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SUMMARY

The aim of this report is to scope options which could deliver sustainable management of the
Broadland fens through the productive aedertually thecommercial use ofegetation cuttings.

The current Fen Hrvester operation is reviewed. The Harvester, 13 years old, has around
another 10 years of operating life. One of the main limitations on its operation is the disposal of
cut material Currently this is being composted to form a soil improver which will be
incorporated intonearby arable land. Although it is a kiech andmanageablsolution, t is
alsolabour intensive, a cost to the operation, and its currentramt nature is of qustionalle
sustainabilityn the long term.

If the process can be better orgsed, including processing, licensing and disposal, composting
still represents one of the most cost effective options for disposal at the small to medium scale.
Fen cuttings cdd be mixed with peat arisings frotarf ponding woodchips and/or silt from
waterways dredgings, all producing a slightly different type of end probluete are two types

of product. True compost is a qualitgssured horticultural product made from spific feed
materials. It hathe most diverse range of uses ati@d highescommercial value. Soil

conditioner is a lower grade material used to restdeownfieldsites and other bulk
applicationsAlthough both could be produced by a Broads operation| sonditioner is likely

to be the major outcome.

A scaledup and commercial composting operation could subsidise the harvester operation and
would produce the widest range of associated bendfitparticular, itcould providemajor

benefits to privatedn ownersand secure, for the first time, the full integration of fen
management into the agricultural systerhe report describeshe partnerships and inter
departmental working that would be required to support a composting operation on the scale
required.

Other options for dispoal of cut material are considere@he main viable ones are:

T The thatching market . Commercial reed and sedge cutting are still viewed as
core to the sustainable management of the Broads. The Fen Harvester and related
disposabperations are complementary to the reed and sedge market.

T Stock feed. For a small number of sites of highnservatiorvalue, the cutting,
baling and sale of marsh hay would bé&kiaRequiring only modest development
or capital investment, it is an dpt that should be pursued.

1 The products of pyrolysis include biodiesel and biochar.  The latter is an
almost pure form of carbon with a wide range of uses. All fen products can be
pyrolysed, although the technology is currently at an early stage of qevelat.

1 Combustion fuels. These include woodchips, bales ofudzyand reed pellets.
The first two are well established processes. Consideration of reetigbs forms
the much of the rest of the report.

The report describes in detail the process wherelagd is converted to pellet$-eed stocks
need to have a moisture content below 16@nly reed is suitabl® mixed fenis too variable in
nature and too high in moisture. Reed shouldhsvesed between January and April.

Pelletmilling, handling and ming euipment is described. A mediusizedfixed mill is
recommended. Matial is brought to the Mill, which would have a capacity to process around



3,000 tonnes of reed per year. A wide range of burners based on straw are available to suit a
range of diferent circumstances.

Supply of reed is a constrairithe yield of Broadland reedbeds is around 50 tonnes/ha, requiring
600 halyear to be cut to feed the above mill, or 1200halyear if cut on a two year rotation. The
report estimates that there would beraund 200 ha of reedbed available for harvesting
excluding sites that can be managed commercially for thatchireggap coul be bridged by

reed produced fromother major sites around East Anglia

Demand for reed pellets is also reviewed. There are eutly no pellet burners in operation in
East Anglia, so a pelleting operation would need to stimulate demand and develop user
partnerships. It is probable that major pewstations could burn reed if they argeénsed to

burn straw, which has very similaombustion characteristics. The carbon footprint of transport
to distant power stations is significatiut despite this, reegbellets have a fraction of the GO
Emission Factor that is normally associated with fossil fuels.

The main constraints on a peling operation are described in the Conclusion. While there are
many, all have possible solutions, which are also described.

The report makes eight recommendations

1.

2.

3.

Composting, with disposal to nearby land, provides the most-effective option for
acommodatingen arisings at the current scale of operation.

Any expansion in fen harvesting, or any move to true sustainability, requires development
of a broad range of outlets for fen produddo single solution can meet all of the needs.
An enhanced,ammercial composting operation could accommodate a wide range of
products including wodchip, peat and dredging silt. It cdeal with moisture contents
above 35%. It is recommended that this option be pursued vigorously, starting with
developing the requéd partnerships.

Reed pelleting for biofuel provides the best use for Rpare stands of reed, cut in winter
and with a moisture content of 1% and belowalthough there are considerable
constraints It is recommended that this option also be pursued.

Products of pyrolysis, particularly bidiesel and biochar, provide the outlet for materials
with moisture contents of B-35%. The technology is at an early stage and therefore it is
recommendednvestigations continue befodevelopment is proposed.

Smalle scale outlets such as marsh hay and productscofib clearance would provide a
modest butimportanto ni cheé outl et fThaysheudmaleo bé mursueppr oduct s
vigorously.

The only existing sustainable management technimaéitional commerciatedge and

reed cutting should continue to be supportedVays in which the above practisean
complement and enhance traditional management need to be explored.

Because of the potential caections between various options for utilisaticand the
synerges that would arise from largscaledevelopmenof all of the options, it is
recommendedhat a partnership be formed which can take forward an integrated
package of measures for sustainable use of fen products.



1. INTRODUCTION

1.1 Aim of the Report

1.1.1 Origins

Managing the 1650a of open fen in the Broatlss a caoisiderable challenge for a wide
variety ofreasongStephenson 2004). litas been the subject of ongoing initiatives by the
Broads Authority and its partners. The days when fen produce had aicigmivalueand
there was abundant lowost labour to cut and procesthe materialare long goneand
there are significant consequences for thikdlife value of the fens (ELP 2010&nly
localised areas of high quality thatching reed and sedge arqgethoammercially and
even this arrangemernis precarious, threatened bsariable quality and cheap foreign
imports.

Consequently,hiere has for at least the lasb2/ears been a search for a viable solution to
the sustainable management of the Broads Fhis has included mechanisation in the

form of the Fen Harvester, sustainable grazing projects involving a wide range of stock
types,directly assisting the reed and sedge industries, and extending the financial support
available to landowners to managa$ through the ESA and Stewardship schemes.
Despite the early hopes of conservationists, ngmevide a silver bullet and it is likely that

a range of margeement solutions will be needed.

Pelleting was originally considerasl a means of dealing with theaterial that arose from
the fen harvesterAndrews 2000andSection Zbelow). It was felt that f the material
could be pelletisedt could be used for cattle feed or burned. The latter appears to be
the most viable end use, but the techaliecnethods tdlink harvestinghrough to making
the pellets in a form suitable for delivery tmeé users requireslevelopmentFollowing
further discussions, it was decided to include composting and a broader span of fen
product utilisation in the growing realisatiothat any initiative would need to consider
the productive use of all of the arisings from fen management.

1.1.2 Aims
The aims of the project are:

o] To review the main potential end uses for the products of fen management,
identifying those which may contribute long term sustainability of a scaled
up operation.

0 To summarise the current composting operation and outline how it may be
further developed.

0 To specify the technical issues of harvesting and producing reléxtg
suitable for combustion, the noveption with most advanced level of
development

o] To outline the potential supplgf reed pelletdrom Broads fens.

! This area excludes fen meadow and is based on 1999 air photos (Stephenson 2004)
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o] To provide anoverview as to where reegbelletingand other uses for fen
arisingdits within a broadeistrategy for sustainable managementhef
Broads Fens.

This report isstructured around these aims.
Methods, Sources of Information and the Project Team
There were two main sources of information:

The vast amount of information stored in the heads of the npamject team at the

Broads Auhority d Rob Andrews, Trevor Thorley and Andrea Kelly. Nick Ash has also
been working on this theme for many years and for different organisations. Nick was the
development engineer for the Fen Harvester and was able to bring this experience to the
projed too. This undocumented experienced was brought together for this report.

