g. Forest Research, Sharpes International, Lingarden Bulbs (a
£50M cooperative marketing bulbs, fresh produce and cut flowers to blue chip companies)

» glasshouse facilities for volume requirements

Once this library is complete, the compounds will be screened against several hundred disease
targets by Xenova and its QTC partners Warner-Lambert and Zeneca.

Plants as a sour ce of phar maceutically-active proteins and industrial enzymes

The expression of antibodies, as examples of therapeutic and healthcare proteins, in plants
provides worked examples of yield, cost, stability and potential large scale applications. This
area has been reviewed by Unilever Rese@thand there are also particular UK interests and
expertise at the Universities of Leicester and Aberdeen. In the early 1990s, Leicester pioneered
the production of scBV molecules in plants and has produced a number of recent review

articles (Cockburn & Whitelam, http://www.le.ac.uk:80/biology/staff/gcwl/pubs.html); the
interest is now in their application to a wide range of problems related to agriculture.

1 variable chain antibody fragment
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Bulk production of antibodies in plants — some features
» Efficient gene transfer techniques
- transformation via Agrobacterium
» Antibodies can be secreted
* Antibodies are correctly folded
» Efficient accumulation and storage
- targeted components include tubers, |leaf tissue and seeds
- >90% activity after 6 weeks in potato tubers (scFv fragments produced and stored in
Vivo)
* Low upstream production costs
* GRAS gtatusin USA (Generally Regarded As Safe)
* Wide range of hosts including tobacco, linseed, potato, rubber trees
* Applicationsincluding
- antibody/enzyme complexes in dental hygiene
- transgenic plants expressing protective antibodies or vaccine antigens (see Axis
Genetics, above) incorporated into diet - passive or active immunisation

Estimated yields Yield of Fv® Production cost Raw material
and costs (21) Kg/Hectare/Y ear £/Kg Tonnes/Kg F¥
Rapeseed 2.6 75 0.5
Linseed 1.4 10 0.5
Oleosins 5.0 70 0.5
Tobaco leaf 3.0 700 (1% per Q) 3.5
Potato tuber 5.0 1,200 10.0

Bulk production of antibodies in plants — some advantages
» High protein content* and high yields (kg) per hectare
- *0ilseed rape: 20% total seed weight; tubers 1%
- may override the lack of a specialised export/excretion mechanism
» Infrastructure for growing/harvesting/processing
- in seed oils: extraction processes well established
* Inseeds: dry storage (protein stability enhanced) and prospect of using oleosin fusions
» Usefulness of annual crops — plant this year to meet next years’s antibody demands

Bulk production of antibodies in plants — some disadvantages
. Risk of cross-fertilisation (especially rape seed)

. Tubers remain metabolically active
. The carbohydrate group attached by plants to pharmaceutically-useful glycoproteins,
. such as antibodies, is often antigenic in humans and may be a strong allergen

(Scientific American, March 1998)
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Plants as a sour ce of pesticides

The SEMIOCHEM project (Section 4.0.i) isakey UK activity in this area of industry.

The insecticidal activity of the mannose-specific lectins from the Amaryllidaceae (daffodils)
was being investigated by SCRI in 1996. Thisgroup of lectinsalso inhibitsHIV | and Il
infection by binding to the viral envelope proteins. Their use in diagnosis has been patented but
they may also provide aroute to the production of vaccines.

Culinary herbs, essential oils, aromatic plants and perfumeries

Anincreasingly successful (see Section 4.0.iii) and increasingly regulated sector, thisareais
becoming more mainstream with pharmaceutical companies now producing ‘over-the-counter
products based on herbal extracts.

A recent and comprehensive ADAS Arthur Rickwood desk stB@)yidentifies potential and
actual worldwide, EU and UK markets for high-value, low-volume plant extracts and
opportunities for improving the range and productivity of UK-grown plants which contain
valuable extracts. In this update of an earlier retidy the same author:

a) 55 novel crops are discussed (species suthir@sia andCrambe abysinica are of interest
for both industrial and high value plant extracts, but the study excludes oils for large scale
industrial use)

b) companies were contacted

¢) information obtained from this and the earlier MAFF-funded study was collated

d) a bibliography of literature was prepared

e) a database of crops and likely markets was set up

f) detailed information about the uses of plant extracts was grouped under 9 headings:
- essential oils
- herbal products/whole plants (phytotherapy)

- pharmaceuticals (medicinals)
- food flavourings/additives

- perfumery

- cosmetics

- aromatherapy

- herbal beverages

- novel uses (e.g. pesticides)

12 the first (1995) study examined:
- the scope for using modern technology to overcome some limitations of the UK climate (overseas
herb growers have the advantage on their British counterparts due to climate advantages — much of
Europe has a longer growing season than Britain)
- opportunities for adopting modern agronomic practices to maximise the season of production
- new methods of processing these crops which improves the extraction of oils
3 There is a more recent paper (54) with particular reference to “The Potential of Herbal Products for
Nutraceutical and Pharmaceutical Development”.
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The review ends by making general recommendations on how new markets could be stimulated
further in the UK and encouraged by appropriate R&D. In terms of further research required
the areas identified (adapted from 32) included:

Productivity

Toimprove all aspects of productivity of cropsfor essential oilsto maximise output and
reducethe cost of production thereby improving the competitiveness of UK -grown herbs
and improving the suitability of some speciesfor industrial oil production.

For example, the redevelopment of the chamomile industry in the UK requires work on
harvesting technology, seed selection, breeding, distillation technology, organic production.
Production methods can aso affect the levels of natural toxicantsin plants and in the final
product after extraction and concentration (see Scientific basis for herbal products).

Innovations in mechanisation and handling will be a key to the economic viability of production
and the availability of better cultivars, careful attention to agronomic requirements (including
choice of harvest date) and method of extraction may help to reduce season-to-season variation
intheyield of oils. There are extensive relevant data from developed countries and, for many
species, areview of the literature (or collaborative work with growers elsewhere in the EU)
should enable improvements in UK production. In calculating the worthwhileness of an
enterprise, the whole plant, comprising valuable extracted products and less valuable residues,
must also be accounted for, both to maximise the revenue from the crop and to minimise waste.

A further small-scale study of key UK herb oils (lavender, chamomile, sage, thyme) has been
underway at ADAS.

Processing
To improvethe quality and productivity of the processed herb product.

The key to development of many of the marketsin herbal products and essential oilsis the need
to process the crop by drying or extraction. There is scope for research towards improving the
productivity of herb plants, for example to find the optimum timing of harvesting plants for
processing.

Most processing of crops for their oilsis by steam distillation, but there are many new
processing capabilitiesin the UK - seelist, below - (for example, supercritical fluids and cold
pressing) and a novel solvent extraction technique (Advanced Phytonics). Many of these
facilities are available for contract processing. There may also be scope for mobile processing
units and producers might be encouraged to form groups with a view to purchasing up-to-date
extraction equipment with a higher capacity. In asimilar vein, with the decline in the UK hop
industry, English Hop Products has embarked on a diversification programme, in part drawing
upon its processing expertise.
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Thereis considerable interest in drying (organically-grown) herbs, although drying is capital
intensive and most dried herbs used in the UK are imported due to low labour costsin some
countries. However, an open day at Hambleden Herbs, Somerset in June 1996 was attended by
over 100 people to discuss drying of UK-grown herbs. It islikely that greater penetration of the
dried herb market will be achieved by selling UK product as** traceable, higher quality, with
control of the microfloraand heavy metal contamination, improved shelf life, produced
according to set guidelines (with few or no pesticides) and with a guaranteed level of active
ingredient of the herbal product.

Screening

To exploreawider range of uses of natural plant extractsfor their potential medicinal,
pesticidal, flavouring properties etc.

There are many organisations working in these areas (for example, determining the roles of
essential oils as natural food preservatives or medicines based on their antioxidant properties)
and there may be scope to supply crops for these devel oping markets in the near future.

Scientific basis for herbal products

To provide scientific evidence for traditional uses of plant extractsto back claims of
efficacy, improve product efficacy and formulation and to ensure that products are safe to
humans. To collate information on the potential toxic properties of some plant extracts,
which can be aggravated when concentrated in a herbal product.

Such studies of herbal remedies and other complementary medicines are the remit of the first

UK -based degree course in Herbal Medicine at Middlesex University (Prof. J Wilkinson) - see

also Section 4.0.i — the Centre for Economic Botany at Kew (see below) and the Department of
Complementary Medicine at Exeter University, which includes the world’s first chair in
Complementary Medicine (Prof. E Ernst) established in 1993. The aims and interests of this
Department are:

1. to conduct rigorous inter-disciplinary research into the efficacy, safety & costs of
complementary medicine (herbal medicine, acupuncture, reflexology, homoeopathy,
osteopathy, spiritual healing, radionics, energy medicine, hypnotherapy), including — Boots
Research Fellow, J Barnes - adverse effects of herbal/complementary remedies and the
safety of essential oils

to promote analytical thinking in this area

to establish itself as an internationally leading research institution within complementary
medicine

W

1% in comparison to wild-harvested imported material
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Labelling and accreditation

To define mor e exact standar ds and/or accreditation for herbal products, and to ensure
that the product meetsthe customer requirements.

There are already British Standards (BS 7087; 20 parts) for the sale of dried herbs. Other
issues of concern include, for example, contamination in some herbal medicines. Several
British companies are already adopting stringent (albeit costly) approaches to quality control
(e.g. Proctor & Gamble, Potters and Neals Y ard) demanding audit trails and QA compliance
from source to acceptance. The active ingredient in the product should be present and at
guaranteed levels, such that the efficacy of the product is assured. The product should be
labelled dearly with dosage. Thiswork is reported in the British Herbal Pharmacopoeia,
published by the British Herbal Medicine Association.

The industry, as it becomes more "pharmaceutical” in approach is more and more being judged
by, and expected to respond to, the standards and criteria that govern the pharmaceutical
industry. A manifestation of thisisthe increasing move, supported by the regulatory agencies
towards OTC licensed phytomedicines typically sold in pharmacies and away from unlicensed
herbal remedies sold in "health food" outlets.