In addition, there were a range of reports summarising previous work that have been
essential sources of information for this Report. Key documents are:

Stephenson, S (2004) Spplement to the Fen Management Strategy, Incorporating the
Fen AudiBroads Authority and English Nature

Andrews, R., (2000)ew Wetlands Harvests: Final Technical. R&pEre7
ENV/UK/000511

Ash, NJ (2010Reed Biofuel Feasibility SREBB

RPA (2002An Investigation Of The Decline of the Broads Reed and Sedge Cutting
IndustryBroads Authority

Hunston Engineering (200B)jofuel Energy PlaBtoads Authority

Finally, miscellaneous guidance on composting and waste disposal regulations were
examinedalong with various test analysis reports undertaken on typical composting
material.



2. CURRENT PRACTISE : THE FEN HARVESTER

2.1 Origins of the Fen Harvester Project

Much of the following is drawn from an account of the recent history supplied by Trevor
Thorley, supplemented by documents such as Andrews (2000).

Following a Fen Ecological Survey by Jo Parmemtezn Management Strategy was
published (Tolhurst 1997). This sought to provide a framework for the environmentally
sustainable management of tAeadland fens.

As this Strategy states: 0The Broadland fens
harvested for a variety of useful products, and are of recognised international importance

for nature conservation. However in the past hedfntury their nature conservation value

has been declining as a result of neglect. In spite of considerable efforts in recent years by
conservation organisations to reverse this tr

The Strategy concluded that large scaletaimable solutions to restore and maintain the
fens to favourable conservation status are needed, along withardinated approach
amongst the numerous owners and land managers to optimise the use of resources.

As many of the traditional management giees had ceased or greatly declined, a number
of management techniques were identified as being required to restore and maintain the
fen habitats. The following initiatives have attempted to restore the fens to favourable
condition:

o] Large scale scrub @deances using various innovative mechanised techniques
where it was thought that fen vegetation would return quickly. These tasks have
usually been grant funded through Natural England.

o] The development of grazingrojects which aim to providéongterm
maragenent of fen habitats on a variety sites. The RSPB, NWT, NE, SWT,
and BA all use grazing animaisinly cattle and horsg$ manage a number of
sites.

o] Measures to support, encoage, and develop the declining reed and sedge
industry. The BAwith other project partnersundetook a variety of initiatives
which included encouraging tiReed CuttersAssociationto be set up,support
with negotiations on reduction or removal of royalty payments, helping to
identify oOnewd si t esreosrtldstos, settingasideng had ce
small budgets to give restoration work to cutters in the lean times of the year,
and siccessfully carrying out an Hisbpported training scheme to attract new
people into the industry.

o] The aeation of a new category of fermerr within the ESA scheme to support
landowners with the costs of managing fen sites, in addition to EN administered
grant schemes.

Whilst these measures and techniques all hevenportant part to playin achieving fen
managemenit was also recogniseithat there needed to be somform of large scale
harvestingechnique for albf the sites wherefor various reasonghe open fen habitats
could not be otherwise be managed.



Thus in 1996 1997 BA initiated an application to the European Union LIEg@mme
for a grant to develop a New Wetlands Harvest Projetatch funding was obained from
partner organisations and BA contributed the staff time and practical support.

The main aim of thismpject was to develop a Fen Harvesting system including the
development of machines both to cut large areas of fen vegetatidricaenable that cut
material to be taken offnaccessible sites and transported to outlets.

The Project lasted fromsLApril 1997 for three yearsand included a number of tasks:

o] Dissamination of the information derived from the ipject;

o] Procurement and field testing tfie FenHarvester, transportation system and
associated equipment;

o] Product and outlet related investigations;

o] Environmental benefit assessmeiniciuding the physical drecological #ects
of the harvesting;

0 An economic assessment;

o] An assessment of potential for technology transfer.

A whole series of reports and outputs charted the development and management of the
project culminatingn a comprehensive review and argyof the results (Andrews 2000).

Following the end of the LIFE Funded Project in 2000, EN & BA decided that there were
sufficient benefits from what had already been aiéo continue the Fen Harvester
Project. Consequent|ythe costs were includedvithin BA conservation and staff budgets,
with financial support annually from Natural England

The Fen Harvester and the Blowémanufactured in December 1997 asdmmer 1998
respectivelyhave enabled a range of fen of sites to be managed by cutiihgmoval of
the arisings

From the LIFE Projecho firm outlets or uses of the cut material was found. Depending

on the circumstances of each sit@aterial was left in pilesnd left to dccomposen non
damaging locationsey taken to a hearbyyandownerfor mixing with manures and turning

to compost, then spread on arable land. This landowner ceased farming a number of years
ago.

Operational Method

All the machinery and equipment purchased under the LIFE Project is still in use. The main
pieces ae:

0 One Fen Harvester, which is a low ground pressure, tracked, self propelled
machine that cuts, chops and collects the fen material into its own bin.

0 A self propelled, tracked Blowanachine thats used on some sites to remove
the material by blowingalvn apipeline either into a tractothauled bulk trailer
for transport or into a pile.

o A J@ Tractor, a large bulk trailer for transporting cut material.

o A low loader trailer for transporting the machines and equipment.
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0 A Teleporter which can be used fonariety of tasks including turning
composting material.

Within the Conservation Field Team, two officers mainly work with the Harvester, whilst
also carrying out other duties, and with support from other Field Officers.

The identification and prioritigeon of sites is mainly decided by the Head Officer of Field
Conservation (the Team Manager), who negotiates with landowners what should be the
appropriate management regime for each site. A number of sites are now in either the
ESA or Higher Level Stewaslip Scheme.

Ideally sites where the Fen Harvester is the main or only form of management are cut on
a long rotation of 40 8 years. Within cut blocks, areas of uncut vegetation are retained to
benefit invertebrates. This is felt important as the Harvesteable to cut large areas
quickly.

Consequentithere isa range of sites where this rotational management has now been
occurring since 1997. These sites are mainly within the Ant and Bure valliagse
possible, the Harvester operates from July torbha stopping between April and June for
the bird breeding season. A flexible work programme is drawn up each year to ensure
work is prioritised ando give options wherhigh water levels alter plans

There are a number of sites where cintty has been cded out to complementther
management techniques such as restoring reedbeds, facilitating the start of grazing on a
site,or one-off cuts to enable other forms of management to commerigenany cases,
scrub clearance and dyke restion work followsthe Harvester.

Since 2002 the Harvester has managed 18 sites consisting of 56 compartwitings,
total area of gen fen within these compartments is 148Mae volume of arisingdased
on number of loads cut from July 2008 to April 20@9estimated a000 cubic metres
(data from Trevor Thorley)

The Future for the Fen Harvester

Development work will continue to identify solutions to problems incurred during the
cutting and blowing operation. The fen harvester and blower have a long lifespen. Par
can be replaced and repaired as necessary, and the fabric of the machines are maintained
by renovation and repair. The project team envisage that the machines could be
operational for at least another 10 years.

The ESA and Stewardship schemes will icora to provide income for the work at our
management agreement sites for the foreseeable future.

The Harvester has become an essential tool in the range of management techniques for
restoring and maintaining favourable condition in many fen sites, fichwvithere is

currently no viable alternative. If pelletingsisown to be workableit will allow the

Harvester to focus entirely on mixed fen and more spegieh sites which are unsuitable
for pelleting. Hence,ged pelleting for bifuel is seen as congmentary to the Fen

harvester, rather than a replacement.



The main issues for the harvester are:

o Removal of arisingsom sites where the blower cannot reach the margins or
where there are no places to store the cuttings.

0 Once removed from the site, thdisposal of the cuttings themselves is
problematic. Currently the only known endse for this material is composting,
and even then, a viable and efficient method for making and disposing of the
resulting compost has yet to be devised.

Once these issuelsave been resolved, the harvester will become a mechanised, standard
management technique for extensive fen areas.