Databases

To improve existing databasesto include the ever-increasing and wide ranging uses of
plant extracts.

Thisis progressing as various organisations are collecting this information. Complementary UK
Databases include those of ACTIN, ADAS, Kew, ‘Plants for a Future’ and MAFF Alternative
Crops Unit. Kew's Centre for Economic Botany is closely involved with three initiatives:
‘Nightshade’ (computerised identification for toxic plants), ‘Traditional Remedies Surveillance
(adverse reaction to herbal remedies) and ‘Chinese Medicinal Plants Authentication Centre’
(the first such centre outside China).

Plant collections

To improve collections and infor mation about the genetic composition of plantswith
potentially useful extractsto prevent their extinction.

The Royal Botanic Gardens, Kew has been granted £21.6 million from the Millennium
Commission towards a Millennium Seed Bank project. The project target is the conservation of
seed samples from 25,000 species by the year 2010.

Novel crops — commercialisation activities

15 known commercialisation activities are listed below (where the official project name or
acronym - shown in italics - is unknown, projects are identified by crop or region within the
UK), with focal pointsin the South West and East Anglia, of which Anglia Industrial Crops
Group (AICG) isamost significant recent devel opment:
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AICG

The aim being to develop the production, processing and marketing of arange of new crops,
with particular attention to quality, consistency, control and traceability of product. Marketing
isdirect to end usersin UK and Germany in the food, pharmaceutical, cosmetic and chemical
industries. Project management and commercialisation are led by Gorham & Bateson
(Agriculture) Limited in conjunction with the industrial crop consultancy Agros Associates,
both of whom are well known for introducing aternative cropsinto UK.

AICG was awarded £350,000 in grant aid under the EU’s Objective 5b rural development
scheme. In addition, each of the 44 farmer members pays a £750 a year membership fee during
the course of the four-year project, which gives six years of market exclusivity.

The nature of the grant aid means that farmer members must be drawn from the Fens, central
Norfolk and east Suffolk.

The programme has 23 crops under development of which 3 are in pilot production. The target
is for 1000ha of production by the year 2000.

The range of crops includes:

Fixed oils (oilseed crops) Borage Camelina
Crambe Lunaria
Calendula

Aromatic crops (dried leaf) Marjoram Parsley
Sage Savory
Spearmint Fennel

Aromatic crops (essential Mustard Both Chamomiles

oils) Parsley seed Peppermint
Spearmint Thyme

Extract crops Calendula Hypericum
Plantain Valerian
Rose

Miscellaneous Woad Mustard
Naked oats Yew
Pyrethrum

Currently, AICG’s four main types of processing, all on a pilot basis, are:

Steam distillation

Extract production

Herb drying

Fixed oil crushing

- there is also some interest in other —€@rocessing technologies.

Fenland Alternative Crop Technologies (FACT)

The FACT group is a steering group set up by Norfolk and Cambridgeshire County Councils to
facilitate the channeling of 'Area 5b Initiative ' funding from the EC and MAFF to social based
projects in their areas - largely Norfolk; to increase the size of the UK essential oil industry,
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stimulate rural industries and contribute towards sustainable economic growth. The project
starts with thorough market research of crops short-listed from discussions with buyers
(initially, the main crop was chamomile — see NEO below).

Norfolk Essential Qils (NEO)
Set up under the auspices of the FACT group (above) in 1997, but now runs as a fully
autonomous commercial enterprise.

A Growers' Co-operative of ten small farms in the East Anglian Fenland area (centred near
Downham Market in Norfolk), NEO specialises in the growing and distillation of aromatic
herbs for the production of Essential Oils. The Co-op owns and runs its own purpose built
steam distillation plant (see below).

NEO'’s policy is to provide a wide range of the highest quality English essential oils for an
increasingly discerning market especially in aromatherapy and cosmetics, where provenance
and assured quality are paramount. The structure of the NEO Co-operative reflects this policy.
Each farm has a relatively small area down to aromatic herbs (principally chamomile - see
below) with every grower individually responsible for their own plantation.

English ChamomileAnthemis nobilis) and English YarrowAchillea millefolium) are now in
full commercial production and oils from both crops were commercially available in 1998.
Other crops in development include German Chamoriilgr{caria recutita), Lavender
(Angustifolia), rosemary, clary sage and angelica.

NEO offers wholesale quantities (>1 kilo) of all its commercial production oils. All oils and
hydrolats can be bought 'Spot’ from stock or, on more favourable terms, contracted in advance
of each year's harvest to ensure a consistent supply for the year ahead.

The English Chamomile Company

Originally based on a small farm in Sussex where demand for oil grew to exceed production. It
has now moved to Norfolk and is working cooperatively with Norfolk Essential Oils (above),
where the combined aim is to increase production, develop new crops and produce essential oils
of the highest quality. Worldwide markets include aromatherapy, herbal medicine, cosmetics
and pharmaceuticals (essential oil) and cosmetics and pharmaceuticals (‘hydrolat’).

A new distillery centrally placed in the growing area — necessary to produce the highest quality
oils - was constructed for the '98 harvest.

All the wholesale guantities of the 1998 Anthemis harvest were sold, much of it before harvest.
To ensure supplies for the 1999 harvest, a 'Forward Contract' can be applied for with attractive
discount arrangements.

Bio-regional Development Group

An environmental charity which is running a project to revive the essential oil industry,
especially lavender and peppermint, in South West London. The aim is to work with growers
and processors and to seek Millennium funding.
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Highland Natural Products

A commercial venture to procure, process and market extracts and essential oils from arange of
plants indigenous to the Scottish Highlands. Sales will be to the food, pharmaceutical, cosmetic
and chemical industriesin UK, Europe, US and Japan. The medium term aim isto have a
turnover of £1.0M a year.

The range of species is likely to include:

Birch for sap Rowan for berries Bog myrtle Yellow iris
Eyebright Meadowsweet Juniper for berries Heather
Bog bean Seabuckthorn Bitter vetch Bearberry

Initially, the material will be procured from wild harvested material from estates and crofts. In
the long term, individual plants will be identified as a basis for the development of improved
cultivars with high levels of the active ingredients of interest and to develop cultivation systems
for them (bog myrtle and seabuckthorn will be the first).

Processing will be centralised to produce mainly extracts, but also some essential oils, using
new technologies such as €0

Due to its innovativeness, there is a need for R&D funding to cover the development of small
scale mechanised berry, flower and leaf harvesters, the selection of improved planting material
and the development of cultivation system.

Borage
Perhaps the most widely grown specialist oil crop, but because of restrictions on seed supply

will be grown in UK by 3 groups: Kings (see below), AICG (see above) and May & Dawson.

Borders of Scotland
A venture to plant Juniper communis, largely for processing for the beverage industry. This is
understood to involve extensive plantings on farms in the Borders.

Cornwall
There are plans, with Objective 5b funding, to set up a venture to grow, process and market a
range of plant species mainly for the local market (food, pharmaceutical and cosmetic).

English Hop Products

50% owned by a group of English hop growers, grower members are embarking on a
diversification programme to grow and process crops, using their existing steam distillation and
liquid (sub-critical) CQ extraction facilities. This is thought to be a quite significant

development and they are already believed to be growing a specialist crop under contract for the
pharmaceutical sector.
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Hedgerow Project in Wales

Thisisat an early stage and is supported by UK and EU funds. Theaim is an extensive
hedgerow planting programme mainly in the upland areas. These will be species of commercial
value, processed and marketed to the food and non-food industry sectors. Itisstill inthe
concept stage.

‘Kings of Coggeshall’ (John K King and Sons)
One, if not the, major company involved with testing new crops for commercialisation. Known
for:

- identity-preserved crop production

- the largest ‘release’ of GM crops in the UK for the last 3 years

- contracting on ‘back-to-back’ terms i.e. not an intermediary but actively bridging the

farm and end user

- entirely long term supply arrangements

- grow in most major continents throughout the world

- full on-farm support plus technical back-up to growers

Linked with Croda and responsible for the development and contract growth of new fixed
oilseed crops. They are thought to have 5 to 7 specialist oilseed species under cultivation,
including genetically-modified crop(s), amounting to over 1000 hectares; borage (see above &
Section 4.2) is probably their main interest, alongside Crambe, Echium, Camelina, Lunaria,
Meadowfoam and other oil crops. Actively sourcing new seed species in Asia etc.

National Herb Centre (NHC)

Set up in 1997 by a leading herb grower and owner of Lighthorne Herb Associates in
collaboration with the British Herb Trade Association. The aims of the Centre - funded by
membership - are to promote, research and develop the growing and processing of herbs in UK.

Up to 70 acres of land are available at any one time for agronomic trials with plots varying in
size from 10 rhupwards. There is also a laboratory capable of analysing essential oil and
medicinal herbs, crop profiles, varietal selection and yields, a cold store, freezer, blast freezer, a
drier and leaf processor, two commercial stills and 3500 sq ft of modern glasshouse, backed by
a computerised weather station.

Peppermint
There could be about 100 hectares in UK at the moment, spread between four main growers.

This area is likely to grow over the next four years and there is talk of one or two of these
growers jointly marketing the oil as an ‘English’ Oil (to counter the larger buyers). The UK
market is thought to be a £23M business (personal communication).

Suffolk
A well established operation (Richard Starke) producing dried herbs and essential oils, mainly
chamomile and sage.

'3 Northern Hemisphere seed can be grown in the Southern Hemisphere ‘out of season’; reduces stock holding
requirements and shortens the buying time
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Processing Facilitiesin the UK (adapted from 32)

In addition to those described above, new extraction techniques are being developed in UK
which may improve upon existing methods and have commercial relevance (some are listed
below). Thereisactive interest in increasing this capacity and it islikely that there will be
several more processing plantsin UK in the near future.

Peter Jarvis - Hadleigh, Ipswich
Process by maceration to obtain essential oilsfor cosmetics

Bush Boake Allen, Longmelford Sudbury, Suffolk
Distil for fragrance and flavour

Weleda, Ilkeston, Derbvshire.
Distil for natural medicine

Neals Yard, Battersea, London
An international business with 15 shops and £4.5m annual turnover, which grows its own herbs
in Dorset and does its own retailing, wholesale, franchising and manufacturing/processing.

Britannia Natural Products Limited, Suffolk

A technology-driven, market oriented company, with expertise in the production and
distribution of high impact, speciality flavour and fragrance ingredients, operating
internationally since 1992. Sourced from the major growing areas around the world, BNPL
offers a comprehensive range of pure, natural essential oils, absolutes and allicin. UK
production and storage facility incorporates a Customs and Excise bonded warehouse.

Allicin is the active odour and flavour principal of garlic, possessing broad spectrum
antibacterial activity. Using state of the art enzyme technology, BNPL produces allicin on a
commercial scale by first synthesising the precursor alliin and then converting this to allicin
using the natural allinase extracted from garlic and linked to an inert support material. The
process is controlled to stringent standards and regulated conditions to ensure consistency in
manufacture from enzyme to final allicin product. Brittania are the sole manufacturers and
marketers of product using this process worldwide.

Norfolk Lavender

The largest and only full-scale commercial lavender farm in England (cultivating 100 acres of
lavender since 1939), growing specially developed cultivakswdndula angustifolia in
conjunction with mechanical harvesting and cultivation. From 1992 onwards expanded its
fragrant ranges going beyond English Lavender to include, Rose, Lily of the Valley, Night
Scented Jasmine and Rose with English Lavender.

RC Treat, Bury St. Edmunds
The company uses steam or hydrodistillations, to improve quality of oils they buy.
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John King, Coggleshall, Essex
This company processes oils, mainly industrial

Ransomes, Hitchin
They buy in, dried herbal products and make extracts.

Lionel Hitchen, Winchester, Hants
This company produces essential oilsin the UK

Firth Farms, Basingstoke
This company produces chamomile oil. A small company, they have 3 stills

Advanced Phytonics, Leeming, North Y orkshire

A development by a UK consortium to produce rose and jasmine oil for the perfume industry,
extracted by a novel UK-designed processing technigue based on fluorocarbon solvents
(receiver of a CRAFT award) which is said to have advantages over existing methods of
processing (cold-pressing, steam distillation, supercritical fluids). It isnow at the stage of
offering to growers a contract processing service or direct sale of a’mobile processing facility.

James Barn Farm Estate, Cotswold

A fairly new extraction technique based on supercritical carbon dioxide extraction is under

development. This method provides extracted plant constituents which are different (perhaps

superior in being “more natural”) compared with standard techniques of steam distillation. The
continued development of this technique at a number of research centres (see below) is making
it an attractive proposition.

Statfold Seed Oil Developments, Tamworth (see also Section 2.1.ii)
The main objective of Statfold is to grow and cold process quality crops to produce high quality
oils. Their range extends to over 59 cold-pressed products including:

- Borage

- Stinging Nettle

- Calendula

- Hemp

- Spurge

- Gold of Pleasure
- Linseed

- Evening Primrose
- Sea Buckthorn

- Rape seed
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Supercritical fluids (see also Section 4.0.i)

UK has particular academic, contract research and commercial expertise in supercritical and
sub-critical fluids (CO, and superheated water) with several notable centres of excellence,
including:

- University of Leeds, School of Chemistry

- EXxpress Separations, Leeds

- BHR Group, Cranfield

- University of Surrey (specialising in paints, inks, lacquers and powder coatings)
- University of Nottingham

Both Express and BHR Group have active interest in agricultural applications. Expressin part
through their recent involvement in the INDINK project (Section 4.0.i) and BHR Group as the
prospective coordinators of a consortium project.

Express Separations Ltd, which grew out of the Supercritical Fluid Research Group in the
School of Chemistry at Leeds, has announced its capability for providing supercritical fluid
technology on an industrial scale - the first UK company to make this breakthrough. Thisis
promising news for industries requiring high yield extraction, separations or impregnations,
particularly the pharmaceutical, metals processing and non-food agriculture industries.

As the shift continues away from finite resources, the success of crop sources as raw materials
for industrial use will always be dependent upon matching industry need to processing
capability. Previously, supercritical fluid processes were only available on an industrial scalein
the USA or Germany.

After five years’ extensive contract research and development experience, Express Separations

is launching its own development programmes in new or developing industrial sectors and
additional partners from the food or non-food agricultural sector are welcome.
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4.0.ili Specialist Crops — Markets

ACTIN'’s estimate (drawing on information supplied by SORIS) is of a £37M market for crop-
derived feedstocks in the UK specialised organics sector (a £3bn sector) of the speciality
chemicals industry (i.e. excludes bulk commodity oleochemicals and specific pharmaceutical
and agrochemical end uses). There is a subsequent 20-fold leverage in the conversion of such
intermediates to pharmaceutical products. Another example is of indigo - its importance in
world terms is immense, such that, of an international dye market of 800,000 tonnes, one tenth
is contributed by indigo. Natural indifoonly accounts for less than 1% of this total indigo
market. There is however a demand for natural dyed textiles, estimated as 5% of the world
market now. It is the view of IACR that this may increase to 15% of the market in 10 years and
that UK agriculture could produce 1,500 tonnes of natural indigo a year, if 12 080were
switched to growing woad.

OECD has estimated that the retail market in OECD Countries, by the year 2000, for plant-
based pharmaceuticals could be of the order of $500-700bn, underlying which will be a
substantial and growing market for raw material suppliers. However, although even small
acreages may command a high price, the size of the market may be small in agricultural terms
and may even be a glasshouse activity rather than a field process (perhaps with the exception of
requirements for mass vaccinations, or of antibodies with mass therapeutic and diagnostic
applications). Thus, the scope for crop-based production of such compounds in the UK is
extremely limited’.

The health products market was worth £850M in the UK in 1995, 53% of which were ‘non-
food’, comprising: cosmetics (5%), supplements (35%), herbal remedies and complementary
medicines (13%) — trade increasing at over 6% pa. Complementary medicine in UK is
increasing and is one of the fastest-growing markets for natural remedies (a 57% increase in
1993); at least one in four Britons used complementary medicine (compared to one in two in
France and Germany).

In general, herbal extracts are evolving as components of the mainstream healthcare market.
There are however many subjective influences on consumers:

Natural beauty

* Nostalgia

Compelling ingredient stories

Imagery/in vogue’ oils (e.g. Tea Tree oil)

A recent new product range illustrating these influences is the ‘Hemp’ range of Body Shop
(Section 2.1.ii).

'8 Currently, small amounts of naturally-derived indigo are produced in tropical and sub-tropical countries, from
various indigo-producing plants. This provides enough indigo to satisfy the demands of small-scale craft dyers,
supplying exclusive markets. These supplies vary widely in quantity, e.g. between 1988-1993, exports from India
fluctuated from 2 to 20 tonnes per annum and no standards were in place to ensure quality.

Y For example, amedical peptide produced by oleosin (seed oil enzyme) fusion underwent field trialsin British
Columbia on 10s of hectares (1996); it is conceivable that the World's total demand, worth $100M, could be
grown on 100-1000ha.
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The most popular products are available through specialised health product stores (of which
there are around 2,000 in UK, served by 350 suppliers), pharmacies and other multiples. The
Holland and Barrett chain has 350 outlets and there are other retailers, such as Body Shop (see
also Section 2.1.ii), with asimilar presence.

The UK herb and spice market had sales of £62M in 1993 - there are high volume products (e.g.
oils of mint and citrus) and also high unit value crops (e.g. rose and jasmine). The once
traditional UK production of many herbal crops has however decreased in the face of cheaper
imports - as either dried material or essential oils - although there is continued overseas interest
in working with UK growers and processors towards satisfying the herbal products market.
England was once the home of mint production and renowned for its chamomile and lavender.

UK now imports up to 90% of its medicinal herb requirement (60% of culinary); 9.4 million
tonnes of dried herbs and spices were imported in 1994-1995, together with 500 to 1500 tonnes
pa of fresh culinary herbs (from Israel out of season — May to October). Herb companies import
large quantities (E6M value pa) of herbs which grow in abundance in the wild in UK — red

clover, nettles, borage, couch grass, dandelions, chickweed, yarrow and yellow dock. Similarly,
the value of the imports of essential oils was high - £47M in 1995 (£34M in 1994).

The two main UK herbal product manufacturers, according to the Health Food Manufacturer's
Association, are Gerard House Ltd and Potters of Wigan. Gerard House Ltd buys in products -
in ready-processed tablet form - from any source, and does not mind which country supplies
them, provided they meet Company requirements. They do not purchase from UK growers,
although the company looked into this some 18 months ago and found that it was not economic.
The products used by Gerard House however contain UK plant material such as celery,
cranesbill and garlic. Potters Herbal Supplies Ltd of Wigan are the largest licensed herbal
medicine manufacturer in the UK but they contract growers around the world. They use
accredited seed and mainly grow organically or to protocols in which specific insecticides and
pesticides do not to contaminate the end product.

In the light of the above, there is scope to develop the UK industry e.g. of essential oils from
lavender, chamomile, jasmine and rose. English production of some oils, typically chamomile
and lavender, still gains a premium on the market (through quality) although volume is small
(e.g. 50ha of lavender producing around 250litres/ha of oil on average), there is a general lack
of availability, there are large variations in the yield of oil from season to season (up to 8-fold
differences between seasons for lavender oil), and the gulf in specification between English and
foreign material is not clear.

The value of non-citrus imports, of oils most suited to UK production, was £26M in 1995
(E13M in 1994) — mint, lavender, chamomile, clary sage, rose, coriander, angelica and others.
In addition, there is significant scope to export extracts of those species which yield reliable
quantities under UK climatic conditions (there is a >£200M world tPddeplant oils which

18 Trade varies from year to year — trade in both essential oils and dried herbs/spices can be carried over from one
year to the next due to their prolonged shelf life (for example, the cosmetics industry only requires small quantities
and a regular supply of products with a 3 year shelf-life.