1C



3. POTENTIAL END USES FOR CUT MATERIAL

3.1 Composting
3.1.1 Current Methods

Composting is currently the only method for disposing of arisings ftioenFen Harvester.
During the LIFE project,xeriments to use the material for cattle feed, making briquettes
for burning, or drying for burning loose at Eye power station were all shown not to be
viable(Andrews 2000)

The following methods of dispaddaave therefore been adopted:

0 Spreading by neighbouring landowners on arable fields for subsequent
incorporation.

0 On one landholding, mixing of arisings with manure and subsequent composting
and incorporation into arable fields. This landowner is no lorigdarming.

o Piling omo an adjacent landowners fields for composting.

o0 Transport of the arisings to the Fen Harvester base at Buttles Barn for
composting irsitu. Currently the piles are being turned to aid the composting
process.

o Piled on the fen site adrigin to decompose in places where it will not affect the
site.

Clearly the last disposal method is not ideal and is not sustainable in the long term.
Removal and disposal dite is the best option. Although compost can be made relatively
easily, theButtles Barn base is not large enough or appropriatelyupetor a large scale
composting operation. In any case the disposal of the compost itself does not have an
agreed outlet, although this is likely to be the least difficult of all the issues tesbéved.

Fen cuttings alone would probably not make compost with commercial outlets, but may
make a suitable soil improver. Mixing with other materials could produce horticultural
compost but would require a scalagp operation and possibly partnershigith larger
operators such as the County or District Councilgho already have green waste disposal
operations Partnerships with the horticultural productadustrymay also be fruitful.

Composting remains probably the most likely shoredium term prepect for disposal of
cut fen material other than reed.

3.1.2  Mixing With Other Materials

Two mainproduds which could be mixedvith fen cuttingsnclude:

1 Peat from turfponding, recent turf pond infill from natural succession and organic
scrapings from rest@tion of fen and reedbed. These materials are currently
retained on site following restoration work. This is not sustainahlée long
term and may cause flood protection issues. Such material is already half way to
becoming compost and would be appragie for incorporation with fen cuttings.
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1 Dredging silt. The disposal afisingdrom waterways maintenance has long been
problematic. This material could be incorporated with fen cuttings to produce
more of a soil or loam-based compost. The challenigahat dredging operations
produce vast quantities of material very rapidly, far more than fen management.
Considerable planning and coordination would be required.

A third product which could be admixed is woodchips produced from scrub clearance.
Woodchips also have an established used bisfuelfor heat and power.

3.1.3  Compost and Soil Conditioner

A fundamental distinction should be made betw&mmposand Soil Conditionérhe

former is a higher grade product made from a specific range of inputriakste

manufactured to a high and certified standard. It has the widest range of uses and the
highest commercial value. Clearly, it also has significant resource requirements in terms of
manufacture. Soil improvers are a lower grade product manufactureduch broader

ranges of specifications. It tends to be used for bulk applications such as improving
brownfield sitesBoth products could be produced with fen cuttings, although the making

of true compost is likely to be feasible only with a commercialesogeration.

3.1.4  Regulations

Production of Compost

Making and disposing of fen compost is subject to regulation, among others as a waste
product. Itsproduction anddisposal to land is therefore controlled by the Environment
Agency.

Use of land for the orage and making of compost or soil conditisaeomes under the
rather complexEnvironmental Permitting (England and Wales) Regulattoii$@@iéking

of compost is usually exempt from perriitg, although the requirement to register the
activity andobtainE A8 s agr e e me n t(throughaatUl0submissisn)stdl x e mp t
requires submission of forms and a substantial amount of supporting information.

Disposal

With the current scale of operations, the material is unlikely to find a useful commercial
outlet. The most cost eéictive method of disposal is as a soil imgpen local farm land.
This alsorequires an exemption under the Regulations, with submission of forms and the
required supporting information. There is likely to be a limit of 50 tonnes/ha for such
dispos&l BA would also need to demonstrate that the material would result in
agricultural improvement of the land.

While the information required by the regulations is quite onerous, if composting sites
and disposal sites are used repeatedly, much of this infosmatin be reused.

2 These update the 2007 Regulations.

% The other factor which could limit application rates could be nitrogen. However, analysis of 5 samples of
compost sggested that nitrogen levels are low, and that the 50 tonnes/ha limit would be reached before
the 250kgN/ha limit(Analysis by NRM Labs, March 2010).
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Benefits of L ocal Composting and Disposal

Smallscale omposting and disposal to nearby land provides the most effective and
economic solution to the needs of the fen harvester as it currently operates. It requires
no special infrasucture and can be managed by the current team. If the disposal sites and
the licensing can be resolved, this option could ensure the sustainability of the current
operation.

Integrated Land Management

Many land owners around the Broads have fen antladsighland in the same holding.

They mayalsohave their fen entered into Stewardship. Developing an integrated land

management operation, whereby their fen management arisings are composted and then
incorporated all within the same land ownership magyitde benefits to the landowner as

well as to the fen. In addition, ihay provide a mechanism wherettne landowner takes

some ownership of the harvesting and composting process, with the managers of the fen

harvester simply providing a cutting servicheTbenefits to landowners with difficult to

manage fens entered into Stewardship are clear, and such an initiative would once again

integrate fens back into the commercial rural economy. It could also reduce the burden

on BA for at least some sites. Thesgsibility of including such schemes as a specific,
grantable prescription within Stewardship sho
upé costs such as iIimproving access to the fen
annual payments. Defraight also consider fostering local land owner partnerships where

fen owners team up with arable farmers to the same effethdfcaleof operation was

sufficient, landowner cooperatives that jointly owned the harvesting equipmeyfit even

evolve a sep which finally integrates fen management with the farming econdmay.

scheme could be piloted with one or two progressive estates.

3.1.5  ScalingUp

If conservation aspirations are to be met for the fens, and other catchments outside of
the Bure and Ant arg¢o be brought within the fen mamggment scheme, the fen
harvestingoperationneeds to be scaled up significan@ther arisings such asood

chips peat and perhaps silt dredgings should also be brought within the ambit of
composting.

Composting could benade more commercial and operated on an industrial scale with a
usable and perhaps saleable-@ndduct. This would be wholly sustainable, as long as the
market isbuoyant and could provide a revenue to sustain the fen harvesting operation.
The infrastricture and technical knowow required would be substantial, and such a
scheme might neesignificant startp funding and commercial partnershighe

technical and commercial challenges were met, this could be a major component of a
truly sustainablerad longterm solution for fen management.

13



3.1.6 Partnerships andInter-Departmental Working

Developing a more advanced and scalpdcomposting operation would require
significant partnerships and intdepartmental working. The principal partnershigre
summarised as:

9 Technical: Inputto develop the product and the proced3artnerships could
include the Incrops Project managed by the University of East Anglia, which aims
to find alternative, commercial uses for derivatives of crops and green rakster
Also required would be engineering input to develop the required machinery for
pre-composting treatment. ldeally the harvesting, processimd composting
should be engieered as a single process so that all the machinery is designed to
be complimerarry. Engineers with experience of both the process and working in
similar landscapes should be coresield aswell as agricultural engineers and
suppliers of standard equipment. Agronomy and soil science are additional
technical requirements either throughpartnersuch as the John Innesftre or
asa boughtin service

1 Commercial; If the operation is to be economically sustainable, partnerships
with commercial horticultural product companies, land remediation companies
ard similar should be included.

1 Agricultural : Partnerships with land ownersigriculturaladvisors and grant
bodies will be requiredDefra/Natural England would be key in such partnerships,
as would some cooperative estates that could pilot such initiatives.

1 Regulatory . A large scale peration will need permissions such as permit
exemptions for compost production and disposal, planning permission and land
management permissions. Partners would include the Environment Agency,
Natural Englandndthe planning authorities.

9 Functions ; Inaddtion to ecological and site amegement expertise from the
Broads Authority and the conservation organisations, such a project would
require input fromthe waterways section of BA. Planning advice would also be
helpful. The sedge amded cuttingindusty would have a potentially significant
role especially in the harvesting part of the operation.