159



could be UK-produced but, at present, total imports exceed exports by afactor of two). At
current (1997) levels of essentia oil imports, mint species could occupy an additional 18,000 ha
in UK.

There are however no officia statistics for the area of herb crops grown in UK. Thetotal UK

herb acreage®® was estimated at 1,261ha (1992), valued at £5M at the farm gate, with a retail
value over £20M pa. This was thought to have increased to 3,000ha by 1996, low in
comparison with the potential to replace imported herb products.

An SOAEFD study underway at SAC is addressing the markets for and economics of novel
crops identified as relevant to Scottish agriculture.

A small but significant market for plant-derived kosher products (non-food e.g. food wrapping,
labelling) has been notéd4), but this would exclude products of GM crops.

In many cases, meal and/or other by-product values are essential to the overall economics of
production i.e. multifunctional novel crops, not just for one niche market.

[Source, unless otherwise statéfp)]

¥ Medicinal and culinary herbs (mainly parsley, coriander, mint, sage chamomile); but not including evening
primrose, borage and calendula
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4.0.iv Specialist Crops — Environmental Issues

While the procurement of planting material from wild indigenous sources may provide an
income from land currently providing none, such as that in the Scottish Highlands, there are
conservation issues - such as SSSI status - which may act as a constraint to the commercial
development of these plant species.

There are over 6,500 Sites of Specia Scientific Interest (SSSIs) throughout the UK, designated
because of their outstanding nature conservation value. Between 1991 and 1996 onein five

SSSIsin England and Wales were damaged due to agriculture, neglect, building devel opment or
recreational activities. Of most concern are the less detectabl e effects of intensive farming,
overgrazing, small scale drainage and the use of herbicides and chemical fertilisers. English

Nature reports that 45% of SSSils in England are now in “unfavourable conservation status”.

4.0.v Specialist Crops - Barriersto Progress

Speciality Chemicals

A view from the industry (SORI]1) is that the following are key issues:

- Security of supply

- Supplier credibility/track record

- Timescales

- Regulatory environment

- Cultural differences (e.g. agriculture vs chemicals)

Pesticides/Her bicides

For many pesticides, the manufacturer has not obtained regulatory approval for minor uses on
novel crops. UK operates an ‘off label’ approval scheme, without which the range of products
available for such uses would be greatly restricted (a similar scheme may offer wider
opportunities at a European level). However, this is currently(dd®as a lengthy and

expensive process - in particular for SMESs - in which users have to seek off-label approvals in
their own right, although the arrangements do allow for the extrapolation of approvals.

The NFU, as part of COPA has been involved in discussions to develop the introduction of a
voluntary mutual recognition off-label scheme in Europe. The EU Commission has issued a
draft document entitled ‘Voluntary Mutual Recognition of Minor Use Authorisations’
(9191/vi/97ref2) which was developed by The Netherlands. A series of case studies are
currently being evaluated by the Competent Authorities (which, in the UK is The Pesticides
Safety Directorate) using the draft proposals and the document will be reviewed once this
exercise has finished. It is however, important to note that the UK already operates a mutual
recognition approval scheme for minor uses which covers both edible and non non-edible crops.

Separating weeds from herbs, in particular, is not easy — weeds may be growing up through the

crop plants. There may be a need to extend ‘off-label’ uses of herbicides for the further
development of herb crops in the UK.
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Herbal Medicines

In the herbal medicines arena there has been typically little contact between the grower of the
plant raw material and the final manufacturer, and hence little recognition of the problems and
needs of one by the other. The trail between the two has typically been obscured by an
assortment of traders and brokers, with little attempt to provenance the material or provide
adequate supervision in terms of quality or consistency of the material shipped to the
manufacturer. With increasingly active monitoring by the regulatory authorities and demand by
the market place for quality materials, the traditional chain of traders and brokersis probably set
to change markedly over the next ten years, being replaced by single companies embracing all
the necessary activities "in house" or small groups of companies linked together to provide the
overall track from field to pharmacy essentialy "in house".

Agenda 2000 (26)

With regard to novel crops, the Agenda 2000 proposals have a negative impact unless they are

extended to all combinable crops (the only exception being high-value ‘stand alone’ crops such

as borage). Although the reforms put forward a non-crop specific area payment, the term ‘non-
specific’ relates only to crops that are currently deemed eligible under the existing AAPS.
Therefore, a novel crop, e.g. camelina, crambe or any other ‘new’ crop, will still be ineligible

for area payments. Under the current AAPS system, such crops do not receive aid, therefore the
reform process does not widen the portfolio of crops that could be grown competitively in

UK, nor does it alleviate the threat from third party (non EU) imports with disproportionate
subsidies.

It is believed that this constraint will inevitably lead to reduced biodiversity in UK agriculture
and fewer opportunities for growers to add value to niche market and premium products.
Additionally, it will concentrate more of the plant breeding efforts into genetically transforming
existing species, such as oilseed rape, to contain the fatty acid profiles that other species offer
but which are not eligible for aid. This in itself will put increased pressures on the agricultural
industry, already under a moratorium against the commercial growth of GMOs, to manage and
segregate crops that to all extents and purposes are indistinguishable from the non-modified
form.

If all crops (with the exception of proteins) received a single ‘non-crop specific’ payment, it
would pave the way for unilateral removal of all aid and would stimulate investment and further
research into new crops. If the EC recognises the need to re-introduce set-aside for future
harvests then this will not distort the economics of production because area aid will be
equivalent.

0 aworked exampleis given in Section 4.4, Camelina sativa
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Set aside (26)

The proposed changes to set-aside regulations under Agenda 2000 will assist in the
development of non-food novel crops by allowing the grower to take optional set-aside (at arate
in excess of 10% of hiseligible land holding). This puts the responsibility on the
merchant/processor to offer commercially attractive terms for the grower that will compete
favourably with the production of food crops. However, although this appears a reasonable
proposal, it is feared that the European Commission will give preferential support to the
production of biofuels, against other industrial chemicals (in the form of reducing the taxation
burden on the processor, or providing subsidies related to comsumption) and will therefore il
leave distortions in the non-food crop sector. |If the economics of growing for biofuels are
enhanced, it will put up the price of other non-food crops and, therefore, further restrict the area
that should be one of the focal points of reform.

It is not clear from the proposals whether or not cropping on set-aside will continue to have the
same production controls that are currently in place. It isaburden on UK industry that
significant block guarantees are still being held by the Intervention Board from crops harvested
in 1994 through to 1997. Logic dictatesthat if set-aside is voluntary and the grower receives
the same payment as cereals and other oilseeds, then there is no commercial gain for him (or the
processor) to behave fraudulently. Therefore, this should negate the need for securities to be
lodged.

Although set-aside has provided an effective means to establish non-food novel crops, itis
often the poorest land resulting from minimal input and low management, with concommitantly
lower yields, lower quality and the potential for unreliable production. Thereisalso the
uncertainty that profit expectations change with the percentage set-aside rate.

Commercial issues

One of the problemsisthat little of the information on the production of novel crops, their
processing and marketsisin the public domain and interested parties in UK have had to commit
significant commercial resources to its generation. There istherefore areluctance to release this
information freely if it could be used to commercial advantage by other farming groups. Not all
innovations are included in the literature and many research organisations have data that have
not been published and/or is privately-funded. Patent procedures may also be difficult for
‘whole plant’ products.

There is also the problem that the markets for many of these crops are limited and could easily
be swamped by other growers coming in on the back of UK initiatives.

163



4.0.vi Specialist Crops — SWOT analysis

Strengths

Lower primary production costs (“solar power”, low capital)

Bulk capacity and infrastructure for harvesting

Appropriate scale conventional processing technologies are available
New processing facilities/technologies in UK

UK centres dedicated to substantiating medicinal claims

Specialised UK pharmaceutical companies actively involved in the commercialisation of
phytochemicals

The recent UK development of GLA from evening primrose exemplifies the possibilities for
the industry

The promotion and development of databases and networking activities to enhance market
opportunities by improving interaction throughout the supply chain

Built-in microbiological sterility during primary production

W eaknesses

Plant isolates can be complex mixtures

Batch consistency

Seasonality of supply

Plants may be seen merely as sources of lead chemicals for screening
Pesticide/heavy metal/herbicide/toxicant residues

Microbial robustness on extraction (need for ‘clean’ extracts)

Human safety/regulatory status
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Markets for many of these crops are limited; little of the information on the production of
novel crops, their processing and marketsisin the public domain

Weed control in herb cropsis aproblem; there are relatively few approved herbicides

Opportunities

Potential to broaden UK crop base — biodiversity

Potential to replace imports of ‘natural’ materials ranging from aromatherapy products to
dyestuffs

Potential to develop significant added value market outlets

Growing crops for some markets is unlikely to take up large areas of UK arable land, but
could provide profitable enterprises from some growers plus up and down stream benefits.

Threats

Underlying consumer & regulatory acceptability
Chemical synthesis/biotechnological production of plant actives

The engineering of novel activities in established crops, such as OSR, may affect the
markets for novel crops

Agenda 2000 proposals have a negative impact
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4.1 Evening Primr ose (Oenothera biennis) (28)

Scotia’s work on Evening Primrose is described in Section 4.0.i. The seed oil is a good source
of essential fatty acids, especially gamma-linolenic acid (8-10%, GLA), which has medicinal
properties for many serious diseases and disorders. Brand-named evening primrose oil capsules
are widely available in chemists and health food shops.

Grown only in small areas, mainly 2 to 5 ha. About 1,000 ha now grown in UK. The crop is
only grown under contract and future production is dependant on the demand for GLA by
pharmaceutical companies and the extent to which borage and other sources of GLA are
favoured instead of evening primrose. Wide range of soils suitable, but not acid, high pH, or
fen. Good drainage and firm seedbed necessary.

Some growers (especially if on sands) sow in March April for harvesting early/mid-October, but
most sow in late July-early August for harvesting in late September/October the following year
- but winter Kill is possible. Germination and establishment very difficult (the seeds are tiny),
shallow drilling and seedbed consolidation important. Weed control a major problem until
established. No significant pest or disease problems known at present, although one aim of
recent breeding efforts has been to produce Septoria-resistant plants. Relatively little fertiliser
needed - lush vegetative growth unwanted.

Uneven ripening and pod setting a further problem. Harvesting is difficult. Crop has to be
desiccated (perhaps twice) before combining, which needs to be slow to avoid shattering the
pods; seeds must be dried quickly, to 10-12%. No area aid. Yields: 0.15 to 0.8 tonnes/ha;
average 0.5. A high-risk crop best grown on contract.

Gross Margin Analysis

Evening Borage Oilseed Rape

Primrose 1998
Yield (t/ha) 0.5 0.4 3.5
Price (E/tonne) 1700 2100 150
EU Payment (£/ha) 0 0 275
Gross Output (E/ha)(1) 850 840 800
Seed 30 150 35
Fertilizer 50 50 93
Sprays 100 25 102
Others (2) 140 - -
Total Variable Costs 430 430 230
(E/ha)
Gross Margin (£/ha) 421 559 570

(2) at assumed average yield
(2) desiccant [E70] & cleaning [£70]

Gross margin comparisons are based on average yield figures taken from Nix (Farm
Management Pocket Book - 29th edition) (28)
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4.2 Borage (Borago officinalis) (28)

Indigenous to Bntain: both grown wild and cultivated for centuries. Grown for use as a dietary
food supplement. The oil has a high gamma linolenic acid (GLA) content - more than twice as
much as evening primrose. Demand slumped after 1986 owing to over production of GLA
from non-contract crops of evening primrose in other countries. The current areais around
800ha hagrown in Suffolk, Essex and Y orkshire.

Compared with evening primrose it has the advantages of spring-sowing (about mid-March),
bigger seeds, faster growth and earlier harvesting (August). Its aggressive growth gives good
weed control with ahigh plant density. It preferslow rainfall. There are no known pests and
diseases except for powdery mildew. It is combinable, after swathing. Harvesting can be
difficult. Seed shedding at maturity is a serious problem. No areaaid (the principal product,
GLA, isnot used as a prescription pharmaceutical but as a food/health supplement).

Yields: from virtually nothing to 0.75 tonnes/ha; average 0.4. Gross margin information is
given under Evening Primrose (Nix).

4.3 Pot Marigold (Calendula officinalis) (45)

Calendula officinalis produced an average yield of 1.4 t haand amaximum yield of 2.8t ha.
Seed oil content averaged 16.6 % with a calendic acid content of 45.4 % There was significant
variability between accession maturity, yield and seed oil content. The accessions Hens and
Chickens, Double Lemon Coronet and CPRO-DLO 879144 and 880557 produced the highest
yields of oil and calendic acid. Reliable establishment was achieved and a plant density of 40-
60 plants/m?® was optimum Isoxaben plus pendimethalin, trifluralin, pendimethalin (1000 g a.i
ha) and chlorthal-dimethyl were effective and crop safe herbicide options. Indeterminate
flowering enhanced by above average summer rainfall, was identified as a harvesting problem.
Desiccating the crop with diquat, at around the 70 % brown seed stage and direct combining
was an effective harvesting technique but seed losses could be high. A reduction in the length of
the flowering period would ease harvesting and wind volume and straw bed sieve size have
been identified as important combine settings, but greater understanding of factors influencing
harvesting efficiency is needed (VOSFA).

4.4 Gold of Pleasure (Camelina sativa) (John K King)

A low input, well adapted and economically viable oilseed crop, if allowed to compete
equitably with sunflower and oilseed rape (see below). It produces a high protein meal and a
novel oil, high in Omega 3 fatty acids. It hasalong history of consumption within eastern
Europe since the Bronze age, and due to its particularly high purity requires little processing
after extraction (26). A handling/processing consideration is the small size of the seed which
requires additional investment into extraction technology.

Yields: from 2.5 to 3.0 tonnes/ha (26).
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With regard to Agenda 2000 problems (see Section 4.0.v), Camelina sativa must generate an

additional £325-390 per hectare output over and above oilseed rape or cereals in order to offset
the area payment received by the latter two and therefore compete equitably. The meal quality
of camelina and its market value is similar to that of linseed and therefore, the additional
revenue needs to be generated on oil sales alone. This equates to an approximate £300 per
tonne premium on the oil (compared with a spot price of crude oilseed rape and soya oil at
approximately £395 per metric tonne). It is easy to see therefore, that regardless of any superior
functionality of the oil, a buyer/consumer could not justify these huge premiums. Instead they
‘pay’ the commodity market and alternate between sun, soya and rape oils.

4.5 Woad (Isatistinctoria) and other dye plants

Woad, madder and weld have been used for thousands of years as sources of dyes of blue
(indigo), red (alizarin) and yellow (luteolin). A recent EC-funded project which looked at these
three major dye crops has shown that the production of natural dyes is possible on a
commercial-scale using modern farming techniques. Ongong aspects of this work are described
as part of the INDINK project (see Section 4.0.i) and have been the subject of a PhD thesis
(“The cultivation of woad for production of natural indigo: agronomy, extraction and

biochemical aspects”, K.G. Stoker, Bristol University, September 1997).

4.6 African Daisy (Dimorphotheca pluvialis) (45)

Establishment and growth Biimorphotheca pluvialis was variable, seed production averaged

478 kg/ha, seed oil and dimorphecolic acid were relatively stable over seasons averaging 20.5 %
and 54.0 %. Differences between accessions were small. Indeterminate flowering, low yield and
seed shatter were identified as characteristics limiting commercialisation (VOSFA).

4.7 Caperspurge (Euphorbia lagascae) (45)

Establishment oEuphorbia lagascae was satisfactory and subsequent growth vigorous. The
dehiscent characteristic of all genotypes tested made seed yield estimation difficult, the average
harvested yield of 1.1 t/ha probably underestimated potential. Seed oil content was consistently
high, averaging 47.8%, resulting in an average oil yield of 526 kg/ha, with a vernolic acid
content of 56.6 %. The species is susceptible to weed competition - modest weed competition
reduced crop production by over 37 %; but, pre-emergence trifluralins, chlorpropham and
linuron and post-emergence benazolin+clopyralid were crop safe and effective weed control
agents (VOSFA).

In view of the important issues which need to be addressed before this crop can be developed
further, such as the availability of non-dehiscent types and presence of naturally occurring
irritant compounds within the species, a review of current knowledge rather than further
research was deemed most appropriate by the VOSFA consortium. A proposal was submitted
to the EC under the 4th Framework programme in January 1998 to provide funding to support a
concerted action. This proposal was led by ADAS, involves 15 partners across the EU and was
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entitled, “The development &uphorbia lagascae as a new oil crop within the European
Community”.

4.8 Lesquerella (Lesquerella grandiflora) (45)

Lesquerella grandiflora only produced a modest plant stand in one year out of three, growth
was poor and maximum yield was 440 kg/ha at an oil content of 22 %. Flea beetle was a
consistent problem at establishment, maximum crop height was 20cm so that hand harvesting
was the only option. The crop does not appear well suited to the soils and climatic conditions
of Western England (VOSFA).

4.9 Cuphea (Cuphea spp)

No public domain information available. Cuphea (and meadowfoam) were being investigated
at SCRI in 1996 using gene transfer technology.

4.10 Vipersbugloss (Echium spp)
No public domain information available.

4.11 Honesty (Lunaria annua) (44)

Establishment of the biennialnaria annua was difficult under the dry conditions of early

summer but seed yield averaged 1.8 t/ha with a maximum yield of 2 9 t/ha. The oil content of
the seed was 32.4 % of which 51.8 % was erucic and 26.2 % nervonic acid. There were
significant differences between accessions in seed yield, oil content and resistdbuogao

candida, a significant disease of the crop. Kings Crown Purple produced consistent seed and oil
yields but lacked disease resistance. A spring plant density of 20 pfawesérsufficient to

produce maximum yield. Current genotypes benefited from May sowing (May sowing produced
a 0.6 t/ha yield advantage over a July sowing date). The species was relatively tolerant of weed
competition, giving only a 17 % response to total weed control. It was not possible to develop a
consistently effective weed control strategy because dry conditions adversely affected the
activity of residual herbicides; an effective early season herbicide option is necessary. The long
growing season and establishment risks limit the commercialisation of current genotypes of
Lunaria annua, but the development of annual (shorter growing season) genotypes could
convert the species to commercially viability (VOSFA).

Lunaria annua is worthy of further study and is of particular relevance to the UK. There is a

need to review the progress made to date and determine UK policy towards thisapppats
to be well adapted to UK conditions, offering the UK a competitive advantage and
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there are pharmaceutical markets for its nervonic acid and established markets for erucic acid.
This review should take account of the work of the Dutch breeding programme which is
beginning to produce better material and the problems identified by VOSFA in terms of weed
control and rotational position. The review should determine the likelihood and timescale over
which technical constraints could be solved by research and indicate whether further research
investment isjustified.

4.12 VOSFA — Supplementary Information

References published by ADAS using data generated within the VOSFA project
Cromack, H T H (1995). Industrial oil producing crops. In ADAS Research 1994/5 ppl6-17

Cromack, H T H and Smith, JM (1996). Calendula officinalis, Production potential and crop
agronomy in southern England. Poster presentation at Third European Industrial Crops and
Product Symposium Reims April 1996.

Cromack, H T H (1996). The effect of sowing date on the growth and production of Lunana
annua in southern England. Poster presentation at Third European Industrial Crops and Product
Symposium. Reims April 1996.

Cromack, H T H (1996). Vegetable oils with specific fatty acids. In ADAS Research 1996/7
ppl4-15

Cromack, H T H and Smith, JM (1997) Calendula officinalis Production potential and crop
agronomy in southern England. Industnal Crops and Products 7, 223-229

Cromack, H T H (1997). The effect of sowing date on the growth and production of Lunaria
annua in southern England. Industrial Crops and Products 7, 217-221.