1 Co-ordination : A complex operation such as this requires careful coordination
and planning, ideally by an organisation which has a strategic remit and aover
range of the above functions and specialities. Currently this is best placed with the
Broads Authority.

1 Funding; While it hoped the project will be financially sslistaining in the long
term, the planning and development phase will need indeperadehprobably
public funding, as will much of the agt and infrastructure costs. A funding
partnership will be needed which will undoubtedly include central government,
local agencies such as Natural Englémel Broads Authority anthe conservation
organisations. All such organisations will have a major stake in making this project
work, as it could provide significant reductions in their management burden or
costs in the long term, as well as deliver core organisational objectives. External

14



grant makes such as the Heritage Lottery Fund and the EU LIFE fund may also be
interested for the exemplar nature of the projedtinally, Section 106 funding or
Growth Area funding could also be sourcékhe onward revenue costs should be
borne by the commercial ggration.

3.2 Other Options for the Disposal of Cut Material

3.2.1  The Thatching Market

The use of reed and sedge is an ancient practise in the Broads but suffered great declines
in recent decades as markets and the economy declined. The issues of the ingustry

until around 2000 are descriddn detail by RPA (2000). This report stimulated BA to
coordinate a series of initiatives to revive the industry, which were largely successful.
However, while the quality and demand for sedge is buoyant, reed cuttdrisast# to

contend with a variable quality reed harvest, and cheap imports from eastern Europe and
latterly China. The industry is fragile and is likely to remain so for the foreseeable future.
Although there are new initiatives on the horizon, such aseasing the component of
thatch in new developments such as Rackheath, it is unlikely the industry will expand to
cut greater areas than these described in Section 3 below, at least in the rsleditim

term.

3.2.2 Stock Feed

Cutting of marsh hay andtér for rough feed and bedding was once a thriving industry
but has declined to practically nil. Attempts to pelletise material for cattle feed were not
successful (Andrews 2000).

However, development of new low grouratessure harvesting and baling maehy may
make this a viable option which could produce feed and bedding for the burgeoning horse
market. This option may be especially valuable for fen meadow sites and could be
considered for fens cut on up to a twgear rotation.

3.2.3 On-Site Habitat Piles

Habitat piles used to be acceptable on very small sites withfaprareas suitable to
house the material. However, there are relatively few such sites and as noted above this is
not a sustainable solution atyameaningfuscale.

3.2.4  In-situ Burning

Burning of reedbeds was apparently commonplace especially where stands required
restoration or were out of rotation. However research has shown that burning is

damaging to invertebrates, especially where large areas are burned. While burniralin sm
areas within larger fens may be acceptable, the practicalities of small area burns, requiring
firebreaks and health and safety provisions, means burning is no longer a viable
management tool. It was ruled out by the Fen Management Strategy and iterBepp
(Tolhurst 1997, Stephenson 2004).
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3.25 Biofuels

Biofuels from Pyrolysis

In March 2010, the Carbon Trust announced substantial grants for the development of
technologies which could convert green waste (which would include fen gsjsinto

biofuel bypyrolysis. This is an industrial process whereby application of heat, without
additional reagents, breaks dowwmaterial into a series of gyroducts. Manufacture of
coke from coal, charcoal from wood and oils and alcohols from vegetable nsatell
examples of pyrolysis, and theiga wide variety of techniques depending on the desired
end product The Carbon Trust project aims to develop transport fuel akin to diesel from
the green waste. The technology promises small scale and local plaicts can produce
low volumes economically for local use. If successful, the process could produce fuel for
fleet vehicles and could be a long term outlet for disposal of fen arisings in very large
quantities.

This is new technology that will not be alzdble in the short to medium term.
Nevertheless this is an important technological development which could, along with a
successful composting operation, provide a logmgn outlet for green fen cuttings.

Biochar

Biochar is made by the combustion ofgamic matter in the absence of oxygen. It
produces an almost pure residue of carbon. The production process is the same as
charcoal except that the feedstock can be any vegetable matter, not just wood. It is a
specific form of pyrolysis.

The carbon that dses is homogeneous regardless of the raw material, and has a wide
range of uses. These include combustion, soil improvers, chemical filters, and in fact any
use that carbon itself is put to. The product is much reduced in volume compared to the
feedstockand therefore is easier to handle if biochar is made on site using mobile
equipment.

Biochar can be made from material with a wide range of wetnessegpauatesbest in
the range which sits between reed pellets (<15%) and compost (>35%), and tleerefor
could complement these technologies.

The technology and use of this material still appears to be at an early stage. More
information is available from UK Biochar Ltd, Kingarth Lodge, Church Road, Binstead, Isle
of Wight PO33 3SZ, cainblythe @googlentaiim.

Combustion Fuel$or Heat and Power

Another form of biofuel is as a combustible material to fuel boilers for heat or electrical
generation. This requires drier material higher calorific value and wituitable burn
characteristis. The latter indudes ash content, chemical content of residues and vapours,
and handling qualitie€onsequently only reed pellets are suitable. Green cuttings from
mixed fen are not. The range pbtentialusers is very wide, from large commercial

power stations througho local community power and heat schermasd toboilers to

service specific buildings. Most emskrs require security of supply, which may necessitate
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mixing with other fuels such as wood chip. However, the market has considerable
potential with new deglopments (such as Rackheath) providing an opportunity for
sustainable energy.

Combustion liofuelaso providesopportunities for utilisation of other products of habitat
management such as scrub or cuttings from heathland. There are now machineseavailabl
whichprocess scrub arisings as large bales, whictireambe handled by machines and
trucked to suitably licensed power stations (see Figure 1).

Biofuel from reed pellets has considerable momentum, including known technology and
proprietary burners ad manufacturing equipment. Hence of all of the potentialaseb,

this appeared to have the best long term prospects and has been the main focus of the
remainder of this report.

Figure 1 : The Scrub Baler , working on brash arising from scrub clearameethe

chalk grasslands in Kent. The first photo shows scrub being loaded into the baler by
grab. A bale is beginning to emerge. The lower picture shows finished bales, c.1m tall
and weighing around one third of a ton.
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4. UTILISING PELLET MILL TECHNOL OGY

4.1 Summary of the Pellet Mill Fuel Conversion Process

Pelletingof vegetable matter is a well tried and tested process, in fact the technology
dates back to Victorian times. The reasons falletingvary but include

1 densification of otherwise vg bulky material,

1 homogenisatiorfor example of a blended animal feed§tu

9 rendering the material into a readily handled form for mechanisation.
All three of these reasons apply in the case of reed pellets for use as a schagebiout as
we shallsee later the most important is probably the homogenisation to allow for
mechanical handling.

The process of making pellets is essentially one of massive compression. This can be
achieved in several ways but the most common is using a cylindrical thier; lige a

tumble drier drum but of great robustness and with a large number of small holes in the
surface of the drum. Several thousand holes of typically 6 mm, 8 mm, or 11 mm are not
uncommon. Inside the drum rotate several rollers which run agairesirikide surface

and push any material inside the drum out through the holes. The wall thickness of the
drum is typically 30 to 50 mm so there is great resistance to the material being squeezed
out through these long holes. This resistance generatestimepression which,

combined with heat and sometimes a binding agent forms a solid pellet Wwhendterial

exits from thedie.

Although straight forward in principle, making good pellets is not a simple process.
Every raw material has its own characteigstduring pellet production, and not all pellet
machines can process all materials into pellets. For example making pellets from low
density materials is much easier than producing quality hardwood pellets. Most
practitioners in the pellet industry regaiukllet production as more of an art than an
exact science. To produce pellets from different raw materials requires a thorough
understanding of the necessary changes that may need to be made to the raw material
and pellet mill to consistently produce qitglpellets.