Cromack, H T H; Smith JM and Morton K M (1997) Weed control in new industrial oilseed
species Brighton Crop Protection Conference Weeds 8D-3 p 845-850.

Additional references

Cromack, H T H; Freer JB Sand Smith. JM (1993)

The performance of arange of novel crops in southern England.

Proceedings of the Second European Symposium on Industrial Crops and Products

Cromack, H T H (1994). The establishment of Lunaria annua (Honesty).
in: Alternative Oilseed and Fibre Crops for Cool and Wet Regions of Europe. Proceedings of a
Workshop, 7-8 April 1994 at Wagenigen, The Netherlands. 130-133

Wilson, T L, Smith, C R and Wolff, T A (1962). Lunaria seedoil - arich source of C24 fatty
acids. Journal American Oil Chemists Society, 39: 104-105.
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APPENDIX 1
Non-food and energy crop sectorsissuesraised at MAFF meeting on 15 September 1998

The environment is an important driver. Particular aspects include climate change, protection of
biodiversity and low-input crops.

Non-food and energy crops won'’t be grown unless they are profitable.

It is difficult for new crops to compete with established crops which are well-developed and
subsidised.

Any support should be truly non-specific, applicable to all crops. The market will then decide
what crops succeed.

There is a case for providing transitional support to help get crops off the ground. This might
continue until they had achieved critical mass (or failed to develop).

Support should be dependent on links with a processor or customer.

There is an opportunity for the crops to be grown on ex-livestock land. Farmers should be
helped to convert.

In some sectors (eg pharmaceuticals) it would be an added benefit if the crops were grown
organically.

Set-aside is an unsatisfactory basis for support, as the rate varies and its long-term future is
uncertain. Therefore support should be shifted on to other measures, which could qualify for
World Trade Organisation green-box status.

Where crops have to continue to rely on voluntary set-aside, the rules should be simplified (eg
requirement for subsidies, minimum areas).

Development should take account of secondary markets (eg fibres from Short Rotation
Coppice).

Local processing could contribute to rural employment.
There is a need for targeted R&D.

There is a need for ‘joined-up thinking’ between Ministries in Member States, between DGs in
the Commission, and between commercial operators and researchers.

Processors and customers need to be made aware of opportunities for using the crops. They
particularly need information on product performance.

Demonstration projects are needed.

Developers need protection for their intellectual property.
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APPENDIX 2

PRODUCTION OF CROP DERIVED RAW MATERIALS FOR INDUSTRIAL USE — MILLION TONNES

UK Europe USA Global
Vegetable QOils 0.07 2.06 3.0 12.5
Starch 0.25 2.4 6.5 15.0
Non-Wood Fibres 0.04 0.5 3.0 23.4
Total 0.36 55 12.5 50.9

1998 Figures
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APPENDIX 3

ANTICIPATED GROWTH: PRODUCTION OF CROP DERIVED PRODUCTS — MILLION TONNES

Global Output 98 Global Output 98 % Growth
Vegetable Oils 12.5 19.8 58
Starch 15.0 225 50
Non-Wood Fibres 234 28.4 21
Total 50.9 70.7 38.9
Notes:
VEGETABLEOILS: Projection based on forecast for EU growth (Source: FEDIOL)
STARCH: Projection based on forecast EU growth (Source: National Starch)

NON-WOOD FIBRES: Projection based on Pira global forecast for pulp and paper use combined with EU figures for non-wood fibre
production.
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APPENDIX 4

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

Total agricultural 18,783 18,735 18,715 18,699 18,670 18,672 18,634 18,580 18,563 18,498 18,511 18,530 18,503 18,406 18,401
land of which:

Grasses and bare 7,011 7,051 6934 6,850 6,843 6,838 6,830 6,842 6,918 6,910 6,828 6,817 6,802 6,737 6,700
fallow

Rough grazing and 6,700 6,657 6,626 6,624 6,587 6,562 6549 6,600 6560 6,535 6543 6,518 6,505 6,492 6,471
other land

Set-aside 72 97 160 677 728 633 508
Total crops* 5072 5,027 5155 5255 5239 5272 525 5137 5013 4,956 4,981 4519 4469 4544 4,721
of which

Wheat 1663 1695 1939 1902 1,997 1994 188 2,083 2013 198 2,067 1,759 1811 1859 1,976
Barley 2222 2143 1979 196 1917 1,831 1879 1652 1516 1,393 1,297 1,164 1,106 1,192 1,267
Other cereals 145 122 119 148 111 111 134 138 128 126 123 107 124 130 114
Oilseed rape 174 222 269 296 299 388 347 321 290 440 421 377 404 354 356
Potatoes 192 195 198 191 177 178 180 174 177 176 180 170 164 171 177
Other Arable 421 425 447 510 525 571 621 561 581 636 695 754 671 652 642
Horticuture 254 224 204 212 214 200 209 208 208 204 197 187 189 187 189
Source: MAFF

*Specialist crop area information (‘000 hectares)

Crop 1995 1996 1997 1998
Borage 1111 0.944 0.475 1.708
Chamomille 0.007 0.033 0.027 0.111
Evening Primrose0.037 0.0125 0.005 0.121

Lavender 0.055 0.020 0.063 0.037

Source: MAFF (Please note that these figures are based on information taken from the June Census return and do not necessarily reflect the total
area of crop grown).
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APPENDIX 5

Industrial crops grown on set-aside land — Area under production (‘000 ha)

1970 1980 1985 1990 1993 1994 1995 1996 1997 1998

total area of set-aside - - - - 702.80 747.69 633.70 500.23 294.78 303.69

Oilseed Crops
Oilseed rape - - - - 40.66 86.89 84.42 5823 2755 28.10
Linseed - - - - 11.58 1553 8.17 547 2.82 2.27
Crambe - - - - - - - - 0.018 -
Specialist crops

Borage - - - - - - - - - 0.06
Calendula - - - - - - - - -

Camelina - - - - - - - 0.005 005 -
Chamomile - - - - - - - - 003 0.04
Cuphea - - - - - - - - - -

Dimorphotheca - - - - - - - - - -

Echium - - - - - - - - 002 0.19
Euphorbia - - - - - - - - -

Evening Primrose- - - - 009 018 013 009 004 0.05
Lavender - - - - - - - - - -
Lesquerella - - - - - - - - - -
Lunaria - - - - -
Peppermint - - - - 0.004 - - - - -
Woad - - - - - - - - - -

Source: MAFF

It isimportant to note that these figures are based on information submitted under the Arable Area Payment scheme and do not take account of any industrial crops that were
grown without support.
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APPENDI X 6

Fibre crops — Area under production (‘000 ha)

1970 1980 1985 1990 1993 1994 1995 1996 1997 1998

Fibre Crops
Hemp - - - - 0.41 0.87 1.10 1.70 2.32 2.56
Flax - - - - 2.19 1740 16.90 20.20 19.17 16.70
Miscanthus - - - - - - - - - -
Source: MAFF

Data based on EU production subsidy information
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APPENDIX 7

Industrial crops production and averageyield for the 1996 har vest

Production (‘000 tonnes) Average yield (tonnes per
hectare)

Oilseed Crops
Oilseed rape- Main regime land 1242.44 3.49
Oilseed rape- Set-aside 189.24 3.25*
Linseed - Mainregimeland -
Linseed - Set-aside 7.66 1.40*
Crambe - -
Fibre Crops

Hemp 8.50 5.00*
Flax 17.17 0.85*
Miscanthus - -
Carbohydrate Crops

Wheat 16104.40 8.15
Barley 7779.38 6.14
Oats 6.14
Potato 6938.40 39.2
Peas (dried) 3.84
Sugar Beet 524
Specialist Crops

Borage - 0.38*
Calendula - -
Camelina - -
Chamomile - -
Cuphea - -
Dimorphotheca - -
Echium - -
Euphorbia - -
Evening Primrose 0.43 0.48*
Lavender - -
Lesquerella - -
Lunaria - -

Peppermint - -
Woad - -

* average yield figure based on several years data — taken from the Gross Margin informatid28h Nix

The remaining yield data are average yields for the 1996(blia28)
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Appendix 8

UK ORGANISATIONS

Contact details are given in full for: (1) research organisations, (ii) those organisations
cited in the Methodology, and (ii) present and founding Sponsors of the ACTIN initiative.
Further details of al the organisations listed below, together with othersin the UK
industrial crops arena, are available from the ACTIN Help Desk, or on-line through
membership of the ACTIN Special Interest Group, ACTIN?%,

ACTIN
PiraHouse
Randalls Road
LEATHERHEAD
Surrey KT22 7RU

+44 (0)1372 802054
+44 (0)1372 802245
info@actin.co.uk
http://www.actin.co.uk

Resear ch Organisationsin England

Bolton Institute of Higher Education
Deane Road

BOLTON

BL35AB

Tel: (01204) 528851

University of Bristol
Senate House
Tyndall Avenue
BRISTOL

BS8 1TH

Tel: (0117) 928 9000

Brunel University
UXBRIDGE
Middlesex

UB8 3PH

Tel: (01895) 274000
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University of Cambridge
The Old Schools
CAMBRIDGE

CB2 1TN

Tel: (01223) 337733

Cranfield University
Cranfield Campus
CRANFIELD
Bedfordshire

MK43 OAL

Tel: (01234) 750111

University of Durham
Old Shire Hall
DURHAM

DH1 3HP

Tel: (0191) 374 2000



Research Organisations in England — continued

University of Exeter
Northcote House

The Queen’s Drive
EXETER

EX4 4QJ

Tel: (01392) 263263

University of Huddersfield
Queensgate
HUDDERSFIELD

HD1 3DH

Tel: (01484) 422288

Imperial College of Science, Technology

and Medicine

South Kensington
LONDON SW7 2AZ
Tel: (0171) 589 5111

University of Leeds
LEEDS

West Yorkshire

LS2 9JT

Tel: (0113) 243 1751

University of Leicester
University Road
LEICESTER

LE1 7RH

Tel: (0116) 252 2522

Liverpool John Moores University
Rodney House

70 Mount Pleasant

LIVERPOOL

L3 5UX

Tel: (0151) 231 2121

Loughborough University
LOUGHBOROUGH
Leicestershire

LE11 3TU

Tel (01509) 263171
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University of Manchester
Oxford Road
MANCHESTER

M13 9PL

Tel: (0161) 275 2000

University of Manchester Institute of
Science and Technology (UMIST)
PO Box 88

Sackville Street

MANCHESTER

M60 1QD

Tel: (0161) 236 3311

Middlesex University
Trent Park

Bramley Road
LONDON N14 4XS
Tel: (0181) 362 5000

University of Nottingham
University Park
NOTTINGHAM

NG7 2RD

Tel: (0115) 951 5151

University of Oxford
University Offices
Wellington Square
OXFORD

OX1 23D

Tel: (01865) 270000

University of Reading
Whiteknights

PO Box 217
READING

Berks

RG6 6AH

Tel: (0118) 987 5123

University of Sheffield
Western Bank
SHEFFIELD



S10 2TN
Tel: (0114) 222 2000

Research Organisations in England — continued

University of Surrey
Stag Hill
GUILDFORD
Surrey

GU25XH

Tel: (01483) 300800

University College London
Gower Street

LONDON

WCI1E 6BT

Tel: (0171) 387 7050

University of Warwick
COVENTRY

CV4 7AL

Tel: (01203) 523523

Wye College, University of London
Wye

ASHFORD

Kent

TN25 5AH

Tel: (012233) 812401

University of York
Hedlington

YORK

YO105DD

Tel: (01904) 430000

Resear ch I nstitutes and Universitiesin Northern Ireland

Agricultural Research Institute of

Northern Ireland (ARINI)
HILLSBOROUGH

Co Down

BT26 6DR

Tel: (01846) 682484

Resear ch | nstitutes and Univer sitiesin Scotland

University of Aberdeen
Regent Walk
ABERDEEN

AB24 3FX

Tel: (01224) 272000

University of Dundee
DUNDEE
DD14HN

Scotland
Tel: (01382) 344000

Heriot-Watt University
Riccarton
EDINBURGH

EH14 4AS

Tel: (0131) 451 3151

The Robert Gordon University



Schoolhill AB10 1FR
ABERDEEN Tel: (01224) 262000
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Resear ch | nstitutes and Univer sitiesin Scotland - continued

SAC Aberdeen
SAC

Craibstone Estate
Bucksburn
ABERDEEN
AB219YA

Tel (01224) 711000

SAC Auchincruive
SAC

Auchincruive

AYR

KAG6 5HW

Tel: (01292) 520331

Resear ch | nstitutesin Wales

The BioComposites Centre
University of Wales
BANGOR

Gwynedd

LL57 2UW

Tel: (01248) 370588

Resear ch | nstitutes sponsored by the BBSRC

IGER
ABERYSTWYTH
SY23 3EB

Tel: (01970) 823000

The Institute of Arable Crops Research
comprises Rothamsted, Long Ashton

Research Station and Broom’s Barn:

IACR-Rothamsted
HARPENDEN
Hertfordshire

AL5 2JQ

Tel: (01582) 763133
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SAC Edinburgh
SAC

West Mains Road
EDINBURGH

EH9 3JG

Tel: (0131) 535 4000

Scottish Crop Research Institute
Invergowrie

DUNDEE

Scotland

DD2 5DA

Tel; (01382) 562731

IACR-Broom’s Barn
Higham

BURY ST EDMUNDS
Suffolk

IP28 6NP

Tel: (01284) 810363

IACR-Long Ashton

Long Ashton Research Station
Long Ashton

BRISTOL

BS41 9AF

Tel: (01275) 392181



Resear ch | nstitutes sponsor ed by the BBSRC - continued

John Innes Centre
Norwich Research Park
Colney

NORWICH

Norfolk

NR4 7UH

Tel: (01603) 452571

Silsoe Research Institute
Wrest Park

Silsoe

BEDFORD

MK45 4HS

Tel: (01525) 860000

Resear ch Councilsin the UK (BBSRC, EPSRC, NERC)

Polaris House

North Star Avenue

SWINDON
http://www.nerc.as.uk/joint_res_councils.html

Industrial and Other Organisations

ADAS

ADAS Headquarters

Oxford Spires Business Park
Kidlington

OXFORD

OX5 1INz

Tel: (01865) 842742

Customer Services Tel: (0345) 660085
(UK only)

Agros Associates
Croc NaBoull

Muir of Ord
ROSS-SHIRE
Scotland

V6 7TW

Tel: (01463) 870996
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British Sugar plc

PO Box 26

Oundle Road
PETERBOROUGH
PE2 9QU

Tel: (01733) 422532
Contact: Peter Williams

Cargill plc

Camp Road

Swinderby

LINCOLN

LN69TN

Tel: (01522) 556100
Contact: Trevor Robinson



Industrial and Other Organisations - continued

Dalgety Arable
Cheveley House
Fordham Road
NEWMARKET
Suffolk

CB8 7AH

Tel: (01638) 569430
Contact: Julie Goult

DTI

151 Buckingham Palace Road
LONDON

SW1W 9SS

Tel: (0171) 2154119
Contact: Dr lan Lawrence

DuPont (UK) Ltd

Block B The Mill Site

40 Station Road
CAMBRIDGE

CB12UJ

Tel: (01223) 464500
Contact: Martin Livermore

Home-Grown Cereals Authority

223 Pentonville Road
LONDON
N19NG

Tel: (0171) 520 3920 (central office)

Contact: Frank Oldfield

ICI Technology

Room D331

Wilton Centre

PO Box 90
MIDDLESBOROUGH
Cleveland

TS90 8JE

Tel: (01642) 436598
Contact: Dr Sue Topham

John K King and Sons
Coggeshall
COLCHESTER

Essex

CO6 1TH

Tel: (01376) 561543

MAFF

See Appendix 9

National Farmers’ Union
164 Shaftesbury Avenue
LONDON

WC2H 8HL

Tel: (0171) 331 7200
Contact: Rachel Wright

Natural Fibres Organistion
Church Court
Clewers Hill
WALTHAM CHASE
Hants

S032 2LN

Tel: (01489) 891233

Pira International
Randalls Road
LEATHERHEAD
SURREY

KT22 7RU

Tel: (01372) 802000
Contact: Mike Hancock
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Industrial and Other Organisations - continued

SCOPA

6 Catherine Street
LONDON

WC2B 53]

Tel: (0171) 836 2460

Semundo

49 Great North Road
Great Abington
CAMBRIDGE
CB16AS

Tel: (01223) 890777

Sustainable Industries Ltd
Broadcasting House
Rouge Bouillon

ST HELIER

Jersey

JE2 3ZA

Tel: (01534) 618123
Contact: Paul McClory
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The Textile Consultancy Ltd

Anvil House

70 High Street
ABERDOUR

Fife

KY23 0SW

Tel: (01383) 860870

Zeneca Plant Science
Fernhurst

HASELMERE

Surrey

GU27 3JE

Tel: (01428) 655418
Contact: Dr Mike Bayliss



Industrial and Other Organisations - continued

Fenland Alternative Crop Technologies

A P Chemicals
Advanced Phytonics Firth Farms
Advanta Seeds Flax UK Ltd
AgriSense-BCS Ltd Ford
Akcros Chemicals Forest Research
Akzo Nobel Forestry Enterprise
Amylum
Andrew Cellulose International Gaskell Textiles
AngliaIndustrial Crops Group Genzyme
AngliaQilsLtd Gerard House Ltd
Anglian Water Glaxo Wellcome
Archer Daniel Midland Erith Ltd Gorham & Bateson
AXxis Genetics plc GW Pharmaceuticals
BACS (British Association for Chemical Hambledon Herbs
Specialities) Hemcore
BHR Group Henry Day & Son
BICAL Hickson and Welsh
Bio-Regiona Development Group Hicksons International Ltd
Body Shop Highland Natural Products
BP ChemicalsLtd Holland and Barrett
Bristol-Myers Squibb HRI Wellesbourne
Britannia Natural Products Ltd
British Fibre JB Plant Fibres Ltd
British Herb Trade A ssociation J& T InglesLtd
Building Research Establishment James Barn Farm Estate
Bush Boake Allen John L Seaton & Co Ltd
JWS Building Services Ltd
Caledonian Paper Co
Central Edible Oils Karshamns Ltd
Cerestar
Chemical Industries Association LIFE Lubricants
Concargo Ltd Lighthorne Herb Associates
Courtaulds Lingarden Bulbs
Croda International Lionel Hitchen
Lubrizol
Danisco UK
Dextra Laboratories May & Dawson
Midland Industrial Plastics
EG & GWalace Monsanto
English Hop Products
Environment Agency National Herb Centre
Express Separations National Starch
NealsYard
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Nestlé Nickerson BIOCEM
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Industrial and Other Organisations - continued

Norfolk Essential Qils Weleda
Norfolk Lavender Willett International Ltd
Northern Straw Co Ltd Wm R Stewart
Novartis Seeds Wm Tatham
Novo Nordisk

Xenova plc
Oxford Glycosciences

Zylepsis
Peter Jarvis
Phytera
Phytopharm
Pioneer Hi-Bred

‘Plants For a Future’
Potters Herbal Supplies
Proctor & Gamble

Ransomes

RC Treat

Richard Wood Partnerships
Robin Appel Ltd

Royal Botanic Gardens, Kew

Scotia Pharmaceuticals plc
Seed Crushers Scotland
Sharpes International

Solar Petroleum

Sonic Systems

SORIS (Specialised Organics
Information Service)

Statfold Seed Oil Developments

The Boots Company

The Compak Company

The English Chamomile Company
The Royal Society of Chemistry
The Royal Society of Chemistry,
Speciality Chemicals Sector

Unilever
Unitrition Ltd

Van den Bergh Oils Ltd

Warner-Lambert
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Appendix 9

GOVERNMENT FUNDED R & D ON CROPS FOR
INDUSTRIAL AND ENERGY USES

UK Government supports awide range of research and development work into the use of crops
for industrial or energy purposes. Some projects are funded individually or jointly by
Government bodies. Others are funded jointly by Government and industry through the LINK
Crops for Industrial Use programme and its successor, the LINK Competitive Materials from
Non-Food Crops programme.