The necessary steps are as follows:

Changes in Raw Material Particle Size

Before pellet compression in the pellet mill can take place, the wood, straw, grass,
reed or any other form of biomass must be reduced in s@aly a raw material

in a consistent form can produce consistent quality pellBtt of this

consistency is the size of raw material particles used in the pellet mill. Particles
which are too small or too large can severally affect pellet quality.

Changes in Raw Material Compo sition and the Inclusion of Binders and
Lubricants

In pellet production every raw material behaves differently, and some materials
produce good quality pellets morasily tharothers. Depending on the
equipment used, the composition of the raw materialymn&ed to be changed to
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produce good quality pellets at a reasonable productivity. Changing the
composition can include adjusting particle size or moisture content, however it
may also include adding binders and lubricants to help produce higher quellity fu
pellets.

Changes in Raw Material Pellet Mill Feed Rate

Another adjustment that is critical to pellet production is the rate of feed into the
pellet mill. Adjustments on feed rate and maintaining a consistent feed rate can
make the key difference on howell the pellet mill operates, even if the raw
material is perfect.

Changes in Raw Material Conditioning and Steam addition

Conditioning is the prareatment of the raw material before it reaches the pellet
mill. Conditioning can include specific mixtaghniques and sometimes the
introduction of additional water or steam. Steam can be used tegmeeal the
raw material and start the lignin or other binder melting process. Though
conditioning can have several benefits, in some cases the benefits hgéleegnd
may simply not be cost effective.

Changes in Pellet Mill Operating Temperatures

Temperature is another key requirement in pellet production. Unless a certain
temperature is reached in the pellet mill, natural lignin or starch will not melt or
activate, and it is not possible to produce some biomass pellets, for example wood
pellets below a temperature threshold. Also if the temperature is too high this

can damage the pellet mill, and particular consumables such as the pellet mill die,
rollers, bearings and seals.

Changes in Pellet Mill Roller and Die Clearance

Another variable which can impact heavily on how successfully the pellet mill
operates is the distance between the rollers and the die. The rollers and die are
wearing consumable partdue to the abrasive nature of the feedstock. The
distance set between the roller and die can impact on how much energy the pellet
mill uses, the quality of the pellet, pellet mill productivity and the amount of fines
produced. Correctly setting up the eion a pellet mill increases the life of the

rollers and die, and thus reduces the cost of wearing parts and thus the final
product.

Changes in Pellet Mill Die or Roller Rotation Speed

The speed at which the rollers and die turn relative to each othexcfthe

complex relationships during pellet compression. Some materials require a greater
time under compression, and therefore require a slower rotation speed. Also,
speed and torque requirement of the pellet mill change.

Changes in Pellet Mill Die Desig n and Metal Used

Many different forms of steel alloy are used to produce pellet mill dies and rollers.
Different alloys have specific advantages and disadvantages. Using the correct alloy
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is critical to reduce wear and increase production. However, asithésmatter for
the designer and manufacturer of the equipment all the end user has to do is
choose a reputable supplier.

Thus it can be appreciated that making pellets is a very specialised task which should not
be undertaken lightly. However the forgw litany can be reduced to three imperatives;

a) Moisture content of raw materials must be kept below 16%

To produce a quality pellet, the massive mechanpcassure required generates
significant heat and if thdie temperature exceeds approximately°@) moisture

will begin to gasify into steam and can effectively explode the pellet before it has
solidified. Experience shows that if moisture content exceeds 16%, pellet quality
will begin to suffer.

b) Particle size to be reduced to 6 mm

Material forpelleingmust be of a consistent particle sidzeong straws or reeds
will cause blockages in the feed mechanisms and larger boalesause
mechanical failures. WhearelletingMiscanthystraw or reeds, it first needs to be
chopped to the point where it wilflow into a hammer mill. A particle size of 6
mm has found to be ideal for reed.

¢) Material types should not be mixed

Different material types must beelleted using bespoke die sets, the
characteristics for which are found by experimentation. However it is
sometimes possible to pellet different types of matertal®ugh a sigle de, by
usingdifferent levels of additive, but thisasvery skilled operation. the mderials
being presented to the pelletithare constantly varying, it is very diffictdt

control pellet qualityHowever, if differing materials agresented in a&onsistent
ratio and mix,additives can badjusted to suit and quality pellets could, in theory,
be producedbut this is not an easy matter.

This constraint would of course appto mixturesof reed, other grasses and fen
litter.

4.2 Machinery Available
4.2.1 Pelleting Machinery Available

Many different brands of pellet mill are available on the maifkale 1 summarises

suppliers for different scales of machinkst of these are large industrial scale units for
producing mainly animal feedstuffs at rates of typically 5 tonnes per hour. The recent
upsurge in interest and utilisation of biomass as a renewable fuel has seen many of these
manufacturers offering the samgudpment but labelled as Biomass Pellet Mills rather

than Animal Feed Mills. With correct and appropriate die sets, as described above, these
machines work well with biomass. However many of these are large pieces of equipment
and with the necessary aillary equipment wouldcost c. £1 million (excluding

infrastructure). They are probably too large for our application, especially for a pilot
scheme to test the market for reed pellets locally.
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Table 1: Example Suppliers of Pellet Mills

Large Mills, ¢.5T/hr

ANDRITZ FEED & BIOFUEL Ltd.
Sutton Fields Industrial Estate
Hull, HU7 OXL

Tel: +44 (1482) 825 119

Fax: +44 (1482) 839 806
E-Mail:andritz -fb.uk@andritz.com

CALIFORNIA PELLET MILLS  Ltd.
Dryton Field Industrial Estate
Daventry

Northamptonshire

NN11 5RB

Tel:01327704721

Medium Mills, c. 500 kg / hr

FARM FEED SYSTEMS Ltd,
Foxes Bridge Road

Forest Vale Industrial Estate
Cinderford

GL14 2PH
Tel:01594.825106

Micro Mills, c. 100k g/ hr

PELHEAT LTD.,

Lask Edge Road

Lask Edge

Leek

Staffordshire ST13 8QS

There are also now offered on the market
of these is the offering from Pelheat Ltd. of Leek, Staffs. By comparison with the
commercial mills these are tiny. They are best suited to the DIY user and possibly
agricultural smaholder making small quantities of animal fsedff but some users are
making small quantities of biomass pellets, usually from wood waste / sawdudtasitie
process requirements for making good quality pellets are the same with these small mills
as for the large commercial ones and enthusiasm on the part of the user is by no means a
guarantee of good quality pellets. Most of these tiny presses wilHatBedDie (rather

than a Cylindrical Die) which is much easier and cheaper to manufacture but is very
difficult to achieve optimal pellgtg conditions across its whole area, especially for the
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casual user. The quality of construction on some of éhiesported micro pellet presses
is also doubtful.

In between the large commercial mills and the imported micro pellet mills are the old
OListerdé style mills. These were developed o
Dursley, the company famous foredel engines and farm equipment both of simple and

robust construction. This size and style of pellet mill is still supplied by at least one

manufacturer in the UK. Farm Feed Systems Ltd., of Cinderford, Glos., have adapted

these old designs and campply a turn key plant which they have tested successfully on

many types of biomass includiMiscanthygrass, wood and reed. Again, the same

stringent requirements apply for successful pellet production but the company can supply

all the machinery andonitrol equipment to ensure consistent production.

4.2.2 Burning Appliances

Obstacles to burningeed pellets

When we come to consider appliances tmoit the potential supply of reedibmass

pellets we encounter an unexpected and rather incarnieat obdacle. Research has

shown that reed pllets do not burn well in appliances designed for burning wood pellets.
In fact in some trials with domestic wood stoves the reed pellets completely extinguished
the fire in under 30 minutes and in these anti@r appliances large amounts of ash and
clinker cause severe operational problems. So although there is now a huge range of
wood pellets stoves and boilers available and a burgeoning wood pellet supply
infrastructure in the UK, this is not a practical reuto the adoption of reed biomass fuel.