Listed below are the projects currently underway within the following sectors:

INDUSTRIAL OILSAND FATTY ACIDS
PHARMACEUTICALS AND OTHER HIGH VALUE PRODUCTS
STARCHES

FIBRES

For further details on projects listed below or a copy of the publication (which is available
without charge), please contact the MAFF Alternative Crops Unit. This publication also
includes details on R& D projects within the sectors of ENERGY and COMPLETED
PROJECTS. Further information on all the projects, including contacts, is available on-line
through the ACTIN?**° Database offering full cross-referencing and keyword search facilities.

Alternative Crops Unit

MAFF

Room 401 WPE

10 Whitehall Place

LONDON

SW1A 2HH

Tel: +44 (0)171 270 8323, Fax: +44 (0)171 270 8607

INDEX OF GOVERNMENT FUNDEDR & D
(last update = June 1998)

Key to Acronyms

BBSRC Biotechnology and Biological Sciences Research Council

DTI Department of Trade and Industry

EC/ECFAIR European Commission/Fair Programme

HGCA Home-Grown Cereals Authority

LINK CIMNFC LINK Programme-Competitive Industrial Materials from Non Food Crops
LINK CIU LINK Programme-Crops for Industrial Uses

LINK CE LINK Programme-Cell Engineering

MAFF Ministry of Agriculture, Fisheries and Food

SOAEFD Scottish Office Agriculture, Environment and Fisheries Department
Note:

(S) projects, specifically apply to Industrial and Energy feedstocks.
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(G) projects, can also apply to Industrial and Energy feedstocks.
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INDUSTRIAL OILSAND FATTY ACIDS- PROJECT No.

PROJECT TITLE (FUNDED BY)

Assessment of rapeseed ail as a pesticide adjuvant 2S (MAFF)

Activated Fatty Acids from Renewable Materials as Industrial Chemicals 17S (LINK
CIU)

Acyl-Coa: Lysophatidylchlorine Acyltransferase, itsrole in Regulating 15G (BBSRC)

the Acyl Composition of Membrane and Storage Lipids

Analysis and manipulation of the protein and oil compositions of oilseeds 24S (BBSRC)

Characterisation and diagnosis of viruses infecting novel crops and the 25S (BBSRC)

interactions between the host, virus and vector

Control of Carbon Partitioning to Storage Products in Devel oping 20G (BBSRC)

Oilseeds

Cost-benefit assessment, including life cycle analysis, of oils produced 1S (MAFF)

from UK-grown crops compared with mineral oils

Desaturase structure and mechanism 26S (BBSRC)

Developing informative microsatellites for marker-assisted breeding in 31G (BBSRC)

Brassica crops

Disease and environment effects on yield & quality of oilseed crops 27S (BBSRC)

Flexibility and partitioning of storage product accumulation in seeds and 34G (BBSRC)

leaves as determined by antisense modulation of fatty acid biosynthesis

Genetic Engineering of Oilseed Rape to Produce Products of Defined 12S (MAFF)

Acyl Variation and Low Down-Stream Processing

Genetic Improvement of Oilseed rape for Reduced Susceptibility to Pod 11G (MAFF)

Shatter

Identification of Components involved in Molecular Specificity of 18S (BBSRC)

Acyltransferase

Impact of Variation in Lipid Profile in Cruciferous Plants on Plant 5S (SOAEFD)

Pathogen Popul ations

Innovative Manufacture of Plant Derived Plastics (Phytopol 23) 23S (BBSRC)

Linseed Agronomy 6S (MAFF)

Markets for and economics of novel crops 4S (SOAEFD)

M echanistic studies on the biosynthesis of glucosinolatesin oilseed rape; 30G (BBSRC)

the al doxime-forming microsomal enzyme systems

Modelling to develop effective strategies for control of diseases on 9G (BBSRC)

winter oilseed rape

Molecular analysis of cytochrome b5 in relation to fatty acid desaturation 36S (BBSRC)

in oilseeds

Molecular Biological Biochemistry of Oilseed 22S (BBSRC)

Molecular Insight into the Structure and Activity of Plant Enzymes 16G (BBSRC)

Involved in Lipid Biosynthesis

New valorization of rapeseed/sunflower lecithinsin cosmetic and
fermentation industries (AVAIL)

28S (ECFAIR)

Nuclear control of mitochondrial cytoplasmic male sterility in sunflower

32G (BBSRC)

Oilseed Rape Seed Loss - Improving Strength of Pods by using
Engineering Fracture Analysis of Genetically Diverse Pods

10G (MAFF)
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Pesticide adjuvants from vegetable oils 3S (MAFF)
Quantitative geneticsin oilseed rape 29G (DTI)
Regulation of Pod Shatter in Oilseed Rape 14G (LINK CE)
Role of Acetyl Co-A Carboxylase in the Control of Carbon Flux to Fatty 21G (BBSRC)
Acidsin developing Embryos of Oilseed Rape

Storage oil Synthesis 19G (BBSRC)
Sulphur allocation and utilisation in brassicas 35G (BBSRC)
The Environmental and Agronomic Factors Contributing to Increased 8S (MAFF)
Levels of Phospholipidsin Oil from UK Linseed

Therole of the pollen grain coating of Brassica oleraceain pollination 33G (BBSRC)
and self-incompatibility

The structure, targeting and molecular interactions of sunflower oleosins 37G (BBSRC)
in relation to oil body structure and biogenesis

V egetable Oils with Specific Fatty Acids 7S (MAFF)
Very High Erucic Acid Rape 13S (BBSRC)
PHARMACEUTICALSAND OTHER HIGH VALUE PRODUCTS PROJECT No.

- PROJECT TITLE

(FUNDED BY)

Plant-derived Indigo for Industrial Use (INDINK)

(LINK CIMNFC)

Semiochemicals for Aphid Control (SEMIOCHEM)

(LINK CIMNFEC)

Antibody Engineering In Plants 3S (BBSRC)
Biological source of prostaglandins 13S (BBSRC)
Chemistry of secondary metabolites affecting plant/animal interactions 10S (BBSRC)
Engineering crop plants for production of recombinant antibody 2S (BBSRC)
fragments, implications of scale and location

Engineering of plant cells for the production of vaccines (green vaccines) 12S (BBSRC)
Indigo from Isatis (woad) for industrial inks 14S (MAFF)
Isolation and characterisation of cDNAs for the fatty acid desaturase 9S (BBSRC)
from devel oping seeds of borage

Mechanisms of oil body biogenesisin sunflower seeds 8S (BBSRC)
Metabolism of lipids and lipid-derived signalling molecules 11S (BBSRC)
Natural anti-oxidants from alpine plants - characterisation and utilisation 1S (SOAEFD)
Potato virus X for high level production of foreign proteinsin plants 5S (BBSRC)
Production of macromolecules and secondary productsin plants 6S (BBSRC)
Production of plant viral antigens using comoviruses as vectors 4S (BBSRC)
Small-scale study of yield and quality of herb oils 7S (MAFF)
STARCHES- PROJECT No.
PROJECT TITLE (FUNDED BY)
Direct determination of the molecular organisation of amylose and 10S (BBSRC)
amylopectin in native starch granules

Factors determining the structure of amylopectin in plant storage organs 2S (BBSRC)
Importance of malto-oligosaccharides in the synthesis of starch 9S (BBSRC)

Investigation of the mechanism of synthesis of starch polymers

8S (BBSRC)
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Moulded and recyclable structural packaging from expanded starch 3S(LINK CIU)

cellular materials

Novel Polymers from starch 5S (BBSRC/EC)

Novel products based on chemically and/or physically modified starches 1S (LINK CIU)

and gluten

Prediction of starch processing potential - in relation to cereal and potato 4S (SOAEFD)

production under Scottish conditions

Starch synthesis in developing plant storage organs 6S (BBSRC)

Structure-function relationships of starch synthases 7S (BBSRC/EC)

The structure and synthesis of carbohydrates in legume seeds 12G (BBSRC)

Understanding nitrogen and carbohydrate metabolism for legume 11S (BBSRC)

engineering

FIBRES - PROJECT No.

PROJECT TITLE (FUNDED BY)

Assessment of the industrial potential of fibres from UK-grown crops 1 (MAFF)

Biosynthetic control of fibre constituents during development and 3 (SOAEFD)

differentiation of fibre cells and genetic modifications of these processes

Extraction and use of long plant fibresin structural composites 5 (BBSRC)

Hemp for Europe - manufacturing and production systems 10 (MAFF)

Mechanical properties of vegetable fibre crops 6 (BBSRC)

Modification of lignin quality and composition in woody species by 7 (BBSRC)

manipulation of lignin specific peroxidases involved in monolignol

polymerisation

Processing of plant fibres by novel and environmentally acceptable 8 (SOAEFD)

methods

Self-processing polyproteins - enabling technology for introducing 4 (BBSRC)

biochemical pathways into plants

Storage of fibrous crop materials 9 (LINK CIU)

Substitution of particles and fibres from agricultural crops into wood- 11 (MAFF)

based panels

Positioning the UK as aworld leader in innovative plant processing (DTI,

FORESIGHT

CHALLENGE)

Improvement in the quality of flax fibres (FIBRECLEAN)

(LINK CIMNFC)

The potential of chemically modified agricultural materials such as flax
and hemp fibres and sugar beet pulp as ion-exchange materials (IONEX)

(LINK CIMNFC)

Ultrastructure studies on UK-grown plants with potential as sources of 2 (MAFF)
industrial fibre

Miscanthus - collection of natural source germplasm from China, Japan, (MAFF)
Koreaand Taiwan

Miscanthus in Britain: a molecular based review of diversity (MAFF)
Miscanthus - industrial and fuel crops (MAFF
Miscanthus - rhizome lifting, splitting, storage and planting (DTI)
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