R e es diilarity to sraw

However, research has also shown that reed biomass has very similar physical and
chemical properties to, and behaves in a very similar manner when burnt, to cereal straw
biomass. Thispens a new range of options, namely straw burning boilers and stoves.
Various appliances are available which are specifically designed to run on cereal straw.
Many of these have been developed in Denmark where there is a long standing tradition
of utilising straw for heat generation.

Chopped, bales or pellets?

Some appliances can burn chopped straw and some are designed to be fed with large
straw bales, either 0Bi g Ro spedfisalylesignedtoHe st on o
run on pellets.

Chopped straw and reed is a very bulky with a very low bulk density. Handling and
storage of any significeamount involves huge volumes. For exampt#sider a small
village school or typical visitor centre of say 1408 Buch a building might have a heat
demand of 200 MWhrs per year.

This could be satisfied by 50 tonnes of reed or straw in any format. If the reed were in
chopped format the storage needed would be 675% Trhis would be a very large fuel
store and would constitute a significant fire hiazaa possible dust hazard and might be
aesthetically unacceptable.
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Bales of reed or straw would need less storage space but would mehanised
handling equipmenhoth to receive the bales into storage and also to feed them to the
burning equipmentTypical largetsaw bales weigh up to 1000 kdvlechanised handling
(tractor and frontend loader for example) requires significant capital and skilled
personnel.

Pellets

Pellet burning appliances are the best option on grounds of storage, mechhaisdithg
and ease of operation. Our same example building of a 120Quging 50 tonnes of
straw or reedif in pellet formwould only need some 75 i Also the pellet format
enables fully automated mechanical handling of the fuel.

Many straw burningppliances claim to be able to handle pellets but trials are essential to
confirm this.Pellets burn much hotter than loose fuel and this can lead to problems with
the parts of the appliance itontact with the burning fuel.

Table 2 summarises some of thgailable equipment. Of these, we only have direct reed
burning experience with the Carborobot. Other boilers and stoves may perform
perfectly well with reed pellets but we have no direct experience with them as yet.

A ten day trial was successfullyrigad out burning exclusively reed pellets in a
Carborobot boiler. The pellets were made by Farm Feed Systems Ltd., of reed sourced
from the Tay estuary. The Carborobot F60 Model ran unattended other than for manual
stoking every third day and ash remoeakry fifth day. Control of combustion was under
both timer and thermostatic control and connected to a domestic supply heating two
average size dwellings.brief video of this trial can be seen on Youtube at
www.youtube.com/watch?v=smxVm2INIRY

Figure 2 : A Carborobot Straw pellet Boiler
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Table 2 : Some Brands Of Straw Burning Boiler With UK Suppliers

Straw Boiler Brand

Origin

UK Supplier

CN
(Maskinfabrik)

Denmark

Manco Energy Ltd

Market Weighton Road
North Newbald

East Yorkshire YO43 4SP
Tel; 01430.828660

Fax; 01430.828661
www.mancoenergy.co.uk

Carborobot

Hungary

Straw Pellet Boilers Ltd

Louth

Lincs

Tel; 01507.601992
www.strawpelletboilers.co.u k

Froelling

Germany

Enonergy Ltd.
Hatley St. George
Sandy,

Beds SG19 3SH
Tel; 0870.0545 554
www.econergy.ltd.uk

Heizomat

Germany

Mercia Energy Ltd,

86 Grosvenor Rd,

Rugby,

Warwickshire, CvV21 3LE
Tel: 01788 842377
www.mercia -energy.co.uk/

Linka

Denmark

Manco Energy Ltd
As above

Reka

Denmark

J Riley Beet Harvesters (UK)
Ltd.

Church Farm,

Attlebridge,

Norwich, NR9 5ST

01603 262526
info@riley -reka.co.uk
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4.2.3 Equipment for Handling Pellets

Although reed pellets do not burn as wood pellets do, they can of course be mechanically
handled by the same equipment as wood or any other pellets.

The Carborobot boiler used in recent trials had agper capable of holding about three

dayds supply of pellets running olargaa typical
models in the Carborobot range and also other commercial scale boilers catidak f

with completely automatic stokers which transfer pellets from bulk store to the appliance

hopper and thence to the fire grate under automatic control.

Bulk storage options for pellets include storage bins in adjacent buildings, outdoor silos
with conical bases and gravity feed to cross augers for eventual delivery into the appliance
and also now even prfabricated underground pellet storeBellets can also be packaged

in small, (20 or 25 kg) polythene bags or paper sacks which are very conviamiéms

domestic user and can be readily manhandled, stored and transported.

Delivery options for smal/l bags include f1l at
delivery round and also self collection by the end user. Some wood pellets cabaow
bought at petrol station forecourts.

Delivery options for pellets in bulk include large tipper trucks and also now bulk tankers
which load and unload the pellets by pneumatic conveyance, i.e. the pellets are blown
down a pipe i nt o e fadlitgFigoura 3llustatessonte ®f thist or a g
equipment.

Figure 3 : Some Pellet Handling Equipment

Pellet Siln

PelletdeliveryTanker
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4.3 Technical Requirements of Pellet Mills and Burners

Virtually all our research and experience gained has been with readugh a very small
quantity of mixed fen litter has been made into pellets and-triaht in a wood pellet
stove. We currently have no direct experience with and have found no data on sedge
pelkting.

As discussed in detail Section 3.1lconsistencyf biomass feedstock to theelleting
process is critical. Varying mixtures cannot easilydberated by the process so if
Cladiumandmixed fen litter are all to bepelletedmuch development work will be needed.

Pelletingof reed alone has been deleped successfully and at leaste fultscale plant is
known to be currently under construction and scheduled to start producing reed pellets
in 2011.

As discusseth Section3.1, the three essentials for making pellets esasistent
feedstock particle sizeandmoisture content.

Consistency

The requirement for consistent feedstock precludes just cutting any old fen

material and feeding into the pellet mill. Reed will have to be cut almost as if it

were destined for thatch but of course the normaltetah er s r equi rement s
length, straightness and hardness will not apply. Also the cleaning or dressing as for

thatch reed is unnecessary and would only result in loss of valuable biomass.

Particle Size
This is completely taken care of by the Pellet idiéint. The requirements for the
in-feed raw material format are discussed later.

Moisture Content

This is the single most critical aspect of pellet making and especially reed pellet
making because the moisture content of the raw reed as cut can vamrengly.

The upper limit of moisture content for successful pellet making is about 16%. This

is by owet basisé6 determination and is der.
the material and expressing the weight loss as a fraction of the total waplea
weight.

Experience gained from many reed cutting operations over several years reveals
some interesting data regarding remire content of the reed cropWhen cut
traditionally for thatch, reed has a moisture content of typically c.20%. Any wetter
than this and the material is not suitable for thatching anyway and if used will result
in premature failure of the roof.

Luckily, reed, when cut and stored in bundles continues to dry, even in the UK
climate if simply covered in an open building, by akstheet or even casually
thatched with reed bundles.

Cut reed exchanges moisture with the atmosphere depending on the relative
humidity. Eventually equilibrium is reached where little more exchange takes place.
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This level of water content is referred tosathe Equilibrium Moisture Content, or
EMC.In the UK, the EMC for cut reed is about 15%. In Eastern Europe the EMC
for cut reed is about 10 to 12%.

By comparison, if fen litter is cut and collected by forage machine, such as the Fen
Harvester the watercontent can be anything up to 75% depending on factors
including time of year, weather on the day and height of cut. This water content
and the mixed nature of the material thus foragadkeit unsuitable for pellet
production.

So it can be appreciatdat cutting and binding into bundles is the preferred

method if appropriate water content is to be achieved. The bundle method has the
added benefit that the reeds continue to dry after cutting until an EMC of c. 15% is
reached

If burning reed in bundgeor bales or chopped, water content up to around 35 or

40 % is acceptabl#.burning pellets, the moisture content of the pellets will be

below 10% and as such will be suitable for any straw pellet burning appliances. But
again it is worth repeating tha&ven at this appropriate level of moisture content,

reed pellets will not burn well in appliances designedadood pellets. Dry storage

of any type of pellet igssentiato maintain the pellet form. Pellets are highly
absorbent and if not kept dry Witapidly fall apart resulting in a very large pile of

dust.

4.4 Assessment of Mobile and Static Operations

A search for mobile pellet making equipment does not reveal much choice. A number of
pellet presses or pellet mills as they are sometimes refibteeare reviewed hereand
illustrated in Figure 4Some of these are mobile and some static plants. Mobile or
portable plants tend to be either extremely large or to be very small and not equipped for
full processing capability. The Static plants wemsabered to see if they might lend
themselves to mobile operation or modification to a mobile function.

4.4.1 Pelheat Mobile Pellet Mill

Pelheat Ltd is a small father and son business from Leek in Staffordshire offering a very
small portable pelletmil he heart of t he edys tperhliet anitlilny fc
origin.

This has been trailer mounted and driven by a diesel engine which also powers a hammer
mill in series with the pellet press. Their prototype machine has been thoroughly
investigéed and trials carried out with reed materigdome reed pellets have been made,

but of only fair qualityand output was quite low around 40 to 50 kg per hour.

At this rate, 50 tonnes per annum to heat 1408 would take about 30 weeks to

produce, eva if the required quality were achieved consistently which is not at all certain.
The machine islearlytoo small, of the wrong die type and not provided with all the
necessary ancillary equipment for fully mechanised operation.
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It might suit a researcbperation wishing to experiment witpelletingof different
materials but is unsuitabfer serious production needetb make pellets in a regular,
reliable and cost effective manner.

Pelheat are predicting a selling price for this equipment of £20,@d@eVer, this will not
be possible and the actual price will be significantly more than this, possibly up to twice as
much.

The onclusion is that the Pelheat machine would be unsuitable for our needs.

4.4.2 Pellet Pro Mobile Pellet Mill

This is a veryimilar offering to that of Pelheat but made in America. This machine was
not investigated other than by reference
based on the same Chinese {fl&d die press and that the system suffers from the same
shortcomings as the Pelheat offering. Absolutely no ancillary equipment is provided.

The onclusion is that it would be unsuitable for our needs.

4.4.3 Biojoule Ltd and other Moveable Pellet Plants

Biojoule Ltd. claim to have developed a technology to usedesger in producing pellets

and also have assembled a plant which can be moved although they are cautious in
claiming true O0Omobilityd. What they have
10,000 tonnes per year capacity that includes dryingetpelanufacture and storage. It
needs no mains connections, and is fully automated with control via a web link. Alt an on
site operator needs to do is to fill the bins with wood chip once a day.

The plant is built as a series of linked ISO transport eimérs, so needs no buildings or
foundations. All it needs is a secure flat and level area about 40m by 20m with access and
manoeuvring room for a fronend loader and access for heavy haulage vehicles. Mobile
phone reception or a telephone line is alsogamtant. The plant can be moved from one
location to another in a matter of days making it possible to follow harvesting or

woodland management operations, and also to use biomass resources that might only be
available for a short season.

However, discusions with Biojoule Ltd. suggest that for a move to be worthwhile a
minimum feedstock quantity of around 5,000 tonnes is considered necessary.

The @nclusion is that this equipment per se is probably too large for our needs; but
could we make use of it it were working nearby to one of our sites; say by feeding our
reed material into the supply chain? Unfortunately the answer is probably not. There is a
fundamental problem with mixing biomass types in boilers of small domestic and
commercial scale. Therare similar fundamental problems, as discussed previously, with
trying to mix feedstocks into pellet mills. Different biomass materials require different
operation regimes both in boilers and pellet mills so randomly adding reed into wood or
other biomass feed streams is a ntarter.

Other moveable pellet mills, such as one currently operating around Thetford Forest and

requiring 50,000 tonne lots to make a move viable will also be unsuitable for our needs
for similar reasons of scale.
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4.4.4 Farm Feed Systems Ltd fixed installation pellet mill

Farm Feed Systems Ltd (FFS) of Cinderford, Gloucestershire is a manufacturer and
supplier of small pellet production plants although they do not currently offer mobile
equipment. This company has demonstdatkat their standard small fixed installation
mill can make good hard pellets from 100 % reed material-reesived condition.
Several tonnes of reed have begelletedusing FFS equipment. However early success
with their bench scale machine wadidifilt to repeat and significant development work
was necessary to resolve the problems of consistent pellet production.

This experience highlights the complexity of reed pellet manufacture. The compression
of biomass through the die to create the bordlpellets is only one small part of the

overall operation. Material preparation; chopping; grinding; dust control; feeding of water,
oil and binder additives; cooling and pellet transfer all need to work in concert to effect
successful pellet productiorilhis factor is often overlooked or underestimated in

attempts to develop mobile pellet plants so we must beware.

The binder used to produce the reed pellets was lignin. Lignin is a harmless, biodegradable
bi-product of paper pulp manufacture and is alalg commercially for use as a pellet
binder, usually for animal feed.

Based partly on these trials and experience and data from other pellet making exercises a
specification for Mobile Reed Pellet Plant has been drawn up to investigate possible costs
of such a plant. Discussions with Farm Feed Systems Ltd. has established that they could
be interested in supplying equipment based on such a specification and have given an
order of cost in the region of £125,000. This excludes the base vehicle on wdich

mount the mobile equipment so we should add to this an element of say £30,000

including adaptations which assumes say a 7.5 tonne flat bed truck. Special machine
development can be an uncertain process and adequate budget contingency is essential.

Development projects often run over budget and always run over schedule. A significant
contingency must be budgeted and 10% may be on the low side but we will assume this
figure as a starting pointhus a cost in the order of £170,000 should be anticipdtedh

Farm Feed Systems Ltd.

An interesting potential innovation which came out of these discussions with Farm Feed
Systems Ltd was the possibility to use the pellet storage facility as a cooler. Pellets are
very hot and friable immediately after manutaetand must be cooled to harden off.
Coolers are essentially just large containers through which air is blown to cool the pellets.
These coolers tend to be very large due to the required residence time for the pellets.
Such large volumes would be difftdo accommodate in a mobile plant so the concept
was conceived whereby a pellet silo, at the point of use, might double up as the cooling
facility. The air mover and suitable connections would travel with the mobile pellet mill.
This concept has the adwtage of reducing the size of the mobile plant but would also
require more costly, bespoke storage silos at the point of use. This concept would be
inappropriate if the pellets were to be sold rather than used in house.

Discussion with another poteral supplier, Cornwell Heat Ltd of Bury St Edmunds,
Suffolk who currently supply wood pellet burning stoves and who have tested some reed

29



pellets also expressed interest in supply of a mobile pellet making system. Their order of
cost for budgetary purposes £183,500 or £201,850 if we use a similar 10% contingency.

These figures are budgetary only at the moment but are useful in order to examine
possible producygir oweedfoespelets.f or 0 home

Figure 4 : Pellet Mills

Farm Feed S
Machine

Pellet Pro Mobile Pellet Mill

Pel heat 6s mobi |

An example of a MobilEeedRolling Mill.
A Mobile Pellet Mill might look like this.
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5.  SUPPLY ISSUES

5.1 The Resource of Reed -dominated Vegetation in the Broads
5.1.1 The Basis of Any Pelleting Operation

The viability of the reed pelleting operation described above depends on a reliable supply
of fuel materiral i akeyi aypeatre:of 0

o0 Volume available each year.
o Distribution and patch size of the sites which provide this volume.
o Practicality of harvest and transport of this resource.

The process is essentially mechanised andindostrial. The bulk nature of the wva

material, its low value per tonne and the high volumes required to make it viable suggest
that site aml supply issues are likely to loétical to success of the operatipjust as they

are for other extractive industriesObtaining a clear understandiogithe resource is
therefore key to the project

Note that the reed currently cut for the thatching industry may not be available for
pelleting. Maintaining a viable thatching industry is desirable for a variety of reasons (RPA
2002) and therefore onlyeed unsuitable for thatching would be available for pelleting.

5.1.2 The Fen Management Strategy

The Fen Management Strategy (Stephenson 2004) included a Fen Audit. Between February
2002 and February 2003, BA staff visited all of the open fen sites arsdedsach against

a checklist of practical requirements if the site were to be mandxyeeither the Fen

Harvester or £n grazing. In the following it is assumed that attributes for the fen

harvester also apply to harvesting for a reed pelleting operaditmough this assumes
harvestingvould be based on large machinery and mechanisation, an assumption revisited
later.

Stephenson (2004jotes that the assessment focused purely on practical, not ecological,
needs of the site and does not imm@ither techriqueis the correct management strategy

for a particular placeand this applies eqilyato harvesting of reed for pelletin@ecause

of the energetics of reed pellet burning, only sites suitable for winter management of reed
could be considered.

The sunmarydata from Stephenson (2004je:

Area suitable for Fen Harvester: 172ha
Area suitable for Commercial reed management 265 ha

The sites that are suitable for the Fen Harvester are currently restridigdlistance from
composting sitegthe current method of disposal of arisingand the length of blow pipe
that moves material offite. The report notes that the machine is suitable in practical
terms to cut an additional 343ha if the disposal of arisings issue were solved. However,
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the resulting totabf 515k that could be tackled by the Ferakesterincludes an
unspecified area of mixed fen, which would not be suitable for pelleting.

The area assigned as potertiavailabléor commercial reed cutting may provide a

better assessment of potentifdr pelleting. It includes areas currently cut for reed (85ha)
and areas that could be if the reed were brought back into commercial condition (an
additional 180 ha). Figures%are taken from the Fen Audit and show for each river valley
which sites areri commercial reed production and which could be.

Figure 5 : Commercial Reed in the Ant Valley. From Stephenson (2004),
Courtesy of the Broads Authority

Map 3 - Suitability of Cor
Harvest within

Commercial Harvest (Ant)
Il Commercial Reed
[__] Potential Reed
Il Commercial Sedge
[ Potential Sedge
Il Not Assessed*
*Areas of grazing marsh, fen meadow, continuous woodland and
other 'non fen' vegetation were not assessed through the Fen Audit.

0 1 Kilometers

< Cronn LopyrIuit Al rigiTts ressned. Eroads ALCITaty 10099 1578, 2206,
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Figure 6 : Commercial Reed in the Bure Valley. From Stephenson (2004), Courtesy of the Broads Auiityo

N

Map 11 - Suitability of Commercial Reed & Sedge
Harvest within the Upper Bure Valley

Commercial Harvest (Bure)

Il Commercial Reed

[] Potential Reed

[l Commercial Sedge

[_] Potential Sedge

[_] Commercial & Potential Sedge Mix
Il \ot Assessed*

*Areas of grazing marsh, fen meadow, continuous woodland and
other 'non fen' vegetation were not assessed through the Fen Audit.

0 1 Kilometers

5 Cronm copyright A1 Tigitts ressreed. Eraads ALhanty 10007 1573, SE06.



Figure 7 : Commercial Reed in the Upper Yare Valley. From Stephenson (2004), Courtesy of the Broads Authority

Map 18 - Suitability of Commercial Reed & Sedge Harvest within the Upper Yare Valley A

Commercial Harvest (Upper Yare)
Il Commercial Reed

[ Potential Reed

Il Not Assessed*

*Areas of grazing marsh, fen meadow, continuous woodland and
other 'non fen' vegetation were not assessed through the Fen Audit.

0o 1 Kilometers
r 4 70
< Orowm copwright Al rigitts ressraed. ECoads Annadby 10002 1573, 2toe.
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Figure 8 : Commercial Reed in the Lower Yare Valley. From Stephenson (2004), Courtesy of the Broads Authority

Map 23 - Suitability of Commercial Reed & Sedge Harvest within the Lower Yare Valley A

0
e

Commercial Harvest (Lower Yare)
Il Commercial Reed
[ Potential Reed

0 éi 1 Kilometers

O U P PP ——
L 7/
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Figure 9a: Comme rcial Reed in the Thurne Valley. From Stephenson (2004), Courtesy of the Broads Authority

Map 6 - Suitability of Commercial Reed & Sedge Harvest within the Thurne Valley

Commercial Harvest (Thurne)
Il Commercial Reed
Potential Reed
; Commercial Sedge
[] Potential Sedge

[_] Commercial & Potential Sedge Mix
Il \ot Assessed*

*Areas of grazing marsh, fen meadow, continuous woodland and

other 'non fen'vegetation were not assessed through the Fen Audit.
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Figure 9b : Commercial Reed In The Waveney Valley. From Stephenson (2004), Courtesy of the Broads Authority

Map 30 - Suitability of Commercial Reed & Sedge Harvest A
within the Waveney Valley

Commercial Harvest (W aveney)
Il Commercial Reed

[_] Potential Reed

Il Not Assessed*

*Areas of grazing marsh, fen meadow, continuous woodland and
other 'non fen'vegetation were not assessed through the Fen Audit.

0 1 Kilometers

= Cronm copyright A1 rights rese reed. Eroads Awhaniby 100821573, 2006 82
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However, themaps are based on returns from reedtters and may include sites that are
unsuitable for large machinery. They do not include new sites that have been developed
for reedbed such as additional parts of the Hickling nature reserve.

The map indicates that the reed resource is relatively elised among théive valleys and

with someexceptions, occurs in relatively small and inaccessible patches. This distribution
does not lend itself to mechanised harvest and transport. Much if not all of the sites
coloured dark blue may in fact be unavdgaior pelleting, being reserved largely for the
thatching industry.

Around one third of the fen resource (628ha) was deemed by the Fen Audit to be
unsuitable for any of the sustainable techniques at that time, because of site difficulties. It
is not clear to what extent the sites could be made suitable for reed production with, for
instance, different machinery, preparation works such as scrub clearance or improvements
to access and infrastructure.

5.1.3 The 2007-9 Fen Survey

The fen surey conductedy ELP between 2008hd 2009 recorded the species
composition of the fas of Broadland. A total of 7,03&amples across around 1750ha of
fen were taken, equating to 0.2486a per sample From thisdata set, all samples where
reed has an abundance of gter than 75% coveand where other species were sparse,
were extracted and mapped. This gives an accurate and up to date assessment of the
distribution and amount of reed dominated vegetation suitable for pelleting.

Maps showing the distribution of demeeed-dominatedvegetatiorare shown in Figures
10-16. The ptal area derived from the 1151 reeshmpledor the Broadsis 287ha.This is

a little higher than that of the Fen Audjivhich estimated 265haperhaps because it
includes a wide variety of st patches which the Audit may not have deemed viable for
commercial cuttingThe surveymaps also include sites in the Thurne andeBuhich have
been managed to develop wet reedbed in the last ten years reflecting the conservation
effort expended to de#lop this habitatNevertheless, there is good coincidence between
the two estimates.

5.1.4 Investigation Into The Reed Industry (RPA 2002)

This report mostly examined theurrent economics and futur@rospectsof the reed

industry. In terms of the reed resoueg, it reports the area under productive management

to be around 100150ha, but this includes sedge and was in any case based on verbal
estimates. From the above more objective sources, it appears to underestimate available
reed.

* The area covered was larger than the fen audit data as it included fen meatbother marginal fen
habitats
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Figure 10

: Stands of De nse Reed in the Ant Valley. From the 20072009
Fen Survey

3¢



the Bure Valley. From the 20072009 Fen Survey

n

Stands of Dense Reed

Figure 11
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Figure 12 : Stands of Dense Reed in the Lower Bure Valley. From the 20072009 Fen Survey
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